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. Introduction

The Sustainable Power for Electronic ResourcesER)Project is aimed at bringing
affordable and sustainable energy to the third dvo@urrently, 2 billion people in the world do
not have electricity (US Department of Energy).wedwer, the costs and emissions of a
traditional grid system can be very expensive tplé@ment, especially in the third world, where
no infrastructure exists. An alternate approachldide to set up small localized grids in
different areas. This idea has already been api@hone systems. Instead of setting up a
traditional phone network, cell phone towers angl@ged in the third world. This allows people
to communicate with phones while eliminating thechéo the infrastructure. The SUPER project
aims at applying the same local grid idea for powwehe third world. [1] A SUPER module
would operate a micro grid. A micro grid, as tlane suggests, is a much smaller grid, such as
the size of a small village in Africa. Using theFEER as the main power source in this grid, an
entire village could be powered using power fromesgable sources, such as solar and wind
energy.

Currently, the initial SUPER system is operaticarad the next phase of development is
in progress. Part of the next phase includes cemahe laptop that controls the inputs and
outputs to the sensors and controls to the SuPEfRmy It currently consumes around 60W of
instantaneous power. To lower power consumptiamtter 3W, a Spartan3E FPGA will be
used to control the system and read inputs andutaitBrian Estrada and Patrick Mariano have
already developed and tested a working Linux systeown as uClinux on the Spartan3E. [2]
However, while the base Linux system is runninglenFPGA, there currently is no driver to

control the SPI devices such as the digital-to@mabnverter (DAC) and analog-to-digital



converter (ADC). These devices are essentialading the sensor input and sending out the
control signals and PWM output voltage to the SuRERem.

This paper focuses on the next iteration of devekmt on using uClinux on the
Spartan3E Starter Kit with a focus on the develapneéa SPI driver. It first gives an overview
of the project and the objectives to be met. Niéxliscusses design using Xilnx’s ISE and EDK
software. Then, the paper describes setup adelielopment environment as well as setup and
usage of the SPI driver in uClinux. After, it disses the implementation of the DAC and ADC
in uClinux. Finally, the testing applications udedthis project are presented as well as
recommendations for future development. The appeadontain references, the SPIDEV

kernel patch, a sample UCF File, and the SPI ygaication for Petalinux.

Naming Conventions

In this paper, several terms are used to repréisersame object or concept. Although
Petalinux is a specific version of uClinux, themer'uClinux' and 'Petalinux’ are synonymous
with each other in this paper. Also, the SpartarSarter Kit is given a variety of names
throughout this paper. Some examples include t&p&E Starter Kit', 'Spartan 3E FPGA',
'‘Spartan 3E', 'FPGA', and 'board'. Please beaind that all these terms describe the exact

same board that is being used to implement the Bui®itrol system.
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Il. Background

Currently, the SUPER system uses a laptop to gadmsor data from various inputs and
send out the PWM output to the PIC microcontrolldowever, the laptop consumes a large
amount of power (60W instantaneous). An altermegiolution is to use a Spartan 3E FPGA
implemented on a Spartan 3E Starter Kit to readémsor inputs and send out output signals to
the MOSFET switches as well as the PWM output s$igihis would eliminate the need for the
PIC and National Semiconductor devices currentlyse on the SUPER system as well as reduce
power consumption to less than 3W using the Sp&faRPGA. To do so requires an operating
system to be installed on the FPGA to operate tHRER system. For this project, a variant of
uClinux called Petalinux has been chosen to devleuser environment to operate the next
phase of the SUPER project.

In their paper, Brian and Patrick [2] discuss th&tallation and development of both
development environment for Petalinux as well afigaration and installation of the Petalinux
kernel on a Spartan 3E Starter Kit. This papeviges an initial road map for starting to use
uClinux on the Spartan 3E for the purposes of tieER project.

Once the Petalinux operating system was implemeordtie starter kit board, the next
iteration of this project will focus on implemergithe necessary devices in the Petalinux
environment. Several drivers are already availabRetalinux to access many of the devices
that can be added to the Spartan 3E Start KitarXiinx EDK, such as General Purpose 10
(GPIO) devices. However, to use this FPGA withS®ER project, a SPI driver is needed.
This driver would allow several important devicexassary for the SUPER to work correctly in

uClinux. First, the digital-to-analog converterAD), which would be used to send out an
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analog signal to the MOSFET switches as well as®h control signal. Second, the analog-
to-digital converter (ADC) would be used to takalag inputs from the sensors on the SUPER
system and convert them to digital signals thatctbe saved for logging purposes. Alex Diaz
began work on this next iteration and discussesisieeof SPI with Petalinux in his paper. [3]
However, he was unable to find a driver that workedectly in Petalinux, which proved to be

quite difficult due to the lack of information ragéng SPI driver development in uClinux.
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lll.  Requirements

This project will develop the Petalinux developmenvironment further as well as a SPI
driver that will interface SPI devices using PetaX.

First, the project will focus on the finding thesbenvironment to develop hardware and
software for Petalinux. This includes previousrapghes discussed in both Brian and Patrick’s
[2] and Alex’s papers [3]. The optimal operatingtem environment will be described as well
as setup and installation of Xilinx EDK and ISE veall as the other tools necessary to develop
the Petalinux environment. Faster methods oftfdasfer to the Spartan 3E Start Kit will also
be examined, such as USB and Ethernet. The optitexface will be chosen for its ability to
transfer the uClinux kernel files over to the boatdhe fastest rate.

Next, this project will develop a SPI driver for lu@ix. It will continue the work of Alex
[3] in SPI driver development, considering his islea well as new ones developed by myself as
well as suggestions from the uclinux-microblazelmgilist. The SPI driver will be
implemented in the Petalinux kernel to allow a usewrite an application to easily interface to a
SPI device inside the uClinux environment. If pokes the code will be developed in such a
way that it is as similar to software written irucses such as CPE 329 that interface with SPI
devices without the use of Petalinux.

Finally, SPI devices necessary for the operatioth®fSUPER project will be
implemented using the new driver. First, digi@analog converters (DACs) will be
implemented that take digital values and send palkog outputs, such as the PWM control

signal to the PIC. Second, analog-to-digital coters (ADCs) will be implemented that take
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analog inputs from sensors on the SUPER systemmamebrt them to digital values that can be

stored for logging data.
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V. Design

Xilinx EDK Software

The initial design work regarding Petalinux hasrbearried out and explained by Brian
and Patrick in their paper [2]. Similarly, thisoprct will use the Xilinx EDK software to
develop the hardware and software necessary temgit a SPI driver in Petalinux. The SPI
core will be implemented in the EDK using a SPttiPe. Please see the section entified| P
Core in Alex’s paper [3] for a design descripti@garding adding the SPI core in the Xilinx
EDK software. However, unlike Alex’s paper, thisper will leave the Ethernet IP core
installed so that it may be used to speed up dpustat in Petalinux by providing a faster

transfer of the kernel image.

SPI User Application

To develop the user application, the C programrtanguage is used. The application to
interface with the SPI devices will be created similar fashion to that described in Brian and
Patrick’s paper [2]. This application will provi@euser interface in Petalinux that will be used
to access the various SPI devices that were implesden the Xilinx EDK. This includes both
the DACs and ADCs that are necessary for the SystBject to function properly. The user
application will provide the access to the SPI desithat the SUPER’s software program will
use once the code is ported from the laptop cuyrenthe system to Petalinux on the Spartan

3E Starter Kit.
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V. Setting up the Desktop Linux Environment

This section describes how to setup the Linux emwirent on your computer. In order to
develop in uClinux, a system needs to be set wotumunicate with the Spartan 3E Starter Kit
Board. Previous papers have suggested usinguaMmachine (VM) of Linux running on top of
Windows. While this allows the user to continueise Windows for development, it also causes
several issues that can cause serious delays.lekssAggests in the section entitled
Environment Setup [3], running a VM can make serial operations slowEhe VM buffers data
before sending it to the host operating system pbiis can cause delays between sending and
receiving serial data. This slows down the procdédsading a new kernel image on to the
Spartan 3E dramatically. In some cases, suchtas\irtualBox, the serial communication is
delayed so much by the VM software that data isseat in the correct order, which can corrupt
file downloads to the Spartan 3E FPGA. Therefitiis,suggested that you use a standalone
installation of Linux to develop in instead of a YMhether it is on a dual-boot system or by
itself. This eliminates the serial communicatissues as well as gives a slight performance

boost when downloading files to the Spartan 3Et&tait.

Installing Linux on your Computer

For this project, CentOS has been chosen as thé.ipes operating system to develop
Petalinux. This distribution of Linux is recommeadand supported by Xilinx, and thus used as
the main development platform. Install the curnagrsion of CentOS from their website at
http://www.centos.org . At the time of the writing this paper, CentO%&s the most current
version. More detailed instructions regardingitistallation of CentOS as well as initial setup

can be found on the SUPER wiki [4] and in Alex’p@a[3].
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Once CentOS is installed, be sure to install theulil and libmotif packages. These are
required by the Xilinx ISE and EDK software. Othese, the programs may not open after
installation is complete. After logging in, goAdld/Remove Software, search for libcurl and

libmotif, and install the development libraries.

Disabling Security-Enabled Linux (SELinux)

By default, CentOS enables Security-Enabled LirgEL{inux), which enables additional
security features in Linux as well as a firewdalowever, SELinux causes issues with both
Xilinx’s software and file transfers over serialSB, and Ethernet. To prevent these issues,
disable SELinux on your CentOS installation.

In CentOS, go to the menu bar at the top and 8idtem > Administration > Security
Level and Firewall Enter the root password at the prompt. In theuB& Level Configuration
Window, click on the SELinux tab and change the iBExX setting to Disabled. Apply the
settings and restart your computer to allow thengkea to take effect. If you still have trouble
with transfers (especially over Ethernet), try 8iggg the firewall as well. This ensures that all
protocols are sent through directly to your comp(eu may also wish to try turning on
specific ports). In CentOS, go to the menu bdhatop and click System > Administration >
Security Level and Firewall. Enter the root passhat the prompt. In the Security Level
Configuration Window, click on the Firewall Optioteh and change the Firewall setting to
Disabled. Apply the settings to disable the firbwaVith the firewall disabled, communication

over the interface you are using (serial, USB, Etég should work correctly now.
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Installing Xilinx ISE and EDK

Please see the section in their paper entitigidlling the Xilinx ISE & EDK on a Linux
Workstation in Brian and Patrick's paper [2] or the SUPER \Mkifor more information
regarding the installation of Xilinx ISE and EDK.

Once you have completed installing ISE and EDK yaegch program’s settings.sh file
over to /etc/profile.d. This forces the Xilinx eronment variables to be applied every time the
computer starts up.  This allows you to load thegpam without the need to source the
settings.sh files every time.

Use the following commands to do this:

[root@localhost ise9.1]# cp settings.sh /etc/profil e.d/ise_settings.sh
[root@localhost edk9.1]# cp settings.sh /etc/profil e.d/edk_settings.sh

The next time you start the computer, your Xilimvigonment variables will be

automatically set.

Installing the USB Driver

Once you have installed and setup Xilinx ISE andEDrrectly, you must install the
drivers to communicate with the Spartan 3E St&iein order to download hardware bit files.
Previous papers have discussed using Xilinx’s JTAlle with Digilent Export to program the
Spartan3E board. However, there is no Export foukx. Instead, we must use another tool in
Linux to program the board. There are a varietgp#n source tools available to program
Spartan-based boards. This paper focuses on t&nidpusb driver in conjunction with Xilinx’s
IMPACT program to download bit files onto the starkit with a regular USB cable. More
information about the USB driver installation casoabe found on the SUPER wiki [4] as well as

the libusb project website Bitp://www.rmdir.de/~michael/xilinx/
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To install the USB driver, obtain a copy of usbvdrihead.tar.gz from
http://www.rmdir.de/~michael/xilinx/ . Extract the files in the archive and follow the
instructions in the included README to install thever. Once the driver is compiled and
installed, copy the usb-driver folder to the /oggfxilinx directory. Before running iMPACT,

initialize the driver with the following command:

[root@localhost]# export LD_PRELOAD=/opt/pkg/xilinx /usb-driver/libusb-
driver.so
[root@localhost ~]# impact -port auto

To avoid having to run this command everytime yau iIMPACT, copy the export

command above into a file and save it as a bagbt serder /etc/profile.d:

#!/bin/bash
export LD_PRELOAD=/opt/pkg/xilinx/usb-driver/libusb -driver.so

Be sure to save the file with a .sh extensioncddMPACT is started, you can program
the Spartan 3E Starter Kit as follows. In the maindow, go to File > Initialize Chain. An
open dialog box will pop up for the first device thie Spartan 3E chain. This is the chip we
wish to program. Select the .bit file by browstoghe appropriate directory the file is under,
selecting the .bit file, and hitting 'Open’. Nehit,'Bypass' twice to skip programming the other
two devices on the board. Once you are readydgram, right-click on the xc3s500e device in
the main window and hit 'Program’. Hit 'OK" in tAeogramming Properties window to program
the board. If successful, a 'Programming Succéedesisage will appear. Otherwise, you will
get a 'Programming Failed' message.

If IMPACT says the connection has failed, be gareheck that your cable is plugged in
correctly and the board is powered on. To veti#y table is plugged in, open a console
window, type 'sudo /shin/Isusb' and hit enterthé cable is connected and the Spartan 3E is

working properly, an entry for the Xilinx deviceahd appear such as below:
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[user@localhost ~]$ sudo /sbin/Isusb

Bus 003 Device 001: ID 0000:0000

Bus 004 Device 001: ID 0000:0000

Bus 002 Device 001: ID 0000:0000

Bus 005 Device 001: ID 0000:0000

Bus 001 Device 017: ID 03fd:0008 Xilinx, Inc.

Bus 001 Device 001: ID 0000:0000

Bus 001 Device 002: ID 413c:a005 Dell Computer Corp . Internal 2.0 Hub

Once you have verified the board is connectedectyy, try detecting the cable manually
instead of using auto-detect. Sometimes, autoctietiéd fail to run when using libusb. To do
so, in IMPACT go to Output > Cable Setup. In trebf@ Communication Setup window, click
'Xilinx USB Cable' as the Communication Mode and®@K'. Try to initialize the chain once
more in IMPACT. If this fails to work, try powelycling your board, reseating the USB cable,

and then reopening iIMPACT.

Downloading Petalinux

Petalinux is a distribution of uClinux that wasated by Petalogix. For this paper, the
latest testing or SVN release was used for thed8#r development. Please remember that the
words uClinux and Petalinux are used interchanggaibbughout this paper.

To download the latest SVN build, follow the ingttions on Petalinux’s website at
http://devioper.petalogix.com . After the file has been downloaded, extraab i directory
under your home directory. For this paper, thalfeix directory was extracted to ~/petalinux-
svn and this directory will be referred to throughthis paper. The Petalinux archive contains a

lot of files, so the extraction process may takeng time.

Creating a Test Development EDK Project
While the Ethernet module makes updating the kdasteér, it is still a slow process to

update Petalinux if you are just testing a smaltihare change or software bug. Therefore, it is
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recommended to create a second EDK project bas#dteaeference design. This design can be
used to program the Spartan 3E without the neeeclampile a kernel and boot into uClinux.
That way, you can test design changes, such as@éddiew SPI device or making a software
change to your user application.

To do so, copy over the entire hardware refereesgd in the ~/petalinux-
svn/hardware/reference-designs/Xilinx-Spartan3ER@0b-edk91/ directory. Rename the
folder to something else such as ‘test-dev’ soitrddesn’t conflict with the reference design.
Open the project in EDK. It will open an exact gapb the reference design from Petalinux. To
develop software, the Petalinux kernel and U-boftivsare information must first be removed.
Go to the Applications tab, right-click on the fsdb project, and hit 'Delete Project’. Add a new
Software Project by double-clicking '‘Add Softwarppiication Project’, typing a name in the
'Project Name' field and hitting 'OK'. Be sureitght-click on it and hit 'Mark to Initialize
BRAMS', otherwise the project will not compile intee download.bit file. Add your headers
and source files to the new project to develop waftware code. If you do not at source files,
you will receive an error about your .elf file dugicompile time. Once you are ready to test
your code, compile your EDK design and download.thiefile to your Spartan 3E Starter Kit

via IMPACT to test your design.

Converting from a Test EDK Project to Petalinux

When you are ready to test your code in Petalinagy the source and header files into a
directory located under ~/petalinux-svn/softwarefespps and compile it as a user application.
Please see the section entit@eating User Applications for uClinux in Brian and Patrick’s

paper for information regarding this topic [2]. Beare that you will need to convert the
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constants and some of the header files in youwso# code. Remove any of the following

header references:

#include <xparameters.h>
#include <xio.h>

Add the following include to your files instead:

#include <linux/autoconf.h>

Rename all the Xilinx you used in your code withgé in Petalinux. Most of these may
be found under ~/petalinux-svn/software/linux-2-petalogix/include/linux/autoconf.h. The
following examples are based on the code in Appebdi For example, the constant
XPAR_OPB_SPI_0_BASEADDRONVerts taCONFIG_XILINX_SPI_0_BASEADDR in Petalinux using
the constant from autoconf.h. In some cases, thidraot be an entry for constant in your code
in autoconf.h. For these, use the hard coded Fmsdaddress for the IP core. These values can
be found in the EDK under the System Assembly idven the Addresses Filter applied. For
example, the constaRPAR_FLASH_ADC_SEL_BASEADDEONverts tmx42000000 in Petalinux.
Once these changes are applied, you should beécabbenpile your project in Petalinux as a user

application.
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VI.  Setting up uClinux on a Spartan 3E Board

This topic is discussed in depth in Brian and BeBipaper [2]. Please see the
section in their paper entitlddstalling uClinux on a Spartan 3 Sarter Board. This will

give you a Spartan 3E Starter Kit with a bootingebRetalinux system.

