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Introduction

For those on a limited budget, use of open source tools to develop embedded software for the
Atmel AT91SAM7S family of microcontrollers may be a very attractive approach. Professional
software development packages from Keil, IAR, Rowley Associates, etc are convenient, easy to
install, well-supported and fairly efficient. The problem is their price ($900 US and up) which is a
roadblock for the student, hobbyist, or engineer with limited funding.

Using free open source tools currently available on the web, a very acceptable cross
development package can be assembled in an hour’s work. It does require a high-speed internet
connection and a bit of patience.

Three major open source software tools make up the ARM cross development system. Eclipse
provides the Integrated Development Environment (IDE) which includes a superior source code
editor and symbolic debugger. YAGARTO provides a recent version of the GNU C/C++ compiler
suite natively compiled for Windows. OpenOCD interfaces the Eclipse symbolic debugger with
the JTAG port available on the Atmel ARM7 microcontrollers. The only hardware required is a
$12.00 ARM-JTAG interface (wiggler) or a USB-based JTAG interface ($37.00 JTAGKey-Tiny or
$69.95 ARM-USB-OCD) and an AT91SAM7S-EK evaluation board to serve as the hardware
platform.

Hardware Setup

As a hardware platform to exercise our ARM cross development tool chain, we will be using the
Atmel AT91SAM7S-EK evaluation board, shown directly below.

This board includes two serial ports, a USB
port, an Atmel Crypto memory, JTAG
connector, four buffered analog inputs, four
pushbuttons, four LEDs and a prototyping
area.

The  Atmel AT91SAM7S256  ARM
microcontroller includes 256 Kbytes of on
chip FLASH memory and 64 Kbytes of on
chip RAM.

The board may be powered from either the
USB channel or an external DC power
supply (7v to 12v).

This board is available from Digikey and
retails for $149.00 www.digikey.com

There are numerous third party AT91SAMY7 boards available. Notable is the Olimex SAM7-P256
shown directly below (Olimex SAM7-P64 board shown, SAM7-P256 board is very similar).



This board includes two serial ports, a USB port,
expansion memory port, two pushbuttons, two LEDs,
one analog input with potentiometer and a
prototyping area.

The Atmel AT91SAM7S256 ARM microcontroller
includes 256 Kbytes of on chip FLASH memory and
64 Kbytes of on chip RAM.

The board may be powered from either the USB
channel or an external DC power supply (7v to 12v).

This board is available from Olimex, Spark Fun
Electronics and Microcontrollershop; it retails for
$69.95

www.olimex.com
www.sparkfun.com
www.microcontrollershop.com

For the rest of this tutorial, we will concentrate on
the Atmel AT91SAM7S-EK evaluation board.

The Olimex board can be substituted but the reader must then make minor adjustments since the
Olimex board uses different 1/0O ports for the LEDs. See Appendix 1 for additional instructions.

Open Source Tools Required

To build this ARM cross development tool chain, we need the following components:
e Eclipse IDE version 3.2
o Eclipse CDT 3.1 Plug-in for C++/C Development (Zylin custom version)
o Native GNU C++/C Compiler suite for ARM Targets

e OpenOCD version 93 or later for JTAG debugging

There are several places on the web where we can download all the above tools from a single source with
convenient installers.

YAGARTO

The YAGARTO ARM Cross Development Package was assembled by Michael Fischer
of Germany. It includes the latest Eclipse release 3.2 and the Zylin-modified CDT (C/C++
Development Toolkit). The ARM compiler tool chain runs as a Windows native
application with no Cygwin DLL required. Michael has also modified the GDB debugger
to improve its performance in an embedded debug environment. Rounding out the
package is the latest version of OpenOCD (the JTAG debugger). YAGARTO is


www.microcontrollershop.com

packaged as three downloads with a fool-proof installer for each. Michael's YAGARTO
web site is non-commercial with no affiliation with any manufacturer.

Yagarto may be downloaded from here: www.yagarto.de

SDK4ARM

The Swiss engineering company Amontec has crafted a version of YAGARTO, made
some improvements and renamed the package SDK4ARM. This system also includes
three download packages with a fool-proof installer for each. When Eclipse is run, there
is a short commercial “splash screen” but it's hardly intrusive.

SDK4ARM can be downloaded from a very fast server here:
http://www.amontec.com/sdk4arm.shtml

ARM GCC for Windows Dummies

The Bulgarian hardware manufacturer Olimex packages the “ARM GCC for Windows
Dummies” cross development system as a CDROM. To get it, you have to purchase the
ARM-USB-OCD JTAG debugger for $69.00. It uses the WinARM tool chain, Eclipse,
CDT and OpenOCD. Its major advantage is that it uses a single fool proof installer to
install everything.

ARM GCC for Windows Dummies can be ordered from the following web site:
http://www.olimex.com/dev/index.html

WinARM

WinARM was developed by Martin Thomas and is a very popular downloadable ARM
cross development tool chain. WinARM runs as a Windows native application. Thomas
has the best collection of sample programs also. The only downside is that the WinARM
package, by itself, does not include Eclipse.

WinARM may be downloaded from the following web site:
http://gandalf.arubi.uni-kl.de/avr_projects/arm _projects/#winarm

The author has tried every one of the above tool chains and they all work very well indeed. To be
fair, every one of them is based on the Free Software Foundation GNU tool chain and you can
be sure of the compiler’s efficacy and support.

For this tutorial, the author has taken the non-political approach: demonstrating the YAGARTO
tool chain. YAGARTO is complete, installs quickly and easily and is not associated with any
hardware vendor. Michael Fischer keeps it up-to-date with the latest revisions of Eclipse, the
GNU tool chain and OpenOCD.

Note: The Eclipse/CDT does NOT run on Windows 98 or Windows ME
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Check for JAVA Support

Since the Eclipse Integrated Development Environment (IDE) is written partially in JAVA, we
must have JAVA support on our computer to run it. With the recent peace treaty between
Microsoft and Sun Microsystems, most recent desktop PCs running Windows 2000 or Windows
XP already have JAVA runtime support installed.

To check this, go to the Windows Control Panel and click “Add or Remove ..."

B Control Panel |Z| |El |z|
File Edit View Favorites Tools Help a.

. oy o r =
J Back < Lﬁ , Search ||~ Falders % lj

/\ v| Go  Links >
& = (X | T
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Address [} Contral Panel

Autornatic EDE CinePlayer  Date and Time
£ 'windows Update Updates administrator  DYD Deco...,
w9 Help and Support — p A -
Display Falder Options Fants Game
Controllers v

Now scroll through the list of installed programs and verify if JAVA support is present (J2SE
Runtime Environment). If it's already installed, go to the next section of the tutorial. If not, follow
the instructions for installation of the JAVA runtime environment below.

¥ Add or Remove Programs

%ﬂ Currently installed programs: |:| Show updates Sart by:
Change ar iPod For Windows Z006-01-10 Size  117.00MB [&
Remove - =
Programs .Q iTunes

== |— & JZSE Runtime Environment 5.0 Update & I:
é ra

this computer.
ﬁ Jasc Paink Shop Photo Alburn 5 P

JAVA support is installed on

Add Mew
Prograrms O Jasc Paint Shop Pro Studio, Dell Editon
BN -Link aRM v3.00c v
i -

To install the JAVA Runtime Environment, go to the SUN web site and download it.

http://java.sun.com/j2se/1.4.2/download.html

Java is not Open Source but Sun has always allowed free downloads of the JAVA package. If
you build a commercial product that uses JAVA and the Java Virtual Machine, they may expect
royalties. This would not typically be the case in using Eclipse in a cross-development
environment.

The Sun JAVA web site is very dynamic so don't be surprised if the JAVA run time download
screens differ slightly from this tutorial.

To support Eclipse, we just need the Sun JAVA Runtime Environment (JRE). Click on
“‘Download J2SE JRE” as shown below.



Download Java 2 Platform, Standard Edition, ¥ 1.4.2 {J25E) - Microsoft Internet Explorer
File Edit Wiew Favorites Tools  Help

@Back - -\_:J @ @ :;j pSearch *Favorites @ E:rjj(:v :\?‘, - _J @ .ﬁ
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applications. More info...

Download J2SE SDK
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The J25E Java Runtime Environment (JRE) allows end-users to run
Java applications. More info...
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In the next download screen, shown below, click the radio button “Accept License Agreement”
and then click on “Windows Offline Installation, Multi-language”.




‘A Download Center - Download - Microsoft Internet Explorer

File Edit ‘iew Favorites Tools  Help a’

@Back = -J @ @ \I_h pSearch *Favorites @ &2v :\; @ _J @ .‘3

Address @ https: !fsdlcZe, sun.com/EComfEComaActionServlet; jsessionid=E43FFA9 1736 17DE5803300DEAL CA0A409 V| GO Links ** @ -

@%@ Sun Downloads

Download

Java(TM) 2 Runtime Environment, Standard Edition 1.4.2_11

Join Sun Developer Netwaork and sign up for Java Core Newsletter Join SDN | Why Join?

]uin SDN ..,‘:i'“" Connectwith a worldwide community of Java developers using Java technology and tools. Sian up for the Java Core

Mewsletter and keep updated on the latest news on Java SE. You can subscribe by joining the Sun Developer Metwark,
Registration is easy and freel Join now.

Now!
Get the pass. Win the gear!

® Solaris 64-bit requires users to firstinstall 32-bit

* Infarmation on picking the right format to download

* Installation instructions:

* Enaglish

® Japanese
Forwindows, choose "Windows Online Installation” for the quickest download and installation on a machine connected to the Internet. Typical download
size iz F.6MB, which is the minimum download. The size may increase if additional features are selected.

MOTE: The list offers files for different platforms - please be sure to selectthe proper fileds) foryour platform. Carefully review the files listed below to select
the ones you want, then click the link{s) to download. If you don't complete your downlaad, you may return to the Download Center anytime, sign in, then click
the "DownloadiOrder Histor? link on the leftto continue.

For any download problems or guestions, please see the Download Center FAQ,

How long will the download take? i3

ired: You must acceptthe license agreement to download the product.
cept License Agreement | Review License Agreement
Decline License Agreement

Windows Platform - Java({TM) 2 Runtime Environment, Standard Edition 1.4.2_11

L windows Offine Installation, Multi-language j2re-1_4_2_11-windows-1386-p.exe 15.45 MB

L windows Installation, Multi-language [2re-1_4_2_11-windows-1386-p-iftw.exe 1.35 MB

| €

&) ® Internet

Open File - Security Warning

Do you want to run this file?

Mame: jre-1 5 0 06-windows-586-p.exe
Publisher: Sun Microsystems, Inc.

Tupe:  Application

From; Cilscratch

Run ]] Cancel ]

[#] &hwiays ask before opering this file

e ‘while filez from the Intermet can be useful, thiz file type can
g potentially harm your computer. Only run software from publishers
you brugt, What's the righ?

Now the Sun JAVA runtime installation engine will start. Click “Run” to start the installer.



i& J2SE Runtime Environment 5.0 Update 6 |:|

Welcome to the Installation Wizard for 125E
Runtime Environment 5.0 Update 6

J25E Runkime Environmenk 5,0 Update & Setup is preparing the
windows Installer which will guide vou through the program
setup process. Please wait,

Compuking space requirements

Click on the “Typical Setup” radio button and then accept the license terms. JAVA is free; if you
build some fabulous product with JAVA integrated into it, then you may have to pay Sun royalties.

i& J2SE Runtime Environment 5.0 Update & - License

License Agreement

Please read the following license agreement carefully.

Sun Microsystems, Inc. Binary Code License Agreement Rl
for the JAVA 2 PLATFORM STANDARD EDITION RUNTIME ENYIROMMENT 5.0

SUN MICROSYSTEMS, INC. ("SUN") 1S WILLING TO LICENZE THE SOFTWARE IDEMTIFIED

BELCHY TO YO ORMLY UPON THE COMDITION THAT YOU ACCEPT ALL OF THE TERMS
COMTAIMED IM THIS BIMARY CODE LICERSE AGREEMENT AMD SUPPLEMENTAL LICENSE

TERMS (COLLECTIVELY "AGREEMEMT"). PLEASE READ THE AGREEMENT CAREFULLY. BY
DCAHLOADING OR INSTALLING THIS SOFTWARE, vOU ACCEPT THE TERMS OF THE
AGREEMENT. INDICATE ACCEPTANCE BY SELECTING THE "ACCEPT" BUTTOM AT THE

BOTTOM GF THE AGREEMENT. IF ¥'OU ARE ROT YWLLING TO BE BOUND BY ALL THE TERMS,

(®) Tpical setup - All recommended Features will be installed.

Cuskom setup - Specify the features ko install, For advanced users,

/A
L Decline( .” Accept > ]>

N

v

Installshield

A series of installation progress screens will appear. Installation only takes a couple of minutes.

i J2SE Runtime Environment 5.0 Update 6 - Progress

Installing

The program Features vou selected are being installed.

Please wait while the Install Wizard installs 125E Runtime Environment 5.0
Update 6. This may take several minutes.

Status:

InstallShisld

< Back Mext =
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When the JAVA runtime installation completes, click on “Finish” to exit the installer.

1% J2SE Runtime Environment 5.0 Update 6 - Complete |E‘

Installation Completed

The Install Wizard has successfully installed J25E Runtime
Environment 5.0 Update &, Click Finish ta exit the wizard,

< Back Cancel

Now go back to the Windows Control Panel and use “Add or Remove ...” again to determine
that the JAVA runtime has been installed successfully.

 ndd or Remove Programs

%j Currently installed programs: O show updates Sort by:
Change or iPod For Windows 2006-01-10 Size  117.00MB S‘|
Remave - —
Programs & itunes o
: : | JAVA support is installed on
— & JZ5E Runtime Environment 5.0 Update & < .
% l this computer.
ﬁ Jasc Paint Shop Photo Album 5
Add MNew
Programs 0 Jasc Paint Shop Pro Studio, Dell Editan
BN 3-Link ARM v3.00c v
i hs

Downloading the YAGARTO Tool Chain

Michael Fischer of Lohfelden, Germany has put together a native version of the GNU compiler
tool chain for ARM targets based on MinGW (Minimalist GNU for Windows) and called it
YAGARTO (YET ANOTHER GNU ARM TOOL CHAIN). The compiler suite does not require the
Cygwin package and is therefore a bit more efficient running in a Windows environment.

Eclipse, a superior open-source Integrated Development Environment (IDE), coupled with the C
Development Toolkit (CDT) plug-in provides an editor and source code debugger.

The OpenOCD JTAG debugger, developed by German student Dominic Rath, interfaces the
Eclipse GDB source code debugger with the AT91SAM7S JTAG port. OpenOCD supports
run/stop control, memory and register inspection, software and hardware breakpoints and can
also be used to program the AT91SAM7S internal FLASH memory.

Each of these three components (compiler, Eclipse IDE and OpenOCD) are downloaded
separately and each has its own automatic installer that is fool-proof and convenient.

Before accessing the YAGARTO web site, use Windows Explorer to create an empty folder to
hold the three forthcoming downloads. Note below that a folder c:\download has been
created for this purpose.

11



® C:\download

[Ch DRIVERS
15 dsp book
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Michael Fischer's YAGARTO web site can be accessed at the following link.
http://www.yagarto.de

The YAGARTO web site should look something like this, shown below.

YAGARTO

Yet another GNU ARM toolchain

Wihy?

Download

Huowy to?

Support

License information
Mote

RS

Why another GNU ARM toolchain?

Initially | was searching for a toolchain with the
following features:

anotner Gy,
« not based on Cygwin a
» works with Eclipse

| found some native Windows toolchains based
on MinGW, but the GDB of these toolchains
doesn't work properly under Eclipse. That's why |
decide to create a new toolchain suited for my
requirements. YAGARTO was borm...

YAGARTO is divided in three packages with the following components:

» Open On-Chip Debugger

» Binutils, Newlib, GCC compiler, and the Insight debugger

» Eclipse Platform Runtime Binary, Eclipse CDT and CDT plugin for
the GDB embedded debugging.

Zylin made some modifications in Eclipse CDT for Windows + a plugin
to improve support for GDB embedded debugging in CDT.

12
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Scroll down the YAGARTO web site until you see the three download components displayed, as

shown below.

Download

The three packages of YAGARTO can be found here:

Package
[ Dpen On-Chip Debudger (2,17 ME) ]

[ YAGARTO GNU ARM toolchain (32 ME) ]

[ mdasum: abe38582b5E2ffccB63eB07E00f186afa )

[ mdasum: ac100bB53d953efbbdadlales 10263 ced )

Version Last Yersion
ra3-rc0 04 09 2006
Binutils-2.17
Mewdib-1.14.0 . .
GOCA 11 Firstwersion

Insight-6.5.5 200606512

[ Intergrated Development Environment (45 MEI]] Eclipse 3.2
2din COT 20060609
2ylin plugin 20060707

First version

Click on the “Open On-Chip Debugger’ above. Select “Save” and then specify the empty folder
c:\download as the “Save As” target. The OpenOCD component will download in just a few seconds.

File Download - Security Warning

Do you want to run or save this file?

MHame: openocd-Z006re95-setup-rodl . exe
Type: Application, 2.17 MB

From: www,yagarto.de

Run (J l Save

] D Cancel

Py ‘while filez fram the Intermet can be uszeful, thiz file twpe can
@ patentially harm vour cornputer. [F you da not trust the source, do not

1un or zave thiz software. What's the rizk?

Save As

Save ‘@duwnload ) "‘ e ? D'
V4

My Recent
Documents

=
[
Desktop

)

My Documents

C

My Computer

‘g File: name:

My Netwark Save as type: ‘App\icatinn v‘

‘npennchDDBreS3—setuprrcm exe A ‘ I Save 1

[ Cancel ]

Click on the “YAGARTO GNU ARM toolchain” link above. Select “Save” and then specify the empty
folder c:\download as the “Save As” target. The YAGARTO GNU ARM Tool chain component is 32 Mb

and will download in a few minutes.

File Download - Security Warning

Do you want to run or save this file?

Mame: ...-bu-Z.17_goe-4.1.1-c-c++_nl-1.14.0_gi-6.5.5.exe
Type: Application, 30.5 MB

From: was, vagarto.de

’_ Run ( ’_ Save ] Cancel J

patentially harm your corputer. [F you da not trust the source, do not

@ ‘hile fileg from the Inkernet can be ugeful, thiz file twpe can
1un or zave thig software, What's the nisk?
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Save Ais

Save in: | (£ download )
—

v|J? w [

(3 openocd-2006re93-setup-ro0t exe

My Recent
Documents

P
[
Deskiop

s7]

My Documents

My Computer

Fil name: w2 17_gocd 1 Toose ri1.140 GiEESee Y| [ swve

by Metwork, Save at lype: ‘ADD\ICE[IUH v‘ [ Cancel ]




Finally, click on the “Integrated Development Environment’ link below. Select “Save” and then specify
the empty folder c:\download as the “Save As” target. The Eclipse IDE component is 45 Mb and will

download in a few minutes.

] ] ] i -7
File Download - Security Warning D_<| Save s E3lES)
— e Ghmm > 8 0% 0O
Do you want to run or save this file? 1;3 (37 openacd-2006re93-setup-re0l exe
My Recent
Mame: yagarto-ide-20060806-setup, exe Dacuments
Tvpe: Application, 44.6 MB (T

Fran: wnw, yagarta,de Desktop

@

Run U [ Save ] I Cancel My Documents

File name:

V‘ I Save 1

Py ‘while filez fram the Intermet can be uszeful, thiz file twpe can
@ potentially harm pour computer. 1F wou do not trust the sounce, do not

1un or zave thiz software. What's the rizk?
My Metwmork, Save as type: ‘App\ication

- ‘ [ Cancel ]

When the three downloads have competed, the c:\download folder should show the following:

% C:idownload

File Edit View Favorites Tools  Help

CEX
:!l

e Back - \_/J lﬁ /:\J Search ‘H_" Folders ' 3% lej Dd
Folders X Tame Size | Type Drate Modified
(£ Documents and Settings A~ (ia_‘,‘ openocd-2006re33-setup-re0l exe 2,225KE  Application 9/a/2006 11:21 PM
[ dandah (' vagarto-bu-2.17_gee-+.1.1-c-c++_ni-1.14.0_gi-6.5.5.exe 31,591 KB Application 9f6/2006 11:57 PM
e ~o (3 vagarto-ide-20060806-setup. exe 45,701 KB Application Q72006 12:12 AM
[T DRIVERS
(2 dsp book,
|C3) Easyscresn v
< | > < | 1*
There are three files in the c:\download folder:
Openocd-2006re93-setup-rc01.exe Installer for OpenOCD
Yagarto-bu-2.17_gcc-4.1.1-c-c++_nl-1.14.0_gi-6.5.5.exe Installer for GNU compiler suite for ARM
Yagarto-ide-20060806-setup.exe Installer for Eclipse IDE

Note to Readers:

Michael Fischer is constantly improving the YAGARTO package. If you get a newer
version when you download YAGARTO, rest assured that Michael has made sure that

all the components work harmoniously together.

In a few places in this tutorial you will find a folder name that has a “revision number”

in

it. For example, the OpenOCD executable and configuration files for this revision are

stored in this folder: “c:\Program Files\openocd-2006re93\bin”.

If Michael has posted a newer version, the folder name may change
to “c:\Program Files\openocd-2006re100\bin”, as an example.

We'll try to indicate throughout the tutorial those places where you
will need to adjust the folder name to accommodate the new revision.
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We are now just a few minutes away from having a complete Eclipse-based cross development
system. The strategy is to double-click on each one of the above files in succession and then
take the defaults on every installation screen.

Install OpenOCD

Eclipse/CDT has a fabulous graphical source code debugger that is built on top of the venerable GNU
GDB command line debugger. The only problem is how to connect it to a remote target such as a
microprocessor circuit board. GDB communicates to the target via a Remote Serial Protocol that can be
utilized over a serial port or an internet port.

In the past, most people have used the Macraigor OCDRemote utility that reads GDB serial commands
and manipulates the ARM JTAG lines using the PC’s parallel port and a simple level-shifting device called
a “wiggler”. The Macraigor OCDRemote utility has always been available for free (in binary form) but it is
not open source. Macraigor could withdraw it at any time.

To the rescue is German college student Dominic Rath who developed an open source ARM JTAG
debugger as his diploma thesis at the University of Applied Sciences, FH-Augsburg in Bavaria. Dominic’s
thesis can be found here: http://openocd.berlios.de/thesis.pdf

Dominic also has a website on the Berlios Open Source repository here: http://openocd.berlios.de/web/

Finally, Dominic participates in the OpenOCD message board at the SparkFun site here:
http://www.sparkfun.com/cgi-bin/phpbb/viewforum.php?f=18&sid=23d9b9ddd0df85507af924d6abdb54c7

OpenOCD can be used with the inexpensive “wiggler” JTAG device as well as the USB JTAG devices
such as the Amontec JTAGKey, the Olimex ARM-USB-OCD and others coming on the market.

Double-click on the file Openocd-2006re93-setup-rc01.exe to start the OpenOCD installer.

% C:vdownload

File Edit ‘View Favorites Tools  Help i f
9 — V=
e Back ~ () l? 7 ) Search ‘H__i" Falders v % j Ij
Folders x £ Size | Type Date Modified
|3 Documents and Settings ¢l (37 openocd-2006re93-setup-re01 . exe l 2,225KB  Application 962006 11:21 PM
[ doodah ~ | vagarto-bu-2,17_gec-4.1.1-c-c++_nl-1.14.0_gi-6.5.5.exe 31,591 KB Application 9/6/2006 11:57 PM
dlesmleedl ~ () yagarto-ide-20060806-setup. exe 45,701 KE  Application 9712006 12:12 AM
|C3) DRIVERS
I dsp book
I Easyscreen w
< | > < | >

In the “Welcome” screen below on the left, click the “Next” button. The next screen is a standard GNU
license agreement; click the top radio button to accept the License Agreement and click the “Next” button
to continue.

© OpenOCD 2006re93 Setup

]

Welcome to the OpenOCD 2006re93
Setup Wizard

® OpenOCD 2006re93 Setup

C)oIX]

License Agreement

Please review the license terms before installing CpenCCD
2006reS3,

This wizard will guide you through the installation of Press Page Down to see the rest of the agreement.

CpenDCh 2006re93,

The OpenoCD installer contains several different other packages.

It is recommended that wou close all other applications
before starting Setup. This will make it possible to update
relevant system files without hawving to reboot vour
compuker,

Click Next bo continue,

| —

N\
@ext> ] U Cancel
—

[l

Some of these packages have their own version of license, like
the Amontec ITAGkey, Please take a look in the corresponding directories,

OpenOCD is licensed under the terms of the GNU General Public License:
@R GEMERAL PUBLIC LICENSE
Version 2, June 1991 &

If ywou accept the terms of the agreement, select the First option below, ¥ou must accept the
agreement. to install OpenOCD 2006re93, Click Mext to continue,

@accept the kerms in the License Agreement
do nat accept the kerms in the License Agreement

Cancel



http://www.sparkfun.com/cgi-bin/phpbb/viewforum.php?f=18&sid=23d9b9ddd0df85507af924d6abdb54c7

In the “Choose Components” screen shown below on the left, select all three components (OpenOCD,
Make Utils and Driver). Click “Next” to continue. On the “Choose Install Location” screen below on the
right, take the default location “c:\Program Files\openocd-2006re93” and click “Next” to continue.

® 0pen0CD 20061893 Setup

® Open0CD 2006re93 Setup

| Choose Components { Choose Install Location
Choose which features of OpenOCD 2006re33 you want to - Choose the Folder in which to install CpenoCh 2006re93,
install.
Check the components you wank bo install and uncheck the companents you don't want ko Setup willinstall OpenCCD 2006re93 in the Following Folder, Ta install in a different Folder,
install. Click Mext ko continue. click Erowse and select another folder, Click Next ko continue,

Select components to install:

Browse...

— Descripkion
Space required: 5.0MB Position your mouse over a component to see its 3pace required: 5.0ME
description, Space available: 5.6GE
Open0CD 2006red3 // \\ OpenOCD 2006re93 //\\
l < Back ‘ I Mext = D[ Caneel [ < B_ack( I Text = ] , Cancel
\ AN Z
N—” SN—

Take the default in the “Choose Start Menu Folder” screen shown below left. The OpenOCD debugger
will be normally called from within Eclipse, so execution from the Start menu would be rare. You could
choose the checkbox “Do not Create Shortcuts” if desired. Click “Next” to take the default and continue.

OpenOCD installs very fast (less than a minute) as shown in the “Installing” screen below on the right.

© Open0CD 2006re93 Setup

| Choose Start Menu Folder
- Choose a Start Menu Folder for the OpenQCD 2006re33

shaorkcuts,

© Open0CD 2006re93 Setup
Select the Start Menu Folder in which vou would like ko create the program's shorteuts, You Extract: Ftdiunzk.ini

enter a name to create a new folder,
Show details

Installing
Flease wait while Open0CD 2006re93 is being installed.

|>

Administrative Tools
A0S Tech =
America Online

Amantec

ArcSoft PhotoBase 4.5
ArcSoft Showdiz 2

ATMEL Corporakion

Audio Playback Recorder 3.06
Avisynth 2.5

Capkura

™ Do not create shortcuts /—\
Open2CD 2006re93 y 4 Open2CD 2006re93

|€

[ <Eack\l Install Cancel ] < Back I Mexk = ][ Cancel

3\
|
Z

S ——

Click “Next” when the installation completes, as shown in the screen below on the left.
Click “Finish”, as shown on the screen below to the right, to terminate the OpenOCD installer.

Make a mental note that the installer has placed all OpenOCD components in the following folder:
c:\Program\Files\openocd-2006re93\. If your download includes a more recent revision of OpenOCD,
make a mental note of the folder address — we will use it later in the tutorial.
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© Open0CD 2006re93 Setup

Installation Complete
Setup was completed successfully,

Completed

© 0penOCD 20061293 Setup

Setup Wizard

Click Finish to close this wizard,

Show details

Lo

Completing the OpenQCD 2006re93

OpenOCD 2006re93 has been installed on your compuker,

Wisit the OpenOCD site For the latest news and support

[ < Back! I\Next >/| Cancel | <B_ackm _——

N rd

Install YAGARTO Tool Chain

There are a number of pre-built GNU ARM compiler toolsets available on the web and they are all very
good. For this tutorial, we will be using the YAGARTO pre-built ARM compiler tool suite developed by
Michael Fischer of Lohfelden, Germany. Michael’s version of the GNU compiler toolset for ARM has been
natively compiled for the Intel/Windows platform; therefore the Cygwin utilities are not needed. This makes
the compiler run faster and simplifies the installation. Michael has also performed some tweaks on the
included GNU GDB debugger to make it perform better in the Eclipse environment.

Double-click on the file Yagarto-bu-2.17_gcc-4.1.1-c-c++_nl-1.14.0_gi-6.5.5.exe to start the YAGARTO
tool chain installer.

& C:xdownload |__| |E| E|
File Edit Wiew Favorites Tools  Help a’
" = L=
@ Back - \—) l?; p ) search ‘ H_" Folders - }é Llj d
Folders X Mame Size | Type Date Modified
[ Documents and Settings o OReesOzcabunpeil] 2,225 KE  Application 9f6/2006 11:21 PM
) doodsh (7 vagarto-bu-2.17_gee-4.1.1-c-c++_nl-1.14.0_gi-6.5.5 exe 31,591 KB Application 9/6/2006 11:57 PM
— o hadyagarto-ide-20060306-sefup, exe 45,701 KB Application Q72006 12112 AM
() DRIVERS
[C dsp book
L) Easyscreen v
< | ¥ < | >
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In the “Welcome” screen shown on the left below, click on “Next” to continue. Click the "I Accept ...”
radio button on the “License Agreement” screen below on the right and then click “Next” to continue.

© YAGARTO 4.1.1 Setup =S © YAGARTO 4.1.1 Setup A=)
License Agreement
Welcome_ to the YAGARTO 4.1.1 Flease review the license terms before installing ¥AGARTO 4.1.1,
Setup Wizard
This wizard will guide you through the installation of Press Page Down ko see the rest of the agreement.
YAGARTO 4.1.1,
@MU GEMERAL PLUBLIC LICENSE -
It is recommended that you close all okher applications Version 2, June 1991 =
before starting Setup. This will make it possible to update
relevant system Files withaut having ta reboat your Copyright (C) 1989, 1991 Free Software Foundation, Inc.
computer, 51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 USA
Evervaone is permitted ko copy and distribute verbatim copies
Click Mext to continue, of this license document, but changing it is not allowed.
Praamhle ~o

If ywou accept the terms of the agreement, select the first option below. You must accept the
agreement toinstall YAGARTO 4.1.1, Click Mext o continue,

@ccept the kerms in the License Agreement
do nat accept the terms in the License Agreement

| Mext = | | Cancel | | < Bas I Mext = | Cancel |

In the “Choose Components” screen on the left below, take all the defaults by simply clicking “Next” to
continue. Note that this installs the Insight debugger that we will not use, but no harm is done including it.
On the “Choose Install Location” screen on the right below, take the default again by clicking “Next” to
continue.

© YAGARTO 4.1.1 Setup = © YAGARTO 4.1.1 Setup
Choose Components Choose Install Location
Choaose which Features of YAGARTO 4.1.1 you want ko install. Choose the Folder in which to install YAGARTO 4.1.1.
Check the components wou wank ta install and uncheck the components wou don't want ta Setup will inskall YAGARTO 4.1.1 in the Following Folder. Toinstall in a different Folder, click
install. Click Mext bo continue. Browse and select another Folder. Click Mext to continue.

Select components to install:

Destination Folder

Browse. ..

Space required: Z45.5MB Space required: 245,8MEB

Space available: 5.6GE

I < Back I Mext = | Cancel | | = Back I Mext = | Cancel |
N N -

Click “Install’ on the “Choose Start Menu Folder’ shown below left and the YAGARTO tool chain
installer will commence. This installation takes several minutes.

© YAGARTO 4.1.1 Setup M=E3

Choose Start Menu Folder
Choose a Start Menu Folder for the YAGARTO 4.1.1 shortouts,

® YAGARTO 4.1.1 Setup Cox

Installing
Flease wait while YAGARTO 4.1.1 is being installed,

Select the Start Menu Falder in which vou would like to create the program's shartouts, You Extract: libc.a
can also enter a name to create a new fFolder, I

Show details

Accessaries
Administrative Tools
ADS Tech i
America Online

Arnontec

ArcSoft PhotoBase 4.5
Arcsoft ShowBiz 2

ATMEL Corporation

Audio Playback Recarder 3.06
AviSynth 2.5

Capkura

[ Do not create shortouts

|

<

< Back l Install || Cancel | I Mextk = || Cancel
N e
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When tool chain installation completes, click “Next” as shown below on the left followed by clicking
“Finish” on YAGARTO completion screen shown on the right below. This will terminate the YAGARTO
installer. Make a mental note that the YAGARTO compiler tool chain is installed in the following folder:

C:\Program Files\Yagarto\

© YAGARTO 4.1.1 Setup =13

© YAGARTO 4.1.1 Setup [=ES

Installation Complete

Completing the YAGARTO 4.1.1
Setup wWizard

Setup was completed successfully,

YAGARTO 4.1.1 has been installed on your computer,

Completed

Click Finish to close this wizard.

[ Show details

Wisit the YAGARTO site For the latest news.

| < Bacl I Mext = | | Cancel | | < Ba l Einish | Cancel

—~— —~—

Install Eclipse IDE

IBM has been a competitor in recent years to Microsoft and at one time was building an alternative to
Microsoft’s Visual Studio (specifically for the purpose of developing JAVA software). This effort was called
the Eclipse Project and in 2004 IBM donated Eclipse to the Open Software movement, created an
independent Eclipse Foundation to support it and invited programmers worldwide to contribute to it. The
result has been an avalanche of activity that has catapulted Eclipse from a simple JAVA editor to a multi-
platform tool for developing just about any language, including C/C++ projects.

Eclipse by itself makes a wonderful Integrated Development Environment (IDE) for JAVA software. There
are numerous books available on the Eclipse JAVA platform and many PC and Web applications are
being built with it.

Be sure to visit the Eclipse web site: www.eclipse.org

Our purpose is to build an IDE for embedded software development; this normally implies C/C++
programming. To do this, we need to install the CDT (C Development Toolkit) plug-in. The problem is that
Eclipse/CDT has had difficulties working with remote debuggers. Oyvind Harboe and the Norwegian
company Zylin has developed, with the cooperation of the CDT team, a custom version of the CDT plug-in
that solves these problems. The Zylin version of CDT properly starts the remote debugger in idle mode so
you can start execution, single-step, etc.

The only proviso is that we must select a version of Eclipse compatible with the Zylin CDT plug-in. Rest
assured that the Zylin CDT included in the YAGARTO download was chosen for its compatibility with the
new Eclipse 3.2 release.

The Zylin website is at this address: www.zylin.com
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Double-click on the file Yagarto-ide-20060806-setup.exe to start the Eclipse IDE installer.

:\download

File Edit ‘iew Favorites Tools  Help

e Back ~ \_J lﬁ /':\J Search ‘[{j‘ Folders

Falders £ Mame

E- &% DB

@ Documents and Settings ”~ (f.—‘} openocd-2006re93-setup-rcll,exe

Date Modified

9/6/2006 11:21 PM
9/6/2006 11:57 PM

Size | Type
2,225 KB  Application
31,591 KB Application

) doodah (3 agarto-bu-2.17_gecd.1.1-coc+ nl-1.14.0_gi6.5.5.5x
| I_ (7 yagarto-ide-20060506-setup. exe

45,701 KB Application 9(7/2006 12:12 &M

[C3) DRIVERS
I3 dsp book
|C3) Easyscreen “
< | 3 &

| >

The initial “Welcome” screen is shown below to the left; click on “Next” to continue. Accept the terms of
the license agreement by clicking the “I accept ...” radio button in the screen below right and then click
“Next” to continue.