A Note on Kermit

Whenever you use Kermit, the following command nigstun in a console window
each time you boot your computer:

[user@localhost ~]$ sudo chmod a+rw /dev/ttySO

This ensures that all users are given read ane wrivileges to the serial port. This allows
Kermit to work properly. There may be an easiey teaimplement this using a script; | ran it
once every time | started my system. Also notéyba may be using a different serial port from

ttyS0, so change the command above accordinglyndiépg on your serial port.
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VII.  Setting up Ethernet File Transfer

By default, the Petalinux EDK reference designtifier Spartan 3E Start Kit includes an
Ethernet Lite IP core that is implemented in thedineare. Xilinx doesn’t include the core as part
of its suite of IP cores. However, the license fdr the Ethernet Lite core can be downloaded
for free from their website. Once this core ighised, you can compile the hardware reference
design successfully with the Ethernet hardwarekdlocluded. If you wish to develop without
the Ethernet core, please see the section enéedving Ethernet IP Core (If licenseis
expired) in Alex’s paper [3].

With the Ethernet Lite core implemented in Petatisueference design, you can
configure the uClinux kernel to include Ethernatvelrs. This will allow you to communicate
over the built-in Ethernet port on the Spartan 3pecifically, you will be able to use the Trivial
File Transfer Protocol (TFTP) to upload files tauydoard via Ethernet. Using TFTP, the kernel
image can be downloaded in about ten seconds rididerten minutes with a serial connection.

This dramatically reduces the wait time while dodayelopment and can be very useful.

Installing the Ethernet Core License

Before using TFTP, the Ethernet Core License mashstalled first. The following
section provides information regarding installatajrihe core license. For more information,
please see the guide on the SUPER wiki [5]. WiEiW's is a summary of that guide.

Go to the Ethernet Lite IP Core website on Xilinwsbsite at
http://www.xilinx.com/products/ipcenter/xps_etherne tlite.htm and click on 'Access
Lounge'. Log on to the site with your Xilinx useame and password. If you do not have a

logon, register for free at Xilinx’s website. Ongeu enter your user name and password, you
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will be logged into the Access Lounge site for Hikernet Lite IP Core. Scroll down to the
bottom of the page and select 'Generate the OPB)A®thernet MAC Lite License Key'. Fill
out the form with the requested information. dluyneed help obtaining your Host ID, please
follow the link on the form to the help site. Subthe form when you are finished filling it out.
A confirmation page will appear telling you to ckgour email. If you do not receive one after
several minutes, try clicking on 'Send me downlmestiuctions’ Once you receive the
confirmation email, download the core_licenses.Ziglattachment and follow the instructions
in the email to set up your license. The Ethebitet OPB Core should now be successfully
installed. To test this, try to build the hardwésethe Spartan 3E RevD reference design for
Petalinux located under ~/petalinux-svn/hardwafefemce-designs/hardware/reference-
designs/Xilinx-Spartan3E500-RevD-edk91/system.xifiyou receive errors such as the
following, the IP core license is not installedreatly.<IMAGE> Please reread this section, as

well as the guide from the SUPER wiki [5] for maméormation.

Configuring TFTP in CentOS

Once the core is successfully installed and testetthe computer, the next step is to
configure CentOS as the TFTP server so that féesbe uploaded to the FPGA.

On your CentOS computer, install TFTP by runningftilowing command in the

Console:

[root@localhost ~]# yum install tftp tftp-server

Install the software packages along with any ddpeaies it prompts to install. After
TFTP is installed, open up /etc/xinetd.d/tftp wyttur favorite text editor. If the file doesn’t &xi
create a new file with this name. Be sure to #iitit file as root, either directly or using the

‘sudo’ command. Set up the file with the followimgormation:
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service tftp

{

disable = no

socket_type = dgram
protocol = udp

wait = yes

user = root

server = /usr/sbin/in.tftpd
server_args = -s /tftpboot
per_source = 11

cps =100 2

flags = IPv4

Be sure to verify that all the entries are corrélthe ‘user = root’ line is the same
regardless of whether you are logged in as roabar Once the file has been verified, restart the
xinetd service by going to System > AdministratboBervices and entering the root password.
In the Service Configuration window, scroll dowelext the xinetd service and hit '‘Restart’. Hit
'OK" to the success message and close the SergitggGration window.

Run the following commands to set up the tftpbamalory (if it hasn't already been

created) to use with TFTP:

[root@localhost ~]# mkdir /tftpboot
[root@localhost ~]# chown —R nobody:nobody /tftpboo t
[root@localhost ~J# chmod —R 777 /tftpboot

You may also wish to chown the /tftpboot directtoyour user name instead, otherwise
you will have to use the ‘sudo’ command when rugrimake all’ under the ~/petalinux-
svn/software/petalinux-dist directory.

To test TFTP, copy or create a file under /tftpbard then try to download it locally to

your computer using TFTP:

[root@localhost ~]# touch /tftpboot/some_file
[root@localhost ~]# tftp localhost

tftp> get some_file

tftp> quit
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If successful, and run ‘Is’ to view your currentetitory. The file you placed in /tftpboot
and downloaded with TFTP should be in the curresrkimg directory. If not, go back and
verify the settings in the section above. Alsasfaiet your computer to make sure all the settings

have taken effect.

Configuring TFTP in Petalinux

After TFTP has been installed and test in Cent@&lux must be configured to use
Ethernet and TFTP for file transfer. By defauig Petalinux kernel is already set up to use and
implement Ethernet, so no additional software sg#tiare needed. Only the hardware reference
design must be rerun with the core license ingtalle

Please note that while this method is much fastgral is still used primarily for
uploading the SREC file and monitoring the consnigput from the Spartan 3E board. The
TFTP transfer is used for uploading the ub.config,i u-boot-s.bin, and image.ub files, which
take a long time to upload via serial connection.

After the hardware reference design has been reatsmmperun ‘petalinux-copy-
autoconfig’ under ~/petalinux-svn/hardware/refeeedesigns/hardware/reference-
designs/Xilinx-Spartan3E500-RevD-edk91 and run ‘enalkk under the ~/petalinux-
svn/software/petalinux-dist directory to recomgiie kernel. Program the board with the new
.bit file and upload the SREC file as per instroies in Brian and Patrick’s paper [2]. Once the
SREC file is loaded, press any key in the Kermitadeonsole to stop U-boot from
automatically booting. To use TFTP, configure fillowing environment variables to enable

Ethernet:
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U-Boot> setenv ipaddr <IP Address>
U-Boot> setenv serverip <Server IP>
U-Boot> saveenv

Where<IP Address> is a valid IP address on your network asdrver IP>  is the IP
of your CentOS workstation. Once these settingsaved, run the following to download the

auto-configuration script for Petalinux:

U-Boot> tftp $(clobstart) ub.config.img
U-Boot> autoscr $(fileaddr)

The auto-configuration will update all the U-boettggs for Petalinux. Please note that
this will also reset your IP settings. In the fatuthese IP settings should be written into the
auto-configuration script. You may also wish te BHCP to get an IP address rather than using
static addresses. For more information regardiegé topics, see Petalinux website regarding
customizing U-Boot [6] and setting up DHCP [7].

Rerun the environment variable settings above adaiom this point forward, these IP
settings will be saved until the next time yourd@anew ub.config.img file. Load the u-boot-

s.bin file next using the following commands:

U-Boot> tftp $(clobstart) u-boot-s.bin

U-Boot> protect off $(bootstart) +$(bootsize)
U-Boot> erase $(bootstart) +$(bootsize)
U-Boot> cp.b $(clobstart) $(bootstart) $(filesize)

Next, load the kernel image.ub file using the faflog commands:

U-Boot> tftp $(clobstart) image.ub

U-Boot> protect off $(kernstart) +$(kernsize)
U-Boot> erase $(kernstart) +$(kernsize)
U-Boot> cp.b $(clobstart) $(kernstart) $(filesize)

All of the files have now been successfully loaded the flash on the Spartan 3E Starter
Kit. Reset your board be downloading the downlbidile again. Petalinux should now

successfully boot to the logon prompt as it didviesly.
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Whenever you make kernel changes or software clsasgeh as adding user
applications, the image.ub file is the only filatmeeds to be uploaded again. For this, you can
use TFTP, dramatically cutting down the developntiemé for software in Petalinux. However,
if you need to modify the hardware, then you mustitgough the entire process outlined in
Brian and Patrick’s paper [2] again and uploadhadlfiles again via TFTP. Remember, the IP

environment variables will be reset once you rumea auto-configuration script.
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VIIl.  Implementing the SPIDEV Driver in uClinux

The Petalinux kernel already includes SPI driveat tan be configured. These include
a bit banging driver and SPI character driver. sehdrivers are quite old and do not work
correctly with the Spartan 3E Starter Kit. Insteagbther driver is needed to access the SPI bus
configured on the FPGA.

The solution is a SPI driver known as SPIDEV. Tdriser implements each SPI bus
interface as a block device rather than a chardetgce, assigning each SPI interface a name
/dev/spi-x where ‘X’ denotes the bus. For examipgu implement two SPI buses in your
Xilinx EDK hardware design and use SPIDEV, you wike /dev/spi-0 and /dev/spi-1 in
Petalinux to access devices on these buses.

Once the SPIDEV driver is properly set up andatided, accessing SPI devices such as
DACs and ADCs can be done using code written féiliax EDK project, such as in CPE 329.
For more information on interfacing with a specPI| device, see the section entitled

Implementing SPI Devices in uClinux.

Adding the SPI IP Core to Xilinx EDK

Please see the section entit& IP Corein Alex’s paper [3] for information about
adding the SPI core in EDK. Once added, pleasevasfy that the OPB_Clk signal is
connected to the sys_clk_s net, otherwise yourdg#ites will not operate correctly. To view
all signal connections, select the System Asseildw in EDK. Change Filters at the top to

‘Ports’ and then select Connection Filters > Althe right of that. Expand the port view of the
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SPI module by click the plus (+) sign next to thd 8evice. Check that the clock signal is
correctly set up.

Once all bus, port, and address settings are ctetheorrectly, configure the SPI module
for the number of devices you wish to use. InSlgstem Assembly View, under the Ports filter,
right-click on the SPI module and hit ‘Configuré t& change the core’s settings. Change
‘Total Number of Slave Select Bits in SS Vectorthe number of SPI devices you plan on
having connected to this bus. For example, if want to use the DAC and ADC, you would set
this value to 2. Depending on the SPI device cotaakto the bus, you may also wish to set the
‘Ratio of OPB Clock Frequency to SCK Frequencytisgt As the name implies, this is the

OPB_Clk

ratio of <K

and is 32 by default. This means that if you'seng the default 50 MHz

50MHz
clock, the SCK frequency will be=—o>— = 1.562MHz | The default setting is fine for the

DAC and ADC, but if you connect a slower devicehte SPI bus, such as a SD card module,
you may need to increase this ratio to lower th& 8€quency. All other settings should be left
the same in the SPI IP core properties windowckCODK’ to close the window to save any

changes and save the project. Recompile your E@}eqt to include the SPI IP core.

Installing SPIDEV in Petalinux

To use SPIDEV, the correct kernel files need tt fie updated or patched to integrate
the driver into the default uClinux kernel.

The latest SPI driver from Xilinx is used to implem the SPIDEV driver and must first
be downloaded and copied over to your Petalinuxctiary. Xilinx uses git repositories to allow
users to download the latest drivers for their desi Install git and obtain the Xilinx Linux

repository using the following commands:
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[root@localhost ~]# yum install git
[root@localhost ~]# git clone git://git.xilinx.com/ linux-2.6-xInx.git

Once the Xilinx git repository has been downloadsxghy the following files into your

Petalinux directory:

[root#localhost ~]# cp ~/linux-2.6-xInx/drivers/spi Ixilinx_spi.c ~/petalinux-
svn/software/linux-2.6.x-petalogix/drivers/spi/xili nx_spi.c

[root#localhost ~]# cp ~/linux-2.6-xInx/drivers/spi /spidev.c ~/petalinux-
svn/software/linux-2.6.x-petalogix/drivers/spi/spid ev.c

[root#localhost ~]# cp ~/linux-2.6-xInx/include/lin ux/spi/spidev.h
~/petalinux-svn/software/linux-2.6.x-petalogix/incl ude/linux/spi/spidev.h

After you have copied the correct files from thdin git directory, the SPIDEV patch needs to
be applied to Petalinux. Please see Appendix Bhipatch file. Take note of the areas in bold
within the patch. These are to emphasize spesgfitions of the patch that need to be
configured. First, be sure to check the 'CONKEINX_SPI..." entries in the script against
the constants in the generated ~/petalinux-sviwso#/linux-2.6.x-
petalogix/include/linux/autoconf.h file. Secongdate the SPI board info initdata entries for the
setup.c file with the SPI settings for your SPI,lsigch as speed and bus number. Comment out
any of the dummy structures in this section that e not using. Finally, I'd recommend
adding some print statements to the ~/petalinuxseftware/linux-2.6.x-
petalogix/drivers/spi/spidev.c file for debuggingrposes. These will show up during the
Petalinux boot process and make it easy to tgbuir SPI device is setup correctly. The kernel
uses the 'printk' command instead of a 'printft,tha formatting is exactly the same. I'd add the
printk's to the spidev_probe() function specifigaflince this is the function that initializes the
device. Once you have modified the patch, ingt§tlatch.diff) by copying it into your base

petalinux directory and running the following commda

[root#localhost ~/petalinux-svn]# patch —p1 < patch diff
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All hunks that are patched should display ‘succdeneessages. If you see a ‘FAILED’
message, the failed portion of the patch will beegianto a file with the same name as the file to
be patched with a .rej file extension appendedhisf occurs, apply the changes in the .rej file

manually in the Petalinux kernel.

Once the patch has been applied, set the SPIgettirthe Petalinux kernel. Open a
console window and change into the ~/petalinuxsftware/petalinux-dist directory and type
'make menuconfig' to open up the kernel configaratiln the uClinux Configuration window,
select 'Kernel/Library/Defaults Selection' and dh&ustomize Kernel Settings'. Hit 'Exit’ twice
and then 'Yes' to save the configuration. The kXiKarnel Configuration window will load.
Select 'Device Drivers' and then 'SPI Support'sé&e to check 'SPI Support', "Xilinx SPI
Controller’, and 'User mode SPI device driver supp&verything else should be unchecked. If

one or more of these options does not appear,@katand reapply the patch properly.

Linux Kernel v2.6.28-uc8 ConfTiguration

SPI support
Arrow keys navigate the menu. <Enter> selects submenus --->=.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M= modularizes features. Press <Esc><Esc> to exit, <?> for Help, </=
for Search. Legend: [*] built-ipn [ ] excluded <M= module < >

[[{]1 SPI support

--- S5PI Master Controller Drivers

--- Bitbanging SPI master

[*] Xilinx SPI controller

[ 1 Coldfire Queued SPI

--- SPI Protocol Masters

[*] User mode SPI device driver support

= Exit > < Help >

Figure 1 — Settings for the SPI device driver seath of the uClinux kernel.



33

Exit out of the current screen and select 'Chardateices’. Be sure that 'Xilinx OPB
SPI Support' is unchecked. Also, check "Xilinx OBBIO Support' since GPIOs are used for
many devices in the EDK design, including the castB core discussed in the section entitled

Adding the Custom Flash ADC Control IP Core.

Linux Kernel v2.6.28-uc@ Configuratiom

Character devices
Arrow keys navigate the menu. <Enter> selects submenus --->,
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M= modularizes features. Press <Esc=<Esc> to exit, <7= for Help, </=
for Search. Legend: [*] built-in [ ] excluded <M> module =< >

1 Hardware Random Number Generator Core support
1 Enhanced Real Time Clock Support
] Generic fdev/rtc emulation
] Double Talk PC internal speech card support
] ¥Xilinx OPB 5PI Support
f] Xilinx OPB GPIO Support)
] Siemens R3964 line discipline
] BAW driver (/dev/raw/rawh) (OBSOLETE)
TPM devices --->
[ 1 M41711M6 Real Time Clock (RTC) support

i
[
[
[
[

i
[
[

EArEE < Exit > < Help >

Figure 2 - Settings for the character device drivesection of the uClinux kernel.

Hit 'Exit' three times and hit 'Yes' to save thevrm®nfiguration. Type ‘'make all' to build
the new kernel.
When Petalinux boots up, a message for ‘spi’ afoh spi’ should be listed, as shown

in the figure below:



0x00000000-0x00040000 : "boot"

x00FcO008 : "spare”

RAM probe address 42239d8 size=0x230000

g 1 MTD partitions on "RAM
0x00000000-0x08230080 : "ROMfs"
set ROMTs to be root filesystem ind
linx_spi_setup_ transfer, unsupported

at 1000060 mapped to 8x

ntroller self test timeout.

Button Keypad as /class/input/input®
Directional Button & Rotary Encoder Driver
(c) 2007 Petalogix
CP cubic registered
MET: Registered protocol family 1
VFS: Mounted root (cramfs filesystem) readonly.
Freeing unused kernel memory: B8k freed
Mounting pr
Mounting wvar:
Populati var:
Running local start scripts.
Mounting /etc/config
Populating /etc/config:
Clock: old time 1978/01/81 - 00:00:04 GMT
Clock: new time 1970/01/081 - 00:00:25 GMT
flatfsd: Created 6 configuration files (193 bytes)
Mounting sysfTs:
Setting hostname:
Setting up interface lo:
Setting up interface eth®:
Starting portmap:
Starting httpd:
Starting thttpd:

uclinux login: ||

3
]

lock rate 10000808Hz, bus uses 1562580Hz
1000008, irg=0

Figure 3 - A typical boot screen in Kermit showinghe SPIDEV drive initialization.
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This message verifies that you have set up the ERI@iver correctly in Petalinux.
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IX.  Implementing SPI Devices in uClinux

Once Petalinux has been configured to use the SPID&vices that use the SPI bus,
such as the digital-to-analog converter (DAC) anal@g-to-digital converter (ADC), can be
easily implemented in the EDK by adding the cormotlules and connecting the proper pins in
the UCF file. Once the hardware reference desggbleen recompiled, a user application needs
to be created to access the device and compiledhetPetalinux kernel. Finally, boot the
Spartan 3E Starter Kit with the new hardware ilgtdnd load the flash with the new U-boot
configuration and kernel images. The SPI devideneiw be accessible using the user

application you created.

Implementing the Digital to Analog Converter (DAC)in uClinux

The onboard DAC chip of the Spartan 3E Startepkivides 4 DACs, each with an 12-
bit output. For more specifications regardinggb&ip and communication with the DAC, please
see the User’s Guide [8].

For testing, you may wish to try building the DA@a your test development EDK
project first as suggested in the section enti@leshting a Test Development EDK Project
above. That way, you can program your board dyrectd test the DAC and your software
without needing to recompile and load Petalinuodhe board.

To connect the DAC, add the lines to the UCF fer@AC as specified in the sample
UCF file in Appendix C. Please note that in thepke file, the DACs chip-select (CS) is
connected to bit O of the SPI Slave-Select (SS}&fedoth the DAC CS and SS Vector are

active low signals, so it is possible to use thev&3or to enable the DAC device directly.
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In the EDK, open System Assembly View and switcthtoPorts Filter. Hit ‘Add
External Port’ to add a new external port to th&doo of the list. Rename the new port
‘dac_clr_pin’ to match the sample UCF file, setdigection to output (O) and connect it to the
‘net_vcc’ net, since we wish the DAC to always lne €learing the DAC can also be performed
in software using a GPIO connected to the DAC CirRgmd sending a '1' to clear the DAC.
Add the correct entry into the UCF file. Also, there no issues with bus contention, since the

SS will control when the DAC has access to thelsi3|

[ Filters
‘[(‘ Bus Interface * Ports { Addresses | B Gonnection Filters |q}’Add External Port |

Name Net Direction |Class [Sensitivity |Range |;!
~fpga_0_Ethernet MAC_PHY_col pin fpga_0_Ethemet MAGC PHY _col T||I X 2
~fpga_0_Ethernet MAC_PHY _rx_er_pin fpga_0_Ethermnet MAC_PHY_rx_er T ||I g =
~fpga_0_Ethemet MAC_PHY_tx_en pin fpga_0_Ethernet MAC_PHY_tx_en T ||O ¥l fud
~fpga_0_Ethernet MAC_PHY_tx_data pin fpga_0_Ethermnet MAC_PHY_tx_da ¥ ||O = 25 [3:07
~fpga_0_DDR_CLK_FB ddr feedback_s [l ~llotk =] :
" sys_clk_pin dom_clk_s L"I TlICLK T { ‘
- fpga_0_spi SCK_pin opb_spl 0 SCK ~lfie = R L
“fpga_0_spi_MOSI_pin opb_spi 0_MOSI ~lio -l =
- fpga 0 _spi SS_pin opb_spl_0_SS =l =l = [0:1]
| Bo & B
- ~* microblaze 0 :
=
—— . o

Block Diagrami [ System Assembly Viewl system.uct

Figure 4 - The DAC CLR external port configuration in Xilinx EDK.

Next, write your user application to interfacetie DAC. I'd recommend that you first
write it as a software project in your EDK test diepment project and then translate it to a
Petalinux user application. To do so, open yottmswe project under the Applications tab in
EDK. If you have not created a test project otvgafe project yet, please see the section entitled
Creating a Test Development EDK Project above. Write software to interface with the DAC
using C or C++. A sample user application for 8 interface using the DAC and ADC has
already been provided for use in Appendix D. Rigaste that the copy of the program provided

is for use as a user application for Petalinux.c@iovert this project to your test development



37

EDK project, the constants need to be changedssided in the section entitl€tteating a
Test Development EDK Project.

Once you have written the software, recompile trelWare design and load the
download.bit file onto your Spartan board. If yeme using a test EDK project, load the Spartan
3E Starter Kit through iIMPACT to verify that the @As working using your code. Once your
are satisfied with the results, copy your hardveamefiguration settings and UCF file changes to
the Petalinux reference design and translate yaftware project into a user application as
discussed above in the section entiBedating a Test Development EDK Project.

If you are using Petalinux or are translating ychanges over to Petalinux, be sure to
create and compile your code as a user applicagaiiscussed in the section entit&eating
User Applications for uClinux in Brian and Patrick’s paper [2]. Program youatsbwith the .bit
file, reload the U-boot configuration and kernebie, and then boot Petalinux to test your user

application and communication with the DAC.

Implementing the Analog to Digital Converter (ADC)in uClinux

The onboard ADC chip of the Spartan 3E Startepkavides 2 ADCs connected to an
onboard preamplifier, each with a different analagge depending on the gain settings. For
more specifications regarding the setup and comeation with the ADC, please see the User’s
Guide [8].

For testing, you may wish to try building the AD@a your test development EDK
project first as suggested in the section enti@leshting a Test Development EDK Project
above. That way, you can program your board dyrectd test the ADC and your software

without needing to recompile and load Petalinuxodhe board.
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To connect the ADC, add the lines to the UCF ferADC as specified in the sample
UCF file in Appendix C. Please note that in thepke file, the Preamp chip-select (CS) is
connected to bit 1 of the SPI Slave-Select (SSYd&fedBoth the Preamp CS and SS Vector are
active low signals, so it is possible to using &&vector to enable the Preamp device directly.
Controlling this signal also controls the ADC, ®rtbe ADC is connected directly to the preamp
internally.

The ADC is selected using the AD_CONYV signal, whighn active-high control signal.
Since it is active-high and due to the nature of toee AD_CONYV signal must be triggered, it
cannot be connected to the SS vector directlyafelsee the User’s Guide for more information
regarding the nature and operation of the AD_COMNja [8]. To control the ADC with the
AD_CONV signal, we must create a GPIO that contilois pin and then set it manually in the
software code.

In the EDK, open System Assembly View and switcthtoPorts Filter. Add a new
General Purpose 10 (GPIO) IP Core from the IP @atah the left-hand side by double-clicking
the core. Rename it to 'ad_conv' to match the BIEF Right-click on the new IP core and hit
‘Configure IP'. In the Properties window, char@@elO Data Bus Width' to 1 and hit 'OK' to
close the Properties window. In the Ports viemnnect OPB_CIk to 'sys_clk_s' and click
'Make External' under 'GPIO_IO'. Scroll up andamae the External Port to ‘ad_conv_pin' to
match the UCF file. Change the Filter to '‘Bus fli@ee’ and hook up the new ad_conv GPIO to
the OPB bus by clicking the green circle to thé ¢éthe 'SOPB' connection. Change the Filter
to 'Addresses' and assign the ad_conv GPIO 512 biaeting at 0x41900000 to match the code

in Appendix D.
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_ Filters

+ " Bus Interface ™ Ports ¢ Addresses | S Filters (Applied) | 3# Add External Port |

Name Net Direction |Class | Sensitivity |Range |;
- fpga 0_Ethermet MAC_PHY tx_data pin fpga_0_Ethernet_ MAG_PHY_tx_da ~||O = = [3:0]
foga 0 DDA CLK _FB ddr_feedback_s had ||| |CLK ¥
" sys_clk_pin dom_clk_s jll ICLK x|
- fpga_0_spi_SCK_pin lopb_spl_0_SCK o = A
fpga_0_spi_ MOSI_pin opb_spi_ 0_MOSI ~lio | -
- fpga_0_spi_SS._pin opb_spi 0SS ~lio = [0:1]
- dac_clr_pin net_vco j IO fouti 25
@=c conv_pin ad_conv_GPIO 10 ﬂ w .E] m
FH-“*microblaze 0
- me_opb
E-<2jimb
<| ~2dimb | ;|_

Block Diagram1 [ System Assembly View1 | syslem.ucf

Figure 5 - The AD CONV external port configurationin Xilinx EDK.

_ Filters
‘{(‘ Bus Interface * Ports ¢ Addresses | E=Fiiters (Applied) |4}’AC‘U External Port |

Name |Net |Dlrectlon |Class |Sensltlvlty |Ftange |;

~ geveik_inv

~* devclk80 _inv
= ddr clik80_inv
=*dcm 0
“Fdem 1
“docm 2

“® Resel GFPIO

"OPB_Clk

“GPIO_IO jad_conv_cPio_10 ~lio [0C .
| | |

Block Diagram1 [0 System Assembly View1 | @ system.uct |

Figure 6 - The AD CONV GPIO configuration in Xilinx EDK.

Next, we need to add an external connection t&\i® SHDN net. Hit ‘Add External
Port’ to add a new external port to the bottomhef list. Rename the new port ‘amp_shdn_pin’
to match the sample UCF file, set its directiomadput (O) and connect it to the ‘net_gnd’ net,
since we wish the Preamp (and ADC) to always be Add the correct entry into the UCF file.
Shutting down the Preamp can also be performedftware using a GPIO connected to the
AMP SHDN pin and sending a '0' to shut off the Brpa There are no issues with bus

contention, since the SS will control when the gam thus ADC) has access to the SPI bus.
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[ Filters

\‘_f" Bus Interface * Ports  Addresses | Ev Filters (Applied) | =:#® Add External Port |

Name Net _Il[DirectIon Class | Sensitivity |Ran.g:e |;

~fpga 0 Ethemet MAC_FHY Ix_en pin fpga_0_Ethernet MAC _PHY tx_en ¥ [[O =9 =)

- fpga_0_Ethemet MAC_PHY _tx_data pin Tp_qa_O_Ethemet_MAG_PHY_tx_dale il = [3:0]

- fpga_0_DDR_GLK_FB ddr_feedback_s =l ~lloik ~]

" Sys_clk_pin dcm_clk_s ;”I ICLK ¥ ]

- fpga_0_spi_SCK_pin opb_spi 0 SCK ~lho = -

- fpga_0_spi_ MOSI_pin lopb_spl_0_MOSI ~lho sl =

- fpga_0_spi_S5._pin opb_spi_0_SS ~lo = A [0:1]

T dac_clr_pin net_vcc ;”0 = ot

ad_conv_pin ad_conv_GPIO_IO ~lho Sl = [0:0]

e =mp shadn_pin net_gnd mm—
& migroblaze 0
< -
‘: mb_opb | _LI_

Block Diagram1 [ System Assembly Viewl system.uct

Figure 7 - The AMP SHDN external port configurationin Xilinx EDK.

Unlike the DAC, the ADC has special bus contentgsues. The ADC uses the SPI
MISO signal, which shares a pin with bit O of thesh's data (DQ) bus. The flash is used to by
Petalinux to hold the U-Boot and kernel informatiofo avoid this issue, the correct devices
must be selected as described in the User's M@@juaHowever, in the EDK, there is no way to
select between the flash and ADC for this singte pio solve this issue, a new IP core was
developed.

The Flash ADC Control IP Core sends the informatinrthe shared pin to the correct
location based on both the flash chip-enable (C&id)a manual CEN controlled by a GPIO as

shown in the diagram in Figure 8 below.
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FLASH_ADC_CTL

FLASH_16Mx38

DQ(7:0)

Do MUX D | ba(r:0)

CEN

SEL

OPB_SPI_0

D(7:1)

MISO

FLASH_ADC_SEL

FLASH_CEN

SEL

CLK | >

Figure 8 - A diagram of the Flash ADC Control IP Cae implementation.

The IP core was developed in VHDL using the XilI®E. If changes need to be made
to this code, open the flash_adc_ctl ISE projetit,tbte VHDL code, and run 'Synthesize' to
verify the code compiles correctly.

The Flash ADC Control IP Core needs to be addedeaeference design (and test
development EDK project if you are using it to the ADC properly in Petalinux. In EDK, go
to Hardware > Create or Import Peripheral. In@neate and Import peripheral wizard, hit
‘Next', select 'Import Existing Peripheral' and'Niext' again. Select 'To an XPS Project’ and hit
'‘Next'. Enter 'flash_adc_ctrl' as the VHDL topigmmame and hit 'Next'. Check 'HDL Source
Files' and hit 'Next'. Select 'Browse to your HBdurce and dependent library files in next step'
and hit 'Next'. Click 'Add Files', browse to thash_adc_ctl.vhd file, hit 'Open’ and then hit
'Next'. Uncheck 'Select Bus Interface(s)" andNeixt'. Uncheck 'Select and Configure
Interrupt(s)' and hit 'Next'. Hit 'Next' and 'Fshi to complete the import of the IP Core.

Next, add and configure the custom IP core in ¢fierence design (or test design) EDK

project. In the System Assembly View, add thelflagic_ctl IP Core from the IP Catalog by
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double-clicking on it under Project local pcoré&onfigure the Flash ADC Control, SPI, and
Flash IP Cores as shown below. Be sure to payutattention to all connections and bus

widths (7:0 and 0:7 are different, so set it uglawn).

., [Filters
‘J’F Bus Interface * Ports © Addresses ‘ B Filters (Applied) |q}-ﬂ,Adﬂ External Port |
Name | Net | Direction | Class | Sensitivity | Range | Frequency | IP Type | 1P =
<@ Reset GPIO opb_gplo 3.0
H-“Pcpu reset proc_sys reset 1.0
P oph opb_spl 1.00
+ Pad conv opb_gplo 3.0
= “Pflash _adec ctl 0 flash_adc_ctl
CLK Isys_clk_s il 1}
PINS flash_adc_ctl_0_PINS xlio [7:0]
FLASH_DQ_| flash_adc_ctl_0_FLASH_DQ_| i (o] [7:0]
FLASH_DQ_O flash_adc_ctl_0_FLASH_DQ_ O  ~|I [7:01
~FLASH_DQ_T flash_adc_ctl_0_FLASH DQ.T =]l [7:01
~SPI_MISO_I flash_adc_ctl_0_SPI_MISO_| ~lo
~FLASH_GEN_I flash_adc_ctl_0_FLASH GEN_I ]I
~FLASH GEN O flash_adc_ctl 0_FLASH GEN O ~|O
~8EL flash_adc_ctl_0_SEL i 1} J
Bl P flash_adc sel 3.0
+ Picd 3.0~
o

4]

Block Diagram1 [ System Assembly View1 I

Figure 9 - The Flash ADC Control IP core configuraton in Xilinx EDK.

€ Bus Interface © Ports  Addresses | B Filters (Applied) |4;.AAdd External Port |

Name |Nel |Dlrectlon |Cla55 |Sen5it|\rity |Ftanqe |;I

“Popu_reset

-SSP opb spi 0

lopb_spl_0_SCK ~lio
flash_adc_ctl_0_SPI_MISO_| =l

opb_spl_0_MOSI rlio

jopb_spi_0_S5 xlio [0:(C_...
opb_spi_0_IP2INTC_Irpt rlo INTE... LEVEL_HI...
sys_clk_s =] CLK

-“#flash adc ctl 0

-~ fiagh_adc sel =
| | g
Block Diagram1 [T System Assembly Viewl

Figure 10 - The SPI IP core configuration in XilinxEDK.
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Filters
jf‘ Bus Interface & Porls (" Addresses ‘E_:‘[vFllters (Applied) |4}.‘~—.Add External Port |

Name: | Net | Direction |CI355 |Sen5ItIvIty | Range | Frequency | IP Type | P 2l
: opb_gpio 3.0
i opb_gpio 3.0
bin_rotary_decoder opb_btn_deceder 1.01
<P FILASH_16Mx8 opb_emc 2.0
"OPB_Clk sys_clk_s w0 Clk
‘Mem_A fpga 0 _FLASH_16Mx8 _Mem A _sf ¥ |O [0:(G_...
-Mem_DQ_| flash adc otl 0 FLASH DQ | ]I [0:G ...
-Mem_DQ_O flash adc ctl 0 FLASH DQ O ~|O [0:G_...
b-Mem_DQ_T flash adc cfl 0 FLASH DQ. T ~|O [0:G ..
b-Mem_GEN flash adc ctl 0 FLASH GEN I ~|O [0:C ...
““Mem_OEN fpga 0 FLASH 16Mx8 Mem OENY|O [0:C ...
: Mem_WEN fpga_0_FLASH_16Mx8_Mem_WEPN ¥ |O
H-<*DDR_SDRAM_32Mx16 mch_opb_ddr 1.04
opb_ethemetlite 1.0
opb_timer 1.0
anh inte

o< gfR

Block Diagram1 | [0 System Assembly View1 |

Figure 11 - The Flash IP core configuration in Xilnx EDK.

. [Filters
Jf‘ Bus Interface * Ports © Addresses | S Fitters (Applied) | 2# Add External Port |
Name Net Directlon | Class | Sensitivity |Range |;
- sys_clk_pin dom_clk_s bl | Tl|CLK *| s
- fpga_0_spi_SCK_pin _spl_0_SGK o S A
- fpga_0_spi_MOS!_pin opb_spi_0_MOSH =lo = B
- fpga_0_spi_SS_pin opb_spi_0.SS ~lio = = [0:1]
- dac Gl pin net_vcc ;”O 2 gl
-ad_conv_pin ad_conv_GPIO_IO o~ o0 —
- amp_shan_pin net_gnd ;”0 = =
- fpga_0_flash_ade_ctl_pin flash_adc_ctl_0_PINS ~lio = = [0:7]
- fpga_0_FLASH_16Mx8_Mem_GEN._pin flash_adc_ctl_0 FLASH GENO ~llo  ~|| = [0:0]
- Iod_pin lcd_GPIO_IO o A = [0:6]

F-<®microblaze 0
i

Block Diagram1 [ system Assembly Viewl

Figure 12 - The external port configuration for all the devices needed to implement the DAC and ADC in

e e

|v_|

Xilinx EDK.

Please note that a LCD GPIO has also been addsdpiay the input of the ADC on the
LCD screen. This is not required, but it is a rfe&ture for testing. The code and UCF file
provided in Appendices C and D include the LCD medurhis module is a standard GPIO with

a 7-bit 10 bus. Please see Figure 14 below fospttings and memory mappings.
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The Flash ADC Control IP Core does not need todaed to a bus or have address space
allocated to it. Add the appropriate external momnnections to the UCF file as shown in
Appendix C.

In addition to the Flash CEN signal, an externaNG#&ust be added that is controlled
manually. This signal is ORed with the Flash CBgrriding it in the case we want to disable
the flash (flash CEN set to '1"). We must creaBP40 that controls this pin and then set it
manually in the software code. In the EDK, opest&y Assembly View and switch to the
Ports Filter. Add a new General Purpose 10 (GRROJore from the IP Catalog on the left-
hand side by double-clicking the core. Rename flash_adc_sel' to match the UCF file.
Right-click on the new IP core and hit 'ConfiguRe. | In the Properties window, change 'GPIO
Data Bus Width' to 1 and hit 'OK' to close the Fmdies window. In the Ports view, connect

the IP core as shown in the following figure.