© YAGARTO IDE 20060806 Setup

Welcome to the YAGARTO IDE
20060806 Setup Wizard

This wizard will guide wou through the installation of
YAGARTC IDE 20060806,

It is recommended that vou close all other applications
biefore starting Setup, This will make it possible bo update
relevant system files without having to reboot your
computer,

Click Mexk ko continue.,

Cancel

RTO IDE 20060806 Setup

License Agreement

Please review the license terms before installing YAGARTO IDE
20060806,

Press Page Down to see the rest of the agreement,

*Eclipse Public License - v 1.0% ~
THE &CCOMPANYIMNG PROGRAM IS PROVIDED UNDER THE TERMS OF THIS ECLIPSE B
PUEBLIC LICEMSE {"AGREEMENT"), ANY USE, REPRODUCTION OR DISTRIBUTION OF
THE PROGRAM CONSTITUTES RECIPIENT'S ACCERPTANCE OF THIS AGREEMENT.
*1, DEFINITIONS*

v

"Crnkribnbinn® means: Al

If ywou accept the terms of the agreement, select the first option below, You must accept the
agreement to install YAGARTO IDE 20060806, Click Next to continue,

@ccept the terms in the License Agreement
do not accept the terms in the License Agreement

You are forced to select Eclipse and the Zylin plug-ins in the “Choose Components” screen shown
below to the left. Click on “Next” to continue. Take the default in the “Choose Install Location” screen

below on the right. Click “Next” to continue.

© YAGARTO IDE 20060806 Setup

Choose Components

Choose which Features of YAGARTO IDE 20060806 you wank to
install,

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

Select components o install:

Eclipse Platform 3.2
Zylin embedded CDT 20060629
Zylin phugin 20060707

Description
Space required: 51, 7ME

[ < Bal l Mexk = | Cancel

CoX

© YAGARTO IDE 20060806 Setup

Choose Install Location
Choose the folder in which to install YAGARTO IDE 20060306,

Setup will install YAGARTO IDE 20060806 in the following Folder, To install in a different
folder, click Browse and select another Folder, Click Mext to continue,

Destination Folder

Browse, .,

Space required: 51.7MB
Space available: 5.6GE

| < Barl I Mext = | Cancel

N 7

(
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The Eclipse IDE can be added to the Start menu as shown in the “Choose Start Menu Folder” screen
below on the left. Click “Install” to start the Eclipse installer. The Eclipse installer will commence and it will

just take at most a couple of minutes.

© YAGARTO IDE 20060806 Setup

Choose Start Menu Folder

Choose a Start Menu Folder for the YAGARTO IDE 20060506
shortouts,

Select the Start Menu Folder in which you would like to create the program's shortcuts, You
can also enter a name to create a new folder,

Accessaries
Administrative Tools
ADS Tech -
America Qnling

Amontec

Arcsoft PhotoBase 4.5
ArcSoft ShowBiz 2

ATMEL Corporation

Audio Playback Recorder 3,06
AviSynth 2.5

Captura

>

4

™ Donot create sharteuts

I Install | Cancel
. P

| < Bacl

C)o&

Installing
Please wait while YAGARTC IDE 20060806 is being installed,

Extract: org.eclipse.team,ui_3.2.0,I1200606051 140, jar

.
Show details

I Mext = || Cancel

Click “Next” when the Eclipse installer finishes, as shown below to the left. Finally, click “Finish” to exit
the Eclipse installer as shown in the screen below on the right.

© YAGARTO IDE 200608086 Setup

© YAGARTO IDE 20060806 Setup M=
Installation Complete .
Setup was completed successfully, Completlng the YAGARTO IDE
s 20060806 Setup Wizard
Campleted YAGARTO IDE 20060806 has been installed on your
compuker,
[ T Click Finish to close this wizard,
Yisit the YAGARTO site for the latest news.
[ < Back I Mext = | | Cancel | = Bacl l Einish | Cancel
N Z
e —

Make a mental note that YAGARTO installed the Eclipse components in the following folder:

c:\Program Files\Yagarto IDE\

That’s it, we're done! We now have a complete Eclipse-based ARM cross development system installed.
Michael Fischer's YAGARTO installers set up the correct paths in Windows. All we have to do is set up
any required drivers for the JTAG debugger, add OpenOCD as an Eclipse “external tool” and we will be

ready to create our first Eclipse project.
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Install the Wiggler Drivers

If you are planning to install a USB debugger, such as the Amontec JTAGKey or the Olimex ARM-USB-
OCD, please skip this section.

Unless you are a perfect programmer, you will occasionally require the services of a debugger to trap and
identify software bugs. The AT91SAM7S256 microprocessor has special debug circuits on chip that can
start and stop execution, read and write memory, and provide two hardware-assisted breakpoints. The
interface to the outside world is a standard JTAG interface (essentially a very complicated and slow serial
shift register protocol). You need a device called a JTAG debugger to connect your PC to the ARM chip’s
JTAG pins. You also need a software program to operate that debugger and interface the JTAG protocol
to the Eclipse/GDB source code debugger protocol; that is OpenOCD and you’ve already installed it.

One way to connect your PC to the AT91SAM7S-EK target board’s JTAG connector is to use an
inexpensive device called a “wiggler”. This can be purchased from Olimex for $19.00 US. It’s just a simple
voltage level-shifter and it plugs into your PC’s parallel port.

The ARM-JTAG device is available from:
www.olimex.com

www.sparkfun.com

www.microcontrollershop.com

The following is the hardware setup to debug the Atmel
AT91SAM7S-EK evaluation board using the inexpensive
“wiggler” device. A standard USB cable is connected to supply
board power. The ARM-JTAG interface is attached to the PC’s
printer port; in the author’s setup, a stock parallel port cable from
the local computer store was employed. The JTAG 20-pin
connector is keyed so it can’t be inserted improperly.

20-pin JTAG
- Connector
Standard Printer
21 - cable
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www.microcontrollershop.com

There are two well known criticisms of the “wiggler” device. First, the printer port of a PC limits operation
of the JTAG to 500 Khz and this translates into slow downloading. Second, many PCs are now being
manufactured without the customary serial and parallel port; the PC world is gravitating to the USB
protocol.

If you are planning to use the inexpensive “wiggler” JTAG interface, a special giveio.sys driver
has to be installed. This only needs to be done once.

The giveio.sys driver is in the folder: c:\Program Files[\openocd-2006re93\}iriver\parport\

Note: check if this folder name has changed
due to a newer YAGARTO release

® C:\WProgram Files\openocd-2006re93\driveriparport |:||§|E|
File=  Edit VYiew Favaorites Tools  Help --f
Q- © - 3| Poower o | - ¥ B [

Folders x B gveio.sys

B [[3) openocd-2006re93 ~ Einstall_giveio.bat
& bin - Eloaddrv.exe

& doc remove_giveio.bat
B ) driver status_giveio.bat

I arm_usb_ocd
I3 jtagkey_utils_o¢
=
I3 signabyzer
L) source

) utils

(53 Cutlook Express

[C5) Philips Flash Ukility v

< | >

Start the installation of the giveio.sys driver by opening up a Command Prompt window (for really
experienced readers, that's the old DOS window). The “command prompt” can be found in your Windows
start menu “Start — All Programs — Accessories”. If your Command Prompt window is not at the root

folder c:\, you can type the CD \ command shown below to locate yourself at the root folder.

>cd \

o+ Command Prompt

We need to change to the directory: c:\Program Files\openocd-2006re93\driver\parport\ since it
contains the giveio.bat installation batch file. Type the CD command again as shown below to do this.
Now the command prompt window will show that we are inside that folder.

>cd c:\Program Files\openocd-2006re93\driver\parport\

o+ Command Prompt

C:v>ocd c:iwProgram Files“openocd—-28006re?3vdriversparport

C:sProgram Files“openocd—-2886re?3vdriversparport
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Now take a look at the contents of this folder by typing the DIR command.

Command Prompt

C:»>ed c:wProgram Fileswopenocd-2886re?3vdriver~parport

C:~Program Fileszs“openocd-2806re?3~drivers~parport>dir
Uolume in drive C has no label.
Uolume Serial Mumber iz 7476—466E

Directory of C:Program Filez“openocd—-2086re?3driver-parport

o

A7 842086 @7:34 <DIR> - Run this batch fil
A7 842086 @7:34 <DIR> -

A?-23-2005 @7:38 5.248 giveio.sys

n?-23-2005 @7:38 755 install_giveio.hat

\A?-23-2005% @9:37 26,384 loaddrv.exe

A?-23-2005 @7:38 229 remove_giveio.bat

0?-23-20805 @7:38 172 status_giveio.bat
L Filed(s> 2,788 buytes

3
2 DivcCsd L.947.236.35%2 hytes free

C:“Program Files“openocd-2006re?3 driversparport >

We want to run the command batch file “install_giveio.bat”. This will install the giveio.sys driver and load
and start it. The batch file may be run by entering its name on the command line and hitting “Enter”. As
you can see from the command history below, giveio was successfully installed as a Windows driver.

Command Prompt

C:“Program Files“openocd—-28006re?3wdriversparport2install_giveio.bat

Copying the driver to the windows directory
target file: C:sWINDOWS-giveio.sys

1 file<s>» copied.
Remove a running service if needed...

Installing Windows HT/2k-/HP driver: giveio
installing giveio from C:sWINDOWSsgiveio.sws... ok.
ztarting giveio... ok.

et start type of giveio to auto... ok.

Success

C:sProgram Files“openocd—-2806re?3driversparport>

The giveio.sys driver is a permanent installation; you only have to do this once.
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Install the Amontec JTAGKey USB Drivers

In Dominic Rath’s thesis about the OpenOCD project, a USB-JTAG interface based on the FTDI FT2232C
engine was described with a schematic. The Swiss engineering firm Amontec has developed and
marketed a professional version of this USB JTAG interface called the JTAGkey. lts price is €139 (euros)
or $177 (us). The JTAGkey is professionally designed and manufactured with additional bells and
whistles, such as status LEDs and ESD protection. JTAGkey also automatically senses and adjusts the
level shifters for the ARM voltage level; this will come in handy when lower voltage versions (e.g. 1.8 volts)
of the ARM become available. The Amontec JTAGkey can be purchased online from here:

http://www.amontec.com/JTAGkey.shtml

Amontec has also addressed the hobbyist and student market with the JTAGKey-Tiny device, priced at
€29 (euros) or $37 (us) and illustrated below. This smaller JTAGKey-Tiny device plugs directly into the
20-pin JTAG connector and uses a mini-USB cable to attach to the PC. While the author hasn’t had a
chance to test it prior to publication, it appears that the installation procedure is similar to that of the more
expensive JTAGKey shown below.

Professionals would tend to select the more expensive JTAGKey for its ESD protection and the flat ribbon
cable that attaches to the prototype system, as seen in the hardware setup coming up. It also has an
integrated USB cable fitted with a ferrite filter. The JTAGKey-Tiny plugs directly into the application
board’s 20-pin JTAG connector and therefore must have the vertical clearance to permit this fitting.

WWWL OIS e . SO,

A montec
" BEpED BR *°

The hardware setup, shown below, includes the Amontec JTAGKey plugged into the 20-pin JTAG header
on the AT91SAM7S-EK target board and also into the PC’s USB port. The JTAG does not supply board
power, so in this example a 12-volt DC “wall wart” power supply is fitted to the power connector. If you
have a spare USB port on your PC, you could use another USB cable to supply board power instead.
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USB port on PC
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Plug in the Amontec JTAGkey into the USB port. You should hear the familiar USB “beep” sound followed
by the following screen indicating that new USB hardware has been detected.

The virtual device drivers are already on our c:\Program Files\openocd folder thanks to Michael

Fischer's OpenOCD installation program we ran earlier in this tutorial. Therefore, advise Windows NOT to
search for the drivers by clicking on “No, not this time” as shown below. Click “Next” to continue.

Found Hew Hardware Wizard

Welcome to the Found New
Hardware Wizard
windows will zearch for current and updated software by

looking on your computer, on the hardware installation CD, or on
the Windows Update "Web site [with pour permizsion].

Fzad our privacy policy

Can ‘windows connect to wWindows Update to search for
software?
(O Yes, this time anly
o Yes, now and every time | connect a device
(& Mo, nat this time

Click Mext to continue.

—~_
< Backl L Mexst » J ? Cancel
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Instruct Windows to “Install from a list or specific location (Advanced)’ as shown on the left hand
screen below. Click “Next to continue. Now use the “Browse” button to find the directory “c:\Program
Files\openocd-2006re93\driver\jtagkey_utils_060307\" as shown below on the right hand screen. Click

“Next to continue.

Found New Hardware Wizard

This wizard helps you install software for

Amontec JTAGkey [ Channel 4]

{) IF pour hardware came with an installation CD
B2 or floppy disk. insert it now.

‘what do you want the wizard to do?

|stall th e ed)

(&) Install fram a list or specific lacation [Advanced)

Click Mext to continue.

[ <Eack( ][ Next » ] [) Cancel ]

Note: folder name
may have changed
due to a newer
YAGARTO release

Found New Hardware Wizard

Please choose your search and installati

(%) Search for the best driver in these locations

Use the check boxes below ta limit or expand the default searth, which includes local
paths and removable media. The best driver found will be insfalled

[ Search removable media (floppy, CO-ROM...)
clude this location in the search:

‘C \Program Fileshopenocd-2008re33 driversjtagkey_ w m
J

(O Don't search. | will choose the driver to install

Chooge thiz option to select the device driver from a list. Windows does not guarantes that
the driver you choose will be the best mateh for your hardware.

[ <Ea:k{ ][ Next » ] h Cancel
\ Z

Pay no attention to Windows complaints about Logo testing by clicking on “Continue Anyway” on the left
screen below. The virtual device driver installation for Channel A will now run to completion.

Hardware Installation

! E The zoftware pou are installing for this hardware:
-
Amontec JTAGkey [ Channel & )

hasz not passed *Windows Logo testing to verify its compatibility
with ‘windows %P, [Tell me why this testing is important. |

Continuing your installation of thiz software may impair
or destabilize the correct operation of your system
either immediately or in the future. Microszoft strongly
recommends that you stop this installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

@eAnyway ]DSTDPInstaIIation ]

Found New Hardware Wizard

Please wait while the wizard installs the software... .

g Amontec JTAGkey [ Channel & ]

FTD2LUM. ini
To CAWINDOWS \spstem32

[ ]

< Back Mext > Cancel

When the Channel A driver installation has completed, you will see the screen below indicating successful
installation. Click “Finish” to exit the channel A installation as shown below.

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished inztalling the software for:

% Amontec JTAGkey [ Channel 4]

Click Finish to close the wizard.
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The JTAGkey is built around the FTDI FT2232C engine which has two channels. Exactly the same
installation sequence is required for channel B. Follow the screens on this page in sequence, exactly like
the channel A virtual device driver installation.

Found New Hardware Wizard Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizard helps pou install software far:

‘Windaws will search far current and updated software by
looking on your computer, on the hardware installation CO, or on
the ‘Windows Update \Web site [with pour permizzion).

Fiead our privacy policy

Amontec JTAGkey [ Channel B |

C‘) If your hardware came with an installation CD

Can‘Windows connect to ‘Windows Update to search for & or floppy disk. insert it now

software?

O Ves, this time anly
Er'TEE. now and everpkige | connect a device
() Mo, not this time

Click Mest to continue.

< Back Mext > y Cancel [ < Back U[ Mext > ] [) Cancel ]

Found New Hardware Wizard Hardware Installation
Please choose your search and installation options. i
@ L ] "_\ The zoftware vou are ingtalling for this hardwane:;
L}

Amontec JTAGkey [ Channel B

What do you want the wizard to do?

Inistall the: software automatically [Recommended
() Install fram a list or specific location [Advanced)

Click Mest to continue.

(®) Search for the best diiver in these locations.

Use the check boxes below to limit or expand the default search, which includes local

paths and removable media. The best driver found will be installed. has nat passed Windows Logo testing ta verify ts compatibility

[ Search remavable media [floppy, CO-ROM...] with Windows P [Tell me why this testing is important. ]
gucelhislocsonnleleeachy Continuing your installation of this software may impair
|C\ngram Fileshopenocd-2006re93hdiiver\ragkey_ v@ or destabilize the correct operation of your system
J either immediately or in the Future. Microsoft strongly
O Don't search, | will choose the driver to install recommends that you stop this installation now and

contact the hardware vendor for zoftware that has

Choose thiz option to select the device driver from a list. Windows does not guarantee that passed Windows Logo testing.

the driver you choose will be the best match for your hardware.

[ <Back( ][ Mew> ] ) Cancel Continue Anpway ] I ﬁDF‘Installatinn
S Z ~

When the Channel B driver has completed, you will see the screen below indicating successful installation.
Click “Finish” to exit the channel B installation as shown below.

Found New Hardware Wizard

Completing the Found New
Hardware Wizard
The wizard has finizhed installing the software far:

% Amontec JTAGkey [ Channel B )

Click Finish to cloze the wizard.

< Bakk Cancel
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To be sure of successful installation of these JTAGkey virtual device drivers, use the Windows Start menu
to look at the “Control Panel — System — Hardware - Device Manager”, inspecting carefully the USB
controllers. As can be seen below, the Amontec JTAGkey channel A and channel B USB ports are
successfully installed.

£; Device Manager

File  Action Wiew Help

l«~» m & 2 a

- % Ports (COM & LFT) A
ﬂ Processors B
; 'B; Sound, video and game controllers

“ge Storage volumes

i System devices

EI Universal Serial Bus contrallers

L Amontec ITAGkey { Channel 4
Amontec ITAGkey ( Channel B ) =
Intel{R) 82301EE USE Universal Host Contraller - 2402
Intel{R) 82801EE U536 Universal Host Contraller - 2404

Intel(R) 32801EE U536 Universal Host Contraoller - 240E w
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Install the Olimex ARM-USB-OCD USB Drivers

Olimex also developed a version of the USB-based JTAG debugger mentioned in Dominic Rath’s
OpenOCD thesis. It includes a couple of unique features such as an extra serial port (might come in
handy if you have a laptop with no serial port) and a DC power supply that can be strapped for 5v, 9v or
12v operation. This DC supply includes a cable that can power your board, if needed. The Olimex ARM-
USB-OCD debugger is €55 (euros) or $69.95 (US).

To use the ARM-USB-OCD power supply, there are jumpers to set the voltage. While the Atmel
specification for the AT91SAM7S256-EK board is 7 — 12 volts for the DC supply, it worked for the author
at all the above voltage ranges. Just to be safe, strap the Olimex ARM-USB-OCD DC supply to +9 volts
(right-hand jumper installed).

Power supply jumpers:

|

1 s
. ]FSL:I:U x Power Supply

Jumpers

the power supply jJumpers are on
right side of the 2x10 pin JTAG

connector.
5 If both jJumpers are open
the output voltage is Right-hand
12vDC jumper fitted
- Ifright jumper is closed gives +12 volts
the output voltage is
9vDC

5 If left jumper is closed the
output voltage is 5VDC
(this is the default setting)

The inner pin of the power supply
jack is +

30



The hardware setup for the Atmel AT91SAM7S256-EK board is shown below. The 20-pin JTAG ribbon
cable connectors are keyed so they can’t be fitted improperly. The DC supply cable from the ARM-USB-
OCD dongle powers the board.

Plug in the Olimex ARM-USB-OCD dongle into the USB port. You should hear the familiar USB “beep”
sound followed by the following screen indicating that new USB hardware has been detected.

The virtual device drivers are already on our c:\Program Files\openocd folder thanks to Michael
Fischer's OpenOCD installation program we ran earlier in this tutorial. Therefore, advise Windows NOT to
search for the drivers by clicking on “No, not this time” as shown below. Click “Next” to continue.

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard
“windows will search far current and updated saoftware by

looking on your cormputer, on the hardware installation CD, or on
the 'Windows Update 'web site [with your permissian).

Fiead our privacy policy

Can ‘Windows connect to ‘Windows Update to search for
software?
(O es, this time anly
ez, now and every time | connect a device
& Na, nat this time

Click Mext to continue.

—~
< Backl L Next > J [) Cancel
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Instruct Windows to “Install from a list or specific location (Advanced)’ as shown on the left hand
screen below. Click “Next to continue. Now use the “Browse” button to find the directory “c:\Program
Files\openocd-2006re93\driver\arm_usb_ocd\” as shown below on the right hand screen. Click “Next to

continue.

Found New Hardware Wizard Found New Hardware Wizard
Please choose your search and installation options. .

This wizard helps you instal software for: (® Search for the best driver in these locations.

Usze the check boxes belaw to limit or expand the default search, which includes local
paths and removable media. The best driver found will be installed.

Olimex OpenDCD JTAG Interface

Search removable media [floppy. CO-ROM...]
Irflude thiz location in the search:

C:%Pragram Fileshopenocd-2006re93driverharm_ush |
‘w'hat d b the wizard to do? ] . .
o youwant the wzard to do (O Don't search. | wwdnver to inztall.
= “ter from a list. *indows does not guarantee that

e lriztall the software automatically (Recommended] : :
@ ktall from a list or specific location [&dvanced) NOte . folder name for your hardware:

may have changed

(‘ If your hardware came with an installation CD
<352 or floppy disk. insert it now.

Click Mest to continue.

I due to a newer N

([ <cBack( J[_tet> ] ) Cancel ] YAGARTO release <Bock ((J(_New> ] ) Cancel
AN Z || S /
_— N———

Ignore the Windows XP complaint about “Logo Testing” by clicking “Continue Anyway” as shown on the
left below. The installer will now start installation activities.

Hardwsare Installation nd New Hardware Wizard

Please wait while the wizard installs the software...

' 'j The software you are installing for this hardware:
LJ

Olimex Open0CD JTAG Interface
% Olimex Open0CD JTAG Interface

has not pazzed Windows Logo testing to werify itz compatibility
with wéitidores =P, [Tell me wh this testing iz important, ]

Continuing your installation of this software may impair
or destabilize the comect operation of your system -
either immediately or in the future. Microzoft strongly ’_j e ’j
recommendsz that you stop this installation now and
contact the hardware vendor for zoftware that has
passed Windows Logo testing.

B ——
N\
[ Continue Anyway ] DSTDF’InstaIIation ] < Back (s Cancel
=

When the driver installation for the Olimex ARM-USB-OCD JTAG debugger is done, click on “Finish” on
the screen shown below on the right to exit the installer.

Found New Hardware Wizard
Pleaze wait while the wizard installs the software... .

% Olimex 0pen0CD JTAG Interface

Found Mew Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished ingtalling the software for:

: Olimex Open0CD JTAG Interfface

FTD24<UMN.ini
To C:AWINDOWS \system32

[

Click Finizh to cloze the wizard

< Bacl Cancel

< Back Mext » Cancel
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Remember that the Olimex ARM-USB-OCD also supports a auxillary serial port. Windows will now start a
dialog to install that virtual driver. Since we know exactly where the driver files are, click the radio button
“No, not this time” on the window below left and click “Next” to continue.

Also click the “Install from a list or specific location (Advanced)” radio button below on the right and
then click “Next” to continue.

Found New Hardware Wizard Found New Hardware Wizard
Welcome to the Found New
Hardware Wizard

Windows will search for current and updated software by
laoking on vour computer, on the hardware installation CD, or on
the ‘Windows Update ‘Web site [with your permission)

Read our privacy policy

Thiz wizard helps pou install software for:

Olimex Open0CD serial driver

() If your hardware came with an installation CD

Can 'Windows connect to ‘Windows Update to search for < 23 or floppy disk, insert it now

software?
(O ez, thiz time anly

(3 ez, now and every time | connect a device what do pou want the wizard to do?
@ o, hot this time

{7 Install the software automatically [Fecommended)
@ stall from a list ar specific lacation [Advanced)

Click Mext to continue. Click Mext to continue.

cBack | [ Mew> | | Cancel | [ <Back [J[_Mew> ] (I cancel |

Now use the “Browse” button to find the directory “c:\Program Files\openocd-
2006re93\driver\arm_usb_ocd\” as shown below on the left hand screen. Click “Next to continue. Once
again, ignore the Windows complaints about Logo testing and click “Continue Anyway” as shown below
right.

Found New Hardware Wizard Hardware Installation
Pleaze choose your search and installation options. :5
L) 'j The software pou are installing faor thiz hardware:
-

(®) Search for the best driver in these locations Olirmex Open0CD serial driver

Uze the check boxes below ta limit or expand the default search, which includes local

pathz and removable media. The best driver found will be installed. has nat passed Windows Loga besting to verify its compatibility

[ Search remavable media (floppy, CO-ROM..) with Windows P. [Tell me why this besting is important. |
[ Ikclude this location in the search: Continuing your installation of this software may impair
|C:\Program Filez\openocd-2006re33 driverharm_ush v| [ Browsze ] o] des!ahlllzt? the l::l:m_ecl operation D_[ your spstem
either immediately or in the future. Microzoft strongly

recommends that you stop thiz installation now and
contact the hardware vendor for software that has
Choose thiz option ta select the device driver from a list. ‘Windows does not guarantee that paszed Windows Logo testing.

the driver you chooze will be the best match for pour hardware

(O Don't search. | will choose the driver to install,

)
[ < Back “ Mext » ] Cancel ]

’ Continue Arymway ] I STOP Installabion l

The serial driver installs very rapidly. When the “Found New Hardware Wizard” screen appears, click
“Finish” to exit. Installation of the Olimex ARM-USB-OCD drivers is now completed.

Found Mew Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished instaling the software faor:

: Olirex Dpen0CD serial driver

Click Finish to close the wizard.

< Bacl Cancel

P——
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Download the Sample Programs

Before we start up the Eclipse IDE, let’s first download the tutorial source and OpenOCD configuration
files. This material may be downloaded using this link:

http://www.address_to_be determined

Using Windows Explorer, create a folder c:\atmel_tutorial_source\ to hold the upcoming download.

% C:\atmel_tutorial_source

File  Edit Wiew Faworites Tools  Help ﬂ'
- @ O - % BB
@Back &) l-@ P Search H’?‘ Folders
Falders x Mame = Size | Tvpe
[C3) ARM Cross Development with Eclipse -~
(= armiib
[C3) ATMEL AT915AMTS Open Source Development
[ atmel_documentation
@] =t _tutorial_s 3
£ capture o >

Click on the link above to start the download of the tutorial’s source files. Select “Save” on the File
Download window on the left. In the “Save As” window on the right, browse to the folder
“atmel_tutorial_source” and select “Save” to commence the download.

. ) Save A
File Download X| Al.bs
— Save in (B atmel_tutorial_source ) V| Qo ¥ m-
Do you want to open or save this file? L;é
My Recent
@ Marme:  atmel_tutorial_source.zip Documents
Type: WinZip File, 244 KB @
From: wwwll megaupload,com Deskicn
Open (] [ Save ] n Cancel My Documents
My C.omputer
‘while fileg from the Inkernet can be ugeful, some filez can potentially
harm your computer. [F you da not trust the source, do nat open or - T [ atmel_tutarial_saurce zip v C (5=
zave thiz file, What's the risk? - P——
My Metwork. | Save as type, |W|nZ|p File v| At

The tutorial source files will download very quickly and the folder c:\atmel_tutorial_source\ will show the
zip file present.

® C:iatmel_tutorial_source

[T ATMEL AT915AM7S Open Source Development =

[ atmel_documentation

(&) =trel_tutorial_source
ki

= cap.ure 3 @ |

I'% L £

File  Edit ‘iew Favaorites Tools  Help a'
- O o - % B G
e Back s L@ jl‘ Search FE Folders d
Folders X Marme Size | Type Date Modified
3 armiib A :Qatmel_tutnrial_sc-urce.zi|:- 245 KB Windip File  9/14/2006 9:11 PM
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To unzip and extract the zipped file “atmel_tutorial_source.zip”, double-click on that zip file to start the
Windows XP Extraction Wizard. Then click on “Extract all files”.

File Edit Wiew Fawvorites Tools Help
Qs - ©

Folder Tasks b

E{! Extract all FiI

Other Places

Mame &

= atmel_tutorial_source

Iy Documents
|C3) Shared Documents
\d Iy Metwark Places

Details

B8 C:\atmel_tutorial_sourcelatmel_tutorial_source.zip

l.@ pSearch 15 Folders v % @ Dlj

[Catmel_tutorial_source

Type Packe... Has ...
File Folder OKE

When the Extraction Wizard starts up, click “Next” to continue, shown on the screen below to the left. For
the destination screen on the right, browse or type the same folder holding the zip file, namely

“c:\atmel_tutorial_source” and click “Next” to continue.

Extraction Wizard

Welcome to the
Compressed (zipped)
Folders Extraction
Wizard

The extraction wizard helpz you copy files
from inside a ZIP archive.

To continue, click Mext.

Extraction Wizard

Select a Destination
Filez inside the ZIF archive will be extracted ta the location pou
choose.

Select a folder to extract files to.

Fileswilkba-autractad tn this directony:

C:hatmel_tutorial_source’ )

Extracting...

(

D —— P —
N\ yy N
< Back [ I et ] h Cancel [ < Back\” Mest > ] U Cancel ]
v e~ ———
v

The Extraction Wizard will finish quickly, as shown on the left below. Click “Finish” on the “Extraction

Complete” screen on the right to exit the Wizard.

Extraction Wizard

Select a Destination

Filez inzide the ZIF archive will be extracted to the location you
choose.

Extraction Wizard |§|

Extraction Complete
Filez have been successfully extracted from the ZIP archive.

Select a folder to extract files to.

Filez will be extracted ta thiz directony:

C:hatmnel_tukarial_source'

Files have been successfully extracted to the following
directory:

C:hatrmel_tukarial_source

Erowse... To see your extracted files, check the bow below:
Show extracted files
fisssuoics Press finish to continue.
E stracting...
(T ]
P —
N\
< Back l Mext > ] [ Cancel ] < Back [ Finizh ] D Cancel
— /
—_—

35




The Windows Explorer will show that the folder “c:\atmel_tutorial_source” has several Eclipse projects
plus six OpenOCD configuration files.

&% C:\atmel_tutorial_source

File Edit \iew Favorites Tools  Help %"
@ Back - d L@ p Search ‘ H\j Folders = % ﬁ Tj
Folders x Marme Size | Tvpe [rate Modified
I armontec A [D)demo_atd1sam7_blink_flash File Folder 9/14/2006 9:49 PM
I ARM Cross Development with Eclipse ___[demo_sta1sam?_blink_ram File Folder 9/14/2008 9:49 PM
=3 armiib — m at91sam7s256-armusbocd. cfg 1KE CFaFie 9/14/2006 9:49 PM
) ATMEL AT9154M75 Open Source Development m at91sam7s256-armusbocd-flash-program.cfg 2ZKE CFGFile Q142006 3142 P
I atmel_documentation m ak91sam7s256-jtagkey.cfg 1 KB CFiFile Q142006 9:49 PM
=25 atmel_tutorial_source m ak91sam7s256-jtagkey-flash-program.cfg ZKE CFGFie 9/ 14/2006 9:49 PM
[ demo_at31sam? _blink_Flash [14] at91sam7szSt-wiggler. cfg 1KB CFGFile 9/14/2005 9:49 PM
[EJ dema_at9lsam?_blink_ram m ak91sam7s25a-wigaler-flash-pragram.chg ZKB (CFaFile 9/14/2006 9:49 PM
@ capture 7 |2 [ demo_at91sam?_blink_rlash.zip 247 KB Compressed (zipped) Folder 9/14/2006 9:45 PM

Move the OpenOCD Configuration Files

Using Windows Explorer, select and move the six OpenOCD configuration files shown above into the
c:\Program Files\openocd-2006re93\bin folder. These configuration files will be used by the sample
projects later in the tutorial. Additionally, this destination folder already has a Windows path defined for it
and thus simplifies setting up the OpenOCD as an external tool.

The openocd folder should now look as shown below. Note: folder name
may have changed

due to a newer

@ C:\Program Files\o penocd-2006re93\bin YAGARTO release
File Edit Wiew Favofites Tools  Help

@ Back - \_) @ p Seatch ‘ [E‘* Folders v % |t| Tj
Falders x Tame Size | Twpe Drate Modified
) MetMeeting  _Cconfia File Folder 9/9/2006 2:32 PM
23 nsIs B matglsam?s256-armusbocd.cfg 1KE CFGFile QLOJ2006 12:23 FM
£ oLympls m ak91sam7sZ56-armusbocd-flash-program. cfg ZKE CFGFile 9f10f2006 12:22 PM
& crline {rvices [14] at1sam7s256-agkey cfg 1KB CFGFile 9/9/2006 §:17 PM
= ) openocd-2008re93 |i4] ata1sam7s256- tagkey-flash-program.cfg ZKE CFaFile 9f9f2006 G:17 PM
20 [14] ata15am7s256-wiggler.cfg LKE CFGFile 910/2006 12:42 PM
3 configs — m at91sam7s256-wiggler-flash-program.chg 2KB CF&File 1042006 12:40 PM
) doc [ {openocd-FtdZxx . exe 226 KB  Application 9/4/2006 2:32 PM
23 driver Flopenocd-pp.exe 218KB  Application 42006 2:27 PM
£ source v
< >

N

New OpenOCD configuration
files added from the “sample
projects” download
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Running Eclipse for the First Time

The Yagarto installer creates a desktop icon for starting Eclipse, as shown below. Click on this
icon to start the Eclipse IDE.

=

Eclipse
Flatfarm 3.2

Now the Eclipse splash screen will open up, as shown below.

IR E
eclipse

At this point, Eclipse will present a “Workspace Launcher” dialog, shown below. This is where you specify

the location of the “workspace” that will hold your Eclipse/CDT projects. You may place the workspace
anywhere you wish but for this tutorial | placed it in the root folder as “C:\workspace”.

Click the check box so the folder “C:\workspace” can be assigned to be the default anytime you enter
Eclipse. Click “OK” to accept the workspace assignment and continue with Eclipse start-up.

& Workspace Launcher @

Select a workspace

Type the folder
C:\workspace
in this text box.

Eclipse Platform stares vour projects in a Folder called a
Choose a workspace Folder ko use For this session,

/
Waorkspace: | Cr\warkspace «—

VH Browse, ..

N

LI);E this as the default and do not ask again

ik ] I) Cancel
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Now Eclipse will officially start and show the “Welcome” page. Since most of the informational icons refer
to the JAVA aspects of Eclipse, discard the “welcome” screen by clicking on the “X” as shown below.

& Java - Eclipse SDK
File Edit Refactor Navigste Ssarch FProject Run Window Help

What follows is the “Resource” perspective. A perspective is simply a layout of “views” on the display
surface (the Resource perspective includes “Navigator”, “Editor”, “Outline” and “Tasks” views.

& Resource - Eclipse Platform

File Edt Refactor Mavigats Search Froject Run Window Help

[mile L R N R I C R 5 [P Resource |

I s ==
. 2 BS T

BE outlne 53 =8

An outline is not available,

] Tasks 32 SR pPpT-0

0 items

v ! Description Resnurce Path Lacation
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Let's switch to the C/C++ perspective. Click on “Window — Open Perspective — Other...”. Then click on
“CIC++” to open Eclipse into the C/C++ perspective.

& Java - Eclipse SDK
Filz= Edit Refactor Mavigate Search Project R Window m

N : q'c\;vov(kv Few Window i i
: - : T ! !
R S 2 / N
= cki % B
[# Package Exp... 2 Hierarchy| 8 \ e i
& ¥ An
* = =2 Customize Perspeckive. .. & OPEI'I Perspective

Save Perspective s,

Reset Perspective

( % CiC++ )
N ' )
Close All Perspectives positary Explaring

Close Perspective

f‘ﬁ‘ Debug
aJJava (default)
@,’Java Browsing
m Preferences. .. | 'Egjjava Type Hierarchy
“J=Plug-in Development
rﬁ_‘, Resource
QDTeam Synchranizing

Mavigation 4

[ Working Sets 4

o) o

This is the C/C++ perspective. We will be learning more about the various component parts later in this
tutorial.

& C/C++ - Eclipse Platform
File Edit Refactor Mawigate Search Project Run  ‘Window Help
M HO B (g & €@ %0 R i®dF e @ crct+ | i

=8 EE Outline &2 Maks ... | =g

An outline is not available,

B_\Pmblems 4 CUnsUIe|Pererties| }:9 ¥ =a

0 errors, 0 warnings, 0 infos

Description & Resource Path Location
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Install OpenOCD as an Eclipse External Tool (wiggler)

If you have a USB-based debugger, such as the Olimex ARM-USB-OCD or the Amontec JTAGKey,
please skip to the next section. This section is for those with the “wiggler” device.

When it's time to debug an application, we must be able to conveniently start the OpenOCD debugger.
OpenOCD runs as a daemon; a program that runs in the background waiting for commands to be

submitted to it. Eclipse has a very nice “external tool” feature that allows us to add OpenOCD to the RUN
pull-down menu.