Filters

" Bus Interface & Ports { Addresses | S Filters (Applied) |<>ﬂ Add External Port |

®)

Name | Net |D\rect|on | Glass | Sensitivity | Range | Frequency |IP Type IP=
H-<>develk0_inv util_vector_logic 1.0
+ P ddr clk90_inv util_vector_logic 1.00
H-<>dem 0 dom_module  1.0M
f"‘)dcm_i dcm_module 1.00
<P olom_2 dom_module  1.01
;Z--JE';.:-" GFIO opb_gplo 3.0
+ ~Fcpu _reset proc_sys reset 1.0
Bl-<Papt spi 0 opb_spl 1
E-<¥ad_conv opb_gplo
%Z--*-’ﬂash_adc_cﬂ_ o flash_adc_ctl
' “>flash_adc_sel opb_gpio 3.0
! oPB ok [svs cik s Bl Clk
! -GPIO_I0.O [flash adc ctl 0 SEL ~lo [0:G....
E-<Plod opb_gpio 3.0

- OPB_Glk [eys_clk_s =i clk

LGPIO_IO Jiea_crio_1o =lio (024G .c 5
4| | o

Block Diagram1 | [ System Assembly Viewi I

Figure 13 - The Flash ADC Select GPIO and LCD GPIQ@onfiguration in Xilinx EDK.

Change the Filter to '‘Bus Interface' and hook epniew flash_adc_sel GPIO to the OPB

bus by clicking the green circle to the left of tB®PB' connection. Change the Filter to
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'‘Addresses' and assign the flash_adc_sel GPIO y#2 btarting at 0x42000000 to match the

code in Appendix D.

Filters
,“‘(‘ Bus Interface © Ports & Addresses

[l Generate Addresses |

Instance | Name T |Address |E!a.';e Address |High Address |Size Lock | IGache |Dcache Bus Gonnection ;l
iImb_cntlr SLVB 6x80660068 exppeelift  [sk  ~[0 iimb B
btn_rotary decoder SOPB 0x48020000 Bx408affff ea >|O mb_opb hd
FLASH_16Mx8 SOPB MEMO  6x21000000  0x21ffffff  |iem x|O a a mb_opb =
Ethernet MAGC SOPB 6x48e00000 Bx4BeBfFff 64K 7| o mb_opb X
LEDs 8Bt SOPB x40906060 ox4peeffff  [pak > |0 mb_opb 5
DIP_Switches_4Bit SOPB Bx40020000 Ox40B2FFFT B4K | = mb_opb X
Resst_GPIO SOPB 8x40036086 Bx4pB37177 sk x|O mb_opb =
cd SOPB 6x41860000  Ox418001FF [512  ~|O mb_opb Bl
ad_conv SOPB 8x41300080 Bx418881FF  [512 ~|O W_v
flash_adc_sel SOPB 6x42660000  Bx428001FF  [512  ~|O mb_opb I
lopb_intc_0 SOPB Bx41208008 ox41207FFF  [gak |0 mb_opb B
debug_module SOPB Bx41460888 Bx4140FFFT 64K 7] o mb_opb X
lopb_spl_0 SOPB 6x41666666 Bx41883FFF 16K =] (] mb_opb =
lopb_timer_1 SOPB Bx41c06000 exdlcoffff ek |0 mb_opb I
RS232_DTE SOPB Bx40660088 Bx4BBRTFFT 64K ¥ = mb_opb =
D?R,somm,szmma SOPB:MGHO:MCHI:MGH2MGH3 ~ MEMO  6x24000808  Bx27ff7iff  |aam x|O0 ©E I ] _12
4 »

Block Diagram1 [T''System Assembly View1 I

Figure 14 - The memory mappings for all the deviceseeded to implement the DAC and ADC in Xilinx EDK.

Next, write your user application to interfacetie ADC. I'd recommend that you first
write it as a software project in your EDK test diepment project and then translate it to a
Petalinux user application. To do so, open yofixnsoe project under the Applications tab in
EDK. If you have not created a test project otwgafe project yet, please see the section entitled
Creating a Test Development EDK Project above.

Write software to interface with the ADC using Ct+. A sample user application for
the SPI interface using the DAC and ADC has alrdseBn provided for use in Appendix D.
Please note that the copy of the program providddriuse as a user application for Petalinux.
This code also includes the LCD code to displayesilof the ADC to the LCD screen. If you
wish to use the LCD, be sure to add an LCD GPI¢bta project and add the correct pins in the
UCF file. Otherwise, remove the references tol@i® functions. To convert this project to
your test development EDK project, the constan&glrie be changed as described in the section

entitledCreating a Test Development EDK Project.
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Once you have written the software, recompile thelWware design and load the
download.bit file onto your Spartan board. If yeme using a test EDK project, load the Spartan
3E Starter Kit through iIMPACT to verify that the ADis working using your code. Once your
are satisfied with the results, copy your hardveamefiguration settings and UCF file changes to
the Petalinux reference design and translate yaftware project into a user application as
discussed above in the section entiBedating a Test Development EDK Project.

If you are using Petalinux or are translating ychanges over to Petalinux, be sure to
create and compile in your code as a user apmitais discussed in the section entitBdating
User Applications for uClinux in Brian and Patrick’s paper [2]. Program youatzbwith the .bit
file, reload the U-boot configuration and kernebhie, and then boot Petalinux to test your user

application and communication with the ADC.
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X. Testing

To test SPIDEV, there are several test scriptsdhatbe implemented to test the SPIDEV
driver. The default test script for SPI is locatedhe Xilinx git directory under linux-2.6-
xInx/Documentation/spi/spidev_test.c. Another sesipt was provided by the uclinux-

microblaze mailing list and is available at
http://www.itee.uq.edu.au/~listarch/microblaze-

uclinux/archive/2009/03/msg00000.htm| . Install these scripts into Petalinux as user
applications. The process for doing so can bedonrthe section entitle@reating User

Applications for uClinux in Brian and Patrick’s paper [2].
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Xl. Recommendations

Now that the SPIDEYV driver has been successfulifettand implemented using the
instructions included in this paper, there are svieprovements and modifications that can be
made to both improve the functionality of the driae well as fix some issues that | faced while

working on the driver.

Custom U-Boot Auto Configuration Script

As suggested in the section entitl@ahfigure TFTP in Petalinux above, the current
implementation of Ethernet in the U-Boot environieguires the user to set static IP
addresses. In addition, these settings must lmmecelvery time a new U-Boot auto
configuration script is run (ub.config.img). Somgrovements include using DHCP instead of
static IP addresses and customizing the configuratript so that your settings will not be
overwritten. Please see the section suggestduhksrto information regarding these

modifications.

Upgrade Petalinux from SVN Build

The latest build at the onset of my project waslpaix-v0.30-rcl. However, since then
the uclinux-microblaze mailing list has updated ¢bde to petalinux-v0.40-rc3. Although I
have not confirmed this, many of the developerthermailing list suggested that the SPIDEV
driver be added to the latest release. As of ipebaiv0.40-rc3, which | used to test the
procedures I've outlined in this paper, thereiissd SPIDEV support in the kernel by default.
If newer releases emerge, it may be worth lookimig them, since then it would be unnecessary

to run the patch and make manual modificationsi¢ouClinux kernel. This is merely
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suggestion; the SVN build, which is the latest) d based off of petalinux-v0.40-rc3 and will
also include the latest software updates, so €lithigdd may already include the SPIDEV driver
now. The code | have used and developed was @ovaDr. Harris on a CD to allow the next
student working on the uClinux part of the SuPE&jqmt to continue development from where |
have left of, so the best suggestion regardingdifisvare would be to use the version on the CD

to develop your changes, since it is where | [#ftromy work.

User-Friendly SPI Interface

Although the code provided in Appendix D providegomd framework for accessing the
SPI devices in Petalinux, a much better prograntdcle written to provide more functionality
and easier user access. The user applicationimugeid paper was merely a simple interface to
verify that a person could communicate with andthseSPI devices on the Spartan 3E Starter
Kit using the console in Petalinux. Future impletagions might also include a wider range of
devices besides the DAC and ADC. They may alsamcdphe number of command line
arguments and make it easier for the user to utadets Ultimately, the code from the SUPER
project will need to be ported from the laptophe Spartan 3E, so a friendly user command for

accessing the SPI devices would be very helpfulraakle updating the code much easier.
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XII. Conclusion

This project built on the previous successes adurPatrick, and Alex, who worked on
the initial development of Petalinux for the SuPEBject. The reason we wish to develop a
working system in Petalinux is to allow the SuPERM to port the program that collects data
from the SUPER and sends out control signals ¢net@partan 3E Starter Kit board. This
would eliminate the laptop and other microcontrsliéhat are currently used on the SUPER and
would cut the power consumption down greatly.

At the start of this project, | focused on findithge best development environment for
working with uClinux, which turned out to be a slafone CentOS installation. Next, |
implemented and tested the Ethernet interface eSgartan 3E and used it to update the
Petalinux kernel on the board much faster tharoltieserial interface. Next, | worked on the
development of the SPIDEV driver in uClinux and lexpented the driver with help from the
uclinux-microblaze mailing list. Once the interfawas up and testing well, | added the DAC
into the Petalinux user application for SPI accdasally, | worked on the addition of the ADC
to the SPI interface in Petalinux including devehgmt of a new IP core that would handle the
contention on the pin that is shared between #shfmemory and ADC.

The main hurdles in this project were the documentaegarding SPI drivers for
Petalinux and the bus contention issues with th€ ADDhanks to the mailing list, | was able to
develop and implement the SPIDEYV driver successfullhe ADC works correctly under the
test environment, and Xilinx’s lack of informatioegarding use of the ADC and flash together
presented a considerable roadblock which | wastald@ercome with a custom IP core. The

uclinux-microblaze mailing list was very helpfulfiearning about previous implementations as
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well as providing support and advice regarding @seaf this project such as the SPIDEV driver.
All the previous work done by Brian, Patrick, an@also helped greatly in understanding
Petalinux and SPI devices. Without their works thiioject would not have been possible in the

twenty weeks that it lasted.
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Appendix B - SPIDEV Kernel Patch

diff -rupN petalinux-svn.orig/software/linux-2.6.x-
petalogix/arch/microblaze/platform/common/Makefile
svn/software/linux-2.6.x-petalogix/arch/microblaze/
--- petalinux-svn.orig/software/linux-2.6.x-
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petalinux-
platform/common/Makefile

petalogix/arch/microblaze/platform/common/Makefile 2009-01-30
12:24:12.000000000 +0100

+++ petalinux-svn/software/linux-2.6.x-
petalogix/arch/microblaze/platform/common/Makefile 2009-03-02
10:38:46.000000000 +0100

@@ -14,7 +14,7 @@ EXTRA_CFLAGS += -I$(TOPDIR)/drive rs/xili
platobj-$(CONFIG_MTD_PHYSMAP) += physmap-flash.o
platobj-$(CONFIG_XILINX_GPIO) += xgpio.o

-platobj-$(CONFIG_XILINX_SPI) += xspi.o

+platobj-$(CONFIG_SPI_XILINX) += xspi.o
platobj-$(CONFIG_SERIAL_UARTLITE) += xuartlite.o
platobj-$(CONFIG_SERIAL_8250) +=x16550.0
platobj-$(CONFIG_XILINX_SYSACE) += xsysace.o

diff -rupN petalinux-svn.orig/software/linux-2.6.x-
petalogix/arch/microblaze/platform/common/xspi.c pe talinux-

svn/software/linux-2.6.x-petalogix/arch/microblaze/

--- petalinux-svn.orig/software/linux-2.6.x-
petalogix/arch/microblaze/platform/common/xspi.c 20
22:54:51.000000000 -0700

+++ petalinux-svn/software/linux-2.6.x-
petalogix/arch/microblaze/platform/common/xspi.c 20
23:44:51.000000000 -0700

@@ -1,83+1,80 @@

-[*

- * arch/microblaze/platform/common/xspi.c

*

- * platform device initialisation for Xilinx SPI d

*

- * Copyright 2007 PetalLogix

_x

- * pased on original kernel/platform.c which was
- * Copyright 2007 LynuxWorks

_*

- * This file is licensed under the terms of the GN
- * version 2. This program is licensed "as is" wi
- * kind, whether express or implied.

- %

-#include <linux/autoconf.h>

-#include <linux/init.h>

-#include <linux/resource.h>

-#include <linux/xilinx_devices.h>

-#include <linux/serial_8250.h>

-#define XSPI_PLATFORM_DATA_INITIALISER(n)
_{ \

platform/common/xspi.c

07-04-01

09-05-18

evices

U General Public License
thout any warranty of any
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- .device_flags = (CONFI G XI LI NX_SPI _##n##_FI FO EXI ST ? XSPI HAS FI FCS :
0) | \

- (CONFI G_XI LI NX_SPI _##n##_SPl SLAVE_ONLY ? XSPI _SLAVE ONLY : 0), \
- .num sl ave_bits = CONFI G_XI LI NX_SPI _##n## NUM SS_BI TS \

-}

-#define XSPI_PLATFORM_DEVICE_INITIALISER(n) \

-{ \

- .name = "xilinx_spi", \

- .id = (n), \

- .dev.platform_data = &xspi_pdata[n], \

- .num_resources = 2, \

- .resource = (struct resource[]) { \

- {

- .start = CONFI G_XI LI NX_SPI _##n##_ BASEADDR, \
- .end = CONFI G Xl LI NX_SPI _##n## H GHADDR, \

- .flags = | ORESOURCE_MEM \

- }, \

- { \

- .start = CONFI G_XI LI NX_SPI _##n## | RQ \
- .end = CONFI G Xl LI NX_SPI _##n## | RQ \
- .flags = | ORESOURCE_I RQ \

- } \

- } \

-}

-static struct xspi_platform_data xspi_pdata[] = {
-#ifdef CONFIG_XILINX_SPI_O_INSTANCE
-XSPI_PLATFORM_DATA_INITIALISER(O0),

-#endif

-#ifdef CONFIG_XILINX_SPI_1_INSTANCE
-XSPI_PLATFORM_DATA_INITIALISER(1),

-#endif

-#ifdef CONFIG_XILINX_SPI_2_INSTANCE
-XSPI_PLATFORM_DATA_INITIALISER(2),

-#endif

-}

-static struct platform_device xilinx_spi_device[] ={
-#ifdef CONFIG_XILINX_SPI_0_INSTANCE
-XSPI_PLATFORM_DEVICE_INITIALISER(0),
-#endif

-#ifdef CONFIG_XILINX_SPI_1_INSTANCE
-XSPI_PLATFORM_DEVICE_INITIALISER(1),
-#endif

-#ifdef CONFIG_XILINX_SPI_2_INSTANCE
-XSPI_PLATFORM_DEVICE_INITIALISER(2),
-#endif

-}

-static int __init xspi_platform_init(void)

_{ o

- int i

- for(i=0;i<ARRAY_SIZE(xilinx_spi_device); i++)
- platform_device_register(&xilinx_spi_device[i]);



- return O;

-}

-device_initcall(xspi_platform_init);

+/*

+* arch/microblaze/platform/common/xspi.c

+*

+* platform device initialisation for Xilinx SPI de vices
+*

+* Based on arch/microblaze/platform/common/xspi.c and
+* xilspi.c from someone posting to the uclinux mai ling list.
+~k

+* Modified for the Xilinx xilinx_spi driver!

+*/

+

+#include <linux/autoconf.h>
+#include <linux/init.h>

+#include <linux/resource.h>
+#include <linux/xilinx_devices.h>
+#include <linux/serial_8250.h>

55

+

+

+#define XSPI_PLATFORM_DATA_INITIALISER(n) \

+{ \

+ .bus_num =n,\

+ .num chi psel ect = CONFI G_XI LI NX_SPI _##n##_ NUM SS BI TS, \
+ .speed_hz = C(]\IFI G Xl LI NX_CPU _CLOCK _FREQ /

CONFI G_XI LI NX_SPI _##n##_0OPB_SCK_RATI O \

+}

+

+#define XSPI_PLATFORM_DEVICE_INITIALISER(n) \

+{ \

+ .name = "xilinx_spi", \

+ .id = (n), \

+ .dev.platform_data = &xspi_pdata[n], \

+ .num_resources = 2, \

+ .resource = (struct resource[]) { \

+ { \

+ .start = CONFI G_XI LI NX_SPI _##n## BASEADDR,
\

+ .end = CONFI G_XI LI NX_SPI _##n##_H GHADDR,
\

+ .flags = | ORESOURCE_MEM

\

+ }! \

+ { \

+ .start = CONFI G_XI LI NX_SPI _##n## | RQ
\

+ .end = CONFI G_XI LI NX_SPI _##n## | RQ
\

+ .fl ags = | ORESOURCE_I RQ

\

+ } \

+ } \

+}

+

+static struct xspi_platform_data xspi_pdata[] = {



+#ifdef CONFIG_XILINX_SPI_0 _INSTANCE
+XSPI_PLATFORM_DATA_INITIALISER(0),
+#endif
+#ifdef CONFIG_XILINX_SPI_1 INSTANCE
+XSPI_PLATFORM_DATA_INITIALISER(1),
+#endif
+#ifdef CONFIG_XILINX_SPI_2 INSTANCE
+XSPI_PLATFORM_DATA_INITIALISER(2),
+#endif

+};
+

+static struct platform_device xilinx_spi_device][]
+#ifdef CONFIG_XILINX_SPI_0_INSTANCE
+XSPI_PLATFORM_DEVICE_INITIALISER(0),
+#endif

+#ifdef CONFIG_XILINX_SPI_1 INSTANCE
+XSPI_PLATFORM_DEVICE_INITIALISER(1),
+#endif

+#ifdef CONFIG_XILINX_SPI_2 INSTANCE
+XSPI_PLATFORM_DEVICE_INITIALISER(2),
+#endif

+};
+

+static int __init xspi_platform_init(void)

+

+ int i;

+

+ for(i=0;i<ARRAY_SIZE(xilinx_spi_device); i
+ platform_device_register(&xilinx_s

+

+ return O;

+}

+

+device_initcall(xspi_platform_init);

diff -rupN petalinux-svn.orig/software/linux-2.6.x-
petalogix/arch/microblaze/platform/Xilinx-Spartan3E
petalinux-svn/software/linux-2.6.x-petalogix/arch/m
Spartan3E500-RevD/setup.c
--- petalinux-svn.orig/software/linux-2.6.x-
petalogix/arch/microblaze/platform/Xilinx-Spartan3E
01-14 10:16:06.000000000 +0100
+++ petalinux-svn/software/linux-2.6.x-
petalogix/arch/microblaze/platform/Xilinx-Spartan3E
03-02 11:22:45.000000000 +0100
@@ -7,4+7,76 0@

*/

/* Nothing to do, but we need this C file to keep
+/* This is not true. We are now registering SPI sl

+#include <linux/device.h>
+#include <linux/spi/spi.h>
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++)
pi_devicel[i]);

500-RevD/setup.c
icroblaze/platform/Xilinx-

500-RevD/setup.c 2009-

500-RevD/setup.c 2009-

kbuild happy */
aves here. */

+
+static struct spi_board_info spi_board _info[] __initdata = {
+ /* (order of busses here has no influence on nunbering) */

+ /* first bus on EVM (only 4 devices)
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/* SPI flash on the Spartan EVM --> spi-0 */

. nmodal i as = "spi dev",
. max_speed_hz = 1000000,
. bus_num =0,

.chi p_sel ect 0,

/[* dumy --> spi-1 */

. modal i as = "spi dev",
. max_speed_hz = 1000000,
. bus_num =0,

. chi p_sel ect 1,

/* dumy --> spi-2 */

. nmodal i as = "spi dev",

. max_speed_hz = 1000000,
. bus_num =0,

.chi p_sel ect = 2,

/* dumy --> spi-3 */

. modal i as = "spi dev",

. max_speed_hz = 1000000,
. bus_num = 0,

. chi p_sel ect = 3,

* second bus on expansion board (only 4 devices) */

/* dunmy --> spi-4 */

. nmodal i as = "spi dev",
. max_speed_hz = 1000000,
. bus_num =1,

. chi p_sel ect 0,

/* dumy --> spi-5 */

. nmodal i as = "spi dev",
. max_speed_hz = 1000000,
. bus_num =1,

. chi p_sel ect 1,

/* dumy --> spi-6 */

. modal i as = "spi dev",

. max_speed_hz = 1000000,
. bus_num =1,

.chi p_sel ect = 2,

/[* dumy --> spi-7 */

. nmodal i as = "spi dev",

. max_speed_hz = 1000000,
. bus_num =1,

.chi p_sel ect = 3,
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+};

+

+static int board_init_spi(void)

+

+ spi_register_board_info(spi_board_info, ARRAY_SIZ

+ return O;

+}

+arch_initcall(board_init_spi);

diff -rupN petalinux-svn.orig/software/linux-2.6.x-

petalogix/drivers/spi/Kconfig petalinux-svn/softwar

petalogix/drivers/spi/Kconfig

--- petalinux-svn.orig/software/linux-2.6.x-petalog
2007-03-30 07:49:34.000000000 +0200

+++ petalinux-svn/software/linux-2.6.x-petalogix/dr

03-02 10:37:45.000000000 +0100

@@ -103,6 +103,14 @@ config SPI_S3C24XX_GPIO
GPIO lines to provide the SPI bus. This can be
the inbuilt hardware cannot provide the transfe
where the board is using non hardware connected

+

+config SPI_XILINX

tristate "Xilinx SPI controller"

depends on SPI_MASTER

select SPI_BITBANG

help

This exposes the SPI controller IP from the Xilin

Experimental.

++ 4+ + + +

#
# Add new SPI master controllers in alphabetical o
#
@@ -143,6 +151,13 @@ config SPI_S3C24XX
comment "SPI Protocol Masters"

depends on SPI_MASTER

+config SPI_SPIDEV

+ tristate "User mode SPI device driver support”

+ help

+ This supports user mode SPI protocol drivers.

+

+ Note that this application programming interfac

+ and hence SUBJECT TO CHANGE WITHOUT NOTICE whil
#

# Add new SPI protocol masters in alphabetical ord
diff -rupN petalinux-svn.orig/software/linux-2.6.x-
petalogix/drivers/spi/Makefile petalinux-svn/softwa
petalogix/drivers/spi/Makefile
--- petalinux-svn.orig/software/linux-2.6.x-petalog

2007-03-30 07:49:34.000000000 +0200
+++ petalinux-svn/software/linux-2.6.x-petalogix/dr
03-02 10:38:05.000000000 +0100
@@ -19,9 +19,11 @@ obj-$(CONFIG_SPI_S3C24XX_GPIO)
0bj-$(CONFIG_SPI_S3C24XX) += spi_s3c24xx.0
0bj-$(CONFIG_MCFQSPI) +=mcf_qgspi.o
0bj-$(CONFIG_DS1305) += DS1305RTC.0
+0bj-$(CONFIG_SPI_XILINX) += xilinx_
# ... add above this line ...
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E(spi_board_info));

e/linux-2.6.x-

ix/drivers/spi/Kconfig

ivers/spi/Kconfig 2009-
used where

r mode, or
pins.

x EDK.

rder above this line

e is EXPERIMENTAL
e it stabilizes.
er above this line
re/linux-2.6.x-
ix/drivers/spi/Makefile
ivers/spi/Makefile  2009-

+=spi_s

Spi.o



# SPI protocol drivers (device/link on bus)
+0bj-$(CONFIG_SPI_SPIDEV) += spidev. o}
# ... add above this line ...

# SPI slave controller drivers (upstream link)
diff -rupN petalinux-svn.orig/software/linux-2.6.x-

petalogix/drivers/spi/spidev.c petalinux-svn/softwa re/linux-2.6.x-

petalogix/drivers/spi/spidev.c

--- petalinux-svn.orig/software/linux-2.6.x-petalog ix/drivers/spi/spidev.c
2009-03-02 11:09:02.000000000 +0100

+++ petalinux-svn/software/linux-2.6.x-petalogix/dr ivers/spi/spidev.c  2009-

03-02 11:20:39.000000000 +0100
@@ -37,6 +37,7 @@

#include <asm/uaccess.h>
+typedef unsigned int* uintptr_t;
/*
* This supports acccess to SPI devices using norm al userspace 1/0 calls.

@@ -52,9 +53,11 @@

* particular SPI bus or device.

*
#define SPIDEV_MAJOR 153 /*assigned */
-#define N_SPI_MINORS 32 [* ... up to 256 */
+/#define N_SPI_MINORS 32 [* ... up to 256 */
+#define N_SPI_MINORS 8 [* ... up to 256 */
-static unsigned long  minors[N_SPI_MINORS / BITS_PE R_LONG];
+//static unsigned long minors[N_SPI_MINORS / BITS _ PER_LONG];

+static unsigned long  minors[1];

/* Bit masks for spi_device.mode management. Note that incorrect
@@ -561,7 +564,7 @@ static int spidev_probe(struct spi_devic
struct spidev_data *spidev;
int status;
unsigned long minor;
+

/* Allocate driver data */
spidev = kzalloc(sizeof(*spidev), GFP_KERNEL);

if (spidev)
@@ -584,9 +587,10 @@ static int spidev_probe(struct spi_devic
spidev->devt = MKDEV(SPIDEV_MAJOR, minor);
dev = device_create(spidev_class, &spi->dev, spi dev->devt,
- spidev, "spidev%d.%d",
+ [*spidev,*/ "spidev%d.%d",

spi->master->bus_num, spi->chip_select);
status = IS_ERR(dev) ? PTR_ERR(dev) : 0;

+ dev_dbg(&spi->dev, "spidev%d.%d created\n", spi- >master->bus_num,
spi->chip_select);
}else {
dev_dbg(&spi->dev, "no minor number available\n ");

status = -ENODEV;



@@ -668,6 +672,7 @@ static int __init spidev_init(v
class_destroy(spidev_class);

unregister_chrdev(SPIDEV_MAJOR, spidev_spi.drive

}

return status;

+

}

module_init(spidev_init);

diff -rupN petalinux-svn.orig/software/linux-2.6.x-

petalogix/drivers/spi/xilinx_spi.c petalinux-svn/so

petalogix/drivers/spi/xilinx_spi.c

--- petalinux-svn.orig/software/linux-2.6.x-

petalogix/drivers/spi/xilinx_spi.c 2009-05-22 14:13

+++ petalinux-svn/software/linux-2.6.x-petalogix/dr
2009-03-04 22:18:58.000000000 -0800

@@ -15,15 +15,12 @@

#include <linux/init.h>

#include <linux/interrupt.h>

#include <linux/platform_device.h>

-#include <linux/of_platform.h>

-#include <linux/of_device.h>

-#include <linux/of_spi.h>

#include <linux/spi/spi.h>

#include <linux/spi/spi_bitbang.h>

#include <linux/io.h>

+#include <linux/xilinx_devices.h>
+

#define XILINX_SPI_NAME "xilinx_spi"

/* Register definitions as per "OPB Serial Periphe
(v1.00e)
@@ -147,11 +144,20 @@

struct spi_transfer *t)

{
u8 bits_per_word;
+ u32 hz;
+ struct xilinx_spi *xspi = spi_master_get_devdata(
bits_per_word = (t) ? t->bits_per_word : spi->bit
+ hz = (t) ? t->speed_hz : spi->max_speed_hz;

if (bits_per_word !=8) {
- dev_err(&spi->dev, "%s, unsupported bits_per_wor
- __func__, bits_per_word);
+ dev_err(&spi->dev, "%s, unsupported bits_per_wor
supports 8\n",

+ __func__, bits_per_word);

+ return -EINVAL,;

+ )

+

+ if (hz && xspi->speed_hz > hz) {

+ dev_err(&spi->dev, "%s, unsupported clock rate %
%uHz\n",

+ __func__, hz, xspi->speed_hz);

return -EINVAL;

oid)

r.name);

ftware/linux-2.6.x-

:52.000000000 -0700
ivers/spi/xilinx_spi.c

ral Interface (SPI)

spi->master);

s_per_word;

d=%d\n",

d=%d, bus

uHz, bus uses
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}

@@ -299,38 +304,32 @@
return IRQ_HANDLED;

}
-static int __init xilinx_spi_of_probe(struct of _de vice *ofdev,
- const struct of_device_id *match)
+static int __init xilinx_spi_probe(struct platform _device *dev)
{
+ int ret = 0;
struct spi_master *master;
struct xilinx_spi *xspi;
- struct resource r_irq_struct;
- struct resource r_mem_struct;
- struct resource *r_irq = &r_irg_struct;
- struct resource *r_mem = &r_mem_struct;
- int rc = 0;
- const u32 *prop;
- int len;
+ struct xspi_platform_data *pdata;
+ struct resource *r;
/* Get resources(memory, IRQ) associated with the device */
- master = spi_alloc_master(&ofdev->dev, sizeof(str uct xilinx_spi));
+ master = spi_alloc_master(&dev->dev, sizeof(struc t xilinx_spi));
if (master == NULL) {
return -ENOMEM;
}
- dev_set_drvdata(&ofdev->dev, master);
+ platform_set_drvdata(dev, master);
+ pdata = dev->dev.platform_data;
- rc = of_address_to_resource(ofdev->node, 0, r_mem );
- if (rc) {
- dev_warn(&ofdev->dev, "invalid address\n");
+ if (pdata == NULL) {
+ ret = -ENODEV;
goto put_master;
}
- rc = of_irq_to_resource(ofdev->node, 0, r_irq);
- if (rc == NO_IRQ) {
- dev_warn(&ofdev->dev, "no IRQ found\n");
+ r = platform_get_resource(dev, IORESOURCE_MEM, 0) ;
+ if (r == NULL) {
+ ret = -ENODEV;

goto put_master;

}

@@ -342,84 +341,69 @@
xspi->bitbang.master->setup = xilinx_spi_setup;
init_completion(&xspi->done);



+ 4+ + + A+ o+

+ + 4+ + 4

Xspi->irq = r_irg->start;

if (Irequest_mem_region(r_mem->start,

r_mem->end - r_mem->start + 1, XILINX_SPI_NAME) ) {

rc = -ENXIO;

dev_warn(&ofdev->dev, "memory request failure\n"

if ('request_mem_region(r->start,

r->end - r->start + 1, XILINX_SPI_NAME)) {

ret = -ENXIO;
goto put_master;

}

Xspi->regs = ioremap(r_mem->start, r_mem->end - r
Xspi->regs = ioremap(r->start, r->end - r->start
if (xspi->regs == NULL) {
rc = -ENOMEM,;
dev_warn(&ofdev->dev, "ioremap failure\n");
goto release_mem,;

}

Xspi->irq = r_irg->start;

/* dynamic bus assignment */
master->bus_num = -1;

/* number of slave select bits is required */

prop = of_get_property(ofdev->node, "xInx,num-ss-

if ('prop || len < sizeof(*prop)) {
dev_warn(&ofdev->dev, "no 'xInx,num-ss-bits' pro
ret = -ENOMEM;
goto put_master;

}
ret = platform_get_irq(dev, 0);
if (ret<0){
ret = -ENXIO;
goto unmap_io;
}

master->num_chipselect = *prop;
Xspi->irq = ret;

master->bus_num = pdata->bus_num;
master->num_chipselect = pdata->num_chipselect;
xspi->speed_hz = pdata->speed_hz;

/* SPI controller initializations */
Xspi_init_hw(xspi->regs);

/* Register for SPI Interrupt */
rc = request_irq(xspi->irg, xilinx_spi_irg, 0, XI
if (rc 1= 0) {
dev_warn(&ofdev->dev, "irq request failure: %d\n
ret = request_irq(xspi->irq, xilinx_spi_irg, 0, X
if (ret1=0)
goto unmap_io;
}

rc = spi_bitbang_start(&xspi->bitbang);

_mem->start + 1);
+1);

bits", &len);

perty\n");

LINX_SPI_NAME, xspi);

", Xspi->irq);
ILINX_SPI_NAME, xspi);
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- if (rc!'=0){
- dev_err(&ofdev->dev, "spi_bitbang_start FAILED\n ");
+ ret = spi_bitbang_start(&xspi->bitbang);
+ if (ret 1= 0) {
+ dev_err(&dev->dev, "spi_bitbang_start FAILED\n") ;
goto free_irq;
}
- dev_info(&ofdev->dev, "at 0x%08X mapped to 0x%08X , irg=%d\n",
- (unsigned int)r_mem->start, (U32)xspi->regs, Xs pi->irq);
- /* Add any subnodes on the SPI bus */
- of _register_spi_devices(master, ofdev->node);
+ dev_info(&dev->dev, "at 0x%08X mapped to 0x%08X, irg=%d\n",
+ r->start, (U32)xspi->regs, xspi->irq);
- return rc;
+ return ret;
free_irq:
free_irg(xspi->irq, xspi);
unmap_io:
iounmap(xspi->regs);
-release_mem:
- release_mem_region(r_mem->start, resource_size(r_ mem));
put_master:
spi_master_put(master);
- return rc;
+ return ret;
}
-static int __devexit xilinx_spi_remove(struct of d evice *ofdev)
+static int __devexit xilinx_spi_remove(struct plat form_device *dev)
{
struct xilinx_spi *xspi;
struct spi_master *master;
- struct resource r_mem;
- master = platform_get_drvdata(ofdev);
+ master = platform_get_drvdata(dev);
Xspi = spi_master_get_devdata(master);
spi_bitbang_stop(&xspi->bitbang);
free_irq(xspi->irq, xspi);
iounmap(xspi->regs);
- if (lof_address_to_resource(ofdev->node, 0, & _me m))
- release_mem_region(r_mem.start, resource_size(&r _mem));

- dev_set_drvdata(&ofdev->dev, 0);
+ platform_set_drvdata(dev, 0);
spi_master_put(xspi->bitbang.master);

return O;
@@ -428,42 +412,27 @@
/* work with hotplug and coldplug */
MODULE_ALIAS("platform:" XILINX_SPI_NAME);

-static int __exit xilinx_spi_of_remove(struct of d evice *op)
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- return xilinx_spi_remove(op);

-}

-static struct of_device_id xilinx_spi_of _match[] =
- { .compatible = "xInx,xps-spi-2.00.a", },

- { .compatible = "xInx,xps-spi-2.00.b", },

- {

-}

-MODULE_DEVICE_TABLE(of, xilinx_spi_of _match);
-static struct of_platform_driver xilinx_spi_of_dri

- .owner = THIS_MODULE,

- .name = "xilinx-xps-spi",

- .match_table = xilinx_spi_of_match,

- .probe = xilinx_spi_of_probe,

- .remove = __exit_p(xilinx_spi_of_remove),
+static struct platform_driver xilinx_spi_driver =
+ .probe = xilinx_spi_probe,
+ .remove = devexit_p(xilinx_spi_remove),
.driver ={
- .name = "xilinx-xps-spi",
+ .name = XILINX_SPI_NAME,
.owner = THIS_MODULE,
3
h
static int __init xilinx_spi_init(void)
{
- return of_register_platform_driver(&xilinx_spi_of
+ return platform_driver_register(&xilinx_spi_drive

module_init(xilinx_spi_init);

static void __exit xilinx_spi_exit(void)

{

- of unregister_platform_driver(&xilinx_spi_of_driv
+ platform_driver_unregister(&xilinx_spi_driver);

module_exit(xilinx_spi_exit);

+

MODULE_AUTHOR("MontaVista Software, Inc. <source@m

MODULE_DESCRIPTION("Xilinx SPI driver");

MODULE_LICENSE("GPL");

diff -rupN petalinux-svn.orig/software/linux-2.6.x-

petalogix/include/linux/spi/spi.h petalinux-svn/sof

petalogix/include/linux/spi/spi.h

--- petalinux-svn.orig/software/linux-2.6.x-petalog
2007-03-30 04:57:33.000000000 +0200

+++ petalinux-svn/software/linux-2.6.x-petalogix/in
2009-03-02 10:43:22.000000000 +0100