Click on “Run — External Tools — External Tools...”

& - J Run Last Launched ChrHF11 b+ -
*, Debug Last Launched  F11
Run Histaory 4
Run As 4
Run...
Debiug History 4
Debug As L4

¥ External Tools

ternal Tools...

Organize Favorites. .,

The “External Tools” window will appear. Click on “Program” and then “New” button to El}
establish a new External Tool.

& External Tools

Create, manage, and run configurations 0
ey
Run a program

4 - .,
|_|) & | H 5@

Configure launch settings from this dialog:
| tvpe filker bext |

|_<|> - Press the 'Mew' button to create a configuration of the selected tvpe,

|E= - Press the 'Duplicate’ button to copy the selected configuration.
3 - Press the 'Delete’ button to remove the selected configuration.
—+l, 1= ' 3 " . .

5 - Press the 'Filter' button to configure filtering options.

- Edit ar wiew an existing configuration by selecting it.

Configure launch perspective settings from the Perspectives preference page,

~

=
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Fill out the “External Tools” form exactly as shown below.

There are two versions of OpenOCD; openocd-pp.exe supports the parallel-port “wiggler’ device (ARM-
JTAG from Olimex) while openocd-ftd2xx.exe supports the USB-based devices from Amontec and
Olimex. In this section we are installing the “wiggler” version of OpenOCD as an Eclipse external tool.

In the “Location:” pane, use the “Browse File System...” button to search for the OpenOCD executable; it
will be in this folder: c:\Program Files\openocd-2006re93\bin\openocd-pp.exe”.

In the “Working Directory” pane, use the “Browse File System...” button to specify “c:\Program
Files\openocd-2006re93\bin\’ as the working directory.

In the “Arguments” pane, enter the argument “f at91sam7s256-wiggler.cfg”’ to specify the OpenOCD
configuration file designed for the wiggler.

Note: folder name
may have changed

& External Tools due to a newer
YAGARTO release
Create, manage, and run configurations 0

Run a program / [ |

¥ (= . -
X B

—
Marne: " OpenCD | |

fil ——
| tipe flter et | n;?' Refresh| -] Enviru:unment/l/ﬁ ggrénon|
/

= @ Program

Locakion:

----- G, New_configuration !
[ | Ci\Program Fi|es'I,l:npenl:ucd-ZDDEureQS'I,binp:(penacd-pp.exe | |

[Brg}r(se Wu:urkspace...( Browse File System, .. l [)‘ariables... ]

‘orking Directory:
[l C:\Program Filestopenocd-2006re93\bin

\

[Brawse Workspace, Q [Brawse File Swstem... ]D'u'arial:nles. . ]

7

Argurnents:

\

- at91sam7s256-wiggler.chg| J

Mote: Enclose an argument containing spaces using double-quates (),

N\
G Apply ]D Revert
pd

< > )
— ™
@ [ Run (I [ Close )

|\_

—

No changes are required to the other tabs in the form (Refresh, Environment, and Common).
Click on “Apply” and “Close” to register OpenOCD as an external tool.
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Install OpenOCD as an Eclipse External Tool (ARM-USB-OCD)

If you have the Amontec USB-based debugger, please skip to the next section. This section is for those
with the Olimex ARM-USB-OCD device.

When it's time to debug an application, we must be able to conveniently start the OpenOCD debugger.
OpenOCD runs as a daemon; a program that runs in the background waiting for commands to be

submitted to it. Eclipse has a very nice “external tool” feature that allows us to add OpenOCD to the RUN
pull-down menu.

Click on “Run — External Tools — External Tools...”

& - J Run Last Launched ChrHF11 b+ -
*, Debug Last Launched  F11
Run Histaory 4
Run As 4
Run...
Debiug History 4
Debug As L4

¥ External Tools

ternal Tools...

Organize Favorites. .,

The “External Tools” window will appear. Click on “Program” and then “New” button to
establish a new External Tool. o

& External Tools

Create, manage, and run configurations 0
ey
Run a program

4 - .,
|_|) & | H 5@

| tvpe filker bext |

Configure launch settings from this dialog:

|_<|> - Press the 'Mew' button to create a configuration of the selected tvpe,

|E= - Press the 'Duplicate’ button to copy the selected configuration.
3 - Press the 'Delete’ button to remove the selected configuration.
—+l, 1= ' 3 " . .

5 - Press the 'Filter' button to configure filtering options.

- Edit ar wiew an existing configuration by selecting it.

Configure launch perspective settings from the Perspectives preference page,

~
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Fill out the “External Tools” form exactly as shown below.

There are two versions of OpenOCD; openocd-pp.exe supports the parallel-port “wiggler’ device (ARM-
JTAG from Olimex) while openocd-ftd2xx.exe supports the USB-based devices from Amontec and
Olimex. In this section we are installing the “USB” version of OpenOCD as an Eclipse external tool.

In the “Location:” pane, use the “Browse File System...” button to search for the OpenOCD executable; it
will be in this folder: c:\Program Files\openocd-2006re93\bin\openocd-ftd2xx.exe”.

In the “Working Directory” pane, use the “Browse File System...” button to specify “c:\Program
Files\openocd-2006re93\bin\’ as the working directory.

In the “Arguments” pane, enter the argument “-f at91sam7s256-armusbocd.cfg” to specify the
OpenOCD configuration file designed for the Olimex ARM-USB-OCD.

Note: folder name

& External Tools may have changed
. due to a newer
Create, manage, and run configurations YAGARTO release 0
i,
Run a pragran T;T—,
il
y/A
//
& F2 41
= o v
HE X B & Narne: | Open0CD / |
type filber bext — /
| | Q{)(’L“ Refresh | -] Environm/m{| ﬁlgommon |
= %(P{gram Location: /
Open0CD
| C:\Program Files'I,c-penncd—ZDDﬁre?Sﬁ,bWﬂnpenocd—Ftd&x.exe |
[Brnwse Workspace.., ] [Browse File System...] ’ Variables... l
‘working Directory:
| C:\Program Filesiopenocd-2006re23bin |
[Brnwse Waorkspace. .. ] [Browse File System... ] [ Variables. ., l
Argurnents:
-f at21sam7s256-armusbocd. cfg
Moke: Enclose an argument containing spaces using double-quotes ("),
[ Apply ] l Revert l
lé) l Run ] ’ Close l
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Install OpenOCD as an Eclipse External Tool (JTAGKey)

This section is for those with the Amontec JTAGKey device.

When it's time to debug an application, we must be able to conveniently start the OpenOCD debugger.
OpenOCD runs as a daemon; a program that runs in the background waiting for commands to be
submitted to it. Eclipse has a very nice “external tool” feature that allows us to add OpenOCD to the RUN
pull-down menu.

Click on “Run — External Tools — External Tools...”

@ o J Run Last Launched Chrl4+-F11 B+ o
%k, Debug Last Launched Fii
Fun Histary 4
Run Az L4
Run...
Debug Histary 4
Debug As 4

xternal Tools

nal Tools. ..

Qrganize Favarites, ., g

The “External Tools” window will appear. Click on “Program” and then “New” button to |__{|=.
establish a new External Tool.

& External Tools

Create, manage, and run configurations

Run a program

Configure launch settings from this dialog:

| |_‘|> - Press the 'Mew' button ta create a configuration of the selected tvpe.

|=| - Press the 'Duplicate’ butkon to copy the selected configuration.
3 - Press the 'Delete’ button to remove the selected configuration,
:{=::> - Press the 'Filker' button to configure filering options,

- Edit or view an existing configuration by selecting it

Configure launch perspective settings from the Perspectives preference page.
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Fill out the “External Tools” form exactly as shown below.

There are two versions of OpenOCD; openocd-pp.exe supports the parallel-port “wiggler’ device (ARM-
JTAG from Olimex) while openocd-ftd2xx.exe supports the USB-based devices from Amontec and

Olimex. In this section we are installing the “USB” version of OpenOCD as an Eclipse external tool.

In the “Location:” pane, use the “Browse File System...” button to search for the OpenOCD executable; it

will be in this folder: c:\Program Files\openocd-2006re93\bin\openocd-ftd2xx.exe”.

In the “Working Directory” pane, use the “Browse File System...” button to specify “c:\Program

Files\openocd-2006re93\bin\’ as the working directory.

In the “Arguments” pane, enter the argument “-f at91sam7s256-jtagkey.cfg”’ to specify the OpenOCD

configuration file designed for the Amontec JTAGKey and its little brother, the JTAGKey-Tiny.

Note: folder name
& External Tools may have changed

Create, manage, and run configurations GLe 10 & MEnEy
’ ' YAGARTO release 0 —
Fun a program !r:r_l
//
4 = .,
GEX B Marne: | OpenCD / |
bype filker bext p— /
| | Qﬁh Refresh | ﬁ Environrgeé| E/Qommon |
= % Program Location: / /
QL OpenaCD
| C:\Program Files'l,Dpenocd—2006reQS'l,bilj(openocd—Ftd2xx.exe |
[Brnwse Workspace. .. ] lBrowse File Swstem... ] l ‘ariables. ., ]
Wworking Directory:
| C:\Program Files\openocd-200&re93hin |
[Bru:-wse Waorkspace... ] lBrowse File Swstem... ] l Variables. ., ]
Arguments:
-f at91sam7s256-jtagkey] cig
Noke: Enclose an argument containing spaces using double-quaotes ("),
[ Apply ] [ Rewert ]
] [ Run J ’ Close
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Create an Eclipse Project

Now all our hard work preparing an open source Eclipse tool set will pay off. We can now actually create a
bona fide Atmel AT91SAM7 application using the Eclipse IDE and the open source compilers and

debuggers.

Click on the desktop Eclipse icon to start Eclipse.

Let’'s jump right in and create an Eclipse C/C++ project. This project will run out of FLASH memory.
Specifically the project will blink LED1 in a main program background loop. It will blink LED2 on an IRQ
interrupt from onboard Timer1. Finally, if you push switch SW1 it will assert a FIQ interrupt that flashes
LEDS3 and increments a counter. There are also plenty of variables defined for debug practice.

In the File pull-down menu, click on “File — New — Project...” to get started, as shown below.

& C/C++ - Eclipse Platform

dit

Refactor

Mavigate Search Project Run  Window  Help

Alt+Shift-+r 4 i Projeckt...

If this appears,
click it instead!

Open File, ..
Standard Make C Project ————
Closs bl Conwvert bo a CfC4++ Make Project
Close all Chrl4Shifk+0 Managed Make C Project
[‘ﬁ'] Save Chrl+-5 Standard Make C++ Project
(5] save as... Managed Make T4+ Project
[ save Al Chrl+Shift+35 8% Source Falder
Rewvert % Folder
Mo, .. |£|¢ Source File
Rename. .. Ez [w] Header File
Refresh FS [ File
Conwvett Line Delimiters To L4 @' Class
(=n Print... Ctrl+P 7 Other...
T

In the “New Project” wizard shown below, expand the C type by clicking on the “+” sign and then select

“Standard Make C Project’. Click “Next” to continue.

& New Project

Select a wizard

Create a news C Project which uses a simple makefile, |

‘Wizards:

| type Filker bext |

Eb General
B C

: Standard Make © Project
[k = =5
- cvs

Cancel
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Enter the sample project name “demo_at91sam7_blink_flash” into the text window below. Click “Finish”
to continue.

& New Project

C/Make Project
Create a Mew C Project using 'make’ to build i @

Project nam% | demo_at91sam? _blink_flash |

Use default location

Location: | Cifworkspace/demo_at91sam?_blink_flash Bromse,

@ [ < Back. ” Mext = [ Finish ] Cancel ]

Now the C/C++ perspective shows a valid project, as shown below in the C/C++ Projects view on the left,
but there are no source files in that project. Normally you would select “File — New — Source File” and

enter a file name and start typing. This time, however, we will be importing source files already prepared
by the author to demonstrate Eclipse’s features.

& C/C++ - Eclipse Platform

File Edit Refactor Mavigate Search Project Run  Window Help

N HeRi® & 8 E- G (%0 -Q ®PL B iH FH-we- o & (Rcicr+ 2
WcicH+.. 2 Navigat0r| =0 =080 2 m | =0
& =] d§.‘-‘ = An outline is not available.

&5 demo_at91sam?_blink_flash

Problems B e X Properties G & =#E-r3-~0
_-Build [demo_at91sam7_blink_flash]
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In the Eclipse screen below, click on “File — Import...”; this will bring up the file import dialog.

-

=— T/C++ - Eclipse Platform

EHit Refactor Mavigate Search Project

Run

Window  Help

i » G- 3 ]
Ale+Shift+M SR - R < S ¥
Open File...
Close Chrl4-y
Close all Chrl+Shif -+
[S] 5ave Chrl+5
[‘5‘] Save As...
[ save all Ctrl+shift+35
Rewvert
Maowe. ..
Rename... Fz
Refresh F5
Canwert Line Delimiters To L4
(=h Frint... Chrl+F
Switch Workspace. .,
]
B2y Export...
Properties Alt+Enter
E:xit
| I IFroblems fE Console &2 Propertie

In the import source screen below left, click on the “+” symbol adjacent to the “General” folder. Click on
“File System” on the import source screen below to the right. Click “Next” to continue.

& Import
Select

Choose import source.

& Import

Select

Import resources from the local file swstem into an existing project.

Select an import source:

Select an import source:

| bype filker bext |

== General ~
@‘l Archive File
--90, EBreakpoints

4 Preferences I

@ < Back. Mext = Finish

Cancel

@

<Back Qt) Frish

In the import — file system screen below, use the “Browse” button associated with the “From directory”
text box to search for the sample project to be imported. In this case, it resides in the folder you created

earlier:

c:\atmel_tutorial_source\demo_at91sam7_blink_flash.

Click the “Select All” button because we want to import every one of these files.

The “Into folder:” text box should already be filled in properly; if not, click the “Browse” button to specify
the project folder “demo_at91sam7_blink_flash”. Click “Finish” to start the File Import operation.
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File system P

Import resources From the local file system, B
-
Fram directory:[| Cihatmel_tukorial_sourceidemo_at91sam?_blink_flash I v||[ Browse. ., ]
J
RIS o _at91sam? _blink,_flash [£] AT9154M75256.h
@ blinker.c
@ Board.h
[Blert.s

demo_atglsam?_blink_ﬂash.cmd
@isrsupport.c

=l libgee.a

€] lowlevelinit.c

@main.c

L makefile

@timerisr.c

@timersetup.c

Ve

[FilterTvpes... [ Select all ][Deselectnll ]

Into Folder: Idemo_at91sam?_blink_ﬂash I | Browse, .. ]l
C )

Cptions

|:| Crverwrite existing resources without warning
() Create complete folder structure

(%) Create selected folders only

—~_
@ Mt (Finish ]D Cancel ]
—

Now if you expand the demo_at91sam7_blink_flash project in the C/C++ Projects view below on the left,
you will see that all the source files have been imported into our project.

& CfC++ - Eclipse Platform

File Edit Refactor Mavigate Search Project Run  Window Help
il R R - R AR CRIER B> Rl AN IR SR B B croes | »
=g =8| xn|= 0O
- An outline is not available,
--p Archives
- [B ATS15AM7S256.h
@ Board.h
blinker.c .
8 ots The source files
isrsuppart.c 0
tovheveint « | have been imported
main.c into the project!
imetist.c
timersetup.c
ﬁ: libgee.a
demo_at91sam?_blink_flash.
=L@ makefile
Problems | B Console 52 Properties + B -r§-=0
Mo consoles to display at this time.
< | >
g Jfdemo_at91sam?_blink_flash
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By clicking on the “+” sign on the project name in the C/C++ Projects panel on the left, the imported files
are revealed. In the Eclipse window below, the main.c file has been selected by clicking on it and it thus
displays in the source file editor view in the center.

& C/C++ - main.c - Eclipse Platform

File Edit Refactor Mavigate 3Search Project Run Window Help
B E-e - - @ -0 - Q- @9 s b F] G- [E_ %5 Debug [ B cict >
Navigator| = E.]I@ main.c £3 = Oz outl.., 52 Mak. .. | =d
A Iy «mwmmwmmmnmfnnmnmmnn.emnnmnnm«mnmmnwmnrmnnrmnnmmnm«mmnnmnmwnmw ~ %R e T
= 3= dema_at91sam7_blink_Flash o main. o W aTa1sAMTSZEE.h
&€ Binaries ‘o X X B baard.h
€ Archives ;ﬁ Demonstration program for Atmel ATS13AMTIZS56-EE Evaluation Board £+ TimerOlrgHandier
(2 Includes . . . 4+ FigHandler
G- (B AT915AM7S256.h I8 hl}nks LEDO {p}n PLO) mlF.h sn.endles.s loop o fr LowLevelrit
G m Board.h I bl:!.nk: ;fl?l éii; Fil) uslngFilmﬁer interrupt (200 mizszragéj - = H TimerSetup
E@ blirksr . i swito [ : 1 trigoers Lol 1nterru?t, turns on (Pin 1 H enablalRgy
& (8] orts I plenty of varisbles for debugger practice - Fb enableFIQ
[ @ isrsuppart.c o L] FigZount
- [€] lowlevelint.c /f Muthor: James P Lynch Septewber 1, ZO06 @
' B R q
-8 @
- [€] timerist.c @5
S R IART AR AR AR AR AR TRARTEAAARARAAAAT A AATAAATABTTAT
- [£] timersetup.c ) @ m
- finker.a - [armle] i Header Files @
E-- rto,[armle] ’,"/" i o o o oo o e o o o oo o o o e 0
#include "LT913LMTIZS56.h"
- rsupport.o - [armie] 4include "b o - @ comms
- wilevelinit.o - [armle] include oard. Sou rce File - @ Channel
& &in.o - [armile] F R e e @ man
[E: % main.out - [armle]
@ merisr.o - [armle] I Function Prototypes Edltor Vlew
E t farmle] S TR AR AR AR AR ARNTRARTEAAARARAAARA A AATAAATAATTAT
5 mersetup.o - [armle
id TimerOIrgHandler (void): 1
- voi
roid FigHandler (void); OUtIIne
.
[/ e s View
I External References
F R e e
=] main.map ) .
Ly makefile exf,ern vn:_w! Ea.wLeW_.reJ.Im..t. I:\f't::.l.ﬂ] H v
PI'OjeCtS E Consale E2 Properties K E rj - =8
o consoles to display at this time. C I
View eIt (s
Y [ = 2 [ = e

In the “C/C++ Projects” view on the left, you can click on any source file and the Source Window will

jump to that file.

Source modules can be expanded (by clicking on the “+” expander icon) to reveal the variables and
functions contained therein. This allows a very quick way to find the definition of a variable in the file.

In the sample directly below, we expanded the main.c to reveal the variables and functions. By clicking on
the variable “h” in the C/C++ Projects view on the left, the source window jumps to the definition of that
variable. This feature is more dramatic when you have a very large source file and it’'s tedious to scroll
through all of it looking for a particular variable or function.

@ loilesvedinit.c
=-[g main.c
=
ATI1SAMTRC256.h
- Wl haard.h

H- FIQ_Routine
ot IR)_Routine
4+ LawLeselInit

ll."****ﬁﬁ***#******ﬂ‘**ﬂ'******#**********#****************ﬁ***
zlobal Varisbles
ﬁﬁﬂ‘ﬂ‘ﬁﬁﬁﬁﬂ‘ﬂ‘ﬂ‘ﬁﬁﬂ‘ﬂ‘ﬂ‘ﬂ‘1€ﬁﬂ‘?ﬁﬁﬁﬁ?ﬁﬁﬁﬁ??ﬁﬁﬁﬁ?ﬂ‘ﬁﬁﬁ??ﬁﬂ‘ﬁﬁﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬁﬁﬂ‘ﬂ‘ﬂ‘ﬁﬁf"
int o S global uninitialized variskle
int r: A4 glokhal uninitialized varisble
int =: A4 glokhal uninitialized varisble
short E = 2 A4 glokhal initiaslized wvarisbhle I
short i=3; J4 global initialized wvarishle
char i1 = 86} S global initialized warishle
struct comms | S global initialized structure variabl
int nhyces;
char* pEut;
char buffer[32];
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In the “Outline” view on the right, any C/C++ file being displayed in the source window in the center will
have a tabular list of all important C/C++ elements (such as enumerations, structures, typedefs, variables,

etc) to allow quick location of those elements in the source file.

In the example below, clicking on “nbytes” in the comms structural variable will cause the source file to

jump to the definition of the “nbytes” element.

[€] main.c 2 . [£ Board.h [W] AT91SAMTRCRS6. R = 0| =0
ﬂ"kﬂ'*#1{‘8‘1{1‘1:‘ﬂ'*‘k1:‘ﬂ'#‘8‘#‘kﬂ"kﬂ'*#1{‘ﬂ'*‘ﬂ'1:‘8‘1{‘8‘1:‘k#‘k#‘k#‘kﬂ'*#*‘k*‘k*‘k*‘k*‘k#‘k#‘k*f ﬁ laz &l ‘Q;S e =
int o: J4 global uninitialized wvariahle ® chael
int r: /¢4 global uninitialized wvariable £+ FIQ_Routine
int s: /¢ global uninitialized wvarishle @ h
short h = 2; #/ global initialized wariable & |
short i = 3: f¢ glohal initialized wvariasble £+ IRG_Routine
char j = 6; /4 global initialized wvariahle ™ i
struct comms { /f global initialized structure varisbl ++  Lowlevellnit
int & q
char* pBuf; & r
char buffer[32]: ®
} channel = {5, &channel.buffer[0], {"Faster than a speeding bu ++  SWI_Routine
+ UNDEF_Routine
;'ﬂ"k#1{#1{‘ﬂ'*‘8‘1{1‘1:‘ﬂ'*‘ﬂ'#‘ﬂ'#‘kﬂ"k#1{#1{‘ﬂ'*‘ﬂ'1:‘k1:‘k1{‘8‘#‘k#*#‘k#*ﬂ'*‘k*‘k*‘k*‘k*‘k#‘k#‘k# B :: nTngAM?XCZEE'h
External REeferences board:h
ﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁ'ﬂ‘ﬁ'ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁ'ﬂ‘Hﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ‘ﬁﬁﬁﬂ‘#ﬁwﬁﬁf = B cormms
extern void LowLevelInit (void):
T pou
@ FIQ_Routine
@ IRQ_Routine
IIF'ﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁ'ﬂ‘ﬁ'ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁ'ﬂ‘Hﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ‘ﬁﬁﬁﬂ‘wﬁwﬁﬁ ™ I'I'|a||'|
MATIN @ SWI_Routine
'RH"RH‘TH‘T'H‘T'ﬂ‘W'ﬂ‘W'ﬂ‘w'ﬂ‘W'ﬂ‘T'RH"RH‘TH‘T'KT'ﬂ‘W'ﬂ‘W'ﬂ‘W'ﬂ‘T'XW'XW'XWTWT'XW'XW'XW'X?'XT'XW'X," @ UNDEF RDUtine

int main (void) |

At the bottom of the Eclipse screen is the “Console” view. This shows, for example, the execution of the
Make utility. In the example shown below, you can see the GNU assembler, compiler and linker steps
being executed. If there are problems, you can select the “Problems” tab to see more information

pertaining to any problems that occur.

Problemms H Properties 8 B | = 4 -=08

C-Build [demo_at91sam?_blink_flash]

.assenbling a3

arm-elf-as -ahls -mapcs-32 -0 crt.o crt.s > crto.lst

Jcompiling

arm—-elf-goe —-I.7 —o —fhno-—common —00 —g main.c

Lcompilling

arm-elf-goe -I./ —o —-frno-cormon -00 -g lowlevelinit.c

W linking

arw-elf-1d -v -Map main.map -Tdemwo atf1sam? blink flash.cwd -0 wain.out cort.o main.o

lowlewvelinit.o

GWNO 1ld wersion 2.16.1

L .. COpYVing

armw-elf-okbjcopy ——output-target=binary main.out mwain.bin

arw-elf-objdump -3 —-3yws main.out > main.dmp 1
w

Eclipse CDT has a fairly comprehensive User’s Guide that can be downloaded from here:

http://dev.eclipse.org/viewcvs/index.cgi/%7Echeckout%7E/cdt-

home/user/C_C++ Development Toolkit User Guide.pdf?cvsroot=Tools Project
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Discussion of the Source Files — FLASH Version

We will not describe every source file in detail. Most of these files are derived from other Atmel
documentation and are simply modified to be compatible with the GNU tools. The source files designed by
the author are heavily annotated and you shouldn’t have too much trouble understanding them.

AT91SAM7S256.H

This is the standard H file for the Atmel AT91SAM7S256 microprocessor.

// DISCLAIMER: THIS SOFTWARE IS PROVIDED BY ATHEL AS IS AND ANY EXPRESS OR
// THWPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
// HERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NON-INFRINGEMENT ARE
// DISCLAIMED. IN NO EVENT SHALL ATHEL BE LIABLE FOR ANY DIRECT, INDIRECT,

// INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
// LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA,
// OR PROFITS; OR BUSINESS INTERRUPTION) HOWEUER CAUSED AND ON ANY THEORY OF

// LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING

// NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,
// EUVEN IF ADUISED OF THE POSSIBILITY OF SUCH DAMAGE.

(] S e e e e e e e e
// File Name : AT91SANM7S256.h

// Object : AT91SAN7S256 definitions

// Generated : AT91 SW Application Group 08/38/2805 (15:53:88)
//

// CUS Reference : /AT91SAN7S256.p1/1.11/Tue Aug 30 12:00:29 2885//
// CUS Reference : /SYS_SAM7S.pl/1.2/Tue Feb 1 17:81:52 2885//

// CUS Reference : /MC_SAW7S.pl/1.3/Fri Hay 20 14:12:30 2885//

// CUS Reference : /PMC_SAM7S_USB.pl/1.4/Tue Feb 8 13:58:22 2885//
// CUS Reference : /RSTC_SAW?S.pl/1.2/Wed Jul 13 14:57:48 2085//

// CUS Reference : /UDP_SAM7S.pl/1.1/Tue May 18 11:34:52 2885//

// CUS Reference : /PWM_SAM7S.pl/1.1/Tue May 18 11:53:87 2885//

// CUS Reference : /RTTC_6881A.pl/1.2/Tue Nov 9 14:43:58 20884//

// CUS Reference : /PITC_6879A.pl/1.2/Tue Nov 9 14:43:56 20884//

// CUS Reference : /WDTC_60886A.pl/1.3/Tue Nov 9 14:44:80 2084//

// CUS Reference : /UREG_6885B.pl/1.1/Tue Feb 1 16:85:48 2885//

// CUS Reference : /AIC_6875B.pl/1.3/Fri May 28 14:81:38 2805//

// CUS Reference : /PID_6857A.p1l/1.2/Thu Feb 3 18:18:28 2885//

// CUS Reference : /DBGU_6859D.p1/1.1/Hon Jan 31 13:15:32 2885//

// CUS Reference : /US_6889C.pl/1.1/Hon Jul 12 18:23:26 2004//

// CUS Reference : /SPI_60888D.pl/1.3/Fri May 28 14:088:59 2805//

// CUS Reference : /SSC_6878A.p1l/1.1/Tue Jul 13 87:45:40 2084//

// CUS Reference : /TC_6882A.p1/1.7/Fri Har 11 12:52:17 28685//

// CUS Reference : /TWI_6861A.p1/1.1/Tue Jul 13 87:38:06 2084//

// CUS Reference : /PDC_6874C.p1l/1.2/Thu Feb 3 88:48:54 2885//

// CUS Reference : /ADC_66851C.pl/1.1/Fri Oct 17 89:12:38 2803//

(] S e e e e e e e e

#ifndef AT91SAN7S256_H
#idefine AT91SAN7S256_H

typedef volatile unsigned int AT91_REG;// Hardware register definition

//

// SOFTWARE API DEFINITION FOR System Peripherals

//

typedef struct AT91S_SY¥S {
AT91_REG AIC_SHR[32]; // Source Hode Register
AT91_REG AIC_SUR[32]; // Source Vector Register
AT91_REG AIC_IVUR; // IRQ Vector Register
AT91_REG AIC_FUR; // FIQ Vector Register
AT91_REG AIC_ISR; // Interrupt Status Register
AT91_ REG AIC_IPR; // Interrupt Pending Register
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AT91_REG AIC_IHMR; // Interrupt Mask Register

AT91_REG AIC_CISR; // Core Interrupt Status Register
AT91_REG ReservedB[2]; //

AT91_REG AIC_IECR; // Interrupt Enable Command Register
AT91_REG AIC_IDCR; // Interrupt Disable Command Register
AT91_REG AIC_ICCR; // Interrupt Clear Command Register
AT91_REG AIC_ISCR; // Interrupt Set Command Register
AT91_REG AIC_EOICR; // End of Interrupt Command Register
AT91_REG AIC_SPU; // Spurious Uector Register

AT91_REG AIC_DCR; // Debug Control Register (Protect)
AT91_REG Reserved1[1]; //

AT91_REG AIC_FFER; // Fast Forcing Enable Register
AT91_REG AIC_FFDR; // Fast Forcing Disable Register
AT91_REG AIC_FFSR; // Fast Forcing Status Register
AT91_REG Reserved2[45]; //

AT91_REG DBGU_CR; // Control Register

AT91_REG DBGU_MR; // Wode Register

AT91_REG DBGU_IER; // Interrupt Enable Register
AT91_REG DBGU_IDR; // Interrupt Disable Register
AT91_REG DBGU_IMR; // Interrupt Mask Register

AT91_REG DBGU_CSR; // Channel Status Register

AT91_REG DBGU_RHR; // Receiver Holding Register
AT91_REG DBGU_THR; // Transmitter Holding Register

{Note: this is a very large file)

BOARD.H

This is the standard board definition file for the AT91SAM7S-EK Evaluation Board.

*

The software is delivered "AS IS" without warranty or condition of any
kind, either express, implied or statutory. This includes without
limitation any warranty or condition with respect to merchantability or
fitness for any particular purpose, or against the infringements of
intellectual property rights of others.

* K % X ¥

*

* File Name : Board.h

* Object : AT91SAM7S Evaluation Board Features Definition File.
*

* Creation : JPP 16/Jun/2004

M
*/

#ifndef Board_h
#idefine Board_h

#include "AT91SAM7S256.h"
#idefine _ inline inline

tidefine true -1
fidefine false 8

[F */

/* SAM7Board Memories Definition =/

[F */

// The AT91SAM7S64 embeds a 16-Kbyte SRAM bank, and 64 K-Byte Flash
#idefine INT_SARH 8x002000008

#idefine INT_SARM_REHMAP 8x000000008

#idefine INT_FLASH 8x000000008

#idefine INT_FLASH_REHMAP 0x01000000

#idefine FLASH_PAGE_NB 512
#idefine FLASH_PAGE_SIZE 128
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[®¥———— */

/* PID Flash PA PB PIN »*/
t#tidefine LED1 (1<<8) /* PAB / PGHMENG & PWMO TIODAB 48 x/
t#tdefine LED2 (1<<1) /* PA1 / PGHMEN1 & PWM1 TIOBB 47 x/
t#tdefine LED3 (1<<£2) /* PA2 & PUM2 SCK8 4y =/
ttdefine LED4 (1<<£3) /* PA3 & TWD NPCS3 43 =/
ftidefine NB_LEB L

ftidefine LED_HMASK (LED1|LED2|LED3|LED4)

[®¥——— */

/* Push Buttons Definition =/

[®¥——— */

/* PID Flash PA PB PIN »*/
#tdefine SW1_HMASK (1<<19) /= PA19 / PGHMD7 & RK FIQ 13 =/
#tdefine SW2_ MASK (1<<28) /= PA20 / PGHMD8 & RF IRQB 16 =/
#tdefine SW3_MASK (1<<15) /= PA15 / PGH3 & TF TI0A1 28 =/
#tidefine SW4 MASK (1<<14) /= PA14 / PGMD2 & SPCK PWHM3 21 =/
#idefine SW_MASK (SW1_MASK |SW2_MASK |SW3_MASK |SW4_MASK)

t#tdefine SWH1 (1<<19) // PA19

ttidefine SW2 (1<<28) // PA28

ttidefine SW3 (1<<15) // PA1S

ttidefine SW4 (1<<14) // PAlY

[ */

/* USART Definition =/

[ */

/* SUB-D 9 points J3 DBGUx/

#tidefine DBGU_RXD AT91C_PA9_DRXD /* JP11 must be close */
#tidefine DBGU_TXD AT91C_PA18_DTXD /* JP12 must be close */
#tidefine AT91C_DBGU BAUD 115280 /* Baud rate */
#tidefine US_RXD PIN AT91C_PAS5_RXDO /* JP9? must be close =/
#tdefine US_TXD PIN AT91C_PA6_TXDO /* JP7 must be close =/
#tidefine US_RTS PIN AT91C_PA7_RTSO /* JP8 must be close =/
#tdefine US _CTS _PIN AT91C_PA8_CTSH /* JP6 must be close =/
[®¥————— */

/* Haster Clock */

[®¥————— */

ftidefine EXT_OC 18432000 // Exetrnal ocilator MAINCK

t#tdefine HMCK 47923200 // MCK (PLLRC div by 2)

ttdefine MCKKHz (MCK/1888) //

#tendif /= Board_h =/

BLINKER.C

The blinker routine is entered if the application code crashes due to a prefetch abort interrupt, a data abort
interrupt or an undefined instruction abort interrupt. The function enters an endless loop and emits a blink
code identifying the source of the abort. The system must be RESET to recover.

//

// blinker .c

//

// Endless loop blinks a code for crash analysis

//

// Inputs: Code - blink code to display

// 1 = undefined instruction {one blinks ........ long pause)
// 2 = prefetch abort {two blinks ........ long pause)
// 3 = data abort {(three blinks ...... long pause)
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//
// Author: James P Lynch September 28, 2086
//

#include "AT91SAHM7?S256.h"
t#include "board.h"

unsigned long blinkcount; // global variable
void blinker{unsigned char code) ¢
volatile AT91PS_PIO pPIO = AT91C_BASE_PIODA; // pointer to PIO register structure

volatile unsigned int j.k; // loop counters

// endless loop
while (1) ¢

for (j = code; j *=8; j—-) { // count out the proper number of blinks
pPIO->PIO_CODR = LED1; // turn LED1 (DS1) on
for (k = 600808; k %= 0; k- ); // wait 258 msec
pPIO->PIO_SODR = LED1; // turn LED1 (DS1) off
for (k = 680808; k %= 0; k- ); // wait 258 msec
H
for (k = 50000080; (code *= 8) && (k *= 0); k— ); // wait 2 seconds
blinkcount++;
H
H
CRT.S

This assembly language startup file includes parts of the standard Atmel startup file with a few changes by
the author to conform to the GNU assembler.

The interrupt vector table is implemented as branch instructions with one interesting difference; the FIQ
interrupt service routine is completely implemented right after the vector table. The designers of the ARM
microprocessor purposely placed the FIQ vector last in the vector table for this very purpose. This is the
most efficient implementation of a FIQ interrupt. The AT91F_Fig_Handler routine, coded completely in
assembler, turns on LED3 and increments a global variable.

The AT91F_Irg_Handler routine is derived from Atmel documentation and supports nested IRQ interrupts.
For a detailed technical discussion of this topic, consult pages 336 — 342 in the book “ARM System
Developer's Guide” by Andrew Sloss et. al. Another great advantage of this technique is that the assembly
language nested interrupt handler calls a standard C Language function to do most of the work servicing
the IRQ interrupt. You don't have to deal with the GNU C extensions that support ARM interrupt
processing.

The start-up code called by the RESET vector sets up 128 byte stacks for the IRQ and FIQ interrupt
modes and places the CPU in “System” mode with the FIQ and IRQ interrupts disabled. System mode
operation allows the main( ) program to enable the IRQ and FIQ interrupts after all peripherals have been
properly initialized.

The start-up code also initializes all variables that require it and clears all uninitialized variables to zero
before branching to the C Language main( ) routine.
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/* */

/* crt.s */
/% */
/* Assembly Language Startup Code for Atmel AT91SAM7S256 */
/% *x/
/% *x/
/% */
/% */
/* Author: James P Lynch September 28, 2006 */
/% */
/* Stack Sizes =/

.set UND_STACK SIZE, 8x00008801@ /* stack for "undefined instruction" interrupts is 16 bytes =/

.set ABT_STACK_SIZE, 0x000000180 /* stack for "abort" interrupts is 16 bytes =/

.set FIQ_STACK_SIZE, 0x00000080 /* stack for "FIQ" interrupts is 128 bytes =/

.set IRQ_STACK_SIZE, 8X00000080 /* stack for "IRQ" normal interrupts is 128 bytes =/

.set SUC_STACK_SIZE, 0x00000080 /* stack for "SUC" supervisor mode is 128 bytes =/

/* Standard definitions of Mode bits and Interrupt (I & F) flags in PSRs (program status registers) =/

.set HMODE_USR, 8x18 /* Normal User Hode */
.set MODE_FIQ, B8x11 /* FIQ Processing Fast Interrupts Hode */
.set MODE_IRQ, @8x12 /* IRQ Processing Standard Interrupts Hode */
.set MODE_SVC, 8x13 /* Supervisor Processing Softuware Interrupts Hode */
.set MODE_ABT, 8x17 /* Abort Processing memory Faults Hode */
.set MODE_UND, 8x1B /* Undefined Processing Undefined Instructions Hode */
.set MODE_SY¥S, 8x1F /* System Running Priviledged Operating System Tasks Hode */
.set I _BIT, Bx8@ /* when I bit is set, IRQ is disabled {program status registers) =/
.set F_BIT, Bxu@ /* when F bit is set, FIQ is disabled {program status registers) =/

/* Addresses and offsets of AIC and PI0D */

.set AT91C_BASE_AIC, BxFFFFFO0@ /* (AIC) Base Address x/
.set AT91C_PIODA_CODR, OxFFFFF434 /* (PID) Clear Output Data Register x/
.set AT91C_AIC_IVUR, BXFFFFF188 /* (AIC) IRQ Interrupt Vector Register */
.set AT91C_AIC_FUR, BXFFFFF184 /* (AIC) FIQ Interrupt Vector Register */
.set  AIC_IVUR, 256 /* IRQ Vector Register offset from base above =/
.set  AIC_FUR, 268 /* FIQ Vector Register offset from base above =/
.set AIC_EOICR, 384 /* End of Interrupt Command Register */

/* identify all GLOBAL symbols x/
-qlobal vec_reset

-qlobal vec_undef

.global vec swi

.qlobal _vec_pabt

.qlobal _vec_dabt

.qlobal _vec_rsv

.global vec irg

.global vec figq

-.qlobal AT91F_Irq_Handler

.global AT91F_Fiq Handler

.qlobal AT91F_Default FIQ_ handler
.qlobal AT91F_Default_IRQ_ handler
.global AT91F_Spurious handler
-.qlobal AT91F_Dabt_Handler
-qlobal AT91F_Pabt_Handler
.qlobal AT91F_Undef_ Handler

/* GNU assembler controls =*/

.text /* all assembler code that follows will go into .text section */
.arm /* compile for 32-bit ARHM instruction set */
.align /* align section on 32-bit boundary */
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/* UECTOR TABLE */

/% */

/% Must be located in FLASH at address 8x080000008 */

/% */

/* Easy to do if this file crt.s is first in the list */

/* for the linker step in the makefile, e.g. */

/% */

/* ${LD) $(LFLAGS) -0 main.out crt.o main.o */

/% */

/* ==================================S========================== ¥/

_vec_reset: b _init_reset /* RESET vector - must be at 0x00000008 =/
_vec_undef: b AT91F_Undef Handler /* Undefined Instruction vector */
_vec_swi: b _vec_swi /* Software Interrupt vector */
_vec_pabt: b AT91F_Pabt_Handler /* Prefetch abort vector */
_vec_dabt: b AT91F_Dabt_Handler /* Data abort vector */
_Vec_rsu: nop /* Reserved vector */
_vec_irq: b AT91F_Irq_Handler /* Interrupt Request (IRQ) vector */
_vec_figq: /* Fast interrupt request (FIQ) vector =/
/* ============================SSSSSSSSSSSSSSSSSSSS======================== %/

/* Function: AT?1F_Fiq Handler */

/% */

/* The FIQ interrupt asserts when switch SW1 is pressed. */

/% *x/

/* This simple FIQ handler turns on LED3 (Port PA2). The LED3 will be */

/* turned off by the background loop in main() thus giving a visual */

/* indication that the interrupt has occurred. */

/% *x/

/* This FIQ_Handler supports non-nested FIQ interrupts {(a FIQ interrupt */

/* cannot itself be interrupted). */

/% */

/* The Fast Interrupt Uector Register (AIC_FUR) is read to clear the */

/* interrupt. */

/% */

/* A global variable FiqCount is also incremented. */

/% *x/

/* Remember that switch SW1 is not debounced, so the FIQ interrupt may */

/* occur more than once for a single button push. */

/% *x/

/* Programmer: James P Lynch */

AT91F_Fiq Handler:

/* Adjust LR_irq =/
sub 1r, 1r, #4

/* Read the AIC Fast Interrupt Uector register to clear the interrupt */
1dr r12, =AT91C_AIC_FUR
1dr ri11, [r12]

/* Turn on LED3 {write 0x00088 to PIOA CODR at BxFFFFF434) =/

1dr r12, =AT91C_PIDA_CODR
nov r11, #0x04
str ri11, [r12]

/* Increment the FigqCount variable x/

1ldr r12, =FigCount
1dr ri11, [r12]

add i1, r11, #1
str ri11, [r12]

/* Return from Fiq interrupt x/
movs pc, 1r
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/* _init_reset Handler */

/% x/
/* RESET vector 0x000008080 branches to here. */
/% */
/* _init_reset handler: creates a stack for each ARM mode. */
/* sets up a stack pointer for each ARHM mode. */
/* turns off interrupts in each mode. */
/* leaves CPU in SYS (System) mode. */
/% */
/* block copies the initializers to .data section */

/* clears the .bss section to zero */
/% */
/* branches to main{ ) */
/* =====================-====S==SSSSSSSSSSSSSSSSSSSSS=SSSS=S=S==================== ¥/

_init_reset:
/* Setup a stack for each mode with interrupts initially disabled. =/

1dr rB, = stack_end /* rB = top-of-stack =/

nsr CPSR_c, #MODE UND|I BIT|F _BIT /* switch to Undefined Instruction Hode x/
mov sp, r@ /* set stack pointer for UND mode */
sub rB, r@, HUND STACK_SIZE /* adjust rB past UND stack =/

nsr CPSR_c, HMODE_ABT|I_BIT|F_BIT /* switch to Abort Hode */

mov sp, r@ /* set stack pointer for ABT mode */
sub r8, rB, HABT_STACK_SIZE /* adjust r® past ABT stack =/

nsr CPSR_c, HMODE_FIQ|I_BIT|F_BIT /* switch to FIQ Mode =/

mov sp, r@ /* set stack pointer for FIQ mode */
sub rB, r@, HFI() STACK SIZE /* adjust r@ past FIQ stack =/

nsr CPSR_c, H#HMODE_IRQ|I_BIT|F_BIT /* switch to IRQ Mode =/

mov sp, r@ /* set stack pointer for IRQ mode */
sub r8, r@, HIR() STACK SIZE /* adjust r® past IRQ stack =/

nsr CPSR_c, HMODE_SUC|I_BIT|F_BIT /* switch to Supervisor Hode =/

mov sp, r@ /* set stack pointer for SUC mode */
sub rB, r@, HSUC STACK SIZE /* adjust r8 past SUC stack =/

nsr CPSR_c, HMODE_SY¥S|I_BIT|F_BIT /* switch to System Hode x/

mov sp, r@ /* set stack pointer for SYS mode */

/* we now start execution in SYSTEHM mode =/
/* This is exactly like USER mode {same stack) =/
/* but SYSTEM mode has more privileges */

/* copy initialized variables .data section (Copy from ROM to RAM) =/

1dr R1, =_etext

1dr R2, = data

1dr R3, =_edata
iE cmp R2, R3

ldrlo R, [R1], #4
strlo R@, [R2], #4
blo 1b

/* Clear uninitialized variables .bss section (Zero init) »/

mnov RO, #O

1dr R1, =_bss_start

1dr R2, = _bss_end
23 cmp R1, R2

strlo RO, [R1], #&4

blo 2b

/* Enter the C code =/
b main
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/* Function: AT91F_Irq Handler */
/% *x/
/* This IRQ_Handler supports nested interrupts {(an IRQ interrupt can itself =/
/* be interrupted). */
/% */
/* This handler re-enables interrupts and switches to "Supervisor™ mode to =/
/* prevent any corruption to the link and IP registers. */
/% */
/* The Interrupt Uector Register (AIC_IUR) is read to determine the address */
/* of the required interrupt service routine. The ISR routine can be a */
/* standard C function since this handler minds all the save/restore */
/* protocols. ®/
/% *x/
/% *x/
/* Programmer: James P. Lynch */

AT91F_Irq Handler:

/* Adjust link register and save rB and 1r on IRQ stack =/
sub 1r, 1r, #4
stmfd spt, {r@, 1r}

/*- SPSR needs to be saved on IRQ stack for nested interrupt x/
nrs r14, SPSR
stmfd spt, {ri14}

/* Read the AIC Interrupt Uector register to clear the interrupt and fetch IRQ handler address =/
1ldr r14, =AT91C_AIC_IUR
1dr re , [r14]

/* Enable IRQ interrupts and switch to Supervisor mode =/
nsr CPSR_c, #HMODE_SUC

/* Save scratch/used registers and LR in Supervisor Stack =/
stmfd spt, { r1-r3, r12, ri4}

/* Branch to the C lanquage routine pointed by the AIC_IUR =/
mov r14, pc
bx ra

/* Restore scratch/used registers and LR from Supervisor Stack =/
ldmia spt, { r1-r3, r12, ri14}

/* Disable IRQ interrupts and switch back to IRQ mode */
nsr CPSR_c, #MODE_IRQ | I BIT

/* Hark the End of Interrupt on the AIC =/
1dr r14, =AT91C_BASE_AIC
str r14, [r14, #AIC_EOICR]

/* Restore SPSR_irq and r8 from IRQ stack */
ldmia spt, {riu}
nsr SPSR_cxsf, ri14

/* pop r8 and 1lr from IRQ stack and restore the SPSR_irq; this returns from IRQ interrupt =/
1dmia spt, {r8, pc}”

=== —————
/* Function: AT91F_Dabt Handler */
/% */
/* Entered on Data Abort exception. */
/* Enters blink routine (3 blinks followed by a pause) */
/* processor hangs in the blink loop forever */
/% *x/
=== —————
AT91F_Dabt_Handler: mov RO, #3
b blinker
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/* Function: AT91F_Pabt_Handler */
/% */
/* Entered on Prefetch Abort exception. */
/* Enters blink routine (2 blinks followed by a pause) */
/* processor hangs in the blink loop forever */
/% */
/¥ ======================================================================== %/
AT91F_Pabt_Handler: mov RO, #2

b blinker
/¥ ======================================================================== %/
/* Function: AT91F_Undef_ Handler */
/% */
/* Entered on Undefined Instruction exception. */
/* Enters blink routine (1 blinks followed by a pause) */
/* processor hangs in the blink loop forever */
/% */
/¥ ======================================================================== %/
AT91F_Undef_Handler: mov RO, #1

b blinker

AT91F_Default FIQ_handler: b AT91F_Default FIQ handler
AT91F_Default IRQ_handler: b AT91F_Default IRQ handler
AT?1F_Spurious handler: b AT91F_Spurious handler
.end
ISRSUPPORT.C

The isrsupport module is adapted from Pascal Stang’s ARMLIB and contains various utility functions to
enable/disable interrupts, etc.

//

//

// File Name : isrsupport.c

// Title : interrupt enable/disable functions
// Author : Pascal Stang - Copyright (C) 20064
// Created : 20804.85.085

// Revised : 20804.87.12

// Version : 8.1

// Target MCU : ARH processors

// Editor Tabs : 4

// NOTE: This code is currently below version 1.8, and therefore is considered
// to be lacking in some functionality or documentation, or may not be fully
// tested. HNonetheless, you can expect most functions to work.

// This code is distributed under the GNU Public License
// which can be found at http://www.gnu.org/licenses/gpl.txt

// Note from Jim Lynch:
// This is an abbreviated version of Pascal Stang's processor.c routine from the ARHMLIB
// http://hubbard.engr.scu.edu/embedded/arm/armlib/index .html
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fidefine IRQ_MASK 0x00000088
fidefine FIQ_MASK 0x00000048
fidefine INT_MASK (IRQ_MASK | FIQ_MASK)

static inline unsigned _ get cpsr{void)
{

unsigned long retwval;

asm volatile (" mrs %@, cpsr" : "=r" (retval) : /* no inputs =/

return retval;

¥

static inline void _ set cpsr{unsigned val)

{
asm volatile (" msr cpsr, %0" : /= no outputs =/ : "¢ (val)

¥

unsigned disableIRQ({void)
{

unsigned _cpsr;

_cpsr = _ get_cpsr();
_ set_cpsr{_cpsr | IRQ_HMASK);
return _cpsr;

¥

unsigned restoreIRQ{unsigned oldCPSR)
{

unsigned _cpsr;

_cpsr = _ get_cpsr();
__set_cpsr((_cpsr & ~IRQ_HMASK) | (oldCPSR & IRQ_MASK)});
return _cpsr;

¥

unsigned enableIRQ({void)
{

unsigned _cpsr;

_cpsr = _ get_cpsr();
_ set_cpsr(_cpsr & “IRQ_HASK);
return _cpsr;

¥

unsigned disableFIQ({void)

{
unsigned _cpsr;
_cpsr = _ get_cpsr();
_ set_cpsr{_cpsr | FIQ_HASK);
return _cpsr;
H
unsigned restoreFIQ{unsigned oldCPSR)
{
unsigned _cpsr;
_cpsr = _ get_cpsr();
_ set_cpsr((_cpsr & “FIQ_MASK) | (oldCPSR & FIQ_MASK));
return _cpsr;
H
unsigned enableFIQ({void)
{
unsigned _cpsr;
_cpsr = _ get_cpsr();
_ set_cpsr(_cpsr & “FIQ_HASK);
return _cpsr;
H
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LOWLEVELINIT.S

This function, developed by Atmel Technical Support, initializes the PLL clock system. Some annotation
has been corrected by the author.

// The software is delivered "AS IS" without warranty or condition of any
// kind, either express, implied or statutory. This includes without

// limitation any warranty or condition with respect to merchantability or
// fitness for any particular purpose, or against the infringements of

// intellectual property rights of others.

/) -~
// File Name Cstartup_SAM7.c
// Object Low level initializations written in C for IAR tools

// 1.0 08/Sep/84 JPP
// 1.18 18/Sep/84 JPP

Creation
Update AT91C_CKGR_PLLCOUNT filed

// Include the board file description
#include "AT91SAM7?S256.h"
#include "Board.h™

// The following functions must be write in ARM mode this function called directly
// by exception vector

extern void AT91F_Spurious_handler{void);

extern void AT91F_Default IRQ_handler{void};

extern void AT91F_Default FIQ_handler{void};

//* \fn AT91F_LowLevellnit
//* \brief This function performs very low level HW initialization

//= this function can be use a Stack, depending the compilation
//= optimization mode
[/ ———————"—"
void LowLevellnit(void)
{
int i;
AT91PS_PHC pPMC = AT91C_BASE_PHC;

//* Set Flash Wait sate
// Single Cycle Access at Up to 38 HMHz, or 48
// if MCK = 48854841 I have 58 Cycle for 1 usecond { flied MC_FHMR->FHCN
AT91C_BASE_MC->MC_FHMR = (({AT91C_MC_FMCN)&(58 <<16)) | AT91C_HMC_FWS 1FUS;

//* Matchdog Disable
AT91C_BASE_WDTC->WDTC_WDHR= AT91C_WDTC_WDDIS;

//* Set MCK at 48 854 8u1
// 1 Enabling the Hain Oscillator:
// SCK = 1/32768 = 38.51 uSecond
// Start up time = 8 = 6 / SCK = 56 = 30.51 = 1,46484375 ns
pPHC->PMC_MOR = {{ AT91C_CKGR_OSCOUNT & (0x86 <<8) | AT91C_CKGR_MOSCEN )});

// Wait the startup time
while (* (pPHC->PHC_SR & AT91C_PHC_HOSCS));

// PHC Clock Generator PLL Register setup

//

// The following settings are used: DIV = 14

// HUL = 72

// PLLCOUNT = 18
//

// Hain Clock (MAINCK from crystal oscillator) = 18432808 hz (see AT91SAM7-EK schematic)
// MAINCK / DIV = 184320808/14 = 1316571 hz
// PLLCK = 1316571 * {(MUL + 1) = 1316571 * (72 + 1) = 1316571 * 73 = 96109683 hz
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// PLLCOUNT = number of slow clock cycles before the LOCK bit is set

// in PHMC_SR after CKGR_PLLR is written.
//

// PLLCOUNT = 18

//

// OUT = B (not used)

pPMC->PMC_PLLR = ((AT91C_CKGR DIV & 14) |
(AT91C_CHKGR_PLLCOUNT & (18<<8)) |
(AT91C_CHKGR MUL & (72<<16)));

// Mait the startup time (until PHMC Status register LOCK bit is set)
while (*(pPMC->PHC_SR & AT91C_PHC_LOCK));

// PHC HMaster Clock {MCK) Register setup

//

// CSS =3 (PLLCK clock selected)

//

// PRES = 1 (HMCK = PLLCK / 2) = 96109683/2 = 48054841 hz
//

// Note: Master Clock HMCK = 48054841 hz (this is the CPU clock speed)
pPMC->PMC_MCKR = AT91C_PMC_CSS PLL CLK | AT91C_PMC_PRES CLK 2;

// Set up the default interrupts handler vectors
AT91C_BASE_AIC->AIC_SUR[A] = (int) AT91F_Default FIQ handler;
for (i=1;i < 31; i++)

{
AT91C_BASE_AIC->AIC_SUR[i] = (int) AT91F Default IRQ handler;
H
AT91C_BASE_AIC->AIC_SPU = (int) AT91F_Spurious handler;
H

The Main() program, designed by the author, provides a background wait loop that flashes LED1 at
approximately a 1 Hz rate, flashes LED2 at a 10 Hz rate triggered by a Timer0 IRQ interrupt, and flashes
LED3 whenever you push switch SW1 which triggers a FIQ interrupt . There are also plenty of variables
for debugging practice.

There are code snippets, currently commented out, that can trigger an ABORT interrupt that results in a
crash blinker code that will identify the source of the abort.

//

// main.c

//

// Demonstration program for Atmel AT?1SAM7S256-EK Evaluation Board
//

// blinks LED® {pin PA@) with an endless loop

// blinks LED1 {pin PA1) using timer® interrupt (58 msec rate)

// switch SW1 (PA19) triggers FIQ interrupt, turns on LED2 (Pin PA2)
// plenty of variables for debugger practice

//

// Author: James P Lynch September 23, 2086

//

//

// Header Files

//

#include "AT91SAH7S256 .h"
#include "board.h"
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Function Prototypes

void TimerB8IrqHandler{void);
void FigqHandler (void);

//
//

External References

//
extern
extern
extern
extern

//

void LowLevellInit{void);
void TimerSetup{void);
unsigned enableIRQ{void};
unsigned enableFIQ{void};

//
//

Global Variables

unsigned int

int
int
int
int
int
int

FiqCount = @;

struct comms {

q;

r;

S

m=2;

n = 3;

0 = 6;
int nBytes;
char *pBuf;
char Buffer[32];

// global uninitialized variable
// global uninitialized variable
// global uninitialized variable
// global uninitialized variable
// global initialized variable
// global initialized variable
// global initialized variable

// global initialized structure variable

¥ Channel = {5, &Channel.Buffer[8], {"Faster than a speeding bullet™}};

//

//
//

MAIN

int

main {void) {

// lots of variables for debuggin

int a, b, c;

char d;

int w=1;

int K = 2;

static long X =5;

static char y = Bx084;
unsigned long js

unsigned long IdleCount = @;

int *p; // pointer to 32-bit word

typedef void (*FnPtr){void); // create a "pointer to function" type

FnPtr pFnPtr; // pointer to a function

const char *pText = “The rain in Spain"; // initialized string pointer

struct EntryLock {

long Key;
int nAccesses;
char Name[17];
¥ Access = {14785, @, "Sophie Ha

// Initialize the Atmel AT91SAM7S
LowLevelInit({);

// Turn on the peripheral clock f
B

// pointer to PHMC data structure
volatile AT91PS_PHC

// enable Timer® peripheral clock
pPMC->PMC_PCER = (1<<AT91C_ID_TCO

g practice

// uninitialized variables

// uninitialized variable

// initialized variable

// initialized variable

// static initialized variable
// static initialized variable
// loop counter {stack variable)
// idle loop blink counter (2x)

// initialized structure variable

rceau'};

variable

256 (watchdog, PLL clock, default interrupts, etc.)

or Timer®

pPHC = AT91C_BASE_PHC;

);
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// Set up the PID ports
/) —————————

// pointer to PID data structure
volatile AT91PS_PIO pPIOD = AT91C_BASE_PIDA;

// P10 Enable Register - allow PIOD to control pins P@ - P3 and pin 19
pPIO->PI0_PER = LED_MASK | SW1_MASK;

// PID Dutput Enable Register - sets pins PB - P3 to outputs
pPIO->PI0_OER = LED_MASK;

// PID Set Output Data Register - turns off the four LEDs
pPIO->PI0_SODR = LED_MASK;

// Select PA19 {pushbutton) to be FIQ function (Peripheral B)
pPIO->PI0_BSR = SW1_MASK;

// Set up the Advanced Interrupt Controller AIC for Timer 8

// pointer to AIC data structure

volatile AT91PS_AIC pAIC = AT91C_BASE_AIC;

// Disable timer @ interrupt in AIC Interrupt Disable Command Register

pAIC->AIC_IDCR = (1<<AT91C_ID TCO);

// Set the TCO® IRQ handler address in AIC Source Vector Register[12]
pAIC->AIC_SUR[AT91C_ID TCO] = (unsigned int)TimerBIrqHandler;

// Set the interrupt source type and priority in AIC Source Hode Register[12]
PAIC->AIC_SMR[AT91C_ID _TCO] = (AT91C_AIC_SRCTYPE_INT HIGH LEVEL | Ox4 );

// Clear the TCB interrupt in AIC Interrupt Clear Command Register
PAIC->AIC_ICCR = (1<<AT91C_ID_TCO);

// Remove disable timer 8 interrupt in AIC Interrupt Disable Command Register
PAIC->AIC_IDCR = (B<<AT91C_ID_TCO);

// Enable the TCO interrupt in AIC Interrupt Enable Command Register
PAIC->AIC_IECR = (1<<AT91C_ID_TCO);
// Set up the Advanced Interrupt Controller AIC for FIQ (pushbutton SW1)

] s

// Disable FIQ interrupt in AIC Interrupt Disable Command Register
PAIC->AIC_IDCR = (1<<AT91C_ID FIQ);

// Set the interrupt source type in AIC Source HMode Register[8]
PAIC->AIC_SMR[AT91C_ID FIQ] = (AT91C_AIC_SRCTYPE INT POSITIVE EDGE);

// Clear the FIQ interrupt in AIC Interrupt Clear Command Register
PAIC->AIC_ICCR = (1<<AT91C_ID FIQ);

// Remove disable FIQ interrupt in AIC Interrupt Disable Command Register
PAIC->AIC_IDCR = (B<<AT91C_ID FIQ);

// Enable the FIQ interrupt in AIC Interrupt Enable Command Register
PAIC->AIC_IECR = (1<<AT91C_ID FIQ);

// Setup timer@ to generate a 58 msec periodic interrupt

TimerSetup();
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// enable interrupts

enableIRQ({);
enableFIQ({);

// endless background blink loop

(] ==—————meccosssememssssessees

while (1) {
if ({pPIO->PIO _ODSR & LED1) == LED1) // read previous state of LED1

pPIO->PIOD_CODR = LED1; // turn LED1 (DS1) on
else
pPIO->PID_SODR = LED1; // turn LED1 (DS1) off

for (j = 200680088; j *=0; j—— ); // wait 1 second
IdleCount++; // count # of times through the idle loop
pPIO->PID_SODR = LED3; // turn LED3 (DS3) off, in case FIQ turned it on
// uncomment following four lines to cause a data abort{3 blink code)
//if (ldleCount >= 18) { // let it blink 5 times then crash
// p = {int *)0x8000008; // this address doesn't exist
// *p = 1234; // attempt to write data to invalid address
/7%
// uncomment following four lines to cause a prefetch abort (two blinks)
//if (ldleCount >= 18) { // let it blink 5 times then crash
// pFnPtr = (FnPtr)08x800000; // this address doesn't exist
// pFEnPtr(); // attempt to call a function at a illegal address
/7%

H

H

The TimerO0 interrupt service routine is called by the AT91F_Irq_Handler in the crt.s assembly language
start-up module. The AT91F_Irq_Handler in the start-up routine supports “nested” IRQ interrupts and thus
calls a standard C function do most of the interrupt work.

The C language IRQ support routine below clears the interrupt by reading the TCO status register. It then
updates a global variable tickcount; which can be inspected by the debugger. Finally it toggles LED2 to
give a visual indication that the timer interrupt is functioning properly.

// timerisr.c
// Timer 8 Interrupt Service Routine

// entered when Timer® RC compare interrupt asserts (2088 msec period)
// blinks LED2 {pin PA2)

// Author: James P Lynch July 1, 2086

#include "AT91SAHM7?S256.h"
#include "board.h"

unsigned long tickcount = 8; // global variable counts interrupts
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void TimerB8IrqHandler {void) {

volatile AT91PS_TC pTC = AT91C_BASE_TCA;
volatile AT91PS_PIO pPIOD = AT91C_BASE_PIODA;
unsigned int dummy ;

dummy = pTC->TC_SR;
tickcount++;

if ({pPIO->PIO ODSR & LED2) == LED2)
pPIO->PID_CODR = LED2;

else
pPIO->PID_SODR = LED2;

TIMERSETUP.C

//

//

pointer to timer channel @ register structure
pointer to PID register structure

temporary

read TCA Status Register to clear it
increment the tick count

turn LED2 (DS2) on

turn LED2 (DS2) off

All the peripherals on the Atmel AT91SAM7S256 chip are complex; there is no substitute for a careful and
thorough study of the Atmel documentation. In this application, we are using the TimerQ counter/timer to
count out a 50 msec time interval. The timersetup.c routine shown below is extensively annotated to make
it clear how the clock frequencies and count-match values were determined to get the 50 msec repetition
rate. The timer counts up, comparing at each tick the current count with the value in the timer compare
register C. When the values match, the IRQ interrupt is asserted. Timer 0 has been set up to automatically

restart the timer beginning at zero for the next interval.

//

// timersetup.c

//

// Purpose: Set up the 16-bit Timer/Counter

//

// We will use Timer Channel 8 to develop a 58 msec interrupt.
//

// The AT91SAM7S-EK board has a 18,432,880 hz crystal oscillator.
//

// MAINCK = 18432008 hz

// PLLCK = (MAINCK / DIU) = (HUL + 1) = 184328008/14 = (72 + 1)
// PLLCLK = 1316571 = 73 = 96109683 hz

//

// MCK = PLLCLK / 2 = 96189683 / 2 = 48054841 hz

//

// TIMER_CLOCKS = HMCK / 1824 = 48854841 / 1824 =

//

// TIMER_CLOCKS Period = 1 / 46928 = 21.389239686 microseconds
//

// A little algebra: .858 sec = count * 21.3092396896%10%x-6
// count = .858 / 21.3092396896%10%*-6

// count = 2346

//

//

// Therefore: set Timer Channel 8 register RC to 9835

// turn on capture mode WAUE = @

// enable the clock CLKEN = 1

// select TIMER_CLOCKS TCCLKS = 168

// clock is NOT inverted CLKI = @

// enable RC compare CPCTRG = 1

// enable RC compare interrupt CPCS = 1

// disable all the other timer 8 interrupts

//

// Author: James P Lynch September 23, 2006

Header files

#include "AT91SAHM7?S256.h"
#include "board.h"
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void TimerSetup{void) {

// TC Block Control Register TC_BCR (read/write)

//

// |=———— T |=————- |
// | ISYNC |
/1 | e [ |
// b 1 ]

//

// SYNC = 8 {(no effect) {(===== take default

// SYNC = 1 (generate software trigger for all 3 timer channels simultaneously)
//

AT91PS_TCB pTCB = AT91C_BASE_TCB; // create a pointer to TC Global Register structure
pTCB->TCB_BCR = 8; // SYNC trigger not used

// TC Block Hode Register TC_BHR (read/write)

//

// - - | |
// | | TE2XC2S | TCXC1S | TCexces |
// |-—— |———— |———— |——— |
// 31 5 4 3 2 1 a

//

// TCOXCAS Select = 88 TCLKO (PA4)

// = 81 none {===== ye select this one

// = 18 TIDA1 (PA15)

// =11 TIDA2 (PA26)

//

// TCXC1S Select = 88 TCLK1 (PA28)

// = 81 none {===== ye select this one

// = 18 TIDAB (PA15)

// =11 TIDA2 (PA26)

//

// TC2XC2S Select = 88 TCLK2 (PA29)

// = 81 none {===== ye select this one

// = 10 TIDAB (PAOB)

// = 11 TIDA1 (PA26)

//

pTCB->TCB_BMR = 8x15; // external clocks not used

// TC Channel Control Register TC_CCR (read/write)

//

// |-— |—————— |-——————- |—=———— |
// | |  SWTRG | CLKDIS | CLKENS |
/1 | = | == |-mmmmm e R — |
// 31 2 1 [{]

//

// CLKEN = 8 no effect

// CLKEN = 1 enables the clock {===== ye select this one

//

// CLKDIS = 8 no effect {===== take default

// CLKDIS = 1 disables the clock

//

// SWTRG = 8 no effect

// SWTRG = 1 software trigger aserted counter reset and clock starts {===== ye select this one
//

AT?1PS_TC pTC = AT91C_BASE_TCH; // create a pointer to channel 8 Register structure
pTC->TC_CCR = 8x5; // enable the clock and start it

68



TC Channel HMode Register TC_CHR (read/write)
=== R | == |
| | LDRB | LDRA |
oo |=mmmmmmooes | == |

31 19 18 17 16
[-=mmmmee | == == T |
|YAVE = 8 | CPCTRE | | ABETRG | ETRGEDG |
[ | -mmmmeee == R | == |
15 14 13 11 18 9 8
—————————— S e I
| LDBDIS | LDBSTOP |  BURST | CLKI [ TCCLKS [
[ [ == R | == |
7 6 5 4 3 2 i}

CLOCK SELECTION
TCCLKS = 888 TIHER_CLOCKA1 (MCK/2 = 24827428 hz)

881 TIMER_CLOCK2 (MCK/8 = 6806855 hz)

818 TIMER_CLOCK3 (MCK/32 = 1581713 hz)

811 TIMER_CLOCK4 (MCK/128 = 375428 hz)

188 TIMER_CLOCKS (MCK/1824 = 46928 hz) {===== ye select this one

181 XcC8

181 XC1

181 XC2

CLOCK INUERT
CLKI =8 counter incremented on rising clock edge {===== ye select this one
CLKI =1 counter incremented on falling clock edge

BURST SIGNAL SELECTION

BURST = 88 clock is not gated by any external system {===== take default
81 XCB is anded with the clock
18 XC1 is anded with the clock
11 XC2 is anded with the clock

COUNTER CLOCK STOPPED WITH RB LOADING

LDBSTOP = 8 counter clock is not stopped when RB loading occurs {===== take

COUNTER CLOCK DISABLE WITH RB LOADING
LDBDIS = 8 counter clock is not disabled when RB loading occurs {===== take
=1 counter clock is disabled when RB loading occurs
EXTERNAL TRIGGER EDGE SELECTION
ETRGEDG = 68 (none) {===== take default
81 (rising edge)
18 (falling edge)
11  (each edge)
TIOA OR TIOB EXTERNAL TRIGGER SELECTION
ABETRG =8 (TIODA is used) {===== take default

RC COMPARE

1 counter clock is stopped when RB loading occur

1 (TIOB is used)

TRIGGER ENABLE

CPCTRG = @ (RC Compare has no effect on the counter and its clock)
1 (RC Compare resets the counter and starts the clock) {=====
WAVE
WAVE = @ Capture HMode is enabled {===== ye select this one
1 Waveform Hode is enabled
RA LOADING SELECTION
LDRA = 68 none) {===== take default
81 (rising edge of TIOA)
10 (falling edge of TIOA)
11 (each edge of TIOA)
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// RB LOADING SELECTION

// LDRB = 88 (none) {===== take default

// 81 (rising edge of TIOA)

// 10 (falling edge of TIOA)

// 11 {each edge of TIODA)

//

pTC->TC_CHR = 0x4004; // TCCLKS = 1 (TIHER_CLOCKS)
// CPCTRG = 1 (RC Compare resets the counter and restarts the clock)
// WAVE = 8 (Capture mode enabled)

// TC Register C TC_RC {(read/write) Compare Register 16-bits

//

// |-— |l————— |

// | not used | RC |

/1 | = | oo |

// 31 16 15 a

//

// Timer Calculation: What count gives 50 msec time-out?

//

// TIMER_CLOCKS = MCK / 1824 = 48854841 / 1824 = 46928 hz

//

// TIMER_CLOCKS Period = 1 / 46928 = 21.389239686 microseconds

//

// A little algebra: .8580 sec = count * 21.3092396896%10%x-6

// count = .858 / 21.3092396896%10%*-6

// count = 2346

//

pTC->TC_RC = 2346;

// TC Interrupt Enable Register TC_IER (write-only)

//

//

1/ | == |--=---- RS e s R e Bl |
// | | ETRGS | LDRBS | LDRAS | CPGS | CPBS | CPAS | LOURS | COUFS |
// l-— |-—————- |—==——- |————- l-——- |=—=———— |—=————- |=——————- |=====- |
// 31 8 7 6 5 L 3 2 1 a8
//

// COUFS =8 no effect {===== take default

// 1 enable counter overflow interrupt

//

// LOURS =8 no effect {===== take default

// 1 enable load overrun interrupt

//

// CPAS =8 no effect {===== take default

// 1 enable RA compare interrupt

//

// CPBS =8 no effect {===== take default

// 1 enable RB compare interrupt

//

// CPCS =8 no effect

// 1 enable RC compare interrupt {===== ye select this one

//

// LDRAS =8 no effect {===== take default

// 1 enable RA load interrupt

//

// LDRBS =8 no effect {===== take default

// 1 enable RB load interrupt

//

// ETRGS =8 no effect {===== take default

// 1 enable External Trigger interrupt

//

pTC->TC_IER = 8x18; // enable RC compare interrupt
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// TC Interrupt Disable Register TC_IDR (urite-only)

//

//

// e s |---—---—-——-—— || |-
1/ | | ETRGS | LDRBS | LDRAS | CPCS | CPBS | CPAS | LOURS | COUFS |
1/ | == R R R R | === | === R | === |
// 31 8 7 6 5 L 3 2 1 a8

//

// COUFS =8 no effect

// 1 disable counter overflow interrupt {===== ye select this one

//

// LOURS =8 no effect

// 1 disable load overrun interrupt {===== ye select this one

//

// CPAS =8 no effect

// 1 disable RA compare interrupt {(===== ye select this one

//

// CPBS =8 no effect

// 1 disable RB compare interrupt {(===== ye select this one

//

// CPCS =8 no effect {===== take default

// 1 disable RC compare interrupt

//

// LDRAS =8 no effect

// 1 disable RA load interrupt {(===== ye select this one

//

// LDRBS =8 no effect

// 1 disable RB load interrupt {(===== ye select this one

//

// ETRGS =8 no effect

// 1 disable External Trigger interrupt {===== ye select this one

//

pTC->TC_IER = BxEF; // disable all except RC compare interrupt

DEMO_AT91SAM7_BLINK_FLASH.CMD

The Linker command script instructs the linker where to place the various parts of your program into
FLASH and RAM.