@@ -680,4 +680,15 @@ spi_unregister_device(struct s

device_unregister(&spi->dev);
}

+/* device driver data */

ver ={

_driver);

n;

er);

vista.com>");

tware/linux-2.6.x-
ix/include/linux/spi/spi.h
clude/linux/spi/spi.h

pi_device
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+static inline void spi_set_drvdata(struct spi_devi ce *spi, void *data)
+

+ dev_set_drvdata(&spi->dev, data);

+}

+

+static inline void *spi_get_drvdata(struct spi_dev ice *spi)

g

+ return dev_get_drvdata(&spi->dev);

+}

+

#endif /* __LINUX_SPI_H */

diff -rupN petalinux-svn.orig/software/linux-2.6.x-

petalogix/include/linux/xilinx_devices.h petalinux- svn/software/linux-2.6.x-
petalogix/include/linux/xilinx_devices.h

--- petalinux-svn.orig/software/linux-2.6.x-

petalogix/include/linux/xilinx_devices.h 2009-05-22 14:13:12.000000000 -0700
+++ petalinux-svn/software/linux-2.6.x-
petalogix/include/linux/xilinx_devices.h 2009-05-18 23:44:56.000000000 -0700

@@ -18,11 +18,7 @@

#include <linux/types.h>

#include <linux/version.h>

-#if LINUX_VERSION_CODE < KERNEL_VERSION(2,6,15)
-#include <linux/device.h>

-#else

#include <linux/platform_device.h>

-#endif

/*- 10/100 Mb Ethernet Controller IP (XEMAC) -*/

@@ -51,14 +47,23 @@

#define XEMAC_DMA_SIMPLE 2 /* simple 2 channel DMA */
#define XEMAC_DMA_SGDMA 3 [* scatter gather DMA * /
+/*- 10/100 Mb Ethernet Controller IP (XEMACLITE) - */

+struct xemaclite_platform_data {
+ u32 tx_ping_pong;

+ u32 rx_ping_pong;

+ u8 mac_addr[6];

+}

+

/*- 10/100/1000 Mb Ethernet Controller IP (XTEMAC) -*/

struct xtemac_platform_data {
+#ifdef XPAR_TEMAC_O_INCLUDE_RX_CSUM
u8 tx_dre;
u8 rx_dre;
u8 tx_csum;
u8 rx_csum;
u8 phy_type;
+#endif
u8 dma_mode;
u32 rx_pkt_fifo_depth;
u32 tx_pkt_fifo_depth;
@@ -74,6 +79,7 @@
#define XTEMAC_DMA_SIMPLE 2 /* simple 2 channel DM A/
#define XTEMAC_DMA_SGDMA 3 [* scatter gather DMA * /



+/* LLTEMAC platform data */
struct xlltemac_platform_data {
u8 tx_csum;
u8 rx_csum;
@@ -86,23 +92,22 @@
u32 Il_dev_fifo_irq;

u8 mac_addr[6];
-}
+}
+

[* LocalLink TYPE Enumerations */
#define XPAR_LL_FIFO 1
#define XPAR_LL DMA 2

[*- SPI -*/

+

+/* SPI Controller IP */
struct xspi_platform_data {
- u32 device_flags;

u8 num_slave_bits;
s16 bus_num;

ulé num_chipselect;
u32 speed_hz;

—t + +

-/* Flags related to XSPI device features */

-#define XSPI_HAS_FIFOS 0x00000001
-#define XSPI_SLAVE_ONLY 0x00000002
I*- GPIO -*/

[* Flags related to XGPIO device features */

diff -rupN petalinux-svn.orig/software/petalinux-

dist/vendors/PetalLogix/common/common.mak petalinux-

dist/vendors/Petal.ogix/common/common.mak

--- petalinux-svn.orig/software/petalinux-

dist/vendors/PetalLogix/common/common.mak 2009-01-15

+++ petalinux-svn/software/petalinux-dist/vendors/P
2009-03-02 11:08:21.000000000 +0100

@@ -180,6 +180,7 @@ DEVICES += \

endif

12C_MAJOR = 89
+SPIDEV_MAJOR = 153

ifndef CONFIG_SYSTEM_ROOT_PASSWD

CONFIG_SYSTEM_ROOT_PASSWD := "root"

@@ -231,6 +232,15 @@ ifdef CONFIG_I2C
done

endif #lIC

+# make SPI nodes if necessary

svn/software/petalinux-

18:08:10.000000000 +0100
etaLogix/common/common.mak
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+# SPIDEV_MAJOR taken from spidev.c (see definition above),
+# max number of devices matches spidev.c

+ifdef CONFIG_SPI_SPIDEV

+ foriin01234567;do\

+ touch $(ROMFSDIR)/dev/@spi-$$i,c,$(SPIDEV_MAJOR) 8805\
+ done
+endif #SP1_SPIDEV
+
else
$(ROMFSINST) $(COMMON)/etc/rc/checkroot /etc/init .d/checkroot
$(ROMFSINST) -s /etc/init.d/checkroot /etc/rc.d/S Olcheckroot
diff -rupN petalinux-svn.orig/software/petalinux-
dist/vendors/Xilinx/Spartan3E500-RevD/config.linux- 2.6.x petalinux-
svn/software/petalinux-dist/vendors/Xilinx/Spartan3 E500-RevD/config.linux-
2.6.x
--- petalinux-svn.orig/software/petalinux-dist/vend ors/Xilinx/Spartan3E500-
RevD/config.linux-2.6.x 2009-02-02 11:55:59.0000000 00 +0100
+++ petalinux-svn/software/petalinux-dist/'vendors/X ilinx/Spartan3E500-
RevD/config.linux-2.6.x 2009-02-05 19:31:09.0000000 00 +0100
@@ -1541,8 +1541,20 @@ CONFIG_XILINX_lIC=y
#
# SPI support
#

-# CONFIG_SPI is not set

-# CONFIG_SPI_MASTER is not set
+CONFIG_SPI=y
+CONFIG_SPI_MASTER=y

+

+#

+# SPI Master Controller Drivers
+#

+CONFIG_SPI_BITBANG=y
+CONFIG_SPI_XILINX=y

+# CONFIG_MCFQSPI is not set
+

+#

+# SPI Protocol Masters

+#

+CONFIG_SPI_SPIDEV=y

#
# Dallas's 1-wire bus
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Appendix C — Sample UCF File

BT R R
## This system.ucf file is generated by Base System

## settings in the selected Xilinx Board Definition

## user constraints to this file based on customer
BT R R R

Net sys_clk_pin LOC=c9;
Net sys_clk_pin IOSTANDARD = LVCMOS33;

## System level constraints
Net sys_clk_pin TNM_NET = sys_clk_pin;
TIMESPEC TS_sys_clk_pin = PERIOD sys_clk_pin 20000

## 10 Devices constraints
#### Module RS232_DTE constraints

Net fpga_0_RS232_DTE_RX_pin LOC=US; //DTE connector
#AVNET Net fpga_0_RS232_DTE_RX_pin LOC=R7; //DCE c
Net fpga_0_RS232_DTE_RX_pin IOSTANDARD = LVCMOS33;
Net fpga_0_RS232_DTE_TX_ pin LOC=M13; //DTE connecto
#AVNET Net fpga_0_RS232_DTE_TX_ pin LOC=M14; //DCE
Net fpga_0_RS232_DTE_TX_pin IOSTANDARD = LVCMOS33;

#### Module LEDs_8Bit constraints

Net fpga_0_LEDs_8Bit_ GPIO_d_out_pin<0> LOC=F9;

Net fpga_0_LEDs_8Bit_ GPIO_d_out_pin<0> IOSTANDARD =
Net fpga_0_LEDs_8Bit GPIO_d_out_pin<1> LOC=ES9;

Net fpga_0_LEDs_8Bit_GPIO_d_out_pin<1> IOSTANDARD =
Net fpga_0_LEDs_8Bit_ GPIO_d_out_pin<2> LOC=D11;

Net fpga_0_LEDs_8Bit_ GPIO_d_out_pin<2> IOSTANDARD =
Net fpga_0_LEDs_8Bit_ GPIO_d_out_pin<3> LOC=C11;

Net fpga_0_LEDs_8Bit_GPIO_d_out_pin<3> IOSTANDARD =
Net fpga_0 _LEDs_8Bit_ GPIO_d_out_pin<4> LOC=F11;

Net fpga_0_LEDs_8Bit_ GPIO_d_out_pin<4> IOSTANDARD =
Net fpga_0 _LEDs_8Bit_ GPIO_d_out_pin<5> LOC=E11;

Net fpga_0_LEDs_8Bit_GPIO_d_out_pin<5> IOSTANDARD =
Net fpga_0 _LEDs_8Bit_ GPIO_d_out_pin<6> LOC=E12;

Net fpga_0_LEDs_8Bit_GPIO_d_out_pin<6> IOSTANDARD =
Net fpga_0_LEDs_8Bit_ GPIO_d_out_pin<7> LOC=F12;

Net fpga_0_LEDs_8Bit_GPIO_d_out_pin<7> IOSTANDARD =

##### Module DIP_Switches_4Bit constraints

Net fpga_0_DIP_Switches_4Bit GPIO_in_pin<0> LOC=N17
Net fpga_0_DIP_Switches_4Bit_GPIO_in_pin<0> IOSTAND
Net fpga_0_DIP_Switches_4Bit GPIO_in_pin<1> LOC=H18
Net fpga_0_DIP_Switches_4Bit_GPIO_in_pin<1> IOSTAND
Net fpga_0_DIP_Switches_4Bit_ GPIO_in_pin<2> LOC=L14
Net fpga_0_DIP_Switches_4Bit_ GPIO_in_pin<2> IOSTAND
Net fpga_0_DIP_Switches_4Bit_ GPIO_in_pin<3> LOC=L13
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Net fpga_0_DIP_Switches_4Bit_ GPIO_in_pin<3> IOSTAND
#### Directional buttons and rotary encoder

Net fpga_0_Buttons_west_pin LOC=D18 | PULLDOWN;

Net fpga_0_Buttons_west_pin IOSTANDARD = LVCMOS33;

Net fpga_0_Buttons_east pin LOC=H13 | PULLDOWN;

Net fpga_0_Buttons_east pin IOSTANDARD = LVCMOS33;

Net fpga_0_Buttons_north_pin LOC=V4 | PULLDOWN,;

Net fpga_0_Buttons_north_pin IOSTANDARD = LVCMOS33;
Net fpga_0_Buttons_south_pin LOC=K17 | PULLDOWN;

Net fpga_0_Buttons_south_pin IOSTANDARD = LVCMOS33;

Net fpga_0_Rotary A_pin LOC=K18 | PULLUP;

Net fpga_0_Rotary_A_pin IOSTANDARD = LVCMOS33;

Net fpga_0_Rotary B_pin LOC=G18 | PULLUP;

Net fpga_0_Rotary_B_pin IOSTANDARD = LVCMOS33;

Net fpga_0_Rotary_center_pin LOC=V16 | PULLDOWN,;

Net fpga_0_Rotary_center_pin IOSTANDARD = LVCMOS33;

##### Module FLASH_16Mx8 constraints

Net fpga_0_FLASH_16Mx8 Mem_A_pin<31> LOC=h17;
Net fpga_ 0_FLASH_16Mx8_Mem_A_pin<31> IOSTANDARD =L
Net fpga_ 0_FLASH_16Mx8 Mem_A_pin<30> LOC=j13;
Net fpga_0_FLASH_16Mx8_Mem_A_pin<30> IOSTANDARD =L
Net fpga_0_FLASH_16Mx8 Mem_A_pin<29> LOC=j12;
Net fpga_0_FLASH_16Mx8_Mem_A_pin<29> IOSTANDARD =L
Net fpga_0_FLASH_16Mx8 Mem_A_pin<28> LOC=j14;
Net fpga_0_FLASH_16Mx8_Mem_A_pin<28> IOSTANDARD =L
Net fpga_ 0_FLASH_16Mx8_Mem_A_pin<27> LOC=j15;
Net fpga_0_FLASH_16Mx8_Mem_A_pin<27> IOSTANDARD =L
Net fpga_ 0_FLASH_16Mx8_Mem_A_pin<26> LOC=j16;
Net fpga_0_FLASH_16Mx8_Mem_A_pin<26> IOSTANDARD =L
Net fpga_ 0_FLASH_16Mx8_Mem_A_pin<25> LOC=j17,;
Net fpga_0_FLASH_16Mx8_Mem_A_pin<25> IOSTANDARD =L
Net fpga_ 0_FLASH_16Mx8 Mem_A_pin<24> LOC=k14;
Net fpga_0_FLASH_16Mx8_Mem_A_pin<24> |OSTANDARD =L
Net fpga_ 0_FLASH_16Mx8 Mem_A_pin<23> LOC=k15;
Net fpga_0_FLASH_16Mx8_Mem_A_pin<23> IOSTANDARD =L
Net fpga_0_FLASH_16Mx8 Mem_A pin<22> LOC=k12;
Net fpga_0_FLASH_16Mx8_Mem_A_pin<22> |IOSTANDARD =L
Net fpga_0_FLASH_16Mx8 Mem_A_ pin<21> LOC=k13;
Net fpga_0_FLASH_16Mx8_Mem_A_pin<21> IOSTANDARD =L
Net fpga_0_FLASH_16Mx8 Mem_A_pin<20> LOC=I15;
Net fpga_0_FLASH_16Mx8_Mem_A_pin<20> IOSTANDARD =L
Net fpga_0_FLASH_16Mx8 Mem_A_pin<19> LOC=I16;
Net fpga_ 0_FLASH_16Mx8_Mem_A_pin<19> IOSTANDARD =L
Net fpga_ 0_FLASH_16Mx8 Mem_A pin<18> LOC=t18;
Net fpga_ 0_FLASH_16Mx8_Mem_A_pin<18> IOSTANDARD =L
Net fpga 0 _FLASH_16Mx8 Mem_A _ pin<17> LOC=r18;
Net fpga_ 0_FLASH_16Mx8_Mem_A_pin<17> IOSTANDARD =L
Net fpga 0_FLASH_16Mx8 Mem_A_pin<16> LOC=t17;
Net fpga_ 0_FLASH_16Mx8_Mem_A_pin<16> IOSTANDARD =L
Net fpga 0_FLASH_16Mx8_Mem_A_pin<15> LOC=ul8;
Net fpga_0_FLASH_16Mx8_Mem_A_pin<15> IOSTANDARD =L

ARD = LVCMOSS3;

VCMOS33;
VCMOS33,;
VCMOS33,;
VCMOS33,;
VCMOS33,;
VCMOS33;
VCMOS33,;
VCMOS33,;
VCMOS33,;
VCMOS33,;
VCMOS33,;
VCMOS33;
VCMOS33;
VCMOS33;
VCMOS33;
VCMOS33;

VCMOS33,;
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Net fpga_0_FLASH_16Mx8_Mem_A_pin<14> LOC=t16;

Net fpga_0_FLASH_16Mx8_Mem_A_pin<14> IOSTANDARD = L

Net fpga_0_FLASH_16Mx8_Mem_A_pin<13> LOC=u15;

Net fpga_0_FLASH_16Mx8_Mem_A_pin<13> IOSTANDARD = L

Net fpga_0_FLASH_16Mx8_Mem_A_pin<12> LOC=v15;

Net fpga_0_FLASH_16Mx8_Mem_A_pin<12> IOSTANDARD = L

Net fpga_ 0_FLASH_16Mx8 Mem_A pin<11> LOC=t12;

Net fpga_0_FLASH_16Mx8_Mem_A_pin<11> IOSTANDARD =L

Net fpga_ 0_FLASH_16Mx8 Mem_A_ pin<10> LOC=v13;

Net fpga_0_FLASH_16Mx8_Mem_A_pin<10> IOSTANDARD =L

Net fpga_ 0_FLASH_16Mx8 Mem_A_pin<9> LOC=v12;

Net fpga_0_FLASH_16Mx8_Mem_A_pin<9> IOSTANDARD = LV

Net fpga_0_FLASH_16Mx8 Mem_A_pin<8> LOC=nl11;

Net fpga_0_FLASH_16Mx8_Mem_A_pin<8> IOSTANDARD = LV

# Data (DQ) Pins for Flash go through ADC/Flash Con

Net fpga_0_flash_adc_ctl_pin<6> LOC=p10;

Net fpga_0_flash_adc_ctl_pin<6> IOSTANDARD = LVCMOS
Net fpga_0_flash_adc_ctl_pin<5> LOC=r10;

Net fpga_0_flash_adc_ctl_pin<5> IOSTANDARD = LVCMOS
Net fpga_0_flash_adc_ctl_pin<4> LOC=v9;

Net fpga_0_flash_adc_ctl_pin<4> IOSTANDARD = LVCMOS
Net fpga_0 flash_adc_ctl_pin<3> LOC=u9;

Net fpga_0_flash_adc_ctl_pin<3> IOSTANDARD = LVCMOS
Net fpga_0_flash_adc_ctl_pin<2> LOC=r9;

Net fpga_0_flash_adc_ctl_pin<2> IOSTANDARD = LVCMOS
Net fpga_0_flash_adc_ctl_pin<1> LOC=m9;

Net fpga_0_flash_adc_ctl_pin<1> IOSTANDARD = LVCMOS
Net fpga_0_flash_adc_ctl_pin<0> LOC=n9;

Net fpga_0_flash_adc_ctl_pin<0> IOSTANDARD = LVCMOS

Net fpga_ 0_FLASH_16Mx8 Mem_OEN_pin LOC=c18;

Net fpga_0_FLASH_16Mx8 Mem_OEN_pin IOSTANDARD = LVC

Net fpga_ 0 _FLASH_16Mx8 Mem_WEN_pin LOC=d17;

Net fpga_0_FLASH_16Mx8 Mem_WEN_pin IOSTANDARD = LVC

Net fpga_0_FLASH_16Mx8_Mem_CEN_pin<0> LOC=d16;

Net fpga_0_FLASH_16Mx8 Mem_CEN_pin<0> IOSTANDARD =

#Net flash_CEN_pin<0> LOC=d16;
#Net flash_CEN_pin<0> IOSTANDARD = LVCMOS33;