The layout of memory and the subsequent specification of the TOS (top of stack) are critical. In the
snippet below we specify 256K of FLASH starting at address 0x00000000 and 64K of RAM starting at
address 0x00200000. Given the RAM starting at 0x00200000 and being 65536 bytes in length, the Top of
Stack is placed 4 bytes from the end of RAM at 0x0020FFFC. The specification of the “top of stack”
(_stack_end = 0x20FFFC) is used by the start-up routine, crt.s, to create the stacks for the various
interrupt modes. The statements extracted below are the ones that you would modify when moving to a
different memory layout.

I* specify the AT91SAM7S256s */

MEMORY
flash  : ORIGIN =0, LENGTH = 256K /* FLASH EPROM */
ram : ORIGIN = 0x00200000, LENGTH = 64K  /* static RAM area */
}

I* define a global symbol _stack_end (see analysis in annotation above) */
_stack_end = 0x20FFFC;

It's a good idea to remind ourselves that the executable code (.text section) goes into FLASH memory and
therefore the FLASH must be programmed before attempting execution. | can’t tell you how many times
the author has built an application and forgotten to program the FLASH with the new code before starting
the debugger.

71



demo_at91sam? _blink flash.cmd LINKER SCRIPT

The Linker Script defines how the code and data emitted by the GNU C compiler and assembler are
to be loaded into memory {(code goes into FLASH, variables go into RAM).

Any symbols defined in the Linker Script are automatically global and available to the rest of the
program.

To force the linker to use this LINKER SCRIPT, just add the -T demo_at91sam? blink flash.cmd
directive to the linker flags in the makefile. For example,

LFLAGS = -HMap main.map -nostartfiles -T demo_at91sam? blink flash.cmd

The order that the object files are listed in the makefile determines what .text section is
placed first.

For example: $(LD) $(LFLAGS) -0 main.out crt.o main.o lowlevelinit.o

crt.o is first in the list of objects, so it will be placed at address 0x00000000

The top of the stack {( stack end) is (last byte of ram +1) - 4
Therefore: _stack_end = (Bx0002BFFFF + 1) - 4 = 0x000218080 - 4 = ©Ox0020FFFC

Note that this symbol ( stack end) is automatically GLOBAL and will be used by the crt.s
startup assembler routine to specify all stacks for the various ARH modes

MEHMORY HMAP

|
pem=—mmm= D [|m=——mmmee e mee e sse s sseses |6x602160000
0 | |9%8828FFFC <———-——————- _stack_end
o | UDF Stack 16 bytes |

o === seseseses |8xB028FFEC
- | |
o | ABT Stack 16 bytes |
- | |
o === seseseses |8x8028FFDC
- | |
- | |
o | FIQ Stack 128 bytes |
- | |
- |
RAKH === seseseses |8x8020FF5C
- | |
- | |
o | IRQ Stack 128 bytes |
- | |
- |
o === seseseses |8x8028FEDC
- | |
o | SUC Stack 16 bytes |
- | |
o === seseseses |8x8028FECC
- | |
0 | stack area for user program |
- | |
- | |
- | |
0 | free ram |
- |
o Joooonoonoooooooooooooacaoonacanonoo |6x0820086D8 <{-————————- _bss_end
- | |
5 | -.bss uninitialized variables |
0 [coooacoooooonooonnonacoonoooooooooo |ox802806D8 <-——-—————- _bss_start, _edata
- | |
5 | .data initialized variables |
- | |
pem=—mmm= > |6x60200000
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|

| |
o | free flash |

| |

|

5 | .data initialized variables |

——————————————————————— |6x601060000
|

....................... |0x800806D8 <{-———-——---—- _bss_start, _edata
|
|

——————————————————————— |6x00088086CY {-——--—------ _etext

|
C code |

|
——————————————————————— |8x00000118 main()
|

Startup Code (crt.s) |
(assembler) |

|
——————————————————————— | 8x00000020

0 | Interrupt Vector Table |

Author: James P. Lynch

32 bytes |
——————————————————————— |0x008000000 vec_reset

*/

/*identify the Entry Point (_vec_reset is defined in file crt.s) =/

ENTRY{ vec_reset)

/* specify the AT91SAH7S256s =/
HEMORY
{
flash
ram

ORIGIN = 8,

¥

ORIGIN = 08x80200008, LENGTH

LENGTH = 256K /* FLASH EPROH */
64K /* static RAM area */

/* define a global symbol _stack_end (see analysis in annotation above) =/

_stack_end = Bx28FFFC;

/* now define the output sections
SECTIDNS
{
. = 8; /*
.text : /*
{
*{.text) /*
*{ .rodata) /*
*{ .rodatax) /*
*(.qlue_7) /*
*(.qlue_ 7t) /*
_etext = _; /*
¥} >flash /*
.data : /*
{
_data = .; /*
={ _data) /*
_edata = .; /*
¥ >ram AT >flash /*
.bss : /*
{
_bss_start = .; /*
*{ .bss) /*
} dram /*
. = ALIGN(4); /*
_bss end = . ; /*
H
—end = .; /*

*/

set location counter to address zero */
collect all sections that should go into FLASH after startup =/

all .text sections {(code) =/

all .rodata sections {(constants, strings, etc.) =/

all .rodatax sections (constants, strings, etc.) =/

all .glue_7 sections (no idea what these are) =/

all .glue_7t sections (no idea what these are) =/

define a global symbol etext just after the last code byte */
put all the above into FLASH =/

collect all initialized .data sections that go into RAM =/

create a global symbol marking the start of the .data section =/

all .data sections =/

define a global symbol marking the end of the .data section */

put all the above into RAM {but load the LMA initializer copy into FLASH)
collect all uninitialized .bss sections that go into RAM =/

define a global symbol marking the start of the .bss section */

all .bss sections =/

put all the above in RAM (it will be cleared in the startup code */

advance location counter to the next 32-bit boundary =/
define a global symbol marking the end of the .bss section =/

define a global symbol marking the end of application RAHM */
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MAKEFILE

The makefile was kept intentionally simple so that a beginner need only read the first chapter of the “GNU
Make” document by Richard Stallman and Roland McGrath to understand everything in the makefile.

The makefile is composed of two parts; the part that assembles, compiles and links your program to
create a .bin file that you can load into flash, and a special “program” target that is used to independently
program the FLASH on chip memory using the OpenOCD JTAG utility.

The essential component of a Makefile is the “rule”. The rule is composed of a target file and dependent
files on a single line. If any of the dependent files are newer than the target file, then the commands below
are executed. The one or more commands MUST be indented by a TAB character (this little nuance
beleaguers many novices). For example:

main.o: main.c AT91SAM7S256.h board.h
arm-elf-gcc -l./ -¢ -fno-common -O0 —g main.c

In the example rule above, if you edit either the main.c source file or the AT91SAM7S256.h or the board.h
include files, they will then be “newer” than the main.o target file. Therefore, the commands below must be
executed. The single compile command shown updates the target object file so that the target and the
dependent files now have the same creation date.

The Make utility checks the rules from top to bottom and this has the effect of only compiling those source
files that are “out of date”.

If you click the Eclipse “Project - Clean” pull-down menu option, the “clean” target below is performed first
followed by the “all” target. This has the effect of recompiling everything since all the objects and binary
files are erased first.

If you click the Eclipse “Project — Build Project” pull-down menu option, the “all” target is performed and
only those source files that are out-of-date are recompiled. In a large application with many source files,
this is a real convenience and time saver.

Note that the “clean” and “all” targets are NOT files. In this case, Make will only process them unless you
specifically direct it to do so (make clean all or make all). This also explains why in scanning from top to
bottom during a “make all’, make stops when it encounters the “program” target (used to program the
FLASH). This is explained in more detail in a section to follow.

The ARM7 architecture supports two instruction sets, ARM and THUMB. The ARM instruction set is
composed of 32-bit instructions and is very fast (most instructions execute in a single clock cycle). The
THUMB instruction set is composed of 16-bit instructions that require less memory space but take longer
to execute. To keep this tutorial simple, we've set up the project exclusively for the ARM 32-bit instruction
set. If you would like to see a good example of mixing ARM and THUMB instruction sets in an ARM7
application, take a look at Richard Barry’s FreeRTOS kernel at www.freertos.com.

Makefile for Atmel AT91SAM7S256 - flash execution

LI T ]

James P Lynch September 22, 2006

HEEESES
¥ % X %

NAKE = demo_at91sam?_blink_ flash

# variables

[HH = arm-elf-gcc

LD arm-elf-1d -v
AR arm-elf-ar

As arm-elf-as

cP arm-elf-objcopy
oD arm-elf-objdump
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CFLAGS = -I./ -c -fno-common -08 -g

AFLAGS = -ahls -mapcs-32 -0 crt.o

LFLAGS = -HMap main.map -Tdemo_at91sam? blink flash.cmd
CPFLAGS = —-output-target=binary

ODFLAGS = -x --syms

OBJECTS = crt.o main.o timerisr.o timersetup.o isrsupport.o lowlevelinit.o blinker.o

# make target called by Eclipse (Project -> Clean ...)
clean:
-rm $(0BJECTS) crt.1lst main.lst main.out main.bin main.hex main.map main.dmp

# make target called by Eclipse (Project -> Build Project)
all: main.out

@ echo "...copying"

$(CP) $(CPFLAGS) main.out main.bin

$(0D) $(ODFLAGS) main.out > main.dmp

main.out: $(0BJECTS) demo_at9isam? blink flash.cnd
@ echo "..linking"
$(LD) $(LFLAGS) -0 main.out $(OBJECTS) libgcc.a

crt.o: crt.s
@ echo ".assembling crt.s"
$(AS) $(AFLAES) crt.s > crt.lst

main.o: main.c AT91SAM7S256.h board.h
@ echo ".compiling main.c"
$(cc) $(CFLAGS) main.c

timerisr.o: timerisr.c AT91SAM7S256.h board.h
@ echo ".compiling timerisr.c"
$(cc) $(CFLAGS) timerisr.c

lowlevelinit.o: lowlevelinit.c AT91SAM7S256.h board.h
@ echo ".compiling lowlevelinit.c"”
$(cc) $(CFLAGS) lowlevelinit.c

timersetup.o: timersetup.c AT91SAM7S256.h board.h
@ echo ".compiling timersetup.c”
$(cc) $(CFLAGS) timersetup.c

isrsupport.o: isrsupport.c
@ echo ".compiling isrsupport.c”
$(cc) $(CFLAGS) isrsupport.c

blinker.o: blinker.c AT91SAM7S256.h board.h
@ echo ".compiling blinker.c"
$(cc) $(CFLAGS) blinker.c

Alternate make target for flash programming only

the flash commands. When flash programming completes, OpenOCD terminates.
Note that the make file below creates the script file of flash commands "on the fly"

Programmers: HMartin Thomas, Joseph M Dupre, James P Lynch

HESEETEEEEETEEE RS

FLASH PROGRAMMING (using OpenOCD and Amontec JTAGKey)

You must create a special Eclipse make target {program) to run this part of the makefile
(Project -> Create HMake Target... then set the Target Name and Make Target to “program™)

OpenOCD is run in "batch"™ mode with a special configuration file and a script file containing
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# specify output filename here (must be *.bin file)
TARGET = main.bin

# specify the directory where openocd executable resides {openocd-ftd2xx.exe or openocd-pp.exe)
# note: you may have to adjust this if a newer version of YAGARTO has been downloaded
OPENOCD _DIR = ‘c:\Program Files\openocd-28086re93\bin\"

# specify OpenOCD executable (pp is for the wiggler, ftd2xx is for the USB debugger)
HOPENOCD = $(OPENOCD DIR)openocd-pp.exe
OPENOCD = $(DPENUCD_DIR)upenncd—Ftdex.exe

# specify OpenOCD configuration file (pick the one for your device)
HOPENOCD CFG = $(OPENOCD DIR)at91sam7?s256-wiggler-flash-program.cfg
HOPENOCD CFG = $(OPENOCD DIR)at91sam7s256-jtagkey-flash-program.cfg
OPENOCD CFG = $(OPENOCD DIR)at91sam7?s256-armusbocd-flash-program.cfg

# specify the name and folder of the flash programming script file
OPENOCD_SCRIPT = c:\temp\temp.ocd

# program the AT91SAM7S256 internal flash memory
program: $(TARGET)
Becho "Preparing OpenOCD script...
@cnd /c ‘echo wait_halt > $(OPENOCD_SCRIPT)®
@cnd /c ‘echo armu4 5 core_state arm >> $(OPENOCD_SCRIPT)®
@cmd /c ‘echo flash write 8 $({TARGET) 8x@ >> $(OPENOCD_SCRIPT)®
@cnd /c ‘echo mww BxfFFFFdB8 B8xa50008481 >> $(OPENOCD SCRIPT)®
Ecmd /c "echo reset >) $(DPENUCDiscRIPT)'
Ecmd /c "echo shutdown >> $(DPENUCDiscRIPT)'
@echo "Flash Programming with OpenOCD..."
$(OPENOCD) -f $(OPENOCD_CFG)
Becho "Flash Programming Finished."

Adjusting the Optimization Level

It's a fact of life in embedded programming that debuggers hate optimized code. When you attempt to
single-step optimized code, the debuggers will do strange things and appear not to work. To get around
this problem, change the compiler optimization level to ZERO. This is already done in the makefile above;
note that we modified the CPFLAGS macro substitution as follows:

CFLAGS = -l./ -c -fno-common -00 —g Where the switch: -O0 means no optimization.

When debugging is completed, you can increase the optimization level to —O3 which will result in more
compact and efficient code.
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Building the FLASH Application

The “Project” pull-down menu has several options to build the application. “Clean” will erase all object, list,
map, and output and dump files, thus forcing Eclipse to compile, assemble and link every file. This may be
time-consuming in a large project with many files. “Build AllI” will only compile and link those files that are
“out-of-date”.

The usual procedure is to “Build All” and this may be selected from the “Projects” pull-down menu, as
shown below.

& C/C++ - makefile - Eclipse SDK
File Edit Refactor MNavigate Search QEE=EES Fun  Window  Help

Ci-5 S| o | - a9~
BE cicv+pr.. 32 -7 = B[

[

G Bild &l Chrl+E

= = i
e = Build Project
= :L:E- demo_at91sam?_blink_Fflash Build “aorking Set »

+--43» Binaries Clean. ..
+--( =D Includes

= Build automatically
+| IE] ATILSAMT 256 b
+--[h] Board.h
+ [] crk.s
+-- [] lowleselinit, o .
5 @ — Properties

= . - Va

Even more convenient is the “Build All” button in the Eclipse toolbar. Im

The Console view at the bottom of the Eclipse screen will show the progress of the build operation.

Problems B 00 ea Propertias @ G| oA th~-=080
_-Build [dema_at91sam?_blink_flash]
.assenbling ~

arm-elf-as -ahls -wapos-32 -0 crt.o crt.s > crt.lst

.compiling

arm-elf-gee -I./ - -frno-common -00 -g main.c

.compiling

arm-elf-gee -I./ —-o —fno-common -00 -g lowlevelinit.c

L linking

arm-elf-1d -v -Map main.wap -Tdemo_at9lsam? _blink flash.cwd -0 wain.out crt.o wain.o
lowlevelinit.o

GHU 1d wersion 2.16.1

.. ZOpVing
arm-elf-objcopy —--output-target=binary main.out mwain.bin
arm-elf-ohjdump -x —--syws wain.out > main.dmp

=

Notice that the “objcopy” utility has created a “main.bin” file; this is required by the OpenOCD flash
programming Utility. The makefile also creates a “main.out” file that has symbol information; this is used
in debugging and also is “loaded” into RAM when you create a RAM-based executable.

If there are compile or link errors, they will be visible in the Console view and the “Problems” tab will show

more detail about any problems. You can click on the “problems” and jump directly to the offending source
line.
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Using OpenOCD to Program the FLASH memory

OpenOCD is a utility that converts Eclipse/GDB remote serial protocol to the JTAG protocol supported by
the AT91SAM7 on chip debugging unit. In this role, it acts as a “daemon” which is a program that operates
in the background, waiting for you to supply a command. We will see plenty of examples of that when we
run the debugger shortly.

The other role for OpenOCD is to program the on chip FLASH using the JTAG. In this role, OpenOCD is
run in a “batch” mode where the program is executed with a special configuration file and a “script” file
with the flash programming commands.

The OpenOCD configuration files to support flash programming on an Atmel AT91SAM7S are as follows.
If you are interested in understanding every nuance of these files, refer to the OpenOCD Wiki here:

http://openfacts.berlios.de/index-en.phtmli?titte=Open On-Chip Debugger

It's worth mentioning that the non-flash-programming versions of these configuration files are simply the
part that's above the FLASH programming commands. When FLASH programming is completed,
OpenOCD is automatically terminated.

OpenOCD Configuration File for Wiggler (FLASH programming version)

ftidefine our ports
telnet port Lihh
gdb_port 3333

ficommands specific to the Wiggler
interface parport

parport_port 8x378

parport_cable wiggler

jtag_speed 8

jtag_nsrst_delay 268
jtag_ntrst_delay 268

#treset _config <signals> [combination] [trst type] [srst type]
reset config srst _only srst pulls trst

#tjtag_device <IR length> <IR capture> <IR mask> <IDCODE instruction>
jtag_device 4 B8x1 8xf Oxe

#idaemon_startup <'attach’'|'reset'>
daemon_startup reset

#itarget <type> <endianess)> <reset_mode> <jtag#> [variant]
target arm7tdmi little run_and init 8 arm7tdmi ri4

#tirun_and halt time <target#> <time in ms>
run_and halt time 8 38

# commands below are specific to AT91sam? Flash Programming
fitarget script specifies the flash programming script file
target script 0 reset c:\temp\temp.ocd

f#uworking area <target##> <address> <size> <'backup'|'nobackup’'>
working area 0 0x40000000 0x4000 nobackup

#flash bank at91sam7 8 8 8 8 <target#>
flash bank at%1sam7 6 8 6 8 @
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OpenOCD Configuration File for JTAGKey (FLASH programming version)

fidefine our ports
telnet port 44y
gdb_port 2333

#icommands specific to the Amontec JTAGKey
interface ft2232

ft2232 device desc "Amontec JTAGkey A"
ft2232 layout jtagkey

Ft2232 vid pid 0x0483 Oxcff8

jtag_speed 2

jtag _nsrst_delay 268

jtag _ntrst_delay 268

#ireset_config <signals> [combination] [trst_type] [srst_type]
reset_config srst_only srst_pulls_trst

#jtag device <IR length> <IR capture> <IR mask> <IDCODE instruction>
jtag device 4 0x1 B8xf Bxe

#idaemon_startup <'attach'|'reset’'>
daemon_startup reset

fitarget <type> <endianess> <reset_mode> <jtag#> [variant]
target arm7tdmi little run_and init 8 arm7tdmi_ri4

#irun_and_halt_time <target#> <time_in_ms>
run_and_halt_time 8 38

# commands below are specific to AT91sam? Flash Programming

#itarget_script specifies the flash programming script file
target_script 8 reset c:\temp\temp.ocd

#uorking_area <target#> <address)> <size> <'backup’|'nobackup’'>
working_area © 0x40080000 0x4080 nobackup

#flash bank at91sam7 8 8 8 08 <target#d
flash bank at91sam7 6 8 6 0 @

OpenOCD Configuration File for ARMUSBOCD (FLASH programming version)

#idefine our ports
telnet port 444y
gdb_port 2333

#icommands specific to the 0limex ARM-USB-0CD
interface ft2232

ft2232 device_desc "0limex OpenOCD JTAG A"
ft2232 layout "olimex-jtag”

£t2232 vid pid 6x15BA 0x0083

jtag_speed 2

jtag _nsrst_delay 268

jtag _ntrst_delay 268

#ireset_config <signals> [combination] [trst_type] [srst_type]
reset_config srst_only srst_pulls_trst

#tjtag device <IR length> <IR capture> <IR mask> <IDCODE instruction>
jtag device 4 0x1 B8xf Bxe
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#daemon_startup <'attach’|'reset’'>
daemon_startup reset

#itarget <type> <endianess> <reset_mode> <jtag#> [variant]
target arm7tdmi little run_and init 8 arm7tdmi_ri

#irun_and _halt _time <target##> <time_in ms>
run_and halt time 8 38

# commands below are specific to AT91sam? Flash Programming
#itarget script specifies the flash programming script file
target _script 8 reset c:\temp\temp.ocd

#working area <target##> <address> <size> <'backup'|'nobackup'>
working area @ 0x40000000 8x4800 nobackup

#flash bank at91sam7 8 8 8 8 <target#d
flash bank at%1sam7 6 8 6 8 8

Note that all three of the configuration files (for FLASH programming) have the following command line:
target_script 0 reset c:\temp\temp.ocd

This is directing OpenOCD to execute the script file “temp.ocd” which has the flash programming
commands. This script file typically has the following contents.

wait_halt « let cpu run a bit, then halt it

armv4_5 core_state arme make sure it's in ARM mode, not THUMB
flash write 0 main.bin 0x0 < erase then program the on chip Flash
mww Oxfffffd08 0xa5000401« enable user reset

reset <« reset cpu after programming is done
shutdown « terminate OpenOCD

If the flash programming doesn’t work, it may well be that you have accidentally set the “lock” bits on the
bottom two pages of flash. You can easily do this by powering up the board with the TST jumper installed;
this installs a USB support program in your FLASH memory to enable the board to communicate with the
SAM-BA flash programming utility.

In this case, you could add two additional commands to clear the lock bits. Be forewarned that the lock
bits can only be set or cleared 100 times, so don’t leave these two commands in the script file.

wait_halt < let cpu run a bit, then halt it

armv4_5 core_state arme make sure it's in ARM mode, not THUMB
mww 0xffffff64 0x5a000004 « clear lock bit 0

mww 0xffffff64 0x5a002004 <« clear lock bit 1

flash write 0 main.bin 0x0 < erase then program the on chip Flash
mww Oxfffffd08 0xa5000401 <« enable user reset

reset < reset cpu after programming is done
shutdown <« terminate OpenOCD
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Martin Thomas, guru of the WinARM tool chain, suggested that the flash programming using OpenOCD
could be integrated into the makefile as an additional target. Joseph M. Dupre contacted the author with
the excellent suggestion to let the makefile create the flash programming script file “on the fly”.

Let’s review again the part of the makefile that programs the flash.

ﬁ FLASH PROGRAMMING {(using OpenOCD and Amontec JTAGKey)

ﬁ Alternate make target for flash programming only

ﬁ You must create a special Eclipse make target {program) to run this part of the makefile

# (Project -> Create Hake Target... then set the Target Name and HMake Target to “program™)

ﬁ OpenOCD is run in "batch"™ mode with a special configuration file and a script file containing
# the flash commands. When flash programming completes, OpenOCD terminates.

ﬁ Note that the make file below creates the script file of flash commands "on the fly"

ﬁ Programmers: HMartin Thomas, Joseph M Dupre, James P Lynch

#

# specify output filename here (must be *.bin file)

TARGET = main.bin

# specify the directory where openocd executable resides {openocd-ftd2xx.exe or openocd-pp.exe)
# Note: you may have to adjust this if a newer version of YAGARTO has been downloaded
OPENOCD DIR = 'c:\Program Files\openocd-2006re93\bin\"

# specify OpenOCD executable {pp is for the wiggler, ftd2xx is for the USB debugger)
HOPENOCD = $({OPENOCD DIR)openocd-pp.exe
OPENOCD = $(0PEN080701R)openocd—Ftdex.exe

# specify OpenOCD configuration file {pick the one for your device)
HOPENOCD CFG = ${OPENOCD DIR)at91sam7?s256-wiggler-flash-program.cfg
HOPENOCD CFG = $(OPENOCD DIR)at91sam?s256-jtagkey-flash-program.cfg
OPENOCD CFG = $(OPENOCD DIR)at91sam7?s256-armusbocd-flash-program.cfg

# specify the name and folder of the flash programming script file
OPENOCD_SCRIPT = c:\temp\temp.ocd

# program the AT91SAM7S256 internal flash memory
program: $(TARGET)
@echo "Preparing OpenOCD script...
@cmd /c ‘echo wait_halt > $(OPENOCD SCRIPT)'
@cmd /c ‘echo armu4 5 core state arm >> $(0PENOCD SCRIPT)®
@cnd /c 'echo flash write 8 $(TARGET) 8x0 >> $({0PENOCD SCRIPT)'
@cnd /c 'echo muww BxFFFFFdO8 Bxa5@880481 >> $(0PENOCD SCRIPT)'
@cnd /c 'echo reset >> $({0PENOCD SCRIPT)'
@cnd /c 'echo shutdown >> ${0OPENOCD SCRIPT)'
@echo "Flash Programming with OpenOCD..."
$(OPENOCD) -f $(OPENOCD CFG)
@echo "Flash Programming Finished."

There are three places in the above makefile excerpt that you must customize.

First, you must correctly specify the folder name where the OpenOCD executable and the configuration
files reside as this can change if a newer version of YAGARTO is downloaded.

# specify the directory where openocd executable resides (openocd-ftd2xx.exe or openocd-pp.exe)

# Note: you may have to adjust this if a newer version of YAGARTO has been downloaded
OPENOCD_DIR ="c:\Program Files\openocd-2006re93\bin\'
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Second, you must choose which version of OpenOCD you are running (wiggler or USB).

# specify OpenOCD executable (pp is for the wiggler, ftd2xx is for the USB debugger)
#OPENOCD = $(OPENOCD_DIR)openocd-pp.exe
OPENOCD = $(OPENOCD_DIR)openocd-ftd2xx.exe

Next, you must choose which OpenOCD configuration file you will be using (wiggler, JTAGKey or

ARMUSBOCD).

# specify OpenOCD configuration file (pick the one for your device)
#OPENOCD_CFG = $(OPENOCD_DIR)at91sam7s256-wiggler-flash-program.cfg
#OPENOCD_CFG = $(OPENOCD_DIR)at91sam7s256-jtagkey-flash-program.cfg
OPENOCD_CFG = $(OPENOCD_DIR)at91sam7s256-armusbocd-flash-program.cfg

Assuming that you have already performed a “Build All” on the sample program and have an output file
(main.bin) to program into the FLASH plus you have set up the hardware as shown earlier, you can now
program the FLASH by running the “program” target in the makefile.

To prepare to do this, we need to establish “program” as a secondary make target. Click “Project —
Create Make Target...” as shown below. Note that you must have the project itself highlighted in the
“Projects” view to enable this.

& CfC++ - main.c - Eclipse Platform

File Edit Refactor Mavigate Search EEEA Fun  window  Help

Dpen Project
Clase Project

YA

(55 Build Al

0 Binaries
- 4@ archives
g Includes
- [B] AT9158M7S296.h

Build Project

Clean..,

Chrl+B
Active Build Configuration
Clean Selected File(s)
EBuild Selected File{s)

Build Working Set

4

TR i3
L8 blinker.c | [8) isrsuppart.c | 4

R R )

main.c
n program for Atmel ATS15A4AT
Ipin FPAO) with an endless !

Ipin FPA1) using timerd inte
PA19) triggers FIQ interrug

riabhles for debugger pract:

P Lynch September 23, 200+

AR R R AR AR T AR AR T T TR AABTRAFTN

In the “Create a New Make Target’ dialog, enter “program” into the Target Name text box

R R R AR R R R R R R R

@ Board.h Build Aukomatically
@ blinker.c T .
g Create Make Target...
@ o Build Make Target...
Make sure this is Properties
highlighted !

I
blirker.o - [armle] ":":

Header Filez

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

“program” into the Make Target text box also. Click “Create” to finish.

& Create a new Make target

(%]

Target Na@ogram )

Make Targek

Make Targef: | program| )

Euild command
Use default

Build command: | make

Euild Setting
[]5top on First build errar.
[¥]Run all project. builders.

Gtc\][) Cancel
e
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There are two ways to execute the alternate Make target. The first way is to use the Project pull-down
menu. Click on “Project — Build Make Target” as shown below.

& C/C++ - main.c - Eclipse Platform

File Edit Refactor Mawvigate Search JEESEW Fun ‘Window Help
Pt . = : Open Projeck L -
[ w S ) Eﬁ Close Project:
€] biink
o) Build Al Ckrl+B S
Ackive Build Configuration 3
Clean Selected Fileis)
Build Selected File(s)
& Archives Euild Project Topre
% Includes Build working Set 3 )
£ [ AT315AM75256.h Clean... {pin
@ Board.h Build Automatically ipin
@ blinker.c Fa13)
s @ ot s Crate Make Target... riakh!
@ isrsupport.c Build Make Target...
@ lowlewvelinit,c Properties P Ly
@ main, c Il FrEn

Click on the “program’” icon below to highlight it (there can be multiple alternate targets defined) and then
click “Build” to execute the makefile alternate target called “program” and thereby program the FLASH.

& Make Targets z|
IMake Targets For: demo_at31sam?_blink_flash
Location Add...

C\[u PE=

The FLASH programming algorithm built into OpenOCD will now start. Since the sample program is
relatively small, this will run through to completion in just a few seconds.

The results of the FLASH programming activity are displayed in the “Console” view as shown below.

Problems | Bl Consale 52 . Properties B AE-5-~-0
Z-Build [demao_at91sam?_blink_Flash]

make -k program

Preparing OpenQOCD script...

Flash Progratmning with OpenQCD. ..

'y Program Fileshopenocd-Z006red3bin' 'openocd-ftd2xx.exe —f 'c:hProgram
Fileshopenocd-2006re33ibint 'at?lsamTs2 S6-armushocd-f lash-program. cfg

Info: openocd.ci82 waini)l @ COpen On-Chip Debugger (2006-05-31 15:00 CEST)

Warning: arm? 9 common.c:679 arm? 9 assert reset (]! Irst resets test logic, too

Info: target.c:219 target init_handler () : executing reset script "ot temph temp . ocd!
Warning: sarm?_ 9 common.c:679 arm?_ 59 assert_reset(]: sSrst resets test logic, too

Flash Prograrming Finished.
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To test the application, hit the “Reset” button on the Atmel AT91SAM7S-EK. LED1 should be blinking at
about a 1 Hz rate. LED2 should be blinking at a 10 Hz rate (TimerO interrupt). If you push switch SW1,
labeled PA19 on the AT91SAM7S256-EK board, you should see LED3 light up (it will turn off as part of
the background loop).

LED1 and LED2
should be blinking
at different rates!

Push button PA19
to turn on LED3.

Congratulations! You now have a full-fledged ARM cross development system operational and it didn’t
cost a thing!
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There’s one other way to conveniently launch the alternate make target to program the flash. We can
display a special “Make Targets” view. Click “Window — Show View — Make Targets” as shown below.

Eﬁ:vﬁﬁ'v@} e Window Pl R ..§I'é|'“' |
Mew Editar
=
8 ﬂ blinker.c | @ isrsupport.c | @ lowleelir
= 3
= *THE
= q | BE C/C++ Projects
W Alt+Shift+, C
Save Perspective As... < 256
Reset Perspective
Close Perspective 5= Cutling P
Close All Perspectives [2ll Problems upt
tu
Navigation v | El Properties |
- 4 Search Alb+shift+0, 5
[ working Sets 3
Cthet... Ale4shift+0, Q
Preferences. .. I wEE

Now the “Make Targets” view is presented with the “Outline” view on the right and if you double-click on
“program’ the alternate make file target will immediately run and the FLASH will be programmed.

& CfC++ - main.c - Eclipse Platform

File Edit Refactor Mavigate Search Project Run Window Help
il D @8- -0 % @Y IR e B %5 0ebug [FFaice+ | ?
%CJ’C++ Projects &4 Navigat0r| = 8 [€] main.c 22 [8 s | [£] blinker.c ||_@ makefile i3 = O | outline €2
- . Y E d‘gb = .".’."" o i e e o i O e o e o o e Y & - - @ &
= &5 demo_at91sam? _blink,_flash ~ h maln. N = I::‘,:’ demo_at21sam?_blink_flash
-4 Einaties h ; i
54 nrchives £ Demonstration program for Atmel ATI1SAMT?SZS6-EK
E Includes o
m ATO1SAM7S256.h s hlinks LEDO (pin PAO) with an endless loop
@ Baard.h ' I blinks LED1 (pin Pil) using timer0 interrupt (50
E.J---@ blinkerlc I switch 3W1 (PA19) triggers FIQ interrupt, turns
B8 arts ' I plenty of varishles for debugger practice
EJ"-@ isrsupport.c o
- [ lawlevelinit.c f¢  buthor: James P Lynch September 23, Z006
! ll."lll" oo o o o o o ol ol o o o i o ol ol ol ol o o o ol ol
- €] main.c v
EJ"-@ timerisr,c < | >
- [€] timersetup.c = =
- [} blinker. o - [armle] Problems | Bl Console 52 . Properties B AE-CY- ]
[ crt.o - [armle] C-Build [demo_at91sam? _blink_Flash]
A isrsupport.o - [armilz] make -k program
[# lowlevelinit.o - [armle] Preparing OpenCCD script...
EJ"- main.o - [armle] Flash Programming with OpenOCD. ..
EJ-"#S? main.out - [armle] 'ciyProgram Files'\openocd-Z006re33ibin' 'openocd-frdZxx.exe —-f 'c:ihvProgram
[E timerisr.o - [armle] Fileshopenocd-2006re33hbint ' at91sam?si S6-armushocd-£ lash-program.cig
[ timersetup,o - [armle] Info: openocd.cifE main(): Open On-Chip Debugger (2006-05-31 15:00 CEST)
E E%Iibgcc.a Warning: arm? 9 common.c: 675 arm? 9 assert _reset(]: sSrst resets test logic, too
crt.lsk Info: target.c:219 target_init_handler () : executing reset script "o cemph temp . ocd!
demo_at91sam?_blink_flash.cnd  — || Warning: arm?_ 9 common.c: 679 arm? 9 _assert reset(): srst resets test logic, too
main. bin Flash Prograwming Finished.
:Z| main. dmp -
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Debugging the FLASH Application

Unless you are an infallible programmer, you will occasionally require the services of a debugger to trap
and identify software bugs. Eclipse has a wonderful visual source code debugger that interfaces to the
GNU GDB debugger.

You can debug an application programmed into on chip FLASH; the built-in on chip JTAG debug circuits
allow this. There is only one restriction; you are limited to just two breakpoints. Attempting to specify more
than two hardware breakpoints at a time may cause the debugger to malfunction. Otherwise all Eclipse
debugging features work properly, such as single-stepping, inspection and modification of variables,
memory dumps, etc.

Create a Debug Launch Configuration

Before we can debug the FLASH application, we have to create a Debug Launch Configuration for this
project. The Debug Launch Configuration locates the GDB debugger for Eclipse, locates the project's
executable file (in this case it's only used to look up symbol information), and provides a startup script of
GDB commands that are to be run as the debugger starts up. Most people will define a “Debug Launch
Configuration” for each project they create.

Click on “Run — Debug...” to bring up the Debug Configuration Window.

Fun Last Launched ChrHF11 IG
% Debug Last Launched F11

9154 ard

3 Fun History L EN
Run As LS
Run...

Debug History [

L4
th
et

wkernal Tools L4
A i

In the “Debug — Create, manage, and run configurations” window shown below, click on “Embedded debug
(Native)” followed by the “New” button. This is the special debug launch configuration created by Zylin.

Create, manage, and run configurations

4, ]
£et = v
=i TG = L || Configure launch settings From this dialog:

| | type filker texl

l_‘.’ - Press the "Mew' button to create a configuration of the selected byvpe.
i [€] C/C++ Attach to Local Application = - Press the ‘Duplicate’ button to copy the selected configuration.
: E CJC++ Local Application B

¥ - Press the 'Delete’ button to remove the selected configuration,

::::D - Press the Filker' button ko configure Filkering options.

- Edit or wiew an existing configuration by selecting it

Configure launch perspective settings from the Perspectives preference page.

Debug Close

&
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The Debug “Create, manage and run configurations” window changes to the dialog shown below. Start by
making sure that the “Main” tab is selected.

In the “Name:” text box, enter the name of this debug launch configuration. The Name can be anything
you choose, but since there is usually going to be a debug configuration for each project you set up, the
name of the project itself is a wise choice. In this example, we simply use the project name
“‘“demo_at91sam7_blink_flash” for this purpose.

In the “Project” text box, use the “Browse” button to find the project “demo_at91sam7_blink_flash”.

In the “C/C++ Application” text box, use the “Search Project...” button to find the application file
“‘main.out”.

You might be inclined to ask why this is not the “main.bin” file? The binary file was used earlier to
program the flash, but the debugger needs the application file that has the symbols; this is the “main.out”
file. While the “main.out” file also has the executable code within it, the debugger only uses the symbol
information for FLASH debugging.

& Debug

Create, manage, and run configurations

e il 3
EES| =T
.II_' R EI. ) Name[| dema_at91sam?_blink_flash I |
tvpe Filker text . - .
| | =RTE )5 Debugger ! B Commands l E; Source | ] Common | |
~[E] Cc++ Attach to Local Applicatior —— '
E Z{C++ Local Application B
[ ] CJC++ Postmartem debugger ” e S —_—_—
"5 Embedded debug (Cygwin I derno_at@1sam?_blink_flash I| [ Bromse.., J :]
i \ 4 —
= Embedded debug (Mative) C/C++ Application:
demo_at91sam7 _blink_flash ]
= T [ | rnain, ouk | LSearch Project. .. ] [ Browse. ., ]
< | 3 [ Apply ] [ Revert J
@ [ Debug ] [ Close ]

Now select the “Debugger” tab as shown below.

Un-check the check box that says “Stop on startup at...”. We will be using a “thbreak main” command
in our GDB startup commands to accomplish the same thing.

In the text box labeled “GDB Debugger:”, use the “Browse” button to locate the “arm-elf-gdb.exe” file. It
will be found in the “c:\Program Files\yagarto\bin” folder.
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Create, manage, and run configurations

ELIEES

| type Filker bext

+{E] CJC++ Attach ta Local Application
- [E] clc++ Local Application

[&] CiC++ Postrmortem debugger

¢ Embedded debug (Cyawin)

=1 Embedded debug (Mative)

Tame: | demo_atd1sam?_blink_Flash |

Iain

B Commands | L'W Snurcel = Q:ummnn|

[ |:| Stop on startup at:]

Debugger: |Embedded GDE

Debugager Options

Main

demo_at31sam? _blink_Flash

G0E debugger: [ | Z:\Program Fileshyagartoibintarm-elf-gdb.exe ” Browse, ,, ]

[ .gdbinit

GDE command file: H Browse. .. ]

(Warning: Some commands in this File may interfere with the startup operation of the
debugger, for example "run',

[ Apply

J[ Rewvert J

@

[ Debug ] [ Close ]

Now select the “Comands” tab as shown below.

In the Commands text window, enter the six GDB startup commands exactly as shown.

When finished, click on “Apply” followed by “Close” to finish specification of the debug launch

configuration for FLASH debugging. Eclipse may ask you if you want to save this configuration, answer
“Yes”.

The “Source” and “Common” tabs can be left in their default state.

Create, manage, and run configurations

4 [F=

LT EEl

= —+|
X B -

| bype filter kext

~[E] C)C++ Attach to Local Application
- [E] cjc++ Local Application
[£] /C++ Postmartem debugger
5 Embedded debug (Cyqwin
= Embedded debug (Mative)
demao_at91sam?_blink_Flash

Marne; | demo_at31sam? _blink_Flash

- Main | %5 Debugger m&}y Source | El Comman |

Zommands

target remote localhost: 3333

manitor soft_reset_halt

monitor arm?_9 force_hw_blpls enable
symbal-file main.out |

thbreak main

continue

ER)E=n

L Cebug (@
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The six GDB startup commands shown above require some explanation. If the command line starts with
the word “monitor”, then that command is an OpenOCD command. Otherwise, the command is a GDB
command.

OpenOCD commands are described in the OpenOCD documentation which can be downloaded from:
http://developer.berlios.de/docman/display doc.php?docid=1367&group id=4148

GDB commands are described in several books and in the official document that can be downloaded from:
http://dsl.ee.unsw.edu.au/dsl-cdrom/gnutools/doc/gnu-debugger.pdf

target remote localhost:3333
This is a GDB command. The “target remote” command specifies that the protocol
used to talk to the application is “GDB Remote Serial” protocol with the serial

device being a internet socket called localhost:3333 (the default specification for
the OpenOCD GDB Server).

monitor soft_reset_halt

This is an OpenOCD command This is a special reset command developed by
Dominic Rath for ARM microprocessors.

monitor arm7_9 force_hw_bkpts enable

This is an OpenOCD command. It converts all breakpoint commands emitted by
Eclipse/GDB into hardware breakpoint commands. The ARM7 architecture
supports two hardware breakpoints. This allows you to debug a program in FLASH.

symbol-file main.out

This is a GDB command. It instructs the debugger to utilize the symbolic information
in the main.out file for debugging.

thbreak main

This is a GDB command. It sets a temporary hardware breakpoint at the entry point
main(). Once the debugger breaks at main(), this breakpoint is automatically
removed.

continue

This is a GDB command. It forces the ARM processor out of breakpoint/halt state
and resumes execution from the reset vector till it breaks at main().

One final maneuver is to add the demo_at91sam7_blink_flash embedded debug launch
configuration into the Debug pull-down menu’s list of favorites.
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In the toolbar, click on the down arrowhead next to the debug symbol and then click “Organize

Favorites...”.

1 Window  Help

[ $O0 - - | @5 | ¥ -

4 ¢ 1 demo_at91sam? _blink_flash

pI=

Debug s k

f‘gﬁ Debun,

-
*

Drganize Favorites. ..

S

In a sequence similar to other “Organize Favorites” operations that we have already performed, click on
“Add...” and either checkmark the “demo_at91sam7_blink_flash” or click the “Select All” button. Finally,
click “OK” to enter this debug launch configuration into the debugger list of favorites, as shown below.

& Organize Debug Favorites

Favarites:

[ o 1]

add... |
Up |
Dranim |

Cancel |

Now when you click on the Debug Toolbar

& Add Debug Favorites z

Select Launch Configurations:

3G demo_at91sam7_blink_flash

Select All I eselect All |

014

Cancel |

)

SS———

£ Organize Debug Favorites

Favorites:

5 demo_at91sam?_blink_Flash add

Remave
Up

Crowir

il

ok, | Cancel |

button’s down arrowhead, you will see the

“‘demo_at91SAM7_blink_flash” debug launch configuration installed as a favorite, as shown below.

windowe  Help

The Debug
toolbar

Debug A= L

% Debua...

organize Favorites, ..

There it is!

Now everything is in place to debug the project that we loaded into FLASH memory via OpenOCD.
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Open the Eclipse Debug Prespective

To debug, we need to switch from the C/C++ perspective to the Debug perspective. The standard way is
to click on “Window — Open Perspective — Debug’ as shown below.

s ow {L - | - C:' -
Mew Editor J = \ﬁl |
L Y

Open Persp m—
e —
O TE

£0 Tea nichranizing

Customize Perspective...
Other. ..

nd  awe Perspective As... 5
Reset Perspective
Close Perspective with an endless loop
o Close All Perspectives r debugger practice
Mavigation ]
1t o nuary 12, 2006
TEEN PI"EFEI’EFICES... AT AT AATATTIAAATNANNS

A more convenient way to switch perspectives is to click on the “perspective” buttons at the Eclipse upper-
right window location. Click on the “OpenPerspective” toolbar button below on the left and then choose
“Debug” when the other perspectives are displayed.

" B |JEgcic++ ﬁJ Java

= EW }} = EW C
EEEEHEE A ‘ V‘ P tn oynchranizing |
Cikher, ..
3 I moRout

Now we have a “Debug” button as shown below. You may have to drag on the edge to expose all the
perspective buttons. You can also right-click on any of the buttons and “Close” them to narrow the display
to only the perspectives you are interested in.

Drag on this IS
edge to expose B | #5Debug Bgicic++ aJJava

all the av_ailable 'Y Eq
perspectives.

Click on the “Debug” perspective button at the upper-right to open the Debug Perspective display, shown

below.
*}Debug
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& Debug - main.c - Eclipse SDK

File Edit Refactor Mawigate Search Project Run Window Help

lBs-EHalBls-0-a-|@®s [ -F-we-o- B | $soeoug Dgcicr+
iﬁi‘-Debug ) &3 x§" % | T i 7 7 B ||variables | Breakpoints | Expressions (HH' Registers &2 \i’_“ 1] ¥ =08

E]E Disassembly &3 =04

R R R R R R R R R R R R R R R R R R R R R R R AT ~
I main. o x4 Minimize
s wy =

i Demonstration progrsmm for Atmel ATS1SANTEZS5E6-EE Evaluation EBoard *F =5

i w4

£ blinks LEDO (pin P&0) with an endless loop S

I plenty of variasbles for debugger practice 4

I =

/% Ahuthor: James P Lynch January 12, 2006 */

A R R e e e e e e e L S S AL R LA

ST TR AR AR AR TR AR A AR T F AR AR AR AR T A AR A A AR AT TR AARAAFARRFAA

Function prototypes
R R e e L Ay

void IRQ Routine (woid) _ attribute_ {(interrupt("IRQ"))):

roid FIQ Routine (void) __attribute  {(interrupt("FIQ"))):

void SWI_FRoutine (woid) _ attribute_ ([ (interrupti("SWI"))}) ,'I 2
B console 2 Tasks = E-f5-70
A console is not available.
[ l | ‘Writable | Smart Insert | 18: 62 |

If your display doesn’t look exactly like the debug display above, click on “Window — Show View” and
select any of the missing elements.

Help
4 Mew Window .y .
7 Mew Editor
i ) ~ = Eq ﬁ'ariables | Breakpoints | Expre
- Open Perspective 3 |
d & ant

Customize Perspective, .. g Breakpoints Alt+5hift+3, B

Save Perspective As... Bl conscle Blt+shift+0, C

Reset Perspective

%5 Debug

Close Perspective
Close All Perspectives

Mavigation b Display
: @] Errar Log
Preferences. ..
&4 Expressions =
@ memory L
FEETRRTATELRNTTELRNNTNY ﬂMDdUIBS *
. o-— .
o= Qutline
Atmel ATS1SAMTSZSE-F ot Registers
54 Signals
h an endless loo
) b @ Tasks
sbugger practice
0= variables Ale+shift+0, W
1z, 2006
£y ’ Cther...
FTHEEFREFTHFELEANFTFSSANTNA *
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Starting OpenOCD

To start OpenOCD, click on the “External Tools” toolbar button’s down arrowhead and then select
“OpenOCD”. Alternatively, you can click on the “Run” pull-down menu and select “External Tools”

followed by “OpenOCD”.

= Search Project Fun window

Ol w e - | =

e 1 SAM-BA

QpenoCD

Run As
@, External Toals. ..

organize Favorites, ..

Eclipse remembers the last button you selected, so you can usually just click on the red toolbox button
itself to start OpenOCD. If you're not sure what “external tool” will be selected, just hover the cursor over
the toolbox icon and the “hints” feature will show that “OpenOCD” will be selected.

The debug view will show that OpenOCD is running and the console view shows no errors, just warnings.

& Debug - main.c - Eclipse Platform

File Edit Refactor Mavigate Search Project Run  Window Help

M HO B0 Q- i@ iG] e | %5 ebug | B cjct+ »
g & mS|Fi» T T 0O Variables(ooBreakpoints 3 b Eg Y =0

= q OpendCD [Program]
“opil CriProgram Files\openocd-2006re93ibint openocd-Fd2::. exe

(@ main.c &4 (8] s | (€] blirker.c | [ €] isrsuppart.c | (2] lowlevelinit.c | [£] timersetup.c Py = Eq (EE Cutline &3 BRase ™" Eq
1 1

B console 52 Tasks|C,|’C++ Pro]ects| B X % BRI B-5-=0

OpenOCD [Program] C:YProgram Filesiopenocd-2006re93bintopenocd-ftdz:c:, exe

Info: openocd.c:82 main() @ COpen On-Chip Debugger (2006-08-31 15:00 CEST)

Warning: arm?_ 9 common.c:679 arm? 9 assert_reset(]: sSrst resets test logie, too

Warning: arw?_9_ common.c:785 arm? 9 _halt(): target was already halted

e

If for some reason, OpenOCD will not properly start in your system, you can try the following things.
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e Cycle power on the target board before starting OpenOCD

e Make sure your computer is not running cpu-intensive applications in the background, such as
internet telephone applications (SKYPE for example). The OpenOCD/wiggler system does “bit-
banging” on the LPT1 printer port which is fairly low in the Windows priority order.

For Windows XP users, here is a simple way to get rid of all those background programs. Click
“Start — Help and Support — Use Tools... - System Configuration Utility — Open System
Configuration Utility — Startup Tab”. Click on “Disable AllI". Windows will ask you to re-boot
and the PC will restart with none of the start-up programs running. Use the same procedure to

reverse this action.

l—L;_.System Co nfi_gu ration Utility

| General | SYSTEM.INE || win,INT | BOOTINT | Services | Startup |

Startup Ihem Command Location o]
mcupdate CA\PROGRA~1 mcafee. .. HELMSOFTWARE MicrosoftiWindows\Currentier.
McAgent c\PROGRA~1mcafee. .. HELM\SOFTWARE Microsoft Windows\Currenter,
[ GooaleDesktop "CiProgram Files\Goo..,  SOFTWARE\Microsaftiwindows\CurrentyersioniRL
[ hkemd CUWINDOWS system, ., SOFTWARE\Microsoft)windows\Currentversion\RL =
[ igfsctray CAMINDOWSisystemn, ., SOFTWARE\Microsoftiwindows\ Currentiersion’RL
[ mkelmem C:\Program Files\Intel...  SOFTWARE\Microsoftiwindows\CurrentiersiontRL
[ Cameradssistant C:\Program FilesiLogit...  SOFTWARE\Microsoftiwindows\CurrentiersiontRL.
[ Elkctrl CHWINDOWS\syster,,.  SOFTWARE\Microsaftiwindows\CurrentyersianiRL
[ mstaliHelper Ci\Program FilesiLogit,.,  SOFTWARE\MicrosoftwWindows\CurrentyersioniRL
[ wwcomsy, CAMINDOWSisystem, ., SOFTWARE\Microsoftiwindows\ Currentiersion’RL
[ meagent CA\PROGRA~1Mcafes, .. SOFTWARE\Microsoftiwindows' Currentiersion’RL
L_| mcupdate C\PROGRA~11mcafe...  SOFTWAREWMicrosoftiwindows\CurrentversioniR ¥

[ Enable Al (\,] [ Disaleal J \>

[ o

Apply = u]

H Cancel ]

Start the Eclipse Debugger

To start the Eclipse debugger, click on the “Debug” toolbar button’s down arrowhead and select the
debug launch configuration “demo_at91sam7_blink_flash” as shown below.

Alternatively, you can start the debugger by clicking on “Run — Debug...” and then select the
“‘demo_at91sam7_blink_flash” embedded launch configuration and then click “debug”. Obviously, the
debug toolbar button is more convenient.

Eclipse SDK

lavigate Search  Project Run Window  Help

i Debug As 4
il 45 Debug...

Organize Favorites. .,

If the Eclipse debugger starts properly, the debug view (upper left) shows that the debugger has stopped
at line 60 in main(). The console view (bottom) shows each GDB command that was executed in red
letters and some OpenOCD messages after some of the commands.
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If the Eclipse debugger doesn’t connect properly, then there will be a progress bar at the bottom left status
line that runs forever. In this case, terminate everything and power cycle the target board again.

& Debug - main.c - Eclipse Platform

File Edit Refactor Mavigate Search Project Run Window Help

Fy Bi%-0-Q- i®& G- 55 e-
% w§* i3 0] LD =T “ i3 ¥ = O||variables (00 EBreakpoints &3 Ragister5|Mndules|
=43y OpenOCD [Program] ® R g o m = <‘===D =~

:'""p% C\Program Filesiopenocd-2006re93binopenocd-FrdZxx, exe
=] ) demo_at91sam? _blink _flash [Embedded debug (Mative)]

=-§# Embedded 50B (92406 9:21 PM) {Suspended)
=- EI:I’_‘ Thread [0] {Suspended)
; i 1
: pﬁ \Program Files\vagartoibintarm-elf-gdb.exe (92406 9:21 PM)

€] main.c &2 [S) cres blinker.c | [ isrsuppart.c | €] lowlevelinic. c | €] timersetup.c | €] timerisr.c 2 =g EE Outline &3 =g
-
L 1% ® W e
l/f R T N A E A T A AN T R AT R AL TR T R TR LRI AT XL L L _u—
ATI1SAMTZSZSE.h
s NALTIN board.h
A R ) .
B . Timer0IrgHandler
int main (void) { FigHandler
X X LowLevelInit
.-i'/ lots of variables for debugging practice . . = Trmersetup
int a, h, c: /4 uninicialized wvarisbles | enablelRG
char d; /¢ uninitislized wvariable
- . . . enableFId
2 int w = 1; /4 dnitimlized wvariashle FiqCourt
int k= 2; /¢ dinitiamlized wariable q
static long x = 5; /¢ static initialized warisble .
static char v = Ox04; f4 static initialized warisble 5
unsigned long 3: /¢ loop counter (stack varishle) -
unsigned long IdleCount = 0O; /4 idle loop blink counter (Zx) N
int T f4 pointer to 3z-hit word o
typedef void (*FnPtr) (void) ; ff create a "pointer to function"™ type comms
FnPtr pFnPtr; /4 pointer to & function channel
const char *pText = "The rain in Spain®; {4 initialized string pointer wariable main
struct Entrylock { J¢ dinitialized structure varishle 3
Bl console 52 Tasks | C/C++ Projects|MemDry| B X 5% Gk Q'—E #E-F5-=0

demo_at91sam? _blink_flash [Embedded debug {Mative)] C:\Program Files\yagartolbintarm-elf-gdb. exe (9/24/06 9:21 PM)
(gdh) regquesting target halt and executing a 2oft reset
foree hardware breakpoints enabled
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Components of the DEBUG Perspective

Before operating the Eclipse debugger, let’s review the components of the Debug perspective.

& Debug - main.c - Eclipse Platform

File Edit Refactor Mavigate Search Project Run Window Help

Nmif oy : f-\:' 0'%' - B ALY i 5] ] 6 ﬁ|#¢$Debug|%CIC++ »
% Detug 52 5% '<§" 1] 32 i+ ¥ = O||variables | ® Breakpaints £2 “._Registers | Madules =g
= % CpendCD [Program] % % R S e =) <'===€> -

g C\Program Filesiopenocd-2005

= dema_at91sam?_blink_flash [E
-6 Embedded GDE (3{24/06 9:
=-af? Thread [0] (Suspended) l  Control

= 1 mainf) at Ciworks

g C\Program Fileshyagartoibi

Variable display
Breakpoint summary
Register display, etc.

himain.c:60 0x0000016C
PM)

@ main.c 2 @ crt.s @ blinker.c @ isrsupport.c @ lowlerelinit. c P = O || outline =0
~ int main (void) { A
."f."f e o o o o o o o o o o o Ox0000015c <mains>: o r12, =p
I HAIN 0x00000160 <main+ds: stmdk sp!, {ril, :
.".’.".’ ﬁﬂ‘ﬁﬁﬁﬁﬁﬁ1“ﬁﬁﬁ'ﬁﬁﬁﬂ‘ﬁﬁﬁﬁﬁﬁﬁﬁWﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁfﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁf Ox00000164 <main+S>: sub rll, rlZ, #
int wain (void) | Ox00000168 <main+l2>: sub ap, =p, H54
/¢ lots of variables for debugging practice /¢ lots of wariabhles for debugging p:
int a, b, c: /f uninitialized wvar: int a, b, c:
char d; 4 uninitialized war: char
» :!_nt w o= 1; I }m..t%al:.Lzed varj..al int Assembler
int k= // initialized wvariat .bxﬂDDDDch . #1 ; Ox
static long x : // static initialize oxoonoo17o J|  Display [ri1, #
. _f| C Code Display o )
static char v = /¢ static initialize: int
unsigned long iz // loop counter (St Ox000001748 <main+24s>:  mowv r3, #2 ; Ox
unsigned long Idldg // idle loop blink o« Ox00000178 <main+28»>: sStr r3, [ril, #
int p; /¢ pointer to 3Z-hic static long x E:
typedef void [(*FnPtr) (void) ; // create a "pointer static char v = 0Ox04;
FnPtr pFnFtr; f4 pointer to a funct un=signed long i:
const char *pText = "The rain in Spain®™; S¢ initialized strim unsigned long IdleCount = 0;
0Ox0000017c <main+3Z>: mov ri, #0 ; Ox
struct EntryLock § /4 initialized struetg Ox00000180 <main+3i6as>: sStr ri, [rii, #
LS | > < | >
Bl consale 52 . Tasks | C/C++ Projects | Memary ® % gl =#BE-r5-=0

dema_at91sam? _blink_flash [Embedded debug {Mative)] C:\Program Fileswagartoibinlarm-elf-gdb.exe (972406 9:21 PM)
[gdh)] regquesting target halt and executing & soft reset
force hardware breakpoints enabled

GDB Debugger

Command Window

B

While this may be obvious to most, you can minimize and restore any of the
windows in the Debug perspective by clicking on the “maximize” and —
“minimize” buttons at the top right corner of each window.

Collapse Full Size
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Debug Control

The Debug view should be on display at all times. It has the Run, Stop and Step buttons. The tree-
structured display shows what is running; in this case it's the OpenOCD utility and our application, shown

as Thread[0].
Clear Button
Run'tO'Main() and Stop Button Erases debug View
Resume Button. after Kill
Kill Button
Th|S Stops SW|tCh betWeen. C'
everything language stepping
and assembler
stepping
h $ » A Ty
ﬁFDehugEﬁ [l X5 | DR i+ ¥ =08
: “epd CHProgram Files\GNUARMIbinopenocd . exe ~
EI---;_(; dermo_at?1sam?_blink_flash [Embedded debug launch]
=@ Embedded GDE (4/30/06 10:28 AM) (Suspended)
= m"‘iﬁ Thread [0] (Suspended)
= = 1 main{) at main,c:57
: o= 1 maint) ak main.ci57 Step Step Step
------ | Del:uugger Process (4)30/06 10:23 AM) Into Over Out —
w

Tree-view shows what's
running.

Notes:

e When you resume execution by clicking on the Resume/Continue button, many of the buttons
are “grayed out.” Click on “Thread[0]” to highlight it and the buttons will re-appear. This is due to
the possibility of multiple threads running simultaneously and you must choose which thread to

pause or step. In our ARM development system, we only have one thread.

e You can only set two breakpoints at a time when debugging FLASH. If you are stepping, it
behooves you to have no breakpoints set since Eclipse needs one of the hardware breakpoints

for single-stepping.

e If you re-compile your application, you must stop the debugger and OpenOCD, re-build and burn
the main.bin file into FLASH using the OpenOCD FLASH programming facility.
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Run and Stop with the Right-Click Menu

The easiest method of running is to employ the right-click menu. In the example below, the blue
arrowhead cursor indicates where the program is currently stopped - just after main( ).

To go to the pPIO->PIO_SODR = LED_MASK; statement several lines away, click on the line where you
want to go (this should highlight the line and place the cursor there).

Now rig ht click on that line. Notice that the rather large pop-up menu has a “Run to Line” option.

& Debug - main.c - Eclipse SDK.

File Edit Refactor Mavigate Search Project Run  Window Help
Io-Balals-0-a-|d®s & -5 -m6-2- B | $s0ebug  Fgcice+
%5 Debug 3 .2 rFooge «§“ | IDIRT | Ci T T O |00 variables 52 Braakpoints‘Expressions|Registers‘Signals| L[| | & o® & ¥ =0
; o . A - j = 64647 e
- & = -552311465
We were stopped here. N S
= 0= 1401614196
= e -d=. hd
L= 1 main) at main.ciS7
--.H Debugger Process (4/30§06 10128 AM) —
w
[£) main.c 2 . . . =g
Right-click next to bring up 2
o A s
int 91 H. <J Undo Chrl+2 thIS pop_up menu o)
int a,b, o I Revert File =t
char d; i Save =3b
' dbd int wo= 1; Iy =30
int k= 1: I Cut Chrli
static long x = & i Copy Chri+C int 3z
static char v = Ox04; i Paste Chrl+v int a,b,o
statie int z = 7 I R char d; |
const char *pText = "The Fain in Spain®; rh S !tng t int w=1
struct EntryLock { fh Shift Left » 0x00000118 <main+le>: mo
long key: Comment Ctrl+f 0x0000011e <main+20>: =t
int niccesses: Unicomment Chrl, int =1
char name[17] ; Add Block Comment Chrl+Shift+] Ox00000120 <main+24>: mo
} Aocess = {14705, 0, "Sophie Marceau™}; Remove Block Cormment Chrl+Shift+, Ox00000124 <main+id>: st
static long x =5
/f Initialize the Atmel ATI1SAMTSZS6 (watchdog, PL Content Assist Chri+Space Lati char vy =0
LowLevelInit(}: ’ Add Include 2 « A » int z =7
Format Click on “Run to line” to sher  tpTex
/4 Zet up the LEDS (PAO - PA3) Show In C/C++ Projects execute to the clicked line. maintizr:  1d
// at boot, all peripherials are dissbled and all waint+d6>: St
AT91P3_PIO pPIO = AT91C_BASE FIOL: /{4 pointer Refactor EntryLock {
pPIC->PIO PER = LED_ MASE: /{ PIO Eng o Declarati kevy;
pPIO->PIO OER = LED_MASK; /4 PIO Outy pen ec.a.n.a on niccesses
» pPIO->PI0_SODR = LED_MASK: /¢ PIO Ser|  Open Definition i /£ four L char name[17] ;
- - ;| Go ko next member ChrlShift4+Down /|y } hccess = {14705, O,
// endless loop to toggle the green LED DS1 G0 to previous member Chrl+Shift-+HUp 0x00000130 <main+40>: 1d
while (1) { All Declarations 4 0x00000134 <mwain+dds: su
for (91 = 0: 9 < 300000: 9++ 1: S wait &C All References 4 b 0x00000135 <main+dd>: mo™
< — > < | >
Tasks|Memory| . L &‘E*Q'—E|L'E'rﬁ'mﬁ
link_Flash [Embedded debug launch] Debugger Process {4/30/06 10:28 AM. . Resume At Line
Click on this line |* | Y add Watch Expression. .. ~
P | Runas vl
- thIS IS Where are assisted breakpoint 1 at Oxl118: file main
tt {1 &t wain.c:ST Debug As '
we wan . e
ewa 0 go int wo=1; Team i’ /f initialized varisble 3
T Compare ‘with 4 v
| Replace with 4
I 3 l Preferences...
Create Make Target...
Build Make Target...

When you click on the “Run to line” choice, the program will execute to the line the cursor resides on and
then stop (N.B. it will not execute the line).
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(B mainc x =g
~
int i /¢ loop counter (stack variable) |
int a,b,o: /¢ uninitialized wvariables
char d: J¢4 uninitialized wariables
int wo= 1: J¢ dnitialized wvariskhle
int k= 1: f¢ dnitialized wvariahle
static long x = 5; /¢ static initialized wvariakhle
static char v = 0Ox04; /¢ static initialized wariakle
static int z = 7; /¢ static initialized variable
const char *pText = "The Rain in Spain'™; /¢ initialized string pointer
struct Entrylock { /¢ dnitialized structure wvarishle
long key:
int niccesses;
char narme[17] ;
} Aoccess = {14705, 0, "3ophie HMarceau™;):
£¢ Initialize the Atmel ATI1SAMT?IZSE (watchdog, PLL clock, default interrupts, =to.)
LowLewvelInit () ;
// Set up the LEDs (PAOD - PA3)
F4 at boot, all peripherials are disabled and all pins are inputs =
AT91P3 PIO pPIO = ATS1C_BASE PIOL; f4 pointer to PIO dats Structure
pPIO->FPIO PER = LED MASE: /¢ PIO Enable Register - allow PIO to control pins FO
pPIO->FPICQ OER = LED MASE; £/ PIO Output Enabl - - to o
» pPIC->PIO SODR = LED MASE; < s mere]  \\e Stopped here ur L
// endless loop to toggle the green LED D31
while (1) { Note: this line WAS NOT
< for (4 = 0: F < 300000: A4+ 1: 44 wait 500 mzec executed! 5 A

You can right-click the “Resume at Line” choice to continue execution from that point. If there are no
other breakpoints set, then the Blink application will start blinking continuously.

Setting a Breakpoint

Setting a breakpoint is very simple; just double-click on the far left edge of the line. Double-clicking on the
same spot will remove it.

fF endlezz loop to toggle the green LED D31
while (1] {

for (3 = 0; j < 300000; J++ ); /4 wait 500 msec
o pPICO->PIC _CODR = LED1: /4 turn LED1 (D31} on
for (3 = 0; 3 < 300000; J++ ): A wait 500 msec
pPPIO->PIO_SODR = LED1: // turn LED1 (D31) off
- += 1 Double-Click in the left margin area | ...nt the nuwder of blinks

to set/clear breakpoints.

Note in the upper right “Breakpoint Summary” pane, the new breakpoint at line 82 has been indicated, as
shown below.

' "y
Yariables | ©@ Breakpoints 23 Expressiuns|Register5|5ignals| x® % & S m | = <}==*D | JE - = H
------ ¥l e ciedipseiworkspacetdemo_at91sam?_blink_flashimain.c [line: §2]
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Now click on the “Run/Continue” button in the Debug view.

(e

Assuming that this is the only breakpoint set, the program will execute to the breakpoint line and stop.

[ main.c 2

pPIO->PI0 PER = LED MASE:
pPIO->PIO OER = LED MASE:
pFIO->PIC 30DE = LED MA3E:
while (1) {

Ba pPIO->PI0_CODR = LED1;

pPIO->PIC 30DE = LED1:

kE += 1:

J/ Set up the LEDs (PAO - PAL3)
f4 at boot, all peripherials are dissbled and all pins are inputs
ATS1PS FPIO pPIO = ATS1C EBASE PIOA;

// endless loop to toggle the green LED D3
for (3 = 0; i < 300000: ++ ): Iz

for (j = 0; j < 300000; j++ ): i

1

wait 500 mwsec
turn LED1 (DS1) on <

/4 pointer to FIO data structure
/¢f PIO Enable Register - allow PIO to control pins PO
/¢4 PIO Cutpur Ensble Register - sets pins PO - P3 to o
f4 PIO 3et (utput Data Register - turns off the four L

[»

walt 500 msec
turn LED1 (D31) off

count the number of bhlinks

Stops before
executing this
line.

Since this is a FLASH application and breakpoints are “hardware” breakpoints, you are limited to only
two breakpoints specified at a time. Setting more than two breakpoints will cause the debugger to

malfunction!

stop, right-click on the breakpoint symbol on the far left.

The breakpoints can be more complex. For example, to ignore the breakpoint 5 times and then E

This brings up the pop-up menu below; click on “Breakpoint Properties ...".

Breakpoint Propert

Run &s
Debug As
Team
Compare With
Replace With

v v v w v

Add Bookmark. .
add Task, .,

w Show Quick Diff Chrl+3hift+o
Show Line Mumbers

Preferences. ..

Create Make Target. ..
Build Make Target...

n'.r T SOTTL — T Wy £ turn LED1 (D31
Tl_:-ggle Breakpm!'lt 000: ++ ) /¢ wait 500 msec
Disable Brealpoint D1 // turn LED1 (D31)

o

off

S count the number of blinks

rupts (may be replaced later)

w7
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In the “Properties for C/C++ breakpoint” window, set the Ignore Count to 5. This means that the
debugger will ignore the first five times it encounters the breakpoint and then stop.

& Properties for C/C++ breakpoint

| bype filker ket j Commaon
COmmon . .
Filkering Type: CIC++ line breakpoint

File: cileclipseiwarkspaceidemao_at91sam?_blink_flashimain.c
Line number: 82

[+ Enabled

Condition: |

Ignore count: | 5|

(o] 4 | Cancel

To test this setup, we must terminate and re-launch the debugger.

ﬁ[ﬁlebug &3 O s k{?h T i= ¥ = O

= % CpenCCD [Program]
gl CH\Program FileshGNUARMbinopenocd. exe
-5 demo_at?1sam?_blink_flash [Embedded debug launch]
- .ﬁ' Embedded GDE (4)30/06 10:25 AM) (Suspended)
—l-f® Thread [0] {Suspended: Breakpoint hit. )
= 1 main{} at main.c:52
g Debugger Process (4)30/06 10028 AM)

Get used to this sequence:

. — ¥ Kills both the OpenOCD and the debugger

L ~

3 Erases the terminated processes in the tree
Ahs

q —»| Start the OpenOCD; keep trying until it starts
properly.

Launch the debugger and download the
ﬁ* > application’s symbols

Db—P Start and run to main()




Now when you hit the Run/Continue button again, the program will blink 5 times and stop. Don’t expect
this feature to run in real-time. Each time the breakpoint is encountered the debugger will automatically
continue until the “ignore” count is reached. This involves quite a bit of debugger communication at a very
slow baud rate. The “wiggler” works by bit-banging the PC’s parallel LPT1 port; this limits the JTAG speed
to less than 500 kHz.

In addition to specifying a “ignore” count, the breakpoint can be made conditional on an expression. The
general idea is that you set a breakpoint and then specify a conditional expression that must be met
before the debugger will stop on the specified source line.

In this example, there’s a line in the blink loop that increments a variable “IdleCount”. Double-click on that
line to set a breakpoint.

m\@ crt.s | @ blinker.c | @ isrsupport.c | @ lowileyvelinit.c | @ kimnersetup. | @ timerist.c L@ makefile i)

f4 endless bhackground blink loop

i mmm e
while (1) ¢
if [ (pPIO->PIO OD3E & LED1) == LED1) /¢ read prewvicus state of LED1
pPIC->PIO CODE = LED1: 44 turn LED1 (D31) on
else
pFIO->PIO_SODR = LED1: ff turn LED1 (DS1) off
for {j = Z000000; j '= 0; j-- );: Jf wait 1 second
v IdleCount++; J4 count # of times through the idle loop
pPIO->PIO S0DR = LED3; /4 turn LED3 (D33) off, in case FIQ turned it

A4 uncomment following four lines to cause a data aborti(3 blink code)

FSAif (IdleCount = 10) { S/ let it blink & times then crash

A4 p o= [(int *)O0xE00000; /4 this address doesn't exist

A4 fp o= 1234; // attempt to write data to invalid address
£

A unconment following four lines to cause a prefetch short (two blinks)

fAif (IdleCount == 10} | Jf let it blink 5 times then crash

£ pFnPtr = (FnPtr)OxS00000; J/ this address doesn't exist

f4 pFnPtri): S/ attempt to call a function at a illegal address
£

>

[=

Right click on the breakpoint symbol and select “Breakpoint Properties”. In the Breakpoint Properties
window, set the condition text box to “IdleCount == 9”.

& Properties for C/C++ breakpoint

| tvpe filker kext | Common

Type: CJC++ line breakpaint
File: Ciyworkspaceldemo_at91sam?_blink_flashimain. c
Line nurber: 130

Enabled
Condition: | Idl>Count == |

Ignore count: | u] |

Ok ][ Cancel ]

Q
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If you need to restart the debugger, you need to kill the OpenOCD and the Debugger and then restart
both; as specified above. This is necessary for this release of CDT because the “Restart” button appears
inoperative. The advantage is that you don’t have to change the Eclipse perspective — just stay in the
Debug perspective.

Start the application and it will stop on the breakpoint line (this will take a long time, 9 seconds on my Dell
computer). If you park the cursor over the variable IdleCount after the program has suspended on the
breakpoint, it will display that the current value is 9.

@ main.c 4 @ crt.s | @ blinker.c | @ isrsupport.c | @ lowilevelinit. o | @ timersetup.c | @ timerist .o | L@ makefile | & =g

[>

while (1) £

if ((pPIO->PIO OD3E & LED1) == LED1) /4 read previous state of LED1
pPIO->PI0 CODR = LED1; /4 turn LED1 (DS1) on
else
pPIO->PIO SODR = LED1: /4 turn LED1 (D31} off
for (j = 2000000; 3 '= 0; j-—— ): ff wait 1 second
&; IdleCount++; f4 count # of times through the idle loop
M dleCount = 9.5 OPR = LED3; J4 turn LED3 (D33) off, in case FIQ turned it on

Jf uncomeent followving four lines to cause a data abort (3 blink code)

it (IdleCount >= 101 | /4 let it blink 5 times then crash

A4 p = [int *)0OxS00000: /¢4 thiz address doesn't exist

J4 Fp o= 1234; /4 attempt to write data to invalid address

£

Jf uncomment followving four lines to cause a prefetch sbort (two blinks)

fAif (IdleCount == 10) { Jf let it blink 5 times then crash

/4 pFnPtr = (FnPtr)OxS00000; /¢/ this address doesn't exist

/¢ pFnPrtri): /4 attempt to call a function at a illegal address
S

=]

If you specify that it should break when IdleCount == 50000, you will essentially wait forever. The way this
works, the debugger breaks on the selected source line every pass through that source line and then
queries via JTAG for the current value of the variable IdleCount. When IdleCount==50000, the debugger
will stop. Obviously, that requires a lot of serial communication at a very slow baud rate. Still, you may
find some use for this feature.