Net fpga_0_FLASH_16Mx8 emc_ben_gnd_pin LOC=c17;

Net fpga_0_FLASH_16Mx8 emc_ben_gnd_pin IOSTANDARD =

#### Module DDR_SDRAM_32Mx16 constraints

Net fpga_0_DDR_SDRAM_32Mx16_DDR_CIk_pin LOC=J5;

Net foga_0_DDR_SDRAM_32Mx16_DDR_CIk_pin [OSTANDARD

Net fpga_0_DDR_SDRAM_32Mx16_DDR_CIlkn_pin LOC=J4;

Net foga_0_DDR_SDRAM_32Mx16_DDR_Clkn_pin IOSTANDARD
Net foga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<0> LOC=P2;
Net foga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<0> IOSTAND
Net foga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<1> LOC=NS5;
Net foga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<1> IOSTAND
Net foga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<2> LOC=T2;
Net foga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<2> IOSTAND
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Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<3> LOC=N4;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<3> IOSTAND
Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<4> LOC=H2;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<4> IOSTAND
Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<5> LOC=H1,

Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<5> IOSTAND
Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<6> LOC=H3;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<6> IOSTAND
Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<7> LOC=H4;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<7> I0STAND
Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<8> LOC=F4;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<8> IOSTAND
Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<9> LOC=P1;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<9> IOSTAND
Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<10> LOC=R2
Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<10> IOSTAN
Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<11> LOC=R3
Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<11> IOSTAN
Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<12> LOC=T1
Net fpga_0_DDR_SDRAM_32Mx16_DDR_Addr_pin<12> IOSTAN
Net fpga_0_DDR_SDRAM_32Mx16_DDR_BankAddr_pin<0> LOC
Net fpga_0_DDR_SDRAM_32Mx16_DDR_BankAddr_pin<0> IOS

Net fpga_0_DDR_SDRAM_32Mx16_DDR_BankAddr_pin<1>LOC
Net fpga_0_DDR_SDRAM_32Mx16_DDR_BankAddr_pin<1> |OS

Net fpga_0_DDR_SDRAM_32Mx16_DDR_CASN_pin LOC=C2;

ARD = SSTL2_I;
ARD = SSTL2_I;

ARD = SSTL2_I;

ARD = SSTL2_|;

ARD = SSTL2_|;

ARD = SSTL2_I;

ARD = SSTL2_I;
DARD = SSTL2_:
DARD = SSTL2_:
DARD = SSTL2_:
=K®6;

TANDARD = SSTL2_[;

=K5;
TANDARD = SSTL2_|;

Net foga_0_DDR_SDRAM_32Mx16_DDR_CASn_pin IOSTANDARD = SSTL2_I;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_CKE_pin LOC=K3;

Net foga_0_DDR_SDRAM_32Mx16_DDR_CKE_pin IOSTANDARD = SSTL2_|;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_CSn_pin LOC=K4;

Net foga_0_DDR_SDRAM_32Mx16_DDR_CSn_pin IOSTANDARD = SSTL2_|;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_RASnh_pin LOC=C1;

Net foga_0_DDR_SDRAM_32Mx16_DDR_RASn_pin IOSTANDARD = SSTL2_I;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_WEn_pin LOC=D1;

Net foga_0_DDR_SDRAM_32Mx16_DDR_WEn_pin IOSTANDARD = SSTL2_|;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DM_pin<0> LOC=J1;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DM_pin<0> IOSTANDARD = SSTL2_|;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_DM_pin<1> LOC=J2;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DM_pin<1> IOSTANDARD = SSTL2_|;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQS_pin<0> LOC=G3;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQS_pin<0> IOSTANDA RD = SSTL2_|;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQS_pin<1> LOC=LS6;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQS_pin<1> IOSTANDA RD = SSTL2_I;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQS_pin<1> PULLUP;
Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<0> LOC=HS5;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<0> IOSTANDAR D = SSTL2_|;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<0> PULLUP;
Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<1> LOC=H6:

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<1> IOSTANDAR D = SSTL2_I;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<1> PULLUP;
Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<2> LOC=G5;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<2> IOSTANDAR D = SSTL2_|;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<2> PULLUP;
Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<3> LOC=G6;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<3> IOSTANDAR D = SSTL2_|;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<3> PULLUP;
Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<4> LOC=F2;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<4> IOSTANDAR D = SSTL2_|;
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Net fopga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<4> PULLUP;

Net fopga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<5> LOC=F1;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<5> IOSTANDAR D = SSTL2_|;
Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<5> PULLUP;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<6> LOC=E1;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<6> IOSTANDAR D = SSTL2_|;
Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<6> PULLUP;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<7> LOC=EZ2;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<7> |IOSTANDAR D = SSTL2_|;
Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<7> PULLUP;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<8> LOC=M6;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<8> IOSTANDAR D = SSTL2_|;
Net fopga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<8> PULLUP;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<9> LOC=M5;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<9> IOSTANDAR D = SSTL2_;
Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<9> PULLUP;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<10> LOC=M4;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<10> IOSTANDA RD = SSTL2_I;
Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<10> PULLUP;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<11> LOC=MS;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<11> IOSTANDA RD = SSTL2_I;
Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<11> PULLUP;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<12> LOC=L4;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<12> IOSTANDA RD = SSTL2_];
Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<12> PULLUP;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<13> LOC=L3;

Net fopga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<13> IOSTANDA RD = SSTL2_I;
Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<13> PULLUP;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<14> LOC=L1;

Net foga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<14> IOSTANDA RD = SSTL2_I;
Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<14> PULLUP;

Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<15> LOC=L2;

Net fopga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<15> IOSTANDA RD = SSTL2_I;
Net fpga_0_DDR_SDRAM_32Mx16_DDR_DQ_pin<15> PULLUP;

#### Module Ethernet_ MAC constraints

Net fpga_0_Ethernet MAC_PHY_tx_clk_pin LOC=T7;

Net fpga_0_Ethernet. MAC_PHY_tx_clk_pin IOSTANDARD = LVCMOS33;
Net fpga_0_Ethernet MAC_PHY_rx_clk_pin LOC=V3;

Net fpga_0_Ethernet. MAC_PHY_rx_clk_pin IOSTANDARD = LVCMOS33;
Net fpga_0_Ethernet. MAC_PHY_crs_pin LOC=U13;

Net fpga_0_Ethernet. MAC_PHY_crs_pin IOSTANDARD = LV CMOS33;

Net fpga_0_Ethernet MAC_PHY_dv_pin LOC=V2;
Net fpga_0_Ethernet. MAC_PHY_dv_pin IOSTANDARD = LVC MOS33;
Net fpga_0_Ethernet. MAC_PHY_rx_data_pin<0> LOC=VS;

Net fpga_0_Ethernet. MAC_PHY_rx_data_pin<0> IOSTANDA RD = LVCMOS33;
Net fpga_0_Ethernet. MAC_PHY_rx_data_pin<1> LOC=T11,

Net fpga_0_Ethernet. MAC_PHY_rx_data_pin<1> IOSTANDA RD = LVCMOS33;
Net fpga_0_Ethernet. MAC_PHY_rx_data_pin<2> LOC=U11;

Net fpga_0_Ethernet. MAC_PHY_rx_data_pin<2> IOSTANDA RD = LVCMOS33;
Net fpga_0_Ethernet MAC_PHY_rx_data_pin<3> LOC=V14;

Net fpga_0_Ethernet. MAC_PHY_rx_data_pin<3> IOSTANDA RD = LVCMOS33;
Net fpga_0_Ethernet MAC_PHY_col_pin LOC=U6;

Net fpga_0_Ethernet MAC_PHY_col_pin IOSTANDARD =LV CMOS33;

Net fpga_0_Ethernet MAC_PHY_rx_er_pin LOC=U14;
Net fpga_0_Ethernet. MAC_PHY_rx_er_pin IOSTANDARD = LVCMOS33;
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Net fpga_0_Ethernet MAC_PHY_tx_en_pin LOC=P15;

Net fpga_0_Ethernet MAC_PHY_tx_en_pin IOSTANDARD = LVCMOS33;

Net fpga_0_Ethernet MAC_PHY_tx_data_pin<0> LOC=R11;

Net fpga_0_Ethernet. MAC_PHY_tx_data_pin<0> IOSTANDA RD = LVCMOS33;
Net fpga_0_Ethernet MAC_PHY_tx_data_pin<l1> LOC=T15;

Net fpga_0_Ethernet. MAC_PHY_tx_data_pin<1> IOSTANDA RD = LVCMOS33;
Net fpga_0_Ethernet. MAC_PHY_tx_data_pin<2> LOC=R5;

Net fpga_0_Ethernet. MAC_PHY_tx_data_pin<2> IOSTANDA RD = LVCMOS33;
Net fpga_0_Ethernet. MAC_PHY_tx_data_pin<3> LOC=T5;

Net fpga_0_Ethernet. MAC_PHY_tx_data_pin<3> IOSTANDA RD = LVCMOS33;

Net fpga_0_DDR_CLK_FB LOC=B9;
Net foga_0_DDR_CLK_FB IOSTANDARD = LVCMOS33;

### Avnet added begin
Net fpga_0_DDR_CLK_FB TNM_NET =fpga_0_DDR_CLK_FB;
TIMESPEC TS_fpga_0_DDR_CLK_FB = PERIOD fpga_0_DDR_C LK_FB 10000 ps;

NET ddr_clk_90_s TNM_NET = DDR_FEEDBACK_CLO CK_PHASE_90;
NET ddr_clk 90 n_s  TNM_NET = DDR_FEEDBACK_CLO CK_PHASE_270;
NET dimb_port BRAM_Clk TNM_NET = OPB_CLOCK;

NET ddr_dev_clk_s  TNM_NET = DDR_DEVICE_CLOCK :

NET ddr_dev_clk 90 s TNM_NET = DDR_DEVICE_CLOCK _PHASE_90;
TIMESPEC TS_OPB_TO Device =FROM OPB_CLOCK TO
DDR_DEVICE_CLOCK TIG;

TIMESPEC TS_OPB_TO_Device90 = FROM OPB_CLOCK TO
DDR_DEVICE_CLOCK_PHASE 90 TIG;

TIMESPEC TS Device_ TO_ OPB =FROM DDR_DEVICE_CLOCK TO OPB_CLOCK
TIG;

TIMESPEC TS_Device_TO_OP B90 = FROM DDR_DEVICE_CLOCK_PHASE_90 TO OPB_CLOCK
TIG;

TIMESPEC TS_OPB_TO_DDR = FROM OPB_CLOCK TO
DDR_FEEDBACK_CLOCK_PHASE_90 TIG;

TIMESPEC TS_DDR_TO_OPB = FROM DDR_FEEDBACK_CLO CK_PHASE_90 TO OPB_CLOCK
TIG;

# OFFSET constraints must be manually adjusted to a ccount for the clock
phase.

OFFSET =IN -0.750 ns VALID 3.5 ns BEFORE fpga_0_DD R_CLK_FB TIMEGRP
DDR_FEEDBACK_CLOCK_PHASE_90 ;

# clock cycle - 0.75 ns - clock cycle, valid clo ck cycle - DDR Tac
uncertainty (+/- 0.75 ns = 1.5ns)

OFFSET =IN -5.75 ns VALID 3.5 ns BEFORE fpga_0_DDR _CLK_FB TIMEGRP
DDR_FEEDBACK_CLOCK_PHASE_270 ;

# clock cycle - 0.75 ns - - clock cycle, valid clock cycle - DDR Tac

uncertainty (+/- 0.75 ns)

NET "™*/DDR_DQ_I*" IOBDELAY=NONE;
NET "*/DDR_DQ_O*" IOBDELAY=NONE;
NET "*/DDR_DQ_T*" IOBDELAY=NONE;
NET "*/DDR_DQS_I*" IOBDELAY=NONE;
NET "*/DDR_DQS_O*" IOBDELAY=NONE;
NET "*/DDR_DQS_T*" IOBDELAY=NONE;
### Avnet added end

NET "lcd_pin<6>" LOC = "R15" | IOSTANDARD = LVCMOS3 3; #LCD Data 0



NET "lcd_pin<5>" LOC = "R16" | IOSTANDARD = LVCMOS3
NET "lcd_pin<4>" LOC = "P17" | IOSTANDARD = LVCMOS3
NET "lcd_pin<3>" LOC = "M15" | IOSTANDARD = LVCMOS3
NET "lcd_pin<2>" LOC = "M18" | IOSTANDARD = LVCMOS3
NET "lcd_pin<1>" LOC = "L18" | IOSTANDARD = LVCMOS3
NET "lcd_pin<0>" LOC ="L17" | IOSTANDARD = LVCMOS3

# SPI Devices
# Added by: Matt Staniszewski, Spring 2009

# SPI1 Main Connections
#NET "fpga_0_spi_MISO_pin"
MISO

NET “fpga_0_spi_MOSI_pin"
MOSI

NET “fpga_0_spi_SCK_pin"

LOC ="N10" | IOSTANDARD

LOC ="T4" | IOSTANDARD

# SPI Device Control Connections
NET "dac_clr_pin"
NET "amp_shdn_pin"
shutdown pin

#NET "flash_CEN_pin<0>" LOC ="D16" | IOSTANDARD =
Chip Enable

# SPI DAC Connections
NET "fpga_0_spi_SS_pin<0>"
CS

LOC ="N8" | IOSTANDARD

# SPI Preamp Connections

NET "fpga_0_spi_SS_pin<1>" LOC = "N7"
Preamp CS

#NET "fpga_0_amp_dout_pin<0>" LOC ="E18" | IOSTAND
Preamp data out

| IOSTANDARD

# SPI ADC Connections
NET "ad_conv_pin<0>" LOC ="P11" | IOSTANDARD = LVC
#Flash/ADC Shared Pin

NET fpga_0_flash_adc_ctl_pin<7>LOC ="N10" | IOSTA

LOC ="U16" | IOSTANDARD =

LOC ="P8" | IOSTANDARD = LVCMO
LOC ="P7" | IOSTANDARD = LVCMO
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3; # LCD Data 2
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3; #LCDE
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Appendix D - SPI User Application

/ * *k%k *kk *k%

* spi.c

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <linux/autoconf.h>
#include "spi.h"

#include "intc.h"

#include "lcd.h"

static unsigned int deviceMask;

int twvosComplement(unsigned int num, int n)
{

int num_2s = 0;

int i;

/* Function only works up to 32
bits. Return 0 if nis > 32 */

if(n > 32)
return O;

/* If the MSB of the number is a one
then perform two's complement
and negate value */

else if(num & (0x1 << (n - 1)))

[* Take the complement of the number
and add 1 to get the two's complement
value */

num_2s = ~num + 1;

[* Zero out the upper bits from the
nth to the 32nd bit */

for(i=n; i< 32;i++)
num_2s &= ~(0x1 << i);

/* If the MSB of the number is a one
then negate the two's complement
value */

if(num & (0x1 << (n - 1))
num_2s *=-1;

/* Positive number, which is the same as
the two's complement equivalent */
else
num_2s = num;

return num_2s;

}
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void initSPI(void)

{

}

/* Set all salve select lines high */
SPISSR=~0;

/* Set up SPI control register */
SPICR=0x086;

/* Enable SPI interrupts */
SPIGIE=~0;

/* Set up device mask, which is the status when
the SS lines are high */
deviceMask=SPISSR;

/* Enable the interrupt in Intc */
/* SIE=XPAR_OPB_SPI_0_IP2INTC_IRPT_MASK; */

void clearSPI(void)

{

}

/* Wait for the last transaction to finish */
while(SPISSR != deviceMask);

/* Set the "Tx FIFO Reset" and "Rx FIFO Reset" B
SPICR |= 0x60;

/* Clear the "Tx FIFO Reset" and "Rx FIFO Reset"
SPICR &= ~0x60;

void readADC(unsigned int adcf[])

{

unsigned int value = 0x00;

/* Change the SPI control register clock phase (
bit to '1' to change the phase for the ADC */
SPICR=0x08E;

/* Manually trigger the AD_CONYV signal to begin
reading in data to the ADC*/

AD_CONV_DD=0x0;

AD_CONV=0x0;

/* Wait for the last transaction to finish. Allo
data to be converted. */
while(SPISSR!=deviceMask);

/* Manually trigger the AD_CONYV signal again
to begin output of converted data */

AD_CONV=0x1;

AD_CONV=0x0;

/* Read in values from the ADC, seperate the
two ADC A and B values and store them into
an array */

value = readSPI(4);
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adc[0] = ((value >> 16) & 0XO0003FFF);
adc[1] = ((value) & 0x00003FFF);

/* Reset the clock phase for the SPI bus in
case another device is being used, such as
the DAC */

SPICR=0x086;

}

int readSPI(unsigned int numBytes)

{

int value = 0;

/* Force the maximum send width to be
four bytes */

if(numBytes > 4)
numBytes = 4;

/* Wait for the last transaction to finish */
while(SPISSR != deviceMask);

/* Read in each byte from the Rx FIFO */
for(; numBytes; --numBytes)

/* Append the current byte to the LSB of the
value = (value << 8) | (SPIDRR & OxOFF);

/* Return the final value read in from the SPI *
return value;

}

void writeSPI(unsigned int device, unsigned int val

{

inti;

/* Force the maximum send width to be
four bytes */

if(numBytes > 4)
numBytes = 4;

/* Wait for the last transaction to finish */
while(SPISSR != deviceMask);

/* Lower the SS line for the specified device */
SPISSR &= ~device;

/* Special case for writing to the amplifiers */
if(device == SPI_AMP)

/* Send the same byte to the Tx FIFO four tim
to ensure the amps get the new settings */
for(i=0;i<4;i++)
SPIDTR = value;
}

[* Other cases */
else

{

value */

ue, unsigned int numBytes)

es
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/* Put the bytes of the data into the Tx FIFO
MSB first */
for(; numBytes; --numBytes)

SPIDTR = (value >> ((numBytes - 1) * 8)) & OxFF;

}
}

/* Wait for data in the Tx FIFO to be transmitte
by polling the status bit */
for(;;)
{
if(SPISR & 0x04)
break;
}