In the Breakpoint Summary view, you can see all the breakpoints you have created and the right-click
menu lets you change the properties, remove or disable any of the breakpoints, etc.

Single Stepping

Single-stepping is the single most useful feature in any debugging environment. The debug view has
three buttons to support this.

e -

Step Into Step Over Step Out Of

103



Step Into

i If the cursor is at a function call, this will step into the function.
% It will stop at the first instruction inside the function.
If cursor is on any other line, this will execute one instruction.

Step Over

If the cursor is at a function call, this will step over the function. It will execute
@ the entire function and stop on the next instruction after the function call.
=

If cursor is on any other line, this will execute one instruction

Step Out Of

If the cursor is within a function, this will execute the remaining instructions in
P the function and stop on the next instruction after the function call.
- -—

This button will be “grayed-out” if cursor is not within a function.

As a simple example, restart the debugger and set a breakpoint on the line that calls the LowLevellnit( )
function. Hit the Start button to go to that breakpoint.

@ main.c A @ crt.s @ blinker.c @ isrsupport.c @ lovalewvelinit, ¢ @ tirmer setup.c @ tirmerise ., c | @ makefile i
typedef void [*FnPtr) (wroid) /¢ create a "pointer to function™ type
FnPtr pFnPtr; S/ pointer to a function
const char *pText = "The rain in Spain®: fd initislized string pointer varisbhle
struct EntrvLock { A4 initislized structure varishle

lonyg Eevy:
int nhccesses;
char Natae [17] 2

i Aoeoess = {14705, 0, "ZSophie Marceau®::

S/ Initialize the Atmel ATI13AMTSZS56 (watchdog, PLL clock, default interrupts, etoc.)
J e e e e o
¥a LowLevelInit():

44 Turn on the peripheral clock for Timer(
f—_————

/¢ pointer to PMC data structure
volatile ATS1PS PHC pPMNC = ATS1C BALZE PMC:

// enable Timer0 peripheral clock
pPPMC->PMC FCER = [1<<ATS1C ID Tod):

Click the “Step Into” button :?,r_ The debugger will enter the LowLevellnit( ) function.
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[ main.c | (8] ert.s | [£] blinker.c | [€] isrsuppart.c (@ lovlevelinit.c &3 [£] timersetup.c | [£] timerisr.c | @ makefile 2 =0
Fé4% wbrief This function performs very low level HW initialization ]
I this function can he use a Stack, depending the compilation
e optimization mode
B
void LowlLevelInit (void)

{

int i:
» AT91PS_PMNC pPMC = AT91C_BASE PNC;
//% Set Flash Wait sate
//  Single Cycle Aecess at Up to 30 MHz, or 40 =
47 Af MCE = 48054841 I have 50 Cycle for 1 usecond | flied MC_FHMR->FHCH
ATS1C_EBASE MC->MC_FME = ((AT91C_MC FHCHM) £{50 <<16)) | ATS1C_MC_FW3 1FW3;
/4% Watchdog Disable
AT21C_BASE_WDTC->WDTC_WDMR= ATS1C_WDTC _WDDIS:
Click the “Step Over” button @ The debugger will execute one instruction.
-

@ main.c | @ crks | @ blinker.c | @ isrsupport.c Ifm lowlervelinit.c 3 @ timersetup.c | @ timerisr.c ||_@ makefile P =0
L — — — — — — e ~
void LowlevellInit (void)

{

int i:
ATS1PS_FNC pFHC = ATS1C_EBASE PHC:
f/* Zet Flash Wait sate L
ff Single Cycle Access at Up to 30 MHz, or 40
J4 1f MCE = 48054841 I have 50 Cycle for 1 usecond | flied MC_FMR->FHCH

E ATS1C_BASE MC->MC_FMR = [ (ATS1C HMC FMCH) &(50 <<16)) | ATS1C MC FW3 1FW3:
S/ Watchdog Disahle
AT91C BASE WDTC->WDTC_WDME= ATS1C WDTC WDDIS:

£

Notice that the “Step Out Of” button is illuminated. Click the “Step Out Of’ button ﬁ?

The debugger will execute the remaining instructions in LowLevellnit( ) and return to just after the function

call.

@ main.c &2 @ crt.s | @ blinker.c | @ isrsupport.c | @ lowlevelinit.c | @ timersetup.c | @ kirmerisk, c ||_@ makefile i = B8
}  Aocess = {14705, 0O, "ZJophie Marceau™):; |
A4 Initialize the Atmwel ATI1SAMTSZS56 (watchdog, PLL clock, default interrupts, eto.)
-

=] LowLewvelInit () :
F4 Turn on the peripheral clock for Timer0
L e il lale el
/¢ pointer to PHMC data structure

| rolatile ATS1PS_FHNC pPHC = AT21C BALSE PMC!
ff enable TimerD peripheral clock

| £
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Inspecting and Modifying Variables

The simple way to inspect variables is to just park the cursor over the variable name in the source window;
the current value will pop up in a tiny text box. Execution must be stopped for this to work; either by
breakpoint or pause. In this operation, try to position the text cursor within the variable name.

int main (void] {

int 9: 44 loop counter (stack wvariahle)
int a,b,o; A4 uninitialized warisbles
char d: A4 uninitialized wvariables
nt " L o Y1 Text cursor is parked
int k= 1; A inig . ‘o
static long x = 5: over the variable “z
static char v o= Ox04; £ stat
gtatic int &= 7 £f =tad =
const char . £t = "The Fain in Zpain®; A4 dinditialized string pointer
struct EntryLock { A4 dnitialized structure variable
long kevy:
int niccesses;
char name[17] ;

} Aecess = {14705, 0O, "Sophie Marceau™}:

For a structured variable, parking the cursor over the variable name will show the values of all the internal
component parts.

int mwain (void)]

int j: f4 loop counter (stack variable)
int a,b,o; A4 uninitialized varishles
char d; fd _uninitialized varishles
int w = 1: Text cursor is parked initialized warisble
int k= 1; over the variable initialized wvariable
static long ®x = 5; “Access” static initialized wariasbhle
static char v = 0Ox04; static initialized warisble
static int Z = 72 static initialized wariasbhle
const char *pText ="The Rain in Spain™; £ initialized string pointer
struct EntryLock { £ dnitializged structure variahle
1oy kev;
int Coesses:
char name[17] ;

} Acgess = {14705, 0O, "3ophie Marceau™;:

|F\ccess = {key = 14705, nAccesses = 0, name = "Sophie Marceau\l]l]l]\l]l]l]"}|
£ Initialize the Atmel ATI91S5AMTYEZ56 [(watchdog, PLL clock, defsult interrupts, etc.)

LowLevelInit ()

F4 Zet up the LED=s (PAD - PA3Z)
f4 at boot, all peripherials are disabled and all pins are inputs

> ATS1P3 PIC pFIO = AT91C BASE PIOA; /4 pointer to PIO data structure
pPIO->PI0 PER = LED HMASE; /¢ PIO Enable Register - allow PIO to control
vPIC->PI2 CER = LED MAZK: A4 PIO Cutput Enakble Register - sSets pins PO -
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Another way to look at the local variables is to inspect the “Variables” view. This will automatically display
all automatic variables in the current stack frame. It can also display any global variables that you choose.
For simple scalar variables, the value is printed next to the variable name.

If you click on a variable, its value appears in the summary area at the bottom. This is handy for a
structured variable or a pointer; wherein the debugger will expand the variable in the summary area.

M Breakpoints | Registers | Modules =% [ E‘P * & ¥ =08

Mame Yalue e
= j a Click on the structured
9= IdleCount 1 variable to highlight it.

* P 034 7Fbf 13 The structure contents will
® pFnPrr 2ecab display in the summary area.

» pText 0x0000087

@ ACcess 4

» pPMC DxfFFEFco0

» pPIO DucFFFFF400

» pATC QFFFFFOO0
(4= x 5
G= vy E

< | >

{Key = 14705, nhccesses = 0, Nawe = "Sophie Marceau' 00040007}

The Variables view can also expand structures. Just click on any “+” signs you see to expand the
structure and view its contents.

M Breakpoinks | Registers | Modules =t [ E"" 4 & ¥ =08
Narme Yalue 2
6= § 0
(9= IdleCount 1
» 0x547FbF15
» pFrPLr OxbbZZecat
W plext 0x0000037c
= 59 ArCcess {1
()= Key 14705
(9= nAccesses ]
= @ Marme
= Marne[0] ‘g
= nlame[1] ‘g’
©9= Mame[2] it}
= nlame[3] H
(9= Mame[4] i
(= Mame[5] ‘g
6= Mame[A] "
= Marne[7] ™
)= nlame[a] ‘g
= rlame[9] 't
= nlame[10] ‘e
(9= mame[11] ‘g L
9= Mare[12] E)
= Manne[13] '
(= Mare[14]
)= nlame[15]
9= nlame[16] v
< | @
{FKey = 14705, nlececesses = 0, Nawe = "3ophie Marceauh0004000"}
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Global variables have to be individually selected for display within the “Variables” view.

Use the “Add Global Variables” button

™
o

to open the selection dialog.

Check the variables you want to display and then click “OK” to add them to the Variables view,

& Selection Needed

Select Wariables:

(]

blinkcount
“hannel
FigCount

E

ickcount
L1955
L1956

o

OOEREEREE
i = o o3

= oM

)]

[ Select All ] [ Deselect All ]

You can easily change the value of a variable at any time. Assuming that the debugger has stopped, click
on the variable you wish to change and right click. In the right-click menu, select “Change Value...” and
enter the new value into the pop-up window as shown below. In this example, we change the variable “c”

to 52.

----- {9 j = 3301707

—=n
B Mreakpoints ‘ Expressions ‘ Modules ‘ Reqisters | Signal

Select Al
[i=) Copy Variables
b Enable
[ Disatle
x[] Display &s Arrayw. ..
‘*1} Cast Ta Type...

Restore Criginal Type
Find Yatiable. ..

hange Walue. .,

ChrH-a
Chel+C

= Set Value

CHrE Enter a new walue For c:

52|

57 ndd Global variables...
¥ remove Global Yariables
% Remove All Global Wariables

Farmak

3‘“’ Watch

[ ]

Cancel

Lo
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“w

Now the “Variables” view should show the new value for the variable “c”. Note that it has been
backlighted to the color yellow to indicate that it has been changed.

Mreakpointshlegisters|M0du|es| |4>t‘é| = g'f & & =

Marme Walue A
(o FigZount
(o q
o
[
<4 tickcount
4 blinkcount
)= a -643554006
()= 5
()= 52
)=
)=
)=

O = O O O O
oo

1

2
i |

~ T on o
| <

|A
£%

Watch Expressions

The “Expressions” view can display the results of expressions (any legal C Language expression). Since
it can pick any local or global variable, it forms the basis of a customizable variable display; showing only
the information you want.

For example, to display the 6" character of the name in the structured variable “Access”, bring up the
right-click menu and select “Add Watch Expression...”.

~_Resume At Line
X3¥ add watch Expression...
Run As 4

Enter the fully qualified name of the 6" character of the name|[] array.

" Add Watch Expression

Expression to watch:

| Access,name[a]

K I Zancel |

Note that it now appears in the “Expressions” view.

‘ariables | Breakpoints =] Expressions Madules|Registers‘Signals‘ 2_7- ok | b4 & ¥ =0

EY o 109 'm'
Y “channel"

3{;" "Access.namel6]" = 'm'
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You can type in very complicated expressions. Here we defined the expression (i + z)/h

Wariables | Breakpoinks H Modules | Registers | Signals £ =zt 3 | % = =0

BV oy =0 E
- EY “channel"

5#" "Access,name[a]" = 'm'

5?"“ i+ zyh' =5

Assembly Language Debugging

The Debug perspective includes an Assembly Language view.

If you click on the Instruction Stepping Mode toggle button in the Debug view, 1':[}

the assembly language window becomes active and the single-step buttons apply to the assembler
window. The single-step buttons will advance the program by a single assembler instruction. Note that the

“Disassembly” tab lights up when the assembler view has control.

Note that the debugger is currently stopped at the assembler line at address 0x0000150.

Bt X

0x00000145 <mwain+64>: stmwia lr, {0, ril, rz:

f4 Initialize the Atwel ATI1SAMTIZ56 (watchdog, PLL clock, default interrupts, etc.)
LowLewvelInit():
Ox0000014c <main+s6S>: bl O0xZ60 <LowlevelInit:

/¢ Set up the LED=s (PLD - PA3)
/4 at boot, all peripherials are disabled and all pins are inputs
ATQIPS_PIO pPIO = ATQIC_BASE_PIOL; /¢ pointer to PIO data structure
B 000000150 <waindt72:: mowv r3, H#-1610612736 ; Oxa0000000
0x00000154 <mwain+76>:  mov ri, r3, asr #19
0x00000158 <wain+80>: sStr r3i, [rl1l, #-16]

pFIO->PIo PER = LED_MA3E: /¢ PIO Ensble Register - allow PIO to control pins PO - F3
0x0000015c <wain+Sd:>: 1ldr r2, [rl1l, #-16]
0x00000160 <mwain+SS>:  mov ri, #15 ; Oxf
Ox00000164 <wain+S92>: sStr ri, [rZ]

pPIO->PIo CER = LED_MASE: f¢ PIO Output Enasble Register - sets pins PO - P3 to outputs

0x00000168 <main+9asx: 1ldr r2, [rl1, #-16]
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If we click the “Step Over” button @ in the Debug view, the debugger will execute one
assembler line.

Disassembly o =0
0x00000145 <mwain+ed4>: stwia lr, {0, rl, rz} ~
ff Initialize the Atmel ATI913AMTIZE56 (watchdog, PLL clock, default interrupts, eto.)
LowLewvelInit (] :
Ox0000014e <main+e8>: bl Ox260 <LowLewvelInit:
// Bet up the LEDs (PA0D - PL3)
/f at boot, all peripherials are disakbled and all pins are inputs
ATS1PS_FIO pPIO = ATS1C_BASE_FIOAL; /¢ pointer to PIO data sStructure =
0x00000150 <main+72>: mov £3, #-161061273¢6 ; Oxadoo0ooo
» 000000154 <main+76>: MOV r3, r3, asr #19
0x00000158 <wain+80x: sStr ri, [rill, #-16]
pPICO->PI0 PER = LED MASK: /¢ PIO Ensbhle Register - allow PIO to control pins PO - P3
0x0000015: <maint+Sd:: ldr rz, [r1l, #-18]
0x00000160 <main+S8x: mowv ri, #15 ; Oxf
0x00000164 <main492>: sStr r3, [rZ]
pPIO->PI0 OER = LED_ MAIK: f¢ PIO output Enshle Register - sets pins PO - P3 to outputs
0x00000168 <main+96>: ldr rz, [ril, #-16] b

The “Step Into” and “Step Out Of” buttons work in the same was as for C code.

Note: It pains the author greatly to report that the Eclipse 3.2 release has a bug wherein assembly
language breakpoints do not function. Monitor the AT91 chat board on Yahoo to see when this is

resolved. Truthfully, you shouldn’t be programming in assembly language anyway!

Inspecting Registers

Unfortunately, parking the cursor over a register name (R3 e.g.) does not pop up its current value. For
that, you can refer to the “Registers” view.

Wariables | Breakpoints | Expressions | Modules lun1u'1 !-% Signals E #EF ¥ =0
1558 pain

Click on the “+” symbol next to Main and the registers will appear. The Atmel AT91SAM7S256 doesn’t
have any floating point registers so registers FO through FPS are not applicable.
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'v'arial:ules|Break|:u:uints|E><|:uressiu:uns (m? Reqisters &3 Signals| =g
ﬁl -‘.>E = =

Elﬁﬁ!' Main

----- s ro=30

----- Wl =128

----- Wl rz =232

----- 38 r3 = -1610612736
----- 4 =-1

----- 5 =1

----- i 6 =-1

----- 7 =-1

----- it v =1

----- 9 =-1

----- mrin=-1

----- 1m0 r11 = 3145416
----- vz =228

----- 3030 sp = 3145340
----- W =336

----- el po= 340

----- e Fo=o

----- e F1=0

----- e 2=

----- e F3=0

----- e F4=0

----- s =0

----- i fo =0

----- e F7 =0

----- il fps=0

----- 1948 cpsr = 536871135

If you don'’t like a particular register's numeric format, you can click to highlight it and then bring up the
right-click menu. You can, of course, highlight them all if desired.

\-'ariables|Breakpaints|ExpressiDns i Registers X Signals i ¥ =08
=55 Main

IR TIT R .
i 1 I Enable

s = 535 [] pisable

S =-161 ®[ 1 Display &s drray...

=1 .

L Y| 1y Cast Ta Type...

1010 = -1 Restore Original Type

10 EF = -1 Find ¥ariable. .. Ctrl+F
aind 8= -1 ﬁﬁ Change Yalue..,

e g g

-gigy F10=-1 Add Reqgister Group

~ain r11 = 3145416 Restore Default Register Groups

A 12 = 225

I op = 3145340 Farmat ’
i e = 336

o JON e = 340 5'_"" Watch

L )

ey
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The “Format” option permits you to change the numeric format to hexadecimal, for example.

Signals| = =

‘ariables | Breakpoints | Expressions
-8 Main

..... 10100 =30

..... 1m0 ) =125

1
----- e s =-1 b Enable
..... 1010 7 —
tioi 17 =-1 [] Disable
..... W8 g =-1
..... e gy | X[ Display As Array.

""" W rid=-1 | &, Cast To Type...
----- 100 11 = 314
----- 100 112 = 228
..... 1019 oy = 3145

Restore Criginal Type
Find Yariable. .. Chrl+F

..... me | = 3365 0& Change Yalue. ..

..... 1010 c = 340

_____ EE,EE, FDD -0 Add Register Group

_____ o= Restore Default Register Groups

R T -
TLTL F4 : 0 Ky Decirmal

""" oton 7= =3¥ wWatch

..... e f5 = :

..... 100 fg =1

..... L

----- il fps=0

----- 109 cpsr = 538571135

—1EinE177e s

Now R3 is displayed in hexadecimal.

i “
Wariables | Breakpoints | Expressions mignfﬂs E- +E = = =0

= Main

..... HH 0 =30

----- mirl =128

..... 1u1u|111u F2 =232

----- A ¢35 = D:FFFFFFFF 0000000
..... 1|11u|111u r4 = -1

..... 1|11u|111u 5 = -1

..... 1|11u|111u FE = -1

LGIT a

Of course, the right click menu lets you change the value of any register. For example, to change r1 from
128 to 0x1F8, just select the register, right-click and select “Change Value...”

In the “Set Value” dialog box, enter the hexadecimal value 0x1F8 and click “OK” to accept.

£ Set Yalue

Enter a new value for rl:

0x1Fa]

oK I Cancel
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The register display now shows the new value for R1 (we also changed the display format to hexadecimal

using the right-click menu).

=358 pain

it r0 =30

el = 0x1fg

2 =232

W8 v3 = OxFFFFFFFFA0000000
r4=-1
15 =-1
g =-1

aron

_____ 1010
1ol
1010
oo

1010
aron

=
'l.-'ariables|Breakaints|Expressinns M\Signals| E =k [ = =0

It goes without saying that you had better use this feature with great care! Make sure you know what you
are doing before tampering with the ARM registers.

Inspecting Memory

Viewing memory is a bit complex in Eclipse. First, the memory view is not part of the default debug launch
configuration. You can add it by clicking “Window — Show View — Memory” as shown below.

t Run Help

Y

e window
IMew Editar

Open Perspective 3
»

[=]

-

A )

-

Zustomize Perspective. ..
Save Perspective As,..
Reset Perspective

Close Perspective

] Close all Perspectives

sunich]
suspende

Mawigation 3

Preferences. ..

BBl o o o o o o o o

arations
E o o o o o o o o o

£ ant

O Breakpoints  Alb+Shift+Q, B |q
& cansale Albshifg, ¢
#;ﬁ Debug

Disassembly

LJJ Display

@ Error Log =
6f}‘-fE)cpressions &
=i, Modules e
EE Cutline S
W Reqisters eq

The memory view appears in the “Console” view at the bottom of the Debug perspective. At this point,
nothing has been defined. Memory is displayed as one or more “memory monitors”. You can create a

memory monitor by clicking on the e symbol.
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Enter the address 0x394 (address of the string “The Rain in Spain”) in the dialog box and click “OK”.

si=EIEIESE

Consale | Tasks PUD SR B

Mernory Monitors (4‘)&& 5% Memory Renderings 4 ¥

£ Monitor Memory

Enter address or expression to monitar:

( | 0x394 ) |

The memory monitor is created, although it defaults to 4-byte display mode. The display of the address
columns and the associated memory contents is called a “Rendering”.

The address 0x394 is called the Base Address; there’s a right-click menu option “Reset to Base
Address” that will automatically return you to this address if you scroll the memory display.

r[ et [+t

e

Consale | Tasks LSS0 B4

Mernory Monitors EEEE 4 & Memory Renderings EE
------ @ 0x394 0x394 ; 0x394 <Hex> |
iddress |0 - 3 |4 - - 5 - B C-F fa]

00000320 00000000 S5261696E Z20696E20
00000340 53706169 0z000300 0a0o0ooo00
000003ED0 05000000 10002000 46617374 63722074
000003C0  68616EZ0 61207370 65656469 GE6TEZ06E
00000300 7S6CECES 74000000 07000000 04000000
000003ED 05000000 45601743 OOFOZEFS 16491748
Q000O03F0  OOFOZEFE 10BCOSEC 15470000 QOCOFCFF
Qooo0400  00CZFCFF QOF1FFFF 40F4FFFF JICOFz000
00000410  OOFCFFFF OOFZFFFF 40420F00 013F4F00
00000420  013F2700 013F1400 O1BEF1400 013F0500
00000430  01BFOS00 OE3F4510 40FLFFFF 01040045
00000440 400303527 a40FZ000 OO0OFEFF aCOFZ000
00000450 000z 4540 B34A00z1 030402D5 40005040
00000460  0OOEO4000 01310904 oo04000c 090C0O829
Qo0oo0470  FaD37047 AC394L69 S207FCDE cepl17047
Q0000450 AA4SAD49 QOEQD138 44690207 0zD400z8
00000450  FSD105ED 00EE0300 S5690008 OO0E7D47
00000440  AS490120 4570FFz0 TO047F3IES OF1CO0Za8

%

There’s also a “Go to Address...” right-click menu option that will jump all over memory for you.

By right-clicking anywhere within the memory rendering (display area), you can select “Column Size — 1
unit”.
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Caonsole

sE=ES

B[% -0

emory Monikars &= 3 % Memory Renderings g 3
------ @ 0x394 06394 0x394 <Hex> |
Lddress ID—3 |4—7 5 - B C-F ~
oo000320 == 6E  20696E20
000003 A0 oo 0&000000
000003 EO 74 65722074
000003 C0 62  EEg7zZ062
0O0003D0  756C6G U Reset to Base Address 00 04000000
000003ED 050000 Goto Addeess,.. F9 16491748
000003F0  OOFO2E :
00000400 OOCZFQ g
00000410 OOFCFF  Refarmat iﬁ:::z i
00000420 013F2 Hide Address Column v 3 urits |
00000430 O1EFOQ i
00000440 400308 [ Copy To Clipboard ;:t“:s't;eFault
00000450 000248 = prin;
00000460  OOED40 0C  090cosze
00000470 F2D370  Properties D5 CE8617047
00000480 ALA45A94% OOEOO138  4A69D207  02D40028
00000490 F9D10SEQ  002S03D0 88690006  OOOET047
00000440 43480120  4570FF20  7047F3ES  OF1CO026 bl
This will repaint the memory rendering in Byte format as shown below.
Consale | Tasks |1 rﬁE”4>_E| @ﬂlgv =0
IMemary Manitars a3 & IMemary Renderings a %
------ @ 0x394 0x394 © 0x394 <Hex>
hadress o [1 |2 [z & s [s [7 |s= [ |8 [c [0 [z |r | =&
oooooscO )] oo oo oo sa ss 65 20 52 61 63 BE 20 69 6E 20
000003A0 53 70 61 69 6E OO0 OO0 00 02 0O 0% 00 O OO0 0O 0O
0DODO3BO OS5 00 00 0O 10 00 20 00 46 el 73 74 65 72 20 74
ooooo3co &8 61 6E 20 81 20 73 70 65 65 &4 69 6E 67 20 &2
ooooo3po 75 6C 0 6C 65 74 00 00 00 07 00 00 00 04 00 00 00
OOOO03ECD OS5 00 00 00O 48 &0 17 43 00 0 FO O 2B F9 16 49 17 48
000O03F0 OO FOO 2B FBE 10 BC 08 BC 18 47 00 00 00 CO  FC  FF
00000400 00 €z Fc FF 00 F1 O FF O FF 40 F4  FF O FF 3¢ OF 20 00 -
ooooo410 oo FC O O FF O FF oo Fz O FF O OFF 40 42z OF 00 01 3F  4F 00
ooooo4z0 o010 3F 27 00 01 3F 1A 00 01 BF 1k 0O 01 3F 09 00
0oooo430 01 BF 09 00 OE  3F 4% 10 40 FD FF  FF 01 04 00 AS
ooooo440 40 03 0 08 27 64 OF 20 00 00 00 FE OFF 6C  OF 20 00
ooooo4s50 o000 02 0 43 40 B3 44 00 21 03 04 0z DS 40 00 50 40
ooooo4s0 Ooo EO 40 0O 01 31 09 04 00 04 00 OC 09 OC 08 28
ooooo470 F2 0 D3 700 47 AC 49 44 g9 92 07 O FC DS C& 61 70 47
00000480 AL 48 A9 49 00 EO 01 38 4A €2 Dz 07 02 D4 00 28
0oooo4s0 F9 DL 05 ED 00 28 03 DO 88 62 00 O OO0 OQOE 70 47
0DOD04A0 A3 49 01 20 43 70 FF 20 70 47 F3 BS OF 1C 00 26 &

The Eclipse memory display allows you to simply type new values into the displayed cells. Of course, this
example is in FLASH and that wouldn’t work. Memory displays in the RAM area can be edited.

Now we will add a second rendering that will display the memory monitor in ASCII.

Click on the “Toggle Split Pane” button to create a second rendering pane.

Pick “ASCII" display for the new rendering.

116




Click on the “Add Rendering(s)” button to create an additional ASCIl memory display.

Console | Tasks ﬂ g

Memary Manitars & % & IMemory Renderings

& % Memory Renderings

@ 0:394 0394 1 02394 <Hex= 0394 <0x394> l
Address | u] 1 | z | 3 | 4 | 5 | 6 | 7 | k| Memary Monitor: 0394 <0x394 >
00000390 m oo o0 00 54 65 65  Z0 Select renderingis) to create:
0oooo3 a0 53 7o 61 [3=] EE oo oo oo
gooooo3e0 05 ulu} ulu} ulu} 10 ulu} 20 ulu}
000003CO 68 61 6E 20 61 2O 73 70 N{Signed In
Unsigned Integer
goooosopo 7S &C &C 65 74 oo oo oo
0oooo3ED 05 ulu} ulu} ulu} 45 60 17 45
ooooo3Fo oo Fo ZB FE 10 BC og BC
goooo400 oo ca FC FF oo Fi FF FF
goooo4io oo FC FF FF ulu} Fz FF FF
ooooo4zo 01 3F 7 oo o1 3F 1a oo
ooooo43o 01 EF nl=] oo OE 3F 43 10
goooo440 40 03 og a7 64 ar 20 ulu}
ooooo4s50 oo oz 45 40 B3 44 oo z1
ooooo4e0 Qo0 EO 40 oo o1 31 nl=] 04
goooo47o  F2 L3 70 47 AC 49 44 3=
ooooo4s50 LA 45 p] 43 oo EO o1 38
ooooo4s0 F9 o1 o5 EO oo 28 [k} o »
£ | ?

Add Rendering(s)

Now we have an additional display of the hex values and the corresponding ASCII characters.

Click on the “Link Memory Rendering Panes” button.

‘g

This means that scrolling one memory rendering will automatically scroll the other one in synchronism.

Click on the “Toggle Memory Monitors Pane” button.

<4

This will expand the display erasing the “memory monitors” list on the left.

Console | Tasks H CH et | 28 HRl <|='=(> =08
Memory Renderings g % Memory Renderings a8

0x394 : 0x394 <Hex> ] 0x394 : 0x394 <ASCII> ]

agdress [0 [1 [z |3 |4 [|s |6 [7 [8 |9 |.al|[acaress |0 |1 |2 |3 [4 |5 [6 |7 |8 |5 |2 [B [c |»
oopooaso ] oo oo oo sa e85 5 zo 5z 61 ooooozso ) r r r T b e E =& i n
ODODO3AD 53 70 61 69 6E 00 00 00 020G DOOOO3A0 5 p & i on o r r 1 r Y o -
OOODD3ED OS5 00 00 00 10 00 zad 00 46 61 oooooze0 | o o ¢ o+ ot r F a = t &
O0ODO3CO 68 61 6E 20 61 2O 73 70 65 65 00ODO3CO0 h & n a = p e e d i =n
OoODO3DD 75 6C  6C 65 74 00 00 OO 07 0Q poooo3b0 w L 1 e £t o o ¢ ¢ ¢ ¢ o A
ODOOODZED OS5 00 00 00 48 &0 17 48 00 FO opooosES | ¢ ¢ r H O | H O & + a7
OOOOD3FD OO FO 2B FB 10 BC 08 BC 18 47 ODODOZFD & 9+ a o+ 0w @ % T & r 1 ot
ooooD400 OO0 €2 FC O FF 00 F1 FF  FF 40 F4 ooooo400 ¢ A @ ¥ o B O¥ 0¥ B & ¥ 0§ <
ooooo410 oo FC O FF FF 00 F2  FF FF 40 42 ooooo41o0 w0 ¥ ¥ o & % ¥ B OB ¥
ooooo4z0 01 3F  z7 00 o0l 3F 1k oo o1 BF || ooooo4zo 2 ' ¢ 0?0+ ¢ r & =+ ¢ 1
ooooo430 01 O BF 09 00 OE  3F 48 10 40 FD oooo0430 ;. r A8 ® + 8B ¥ ¥ ¥ r
OooDD440 40 03 08 z7 64 OF 20 00 000G opooo440 B LY @ A ¥ oo or noF 1
OoODD450 OO 0z 48 40 B3 4h 00 21 03 04 poooo4s0 o9 H @ g o o+ L4 4 & q
OooDD460 OO EO 40 00 01 31 09 04 00 04 ooooo4s0 ¢ &4 B o 1 4 4 o
ooooo4To Fz D3 70 47 AC 49 4k 69 92 O7 ooooo470 & 9 p G - I d i e u & E
ODODD4S0 AL 48 A9 49 00 0 EO 01 38 4L 69 poooo4s0 *  H O© I o 4 o B J i O s 4
oooongso FS D1 0S5 ED 00 28 03 Do 88 69 ||| oooomaso w B | & ¢ (L B - i - [ 0w

< > < »

Admittedly, this Eclipse memory display is a bit complex. However, it allows you to define many “memory
monitors” and clicking on any one of them pops up the renderings instantly. It's like so many things in life,
once you learn how to do it; it seems easy!
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Create an Eclipse Project to Run in RAM

There are two reasons to run an application entirely within onboard RAM memory; to gain a speed
advantage and to be able to set an unlimited number of software breakpoints.

Execution within RAM is about two times faster than execution within FLASH memory. Many
programmers will just copy the routines that need the increased execution speed from FLASH to RAM at
run-time and thenceforth call the routines resident in RAM. This is not the subject of this tutorial so we will
not address this idea any further.

In the FLASH example shown previously, the OpenOCD utility permitted the Eclipse debugger to use the
two on chip breakpoint units; allowing a breakpoint to be set in FLASH. This limits us to just two
breakpoints. Note also that the OpenOCD setup converted every Eclipse breakpoint specification into a
hardware-assisted breakpoint. This works great but there may be occasions where the two-breakpoint
limit is not satisfactory.

Creating an Eclipse project that runs entirely out of on chip RAM is simple if a bit counter-intuitive. We use
the Linker command script to place the code (.text), initialized variables (.data) and uninitialized variables
(.bss) all into FLASH at address 0x00000000. When the debugger starts up, we toggle the MC Memory
Remap Control Register to place the RAM memory at address 0x000000. We then let the
OpenOCD/JTAG unit load the main.out file (containing the executable code) into RAM now at address
0x00000000 and away we go! It's almost as if Flash memory has become read/write.

With this approach, we get an unlimited number of software breakpoints and can use the JTAG device to
download the code (we don’t have to use the OpenOCD FLASH programming facility). The disadvantage,
of course, is that the application is limited to 64 Kbytes.

Close the current Eclipse project using the “Project” pull-down menu and then selecting “Close Project”.

Click on “File — New — Standard Make C Project” as shown below.

AlctShift+r  F S T -

& Standard Make © Project

Conwverk to a CfC++ Make Project
Managed Make C Project
Standard Make C++ Project
Managed Make C++ Project

&% source Folder

% Folder

I£<|> Source File

[K] Header File

[ File
Corrvett Line Delimiters To 4 @ Class

% Gther. ..

Switch Workspace. ..

£ Import. ..
£ Export...

1 demo_at91sam?_blink_ram.crmd [demo_a...]
2 main.map [demo_at91sam7_blink_ram]

3 main.dmp [demo_ak91sam? _blink_ram]

4 main.c [demo_ak91sam? _blink_ram]

Exit
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Give the new project the name “demo_at91sam7_blink_ram” and click “Finish”.

& New Project

C/Make Project
Create a Mew C Project using 'make’ to build it

Project name: | dema_at91sam7_blink_ram|

Project contents
¥ Use default

Directary: | ciheclipseiworkspaceidemo_ak91sam7?_blink_ram Browse, ,, |

—

< Back | Mexk = G Finish ) Cancel |

‘v

Now we have a project that has no files.

& C/C++ - Eclipse SDK

File Edit Refactor Mavigate Search Project Run  ‘Window Help

|- |& et -8 - - [%-0-Q%-|®F [~ B Fsoebug |E@CicH
= E m ))1 = E

-

An outline is not
available,

Problems | B Console 52 Prnperties‘Search| e | E" 5@ | =EB-r4-=0
OpenCOCD [Program] C:\Program Files\GNUARMIbinlopenocd. exe

l Jdema_at91sam7 _blink_ram ‘

Now “Import” the source files from the c:\atmel_tutorial_source\ area for the project
“demo_at91sam7_blink_ram” using the techniques learned earlier.

Only two files are different from the FLASH version:

demo_at91sam7_blink_ram.cmd - This file is different in that all code and variables are linked and
loaded into address 0x00000000.

makefile.mak - this file references the file above (demo_at91sam7_blink_ram.cmd) so there are some
minor edits therein.

All other files are exactly the same as the FLASH example.
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Now we have a project with the proper files imported.

& C/C++ - main.c - Eclipse Platform

File Edit Refactor Mavigate Search Project Run  ‘Window Help

il HRENE A - A ARCEACAIEE S > RAU AN RUASNR I R SRR N R [ %5 Debug | Tg e+ | >
Hg i+ Proj.. 52 Navigator| = 0| [€ main.c ¥ = 0|z~ =0
Fa E 1_‘5:3 = ,-"’,-"’ B e ol Ol O el O e O O e Ol i e Ol e Ol O ol ol o o o ﬁ @
120 demo_at91sam7_blink_flash ji mEin. C E
125 dema_at91sam?_blink_ram <
i Demonstration program for Atmel ATO91SAM7SZS56-EE Evaluation Board I= demo_atdls
; glncludes H . . . B
- [B AT915AM7S256.h I blinks LEDD (pin PAD) with an endless loop
®-[Bl Bosrd.h I blinks LED1 (pin Pil) using timer0 interrupt (50 mSec rate)
- [g) blinker.c I switch SW1 (PA19) triggers FIQ interrupt, turns on LEDZ (Pin PAZ)
B-[§ ots I plenty of varisbles for debugger practice
E]---@ isrsupport.c s
B [2) lowlevelinit.c /¢ huthor: James P Lynch Septenber 23, 2006
EJ @ : ' ll."ll." o o o o o o o o o o o o o R o o
- L€] main.c
E]---@ tirnerisr.c
E]@ tlmersetupc .Il.llll.l e o ol o o ol o o ol ol o o o e o i o o ol o e o
@3 y ' 'y Header Files
H-EH libgoc,a
demo e p— bllnk ram cmd ,-"’,-"’ B O e ol Ol O el O e O Ol O ol i ol ol o o
o - - #include "ATS15AM7IZ56.h0"
----- | & makefile i
#include "board.h"
.Il.llll.l e o ol o o ol o o ol ol o o o e o i o o ol o e o
'y Function Prototypes
,-"’,-"’ B O e ol Ol O el O e O Ol O ol i ol ol o o
void TiwerdIrgHandler (void);
roid FigHandler (void);
.I'.llll.l o o R o o o o o o o o ol o R
'y External References 3
< | B o @
Properties S5 #AB-9-—0
i_-Build [demo_at91sam7 _blink_ram]
< | >
a—,
u

Only two files have changes and they are shown below.

DEMO_AT91SAM7_BLINK_RAM.CMD

demo_at91sam?_blink_ram.cmd LINKER SCRIPT
The Linker Script defines how the code and data emitted by the GNU C compiler and assembler are
to be loaded into memory {code goes into RAM, variables go into RAH).

Any symbols defined in the Linker Script are automatically global and available to the rest of the
program.

To force the linker to use this LINKER SCRIPT, just add the -T demo_at91sam7?_blink_ram.cmd
directive to the linker flags in the makefile. For example,

LFLAGS = -HMap main.map -nostartfiles -T demo_at91sam?_blink_ram.cmnd

The order that the object files are listed in the makefile determines what .text section is
placed first.
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For example: $(LD) $(LFLAGS) -0 main.out crt.o main.o lowlevelinit.o

crt.o is first in the list of objects, so it will be placed at address 0x00000000

The top of the stack {( stack end) is (last byte of ram +1) - 4
Therefore: _stack_end = (Bx000OBFFFF + 1) - 4 = 0x000010080 - 4 = Ox0000FFFC

Note that this symbol ( stack end) is automatically GLOBAL and will be used by the crt.s
startup assembler routine to specify all stacks for the various ARH modes

MEHMORY HMAP

|
pem=—mmm= D [|m=——mmmee e mee e sse s sseses |6x000816000
0 | |9x8BOBFFFC <{———-——————- _stack_end
o | UDF Stack 16 bytes |

o === seseseses |8xBBBBFFEC
- | |
o | ABT Stack 16 bytes |
- | |
o === seseseses |8x80BBFFDC
- | |
- | |
o | FIQ Stack 128 bytes |
- | |
- |
RAKH === seseseses |8xB0BBFF5C
- | |
- | |
o | IRQ Stack 128 bytes |
- | |
- |
o === seseseses |8x80BBFEDC
- | |
o | SUC Stack 16 bytes |
- | |
o === seseseses |8xBBBBFECC
- | |
0 | stack area for user program |
- | |
- | |
- | |
0 | free ram |
- |
o Joooonoonoooooooooooooacaoonacanonoo |6x000008F8 <—————————— _bss_end
- | |
5 | -.bss uninitialized variables |
0 [coooacoooooonooonnonacoonoooooooooo |9x000808EB <{-————————- _bss_start, _edata
- | |
- | |
5 | .data initialized variables |
- | |
o === seseseses |6x00008088A {——————————- _etext

|
C code |

|
: Jmmm |8x0000815C main()

Startup Code (crt.s)
(assembler)

————————————————————————————————— |6x00000020

. | |

0 | Interrupt Vector Table |

- | 32 bytes |

i D |6x6000008088 vec reset

Author: James P. Lynch
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*/

/*identify the Entry Point (_vec_reset is defined in file crt.s) =/
ENTRY{ vec_reset)

/* specify the AT?1SAH7S256s =/

HEMORY
{

flash : ORIGIN = B8, LENGTH = 256K /= FLASH EPROM (not used in this example) */

ram : ORIGIN = 8, LENGTH = 64K /* static RAM area (after debugger re-maps RAM to address 0x000000088) x*/
H

/* define a global symbol _stack_end (see analysis in annotation above) =/
_stack_end = Bx80FFFC;

/* now define the output sections =/

SECTIONS
{
. = 8; /* set location counter to address zero */
.text : /* collect all sections that should go into FLASH after startup =/
{
*{.text) /* all .text sections (code) =/
*( .rodata) /* all .rodata sections (constants, strings, etc.) =/
*(.rodata=) /* all .rodata* sections (constants, strings, etc.) =/
*(.qlue_7) /* all .gqlue 7 sections (no idea what these are) =/
*(.qlue_ 7t) /* all .glue 7t sections (no idea what these are) =/
_etext = .; /* define a global symbol etext just after the last code byte =/
¥ dram /* put all the above into FLASH =/
.data : /* collect all initialized .data sections that go into RAM =/
{
_data = .; /* create a global symbol marking the start of the .data section =/
*{ .data) /* all .data sections =/
_edata = .; /* define a global symbol marking the end of the .data section =/
¥ dram /* put all the above into RAM (but load the LMA initializer copy into FLASH) =/
.bss : /* collect all uninitialized .bss sections that go into RAH =/
{
_bss_start = .; /% define a global symbol marking the start of the .bss section =/
*{ .bss) /* all .bss sections =/
¥ dram /* put all the above in RAM (it will be cleared in the startup code */
. = ALIGN(4); /* advance location counter to the next 32-bit boundary */
_bss end = . ; /* define a global symbol marking the end of the .bss section =/
H
—end = .; /* define a global symbol marking the end of application RAH =/
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MAKEFILE.MAK

Makefile for Atmel AT?1SAM7?S256 - ram execution

LI I ]

James P Lynch September 26, 2006

HEHEEEES
LI

NAME = demo_at91sam7_blink ran

# variables

(HH = arm-elf-gcc

LD = arm-elf-1d -v

AR = arm-elf-ar

As = arm-elf-as

(H = arm-elf-objcopy

oD = arm-elf-objdump

CFLAGS = -I./ -c -fno-common -08 -g
AFLAGS = -ahls -mapcs-32 -0 crt.o
LFLAGS = -HMap main.map -Tdemo_at91sam?_blink_ram.cmd
CPFLAGS = —-output-target=binary
ODFLAGS = -x --syms

OBJECTS = crt.o main.o timerisr.o timersetup.o isrsupport.o lowlevelinit.o blinker.o

# make target called by Eclipse (Project -> Clean ...)
clean:
-rm $(0BJECTS) crt.1lst main.lst main.out main.bin main.hex main.map main.dmp

#imake target called by Eclipse (Project -> Build Project)
all: main.out

@ echo "...copying”

$(CP) $(CPFLAGS) main.out main.bin

$(0Dp) $(0ODFLAGS) main.out > main.dmp

main.out: $(0BJECTS) demo_at%isam? blink ram.cmd
@ echo "..linking"
$(LD) $(LFLAGS) -0 main.out $(OBJECTS) libgcc.a

crt.o: crt.s
@ echo ".assembling crt.s"
$(AS) $(AFLAGS) crt.s > crt.lst

main.o: main.c AT91SAM7S256.h board.h
@ echo ".compiling main.c"
$(cc) $(CFLAGS) main.c

timerisr.o: timerisr.c AT91SAM7S256.h board.h
@ echo ".compiling timerisr.c"”
$(ccy $(CFLAGS) timerisr.c

lowlevelinit.o: lowlevelinit.c AT91SAM7S256.h board.h
@ echo ".compiling lowlevelinit.c™
$(cc)y $(CFLAGS) lowlevelinit.c

timersetup.o: timersetup.c AT91SAM7S256.h board.h
@ echo ".compiling timersetup.c”
$(cc) $(CFLAGS) timersetup.c

isrsupport.o: isrsupport.c
@ echo ".compiling isrsupport.c”
$(cc) $(CFLAGS) isrsupport.c

blinker.o: blinker.c AT91SAM7S256.h board.h
@ echo ".compiling blinker.c™
$(cc) $(CFLAGS) blinker.c
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FLASH PROGRAMMING (using OpenOCD and Amontec JTAGKey)
Alternate make target for flash programming only

You must create a special Eclipse make target {program) to run this part of the makefile
(Project -> Create HMake Target... then set the Target Name and Make Target to “program™)

OpenOCD is run in "batch" mode with a special configquration file and a script file containing
the flash commands. When flash programming completes, OpenOCD terminates.

Note that the make file below creates the script file of flash commands "on the fly"

Programmers: HMartin Thomas, Joseph M Dupre, James P Lynch

HESEETEEEEETEEE RS

=

specify output filename here (must be *.bin file)
TARGET = main.bin

# specify the directory where openocd executable resides {openocd-ftd2xx.exe or openocd-pp.exe)
OPENOCD _DIR = ‘c:\Program Files\openocd-2806re93\bin\"

# specify OpenOCD executable (pp is for the wiggler, ftd2xx is for the USB debugger)
HOPENOCD = $(OPENOCD DIR)openocd-pp.exe
OPENOCD = $(DPENUBD_DIR)upenncd—Ftd2xx.exe

# specify OpenOCD configuration file (pick the one for your device)
HOPENOCD CFG = $(OPENOCD DIR)at91sam7?s256-wiggler-flash-program.cfg
HOPENOCD CFG = $(OPENOCD DIR)at91sam7s256-jtagkey-flash-program.cfg
OPENOCD CFG = $(OPENOCD DIR)at91sam7?s256-armusbocd-flash-program.cfg

# specify the name and folder of the flash programming script file
OPENOCD_SCRIPT = c:\temp\temp.ocd

# program the AT91SAM7S256 internal flash memory
program: $(TARGET)
@echo "Preparing OpenOCD script..."
@cmd /c 'echo wait_halt > $(OPENOCD SCRIPT)'
@cnd /c 'echo armui 5 core state arm >> $(OPENOCD SCRIPT)'
@cnd /c 'echo flash write 8 $(TARGET) 8x8 >> $(OPENOCD SCRIPT)'
@cnd /c 'echo mww BxFFFFFdB8 Bxa5@880481 >> $(0PENOCD SCRIPT)'
@cnd /c 'echo reset >> $(0PENOCD SCRIPT)'
@cmnd /c 'echo shutdown >> $(OPENOCD SCRIPT)'
@echo "Flash Programming with OpenOCD..."
$(0OPENOCD) —f $(OPENOCD CFG)
Becho "Flash Programming Finished."
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Build the RAM Project

Using the “Build All” button, build the new RAM Project.

File Edit Refactor Mavigate Search Project Run  Window Help

iry- & G R R A R R e R A E % petus |y | >
0 o+ Praj.. 52 navigator | = O || [€] main.c 32 demo_at91sam7_blink_ram.cmd | @ makefile =8|[Eo. =2 [ |
@
RN = F R R L R AL T TIPS AR e~
- T demo_st91sam7_blink_flash ; ; mEin. G E = pr915aM75256
E"",:c demo_at91sam? _blink_ram board.h
¢ Binaries s Demonstration program for Atmel ATI915AM?3256-EK Evaluation Board TimerlIrgHandle
- &p archives £ FigHandler
& [ndudes I blinks LEDO {pin PN} with an endless loop LowLevelinit
@ AT91SAM7SZ56.h i blinks LED1 (pin PA1) using timer0 interrupt (50 m3ec rate) Timersetup
@ Board.h ’ e switch SW1 (PR19) triggers FIQ interrupt, turns on LEDZ (Fin FALZ) enableIRQ
- L8] Hirker.c £ plenty of variables for debugyer practice ¥ enableFIo
8 crts £ ® FigCount
[ isrsupport.c /4 huthor: James P Lynch  September 23, 2006 ®
PRort. e R e e S e T e ] d
(€] lowlevelinit.c @y L
% ?a\nc S R RN AN ETE R AR ATTARANTARAAEATANTAAARRAATARAALTT ® i
- || timetisr.c - m
£ Header Files ®
8 mersenup.c B R B n B
- blinker.a - [armie] v @ o i
B} crt.o - [armie] < > ol | >
frsuppert. - [armie] Problems i) @B B -ri--0

lowlevelinit. o - [armle
B : Ig 1 «"-Build [demo_at91sam?_blink_ram]
b main.o - [armle ke —k all
%% main.out - [armle] -
__ timesisr.o - [armls] .assembling crt.s
Y : arm-elf-as -ahls -mapos-32 -0 crt.o crt.s > crt.lst
timersetup.o - farmle] Sy
lbate.a .compiling main.c
— tglt arm—elf-gee -I./ -o -fno-common -00 -g main.c
=2 otls
.compiling timerisr.c
3] demo_at31sam? _blink_ram cmd piing )
h - arm-elf-goc -I./ -o -fno-common -00 -g timerisr.c
main.bin
4 compiling cimersetup.c
=] main. dm)
P arm-elf-goo -I./ - -fno-common —O0 —g timersetup.c
main.meay
e .compiling isrsupport.c
| & maksfile
arm-elf-goc -I./ -o -fno-common -O0 -g isrsupport.c
.compiling lowlevelinit.c
arm-elf-goe -I./ -o —-fno-common —O0 —g lowlevelinit.c
Lcompiling hlinker.co
arm-elf-goo -I./ -c —fno-common -00 -g blinker.c
..linking

arm-elf-1d —v -Map main.map -Tdemo_stSlsam? blink ram.cwmd -o main.out crt.o main.o timerisr.o
timersetup.o isrsupport.o lowlevelinit.o blinker.o libgoo.a

GHU ld wversion 2.17

...copying

arm—elf-objcopy ——output-target=hinary main.out main.bin

arm—elf-objduwnp -x —--3vios wain.out > mwain. dop

In this version, we will be using the “main.out” file to download the executable into RAM via the JTAG.

Create an Embedded Debug Launch Configuration

A separate Debug Launch Configuration is appropriate since the debugger startup script will be different
and the downloading of executable code into RAM will be performed by the JTAG interface.

Click on “Run” followed by “Debug...".

indow  Help

m Last Launched Chrl+F11

E "

| %, Debug Last Launched  F11 ~

™

; Run History v 7

1 Run As L

Run... T
Diebug History 4

% External Tools 4
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When the Debug “Create, manage, and run configurations” screen appears, click on “Embedded debug
(Native)” followed by the “New” button.

Create, manage, and run configurations

e =
(OEEIEES

| tyvpe filker text

Configure launch settings from this dialog:

|_|¢' - Press the 'Mew' button ko create a configuration of the selected tvpe,

B E C/iC++ Attach to Local Application
[€] Cic++ Lacal Application
E CliZ++ Postrortem debugger K - Press the 'Delete’ button to remove the selected configuration.
= = = i |
it

=| - Press the 'Duplicate’ button to copy the selected configuration.

m

m 21w

- Press the 'Filker' button to configure Filkering options.,

demo_at91sam?_blink_flash - Edit or wiew an existing configuration by selecting it.

Configure launch perspective settings from the Perspectives preference page,

A new and empty “Embedded debug launch” configuration screen will appear. Under the “Main” tab, fill
out the new configuration screen as shown below. Once again, | selected the project name
“‘demo_at91sam7_blink_ram” as the debug launch configuration name. Use the “Browse” buttons to find
the project and the C/C++ Application file as shown below.

& Debug

Create, manage, and run configurations

[T S
=l [ -
EX B5 Name[l demo_at31sam7_blink_ram| I
J
tvpe filker text -
| | ﬁ Debugger| ;| Cnmmandsl B Su:nuru:e| El Common |
B E C/iZ++ Attach to Local Application
[€] Cic++ Lacal Application Bo et
|-L=| C/iC++ Postmortem debugger = \ N
::c Embedded debug (Cygwin) | demo_ak31sam?_blink_ram I (l [ Browse. .. ]
= Embedded debug (Mative) CJC++ Application; ¥<
demo_at91sam?_blink_Flash
o B - - | rmair, ouk | [Search Pru:uject...([ [ Browse, ., ] )
1
[ Apply ] [ Revert J
@ I Debug J [ Close ]
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Under the “Debugger” tab, fill out the screen as shown below. Note that we un-checked the “Stop on
startup at:” check box since we will use a “break main” GDB command to do the same thing. Also use the
“Browse” button to find the GDB debugger (it is the file: c:\Program Files\yagarto\bin\arm-elf-gdb.exe).

& Debug

Create, manage, and run configurations

ELICES

| tyvpe filker text

¢ E C/iC++ Attach to Local Application

|-L=| C/iZ++ Local Application

E C/iZ++ Pastrnortem debugger

56 Embedded debiug (Cygwin)

=l Embedded debug (Mative)
demo_at91sam?_blink_Flash
main

Mame: | demo_ak31sam?_blink_ram

ﬂ Cnmmandsl B Su:uuru:e| = Q:ummu:un!

Debugger: |Embedded GDE

Debugger Options

Main

[ [ 5top on startup at: ]

GDE debugger: [ | C:\Program Files\yagartolbinlarm-elf-gdb.exe ﬂL_Browse... ]

[ Apply ][ Rewvert J

@

I_ Debug ][ Close

Finally under the “Commands” tab, fill out the screen as shown below.

& Debug

Create, manage, and run configurations

CEX B

| tvpe Filker bext |

i E Cli++ Atkach ko Local Application

E C/C++ Local Application

E C/C++ Postmortem debugger

::G Embedded debug {Cyguwin)

=] Embedded debug {Mative)
demo_at21sam7_blink_flash

Marne; | demo_at91sam7_blink_ram

Commands

Main | %5 Debugger B Saurce | &l Commaon |

target remote localhost: 3333
monitor soft_reset_halt

rmanitar rwe OxFFFFFFOD 0x01
monitar reg pc 0x00000000
monitar arm?_9 sw_bkpts enable

e break main
load
cantinue|
N\
[ Apply ]D Rewvert J
P
\
@ [ Debug ]D Close ]
/

127




The other two tabs can be left at their default values. Click on “Apply” followed by “Close” to complete
specification of the “embedded launch configuration” for the RAM-targeted application.

The eight GDB startup commands require some explanation. If the command line starts with the word
“monitor”, then that command is an OpenOCD command. Otherwise, the command is a GDB command.

target remote localhost:3333

This is a GDB command. The “target remote” command specifies that the protocol
used to talk to the application is “GDB Remote Serial” protocol with the serial device
being a internet socket called localhost:3333 (the default specification for the
OpenOCD GDB Server).

monitor soft_reset_halt

This is an OpenOCD command. This is a special reset command developed by
Dominic Rath for ARM microprocessors.

monitor mww OxFFFFFF00 0x01

This is an OpenOCD command. It sets the Atmel AT91SAM7S256 MC Remap Control Register to 1
which toggles the remap state. This effectively overlays RAM on top of low memory starting at
address 0x00000000. Be forewarned that this register has a “toggle” action and it behooves you to
power-cycle the AT91SAM7S board before running the debugger to ensure that you are starting from
a RESET state.

monitor reg pc 0x00000000

This is an OpenOCD command. It sets the PC to address 0x00000000. This ensures that we will start
at the reset vector when the “continue” command is given.

monitor arm7_9 sw_bkpts enable

This is an OpenOCD command. It enables software breakpoint commands emitted by
Eclipse/GDB.

break main

This is a GDB command. It sets a breakpoint at the entry point main().

load main

This is a GDB command. It instructs the debugger to load the executable code into
RAM and utilize the symbolic information in the main.out file for debugging.
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continue

This is a GDB command. It forces the ARM processor out of halt state and resumes
execution from the restart vector. Execution will halt on the breakpoint set at main( ).

Using the procedures shown earlier, add the “demo_at91sam7_blink_ram” embedded launch
configuration to the list of favorites. Thus, when we click on the “Debug” toolbar button’s down
arrowhead, we see both launch configurations available.

Window Help

-0 - RO ®@ & |

] = 1 demo_at91sam?_hlink_Flash

New embedded debug

; E 2 demo_at21sam7_blink_rarn launch configuration is
; present.
Debug As 3
L
F Debug...

L Crganize Fawvorites, ..

Set up the hardware

Whatever debugger you are using (wiggler, JTAGKey or ARM-USB-OCD), the same hardware setup
used for FLASH programming and debugging will also apply to RAM-based applications. Shown
below is the hardware setup for the Olimex ARM-USB-OCD JTAG debugger.

“\II

M\\\
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Open the Eclipse “Debug” Perspective

As shown earlier, click on the “Debug” perspective button located at the upper right part of the Eclipse
screen.

@CIC++ ?,J Java

D®E o %% -0

Now the Debug perspective will appear, as shown below.

& Debug - main.c - Eclipse Platform

File Edit Refactor Mavigate Search Project Run  ‘Window Help

- B id-0-Q- i®@PilE-if- Fl-we-a % Debug | B clc+ ”
% Debug 22 B = Lo = 3F i Y T O |[69= variables E1 . Breakpoints £ |+% S ¢ ¥ =08
{> © e

@ main.c &8 demo_at91sam?_blink_ram,crmd | @ makefile = O outline ( Disassembly &2 =0

f’f’ R T T T T T T T T T A A T T T T AN AT T AR ALET T TR ET TR RANNTATRANNT AT NS A fe}

I main. o B

I

I Demonstration program for Atmel ATS91SAMVSZS56-EEK Evaluation Bosrd

I

I blinks LEDO (pin PAD] with an endless loop

I blinks LED1 (pin PA1] using timer0 interrupt (50 msec rate)

I switch §W1 (PA19) triggers FIQ interrupt, turns on LEDZ (Pin PAZ)

I plenty of warishles for debugger practice

I

// huthor: Jswes P Lynch September 23, 2008

FE I L

f’f’ R R R R R A R T A A E T R AN T T TR AL LT LT RELE T

I Header Files ~

K] il 2

Tasks | C/C++ Projects B E B 5-=0

i_-Build [demo_sk91sam7?_blink_ram]

Start OpenOCD

Before starting OpenOCD, get into the habit of cycling the power of the Atmel AT91SAM7-EK board.
Pulling and then re-inserting the power cable will accomplish this. For the RAM application, cycling the
power is CRUCIAL for success (due to the toggling nature of the MC Remap Control Register).
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To start OpenOCD, click on the “External Tools” toolbar button’s down arrowhead and then select
“OpenOCD”. Alternatively, you can click on the “Run” pull-down menu and select “External Tools”

followed by “OpenOCD”.

1 Projectk Run Window  Help

Run As 4
Q External Tools. ..

Crganize Favorites. ..

The debug view will show that OpenOCD is running and the console view shows no errors (warnings are

OK).

& Debug - main.c - Eclipse Platform

File Edit Refactor Mavigate Search Project Run Window Help
Hmih ®iB-0-Q- i@ @R e [ | %5 Debug | B cic++ >
35 Debug 53 % L © 5SS 3 i T T O|[6d= variables 52 Breakpoints El:ﬁgl = XKk ~=0O
=] % OpenoCD [Program]
“pid Ci\Program Files\openocd-2006re93ibin|openacd-Frdzio:. exe
main.c &3 demo_at91sam?_blink_ram,cmd |_@ makefile = 8| outline ( Disassembly &3 =8
P e R T e E T TSP o
I main. o B8
I
o Demonstration prograwm for Atmel AT91SAMTIZS6-EK Evaluation Board
I
o blinks LEDO (pin PAO) with an endless loop
o blinks LED1 (pin PA1) using timer0 interrupt (50 msec rate)
o switch SW1 (PA19) triggers FIQ interrupt, turns on LEDZ (Pin PA2)
o plenty of variables for debugger practice
A
/4 Author: Jamwes P Lynch SZeptewber 23, 2006
/‘/ R R A A A R A A A R T A AR T F R AN T T X AL T LT RELE TS
/‘/ T T T T T T T T A A T T T T A A AN T TR AN T T TR AN TTTRALERTRTR
.-’j/ Header Files v
L3l H
Tasks|C,|’C++ Projects X% it B-r3-—0
OpenOCD [Program] C:\Program Files\openocd-2006re931binopenacd-frd2xx exe
Info: openocd.c:i82 wain(): Open On-Chip Debugger (2006-08-31 15:00 CEST)
arning: arm7_5_common.c!679 srw7 59 _sssert_reset(): Srst resets test logic, too
=
U

131



Start the Eclipse Debugger

To start the Eclipse debugger, click on the “Debug” toolbar button’s down arrowhead and select the
debug launch configuration “demo_at91sam7_blink_ram” as shown below.

Alternatively, you can start the debugger by clicking on “Run — Debug...” and then select the
“‘demo_at91sam7_blink_ram” embedded launch configuration and then click “debug”. Obviously, the
debug toolbar button is more convenient.

& Debug - main.c - Eclipse SDK

File Edit Refactor Mavigate Search Project Run  Window Help

lra - | @ |00 -Qu- | =& | F -

Debug As 3

ﬁ Debug...

Crganize Favorites. ..

If the Eclipse debugger starts properly, the debug view (upper left) shows that the debugger has stopped
at line 60 in main().

If the Eclipse debugger doesn’t connect properly, then there will be a progress bar at the bottom left status
line that runs forever. In this case, terminate everything and power cycle the target board again.

& Debug - main.c - Eclipse Platform

File Edit Refactor MNavigate Search Project Run Window Help
milhg @ iB-0-Q- @@L iR H e a | 35 pebug |ER cic++ »
5] -<§" i 3 2 = i 7 = O||variables (00 Ereakpaints &2 Ragisters|ModuIes| x & & o w =] <'==={> =08
= % OpenCD [Program] .,3 Cihworkspaceldemo_at91sam?_blink_rarmimain.out [Function: main]
: p'ﬂ Ct\Program Filesiopenocd-2006re93 bin|openocd-frdZxx . exe
= demo_at91sam7_blink_ram [Embedded debug (Mative)]
B@ Embedded GDE (9/28/06 10:19 PM) (Suspended)
=g Thread [0] (Suspended)
N | main( g n7_|
sl CtiProgram Files\yagartolbintarm-elf-gdb. exe (9/28/06 10:12 PM)
@ main.c &3 demo_at91sam7 _blink_ram.cmd L& makefile = 8| outine ( Disassembly &3 =08
~ int wain (void) | L)
44 lots of varisbles for debugging practice 0x0000015c <maine: mow riz, sp
int a, b, o /¢ uninitialized wvariable 0x00000160 <maintds: stwdb sp!, {rll, riz
char dr f¢ uninitialized wariable Ox00000164 <main+S>: =sub rll, riz, #4
b int w =1 /¢ initialized wariable Ox00000168 <main+lZ>: sub sp, sSp, H84
int k=2 // initialized wvariable
static long ® = 5; ff static initialized war — /f lots of wariables for debugging prac
static char v = Ox04; /f static initialized wvar int a, b, c;
unsigned long 3 /¢ loop counter (stack va char d;
unsigned long IdleCount = 0 /¢ idle loop hlink counte int wo= 1
int p /¢ pointer to 32-bit word HOx0000016c <meintlés: mov 3, #1 ; Oxl
typedef void [*FnPtr) (void); /¢ oreate a "pointer to £ Ox00000170 <main+20>: sStr r3, [ri1l, #-40
FnPLr pFnPtr; /¢ pointer to a function int =2
const char *pText = "The rain in Zpain'; /¢ dinitialized string poi Ox00000174 <main+24>:  mov 3, #2 ; Oxi
0x00000178 <wain+z28»>: str r3, [ril, #-36
struct EntrylLock { /¢ initialized structure - static long x = 5;
long Eevy: w static char v o= 0x04: v
< I 3 | & | 3
Bl Consale &2 Tasks | CC++ Pro]ects|Mamory‘ x 5| 5 Q'—H = HBE-rj-=0
dermo_atd1sam7_blink_ram [Embedded debug {Mative)] C:\Program Files\yagarko\binlarm-elf-gdb. exe (9/26/06 10:19 PM)
{gdb) reguesting target halt and executing a soft reset L)
pc (/32): O0x00000000
software breakpoints ensbled
{zection=".text",section-size="2212", total-size="12708"} =
{section=".data",section-size="60", cotal-size="12705"}
A
hid
U
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Setting Software Breakpoints

The big advantage of running entirely from on chip RAM is that you can set an unlimited number of
software breakpoints. In the example below, we have set four breakpoints plus the breakpoint set at
main( ).

& Debug - main.c - Eclipse Platform

File Edit Refactor Navigate Search Project Run WWindow Help

if-He @S- i@y i i floe e s & [ 45 pebug | B cich+ ”
%5 Debug 52 % 5 e ] o o I o0 i T T B[ variables roo Breakpoints £2 Reg\stars|Mndules| RR#Hw mESE~YCO
E-q OpenOCD [Program] v ,3 Criworkspaceldema_at21sam7_blink_ramimain.out [function: main]
-.@ C:\Pragram Files\openocd-2006re93\binlopenocd-frd2xx.exe @ Ciworkspace!dema_at91sam?_blink_ramimain.c [line: 99]
demo_at91sam?_blink_ram [Embedded debug {Mative)] @ Ciworkspace\demo_at91sam?_blink_ramimain.c [ine: 105]
2 a@ Embedded GDE {9/28/06 10:19 PM) (Suspended) @ Cilworkspace\demo_at91sam?_blink_ramimain.c [ine: 118]
= m‘m Thread [0] {Suspended) “[F]v@ Ciwaorkspace|dema_st91sam7_blink_ramimain.c [line: 124]
: L= 1 main() at Ciworkspaceidemo_at91sam7 _blink_ramimain, c:60 0x0000016c
ﬁ C:\Program Files\yagarto\biniarm-elf-gdb, exe (9/28/06 10:19 PM)

m derma_at91sam7_blink_ram.cmd L& makefile = 3 outine Disassembly &3 =a
/¢ pointer to PIO data structure ~ int main (wvoid) { ~
volatile ATS1PS_PIO pPIO = AT91C EBASE PIOA: 0x0000015c <mains-: mow rlz, sp

0x00000160 <maintds: stwcdh sp!, {rll, riz
/4 PI2 Enasble Register - allow PIQ to control pins PO - P3 and pin 19 0x00000164 <main+3>: sub ril, riz, #4

Lo pPIC->PIO_PER = LED MASK | SWi_MaSE: 0x00000168 <main+lZ>: sub  =p, sp, #&4
/¢ PIO oucput Enable Register - sets pins PO - P3 to outputs /7 lots of varisbles for debugying prac
pPIO->PIO_OER = LED_MASK: int a, b, o

char d;
/¢ PIDO Set Output Data Register - turns off the four LEDs int W= 1;

La pPIO->PIO SODR = LED MASEK: SUxDDDUUch <mwain+le>:  mov r3, #1 : 0Ox1

0x00000170 <main+Z0>: etr r3, [r1l, #-40
/4 Felect PA19 (pushbutton) to ke FIQ function (Peripheral Ej int k=2:
pPIC->PIO _BSR = SW1_MASK; 0x00000174 <main+Z4>: mov r3, #z ; Ox2
0x00000178 «<wain+Z8>: sStr r3, [rll, #-36
static long x = 5;
/4 Set up the Advanced Interrupt Controller LIC for Tiwer O static char v = 0x04;
I unsigned long 3:
unsigned long IdleCount = 0;
/4 pointer to AIC data structure | 0x0000017c <main+32>:  mov r3, #0 ; 0OxO
volatile ATS1PS_AIC pAIC = AT91C BASE AIC: 0x00000150 <maintic>: Str r3, [r1l1, #-28
int *o;
/¢ Disable timer 0O interrupt in ATC Interrupt Disshle Command Register typedef void [*FnPtr) (void) ;
Lo pAIC->AIC_IDCR = (1<<ATS1C_ID_TCO): FuPrr pFuPLr:
const char *pText = "The rain in 5
/¢ Set the TCO IRQ handler address in AIC SJource Vector Register[12] 0x00000154 <main+4d0>: ldr r3, [peo, #512)
DAIC->AIC_SVR[ATS1C_ID_TCO] = (unsigned int)TimerOIrgHandler; 0x00000188 <main+44>: str r3, [rll, #-1g¢
/4 Set the interrupt source type and priority in AIC Source Mode Register([12] struct EntrylLock {

e pAIC->AIC_SMR[ATS1C ID TCO] = (AT®1C_AIC SRCTYPE INT HIGH LEVEL | Ox4 ); long Eey;

b int niccesses; ]
=] | )

B consale 82 Tasks CIC++PrDiE(ts|MEmDry‘ ® % Expf #E-r5--0

demo_at91sam?_blink_ram [Embedded debug (Mative)] C:\Program Fileslyagartoibiniarm-elf-gdb.exe (9/26/06 10:19 PM)

(gdh) reguesting target halt and executing a soft reset |

pe (/32): 0x00000000

software breakpoints enshled =i

{section=".text",section-size="2212",total-size="12708"}

{zection=".data", section-size="60", total-size="12703"} 3

g ‘wiritable Smatt Insert: 73:9

Let's remind ourselves that the Eclipse debugger can handle multiple threads of execution. Since our
ARM system only has one thread, you must click on it (highlight it) to enable the execution control
commands to work. As shown below, the thread “1 main() at main.c:57” has been clicked and thus

highlighted.
— B = B
B > = %o - "D
------ ﬁ C:\Program Filesiopenocd\binopenocd-pp.exe

EI {% Cpenio D [Prngrﬁ
E|_=|: demo_at91sam?_blink_ram [Embedded debug launch]

Eﬁ Embedded GDE (5606 6:13 PM) {Suspended)

: Click this thread to enable
= Thread [0] {Suspended) thése e;ecution control

_—— raing) at main.c:57< buttons.
------ 'ﬁ Debugger Process (5606 613 PR)
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Click on the “Resume” DF. button and the debugger executes to our first breakpoint.

A4 Initialize the Atmel AT213AMTSZS56 (watchdog, PLL clock,
Pa LowLewelInit (] :

Click on the “Resume” DP button again and the debugger executes to our second breakpoint.

AT91PS PIO pPIO = AT91C BASE PIOL;
Ba pPIO->PI0O PER = LED MASE;
pPIO->PIO OER = LED MASE:

Click on the “Resume” DF‘ button again and the debugger executes to our third breakpoint.

pPIO->PIC OER = LED MASK:
Ba pPICO->PIC SODR = LED MASK:
And so on, now we have an unlimited number of breakpoints available.
Now you can run through all the debugger operations covered earlier in this tutorial. Considering that

modern desktop PCs and laptops are being manufactured without serial or parallel ports, a USB-based
JTAG interface will soon be the only way to debug target boards.
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Compiling from the Debug Perspective

You can conveniently stop the debugger and the OpenOCD, modify your source file and re-compile your
application all within the Debug perspective. The following procedure is a safe way to do this.

e Stop the Debugger

Click on the execution thread to highlight it and then click on the KILL button to terminate it.

S Debug - main.c - Eclipse SDK

File Edit Refactor Mawigate Search Projeck Run Window  Help

- EE| B0 - | @™ |4 -5 -1

Click on the Kill

N\
= button to terminate
Oe (M ')" (A | and remove the
N

El[; OpenCCD [Progran]

s .E CAProgram Files\openocdibinlopenocd-pp.exe

El::c: demo_at?1sam?_blink_ram [Embedded debug launch]
Elﬁ' Embedded GDE (5/7006 11:11 AM) {Suspended)

debugger

E|.1='|E' Thread [0] (Suspended: Breakpoint hit, )

----- .E Debugger Pracess (57706 11:11 ANM)

Click on the execution

| o= 1 maini) ak main.c e I‘_ thread first.

e Stop OpenOCD

Click on OpenOCD followed by clicking on the KILL button to terminate the OpenOCD JTAG utility.

* _ Dehug - main.c - Eclipse SDK

File Edit Refactor Mawvigate Search Project Run Click on the Kill
& B2 | =y o - - button to terminate
J 03 - & | g J ¥-0-G J [39 the debugger

[ e < NN
I e I R o

EI--Q CpenCiCD [Program)

| .E C\Program Fileshopenocdibinopenocd-pp. exe | <
=S¢ <terminated =demo_ak31sam?_blink_ram [Embedded debug launch]
gl srerminated=Embedded GDE (S(7/06 11:11 AM)
E'a <kerminated, exit value: 0=