/* Raise the SS lines when finished */
SPISSR=-~0;
}

double getAdcVoltage(double adc_val, int gain)
{

double vin;

/* Based on the User's Guide on the ADC (p. 76)
double divisor = 8192.0;

/* Set the divisor for calculating the ADC
voltage based on the given gain setting */
switch(gain)
{
case 0x1: divisor *=-1.0; break;
case 0x2: divisor *= -2.0; break;
case 0x3: divisor *= -5.0; break;
case 0x4: divisor *=-10.0; break;
case 0x5: divisor *=-20.0; break;
case 0x6: divisor *= -50.0; break;
case 0x7: divisor *=-100.0; break;
default: break;

}

/* Calculate ADC input voltage based on
the formula in the User's Guide (p. 76) */
vin = ((adc_val / divisor) * 1.25) + 1.65;

/* Send input voltage value back */
return vin;

}

int main(int argc, char *argvl[])

{
unsigned int adc[2] = {0x00, 0x00};
unsigned int gain_a, gain_b;

/* Initialize the SPI and LCD devices and clear
the SPI bus */
initSPI();
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clearSPI();
initLcd();

/* Set the flash ADC control GPIO to an output
and enable the ADC while disabling the flash by
setting the value to '1' */

FLASH_ADC_SEL_DD=0x00;

FLASH_ADC_SEL=0x01;

/* Print help message if incorrect number of arg uments */
if(argc < 3 || argc > 4)
{

printf("\nusage: spi <device> <options>\n");

printf("\nCurrently supported devices:\n\n");

printf("DAC_A <value>\nDAC_B <value>\nDAC_C < value>\nDAC_D
<value>\nDAC_ALL <value>\nADC_ALL <gain a> <gain b> \n\n");
printf("Possible DAC <value> entries:\n\nO - 4095\n\n");
printf("Possible ADC <gain a> <gain b> entrie s:\n\nx1, x2, x5, x10,
x20, x50, x100 (all values negative!)\n\n");
}
else

/* Run command based on arguments */
if(strcmp(argv[l], "DAC_A") == 0 && argc == )
/* Send value to DAC A */
sendDAC(DAC_A,atoi(argv[2]));
else if(strcmp(argv[l], "DAC_B") == 0 && argc == 3)
/* Send value to DAC B */
sendDAC(DAC_B,atoi(argv[2]));
else if(strcmp(argv[l], "DAC_C") == 0 && argc == 3)
/* Send value to DAC C */
sendDAC(DAC_C,atoi(argv[2]));
else if(strcmp(argv[l], "DAC_D") == 0 && argc == 3)
/* Send value to DAC D */
sendDAC(DAC_D,atoi(argv[2]));
else if(strcmp(argv[l], "DAC_ALL") == 0 && ar gc ==3)
/* Send value to all DACs */
sendDAC(DAC_ALL,atoi(argv[2]));
else if(strcmp(argv[l], "ADC_ALL") == 0 && ar gc ==4)

/* ADC, set gain settings with those entered */
if(strcmp(argv[2], "x1") == 0)

gain_a = x1;

else if(strcmp(argv[2], "x2") == 0)
gain_a = x2;

else if(strcmp(argv[2], "x5") == 0)
gain_a = x5;

else if(strcmp(argv[2], "x10") == 0)
gain_a = x10;

else if(strcmp(argv[2], "x20") == 0)
gain_a = x20;

else if(strcmp(argv[2], "x50") == 0)
gain_a = x50;

else if(strcmp(argv[2], "x100") == 0)
gain_a = x100;

else



gain_a = x1;

if(strcmp(argv[3], "x1") == 0)
gain_b =x1;

else if(strcmp(argv[3], "x2") == 0)
gain_b = x2;

else if(strcmp(argv[3], "x5") == 0)
gain_b = x5;

else if(strcmp(argv[3], "x10") == 0)
gain_b = x10;

else if(strcmp(argv[3], "x20") == 0)
gain_b = x20;

else if(strcmp(argv[3], "x50") == 0)
gain_b = x50;

else if(strcmp(argv[3], "x100") == 0)
gain_b = x100;

else
gain_b =x1;

[* For safety, assert the CPHA bit in the
SPI Control Register before sending values
to the amps */

SPICR=0x08E;

/* Send settings to amp */
sendAmp(gain_a,gain_b);

/* Reset SPI Control Register */
SPICR=0x086;

[* Read value in from the ADC */
readADC(adc);

/* Output ADC A information to LCD */

writeLcd(LCD_CMD, 0x01);

printLcd("A:");

display_num(getAdcVoltage(twosComplement(adc[0], 14), 0x2));
printLed("v (");

display_num(twosComplement(adc[0], 14));

printLed(™)");

/* Output ADC B information to LCD */
writeLcd(LCD_CMD, 0xCO0y);
printLcd("B:");
display_num(getAdcVoltage(twosComplement(adc[1], 14), 0x3));
printLed("v (*);
display_num(twosComplement(adc[1], 14));
printLed(")");
}
/* Run command based on arguments */
else
{
printf("\nusage: spi <device> <options>\n");
printf("\nCurrently supported devices:\n\n");
printf("DAC_A <value>\nDAC_B <value>\nDAC_C <valu e>\nDAC_D
<value>\nDAC_ALL <value>\nADC_ALL <gain a> <gain b> \n\n");
printf("Possible DAC <value> entries:\n\n0 - 4095 \n\n");



printf("Possible ADC <gain a> <gain b> entries:\n
x20, x50, x100 (all values negative!)\n\n");
}
}

/* Reset flash ADC control select to enable
flash and disable ADC */
FLASH_ADC_SEL=0x00;

return O;

}

/*******************************************

* spi.h

*******************************************/

#ifndef SPI_H
#define SPI_H

/* Amplifier gain settings
(all values are negative!) */

#define x1 0x01
#define x2 0x02
#define x5 0x03
#define x10 0x04
#define x20 0x05
#define x50 0x06
#define x100 0x07

/* Regiser settings */
#define FLASH_ADC_SEL_DD (*(volatile unsigned lon
#define FLASH_ADC_SEL (*(volatile unsigned long

#define AD_CONV_DD (*(volatile unsigned long *)(
#define AD_CONV (*(volatile unsigned long *)(0x
#define SPICR (*(volatile unsigned long
*)(CONFIG_XILINX_SPI_0_BASEADDR+0x60))

#define SPISR (*(volatile unsigned long

*)(CONFIG_XILINX_SPI_0_BASEADDR+0x64))

#define SPIDTR (*(volatile unsigned long

*)(CONFIG_XILINX_SPI_0_BASEADDR+0x68))

#define SPIDRR (*(volatile unsigned long

*)(CONFIG_XILINX_SPI_0_BASEADDR+0X6C))

#define SPISSR (*(volatile unsigned long

*)(CONFIG_XILINX_SPI_0_BASEADDR+0x70))

#define SPIGIE (*(volatile unsigned long

*)(CONFIG_XILINX_SPI_0_BASEADDR+0x1C))

#define SPIISR (*(volatile unsigned long

*)(CONFIG_XILINX_SPI_0_BASEADDR+0x20))

#define SPIIER (*(volatile unsigned long

*)(CONFIG_XILINX_SPI_0_BASEADDR+0x28))

#define SPIRXF (*(volatile unsigned long

*)(CONFIG_XILINX_SPI_0_BASEADDR+0x78))

/* Defined constants and macros */
#define SPI_DAC 0x01

\nx1, x2, x5, x10,

g *)(0x42000000+0x04))
*)(0x42000000+0x00))

0x41900000+0x04))
41900000+0x00))
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#define SPI_AMP 0x02
#define SPI_ADC 0x04

#define DAC_A 0x00
#define DAC_B 0x01
#define DAC_C 0x02
#define DAC_D 0x03
#define DAC_ALL OxOF

#define sendDAC(n,val) writeSPI(SPI_DAC, 0x0030000 0]
(((n)&0x0F)<<16) | (((val)&0x0FFF)<<4), 4)
#define sendAmp(a,b) writeSPI(SPI_AMP, (((b)&0x07) <<4) |

((@)&0x07), 1)

/* Function prototypes */

void initSPI(void);

void clearSPI(void);

int readSPI(unsigned int numBytes);

void writeSPI(unsigned int device, unsigned int val ue, unsigned int
numBytes);

void readADC(unsigned int adc[]);

double getAdcVoltage(double adc_val, int gain);

#endif

[* *% *kkkkkkkkkkkhkkk

* intc.h
* ** *kkkkkhkkkkkhkkk /

#ifndef INTC_H
#define INTC_H

/* Register Settings */

#define ISR (*(volatile unsigned long
*)(XPAR_OPB_INTC_0_BASEADDR+0x00))
#define IPR (*(volatile unsigned long
*)(XPAR_OPB_INTC_0_BASEADDR+0x04))
#define IER (*(volatile unsigned long
*)(XPAR_OPB_INTC_0_BASEADDR+0x08))
#define IAR (*(volatile unsigned long
*)(XPAR_OPB_INTC_0O_BASEADDR+0x0C))
#define SIE (*(volatile unsigned long
*)(XPAR_OPB_INTC_0_BASEADDR+0x10))
#define CIE (*(volatile unsigned long
*)(XPAR_OPB_INTC_0_BASEADDR+0x14))
#define IVR (*(volatile unsigned long
*)(XPAR_OPB_INTC_0_BASEADDR+0x18))
#define MER (*(volatile unsigned long
*)(XPAR_OPB_INTC_0_BASEADDR+0x1C))

/* Defined Macros */

#define initintc() {MER=0x03;}

#define pendingintc(x) (IAR=IPR&(X)) | IPR&(x)) 1* Check for
pending interrupt and acknowledge */

#endif



/ * *k%k *kk *k% *k%

*|cd.c

* *kk *kk *kk *kk /

#include <linux/autoconf.h>
#include "lcd.h"

int readLcdStatus()
{

inti, r;

/* Set LCD data lines to inputs */
LCD_DD = LCD_DATA,;
to inputs

[* First read cycle */
LCD =LCD_RW,;
LCD =LCD_RW | LCD_E; /*~125ns */
r=(LCD & LCD_DATA); /*~125ns (E high for ~2
for(i=0;i < 5; ++i) /* Wait ~750ns */
LCD =LCD_RW;

/* Second read cycle */
r<<=4;
LCD =LCD_RW |LCD_E; /*~125ns */
r|=(LCD & LCD_DATA); /* ~125ns (E high for ~
for(i=0;i<5; ++i) /* Wait ~750ns */

LCD =LCD_RW;

/* Set LCD back to output */
LCD_DD =0;

/* Send back status byte */
return r & OxFF;

}

void sendLcd(int rs, int d)

{

int i

[* First write cycle */
LCD =rs;
LCD=rs|LCD_E |d; /*~125ns*/
LCD=rs|LCD_E|d; /*~125ns total E high f
LCD=rs|d; /[*~125ns Hold time */
for(i=0;i<5; ++i) /* Wait ~750ns */
LCD =rs;
}

void returnLcdHome()
/* Send command to return the LCD cursor to the
home position */
sendLcd(LCD_CMD, 0x02);
}

void writeLcd(int rs, int value)
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{
inti, d;

if(rs)
rs=LCD_RS;

/* Wait for the LCD to not be busy */
while(readLcdStatus() & LCD_BUSY);

/* Send upper nibble */
sendLcd(rs, (value >> 4) & LCD_DATA);

/* Send lower nibble */
sendLcd(rs, value & LCD_DATA);

for(i=0; i< 10; ++i) LCD = 0; /* Wait ~1000ns
}

void initLcd()
{

inti;

/* Set LCD data lines to outputs */
LCD_DD =0;

for(i=0; i< 20 *5500; ++i) LCD =0; /*~20

[* Set to 8-bit operation */
sendLcd(LCD_CMD, 0x03);
for(i = 0; i < 500; ++i) LCD=0; /* ~91us delay

/* Set to 8-bit operation */
sendLcd(LCD_CMD, 0x03);
for(i = 0; i < 500; ++i) LCD=0; /* ~91us delay

/* Set to 8-bit operation */
sendLcd(LCD_CMD, 0x03);
for(i = 0; i < 500; ++i) LCD=0; /* ~91us delay

/* Set to 4-bit operation */
sendLcd(LCD_CMD, 0x02);
for(i = 0; i < 500; ++i) LCD=0; /* ~91us delay

/* Function Set */
writeLcd(LCD_CMD, 0x28);

/* Display On */
writeLcd(LCD_CMD, 0x0C);

/* Clear Screen */
writeLcd(LCD_CMD, 0x01);

/* Set Entry Mode */
writeLcd(LCD_CMD, 0x06);

}

void printLcd(char *msg)
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{

/* Write out the message a character
at a time until msg points to NULL */
while(*msg)
writeLcd(LCD_CHAR, *(msg++));
}

[* display_num: displays the given number up to
* 7 digits on the LCD */
void display_num(double n)

{

inti;

/* Write out negative sign if needed */
if (n <0)

writeLcd(LCD_CHAR, '-Y;
n*=-1;

}

/* Convert each digit for up to 7 digits into

a character to output */
unsigned char millions = ((int)n / 2000000) + 48
unsigned char hun_thousands = (((int)n % 1000000
unsigned char ten_thousands = (((int)n % 100000)
unsigned char thousands = (((int)n % 10000) / 10
unsigned char hundreds = (((int)n % 1000) / 100)
unsigned char tens = (((int)n % 100) / 10) + 48;
unsigned char ones = ((int)n % 10) + 48;
unsigned char tenths;
unsigned char hundredths;

/* Calculate the decimal remainder by subtractin
the other places from the inputted number */
double decimal = n - (millions - 48) - (hun_thou
(ten_thousands - 48)
- (thousands - 48) - (hundreds - 48) - (ones

/* If a decical portion exists, calculate
the tenths and hundredths values */
if(decimal > 0)

tenths = (int)(decimal * 10) + 48;
hundredths = ((int)(decimal * 100) % 10) + 48

[* Write out the millions digit if > 0 */
if (n >= 1000000)
writeLcd(LCD_CHAR, millions);

/* Write out the hundred thousands digit if > 0
if (n >= 100000)
writeLcd(LCD_CHAR, hun_thousands);

[* Write out the ten thousands digit if > 0 */
if (n >= 10000)
writeLcd(LCD_CHAR, ten_thousands);

) / 100000) + 48;
/ 10000) + 48;
00) + 48;

+ 48,

g

sands - 48) -

- 48);

*/
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/* Write out the thousands digit if > 0 */
if (n >= 1000)
writeLcd(LCD_CHAR, thousands);

/* Write out the hundreds digit if > 0 */
if (n >=100)
writeLcd(LCD_CHAR, hundreds);

[* Write out the tens digit > 0 */

if (n >= 10)

writeLcd(LCD_CHAR, tens);

/* Write out the ones digit */
writeLcd(LCD_CHAR, ones);

/* Check if there's a decimal and that
it is made up of valid number characters */
if(decimal > 0 && tenths > 47 && tenths < 58)

/* Write out the decimal to the

hundredths place */

writeLcd(LCD_CHAR, .";
writeLcd(LCD_CHAR, tenths);
writeLcd(LCD_CHAR, hundredths);

}
}

/***************************************

*lcd.h

***************************************/

#ifndef LCD_H
#define LCD_H

/* Register Settings */

#define
#define
#define
#define
#define
#define
#define
#define
#define

LCD
LCD_DD
LCD_DATA
LCD_E
LCD_RS
LCD_RW
LCD_BUSY
LCD_CMD
LCD_CHAR

/* Function Prototypes */

void initLcd();

(*(volatile unsigned long *)(0x4180000
(*(volatile unsigned long *)(0x4180
OxOF
0x10
0x20
0x40
0x80
0x00
LCD_RS

void writeLcd(int rs, int value);
void printLcd(char *msg);

void display_num(double n);

#endif

0+0x00))
0000+0x04))
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Appendix E — Analysis of Senior Project Design

Summary of Functional Requirements

For this project, | first developed the best enwiment to work with uClinux under.
Next, | developed a SPI driver for the Spartan 8&t&r Kit in uClinux. This driver will be used
in future extensions of the SUPER project to contver current control system from a laptop to a
Spartan 3E FPGA to save power. Finally, | wrobmsic user application in uClinux to

implement the DAC and ADC on the starter kit fastieg.

Primary Constraints

For the project, the primary constraint was actegsformation. Much of the work
surrounding SPI driver development in uClinux isyMeare, and it can be hard to find a driver
that works for your exact system. | was forturexteugh to have some great people on uclinux-
microblaze mailing list to help me work on the SENDdriver throughout my project.

Another difficulty was finding a way around the sfdpin between the flash data bus
and the SPI core. This caused bus contention wieetige two devices were turned on. The
solution was to create a custom IP core that fokieax EDK to allow both devices to access

the pin through a MUX. This MUX was controlled &ynanual select controlled by a GPIO.

Economics
There was no cost for my project since the padsired for development had been
purchased already for previous SUPER projectsryiviag was provided and returned at the

end of the project.



88

The development time for the project turned ouigajuite long, since much of the time
was spent researching possible solutions to prabtaat occurred. Overall, the project took
about 10 hours a week to finish on time. This W@sapproximate estimate given at the

beginning of the quarter.

Environmental and Sustainability

The SUPER project will have an enormous impacterenvironment in the third world.
The project was developed as a way to provide rabhnenergy to those who currently lack the
infrastructure and access to energy. Each statibprovide a supply of solar energy to power a
small village that would otherwise not have pow&he part | have worked on has helped
increase the amount of energy available to thelpampo will use the system. By replacing the
laptop with the Spartan 3E Starter Kit | developgddriver for, the consumption of the control
system will drop to less than 3W, allowing the mafsthe energy previously taken by the laptop

to be distributed among the micro grid within thikage.

Social and Political
The SUPER project will greatly affect the peopléhie third world. It will give them

access to a resource they did not have beforeidangvenergy to villages all over the world.

Development

During this project, | learned a great deal of n@wwledge about the Linux kernel.
Working with the uClinux kernel and patching the[3PV driver into my build taught me a
great deal about how the kernel works and how dsigee written in Linux. | also expanded my

knowledge of Xilinx ISE and EDK by writing my ow® Icore, which | had not done before.



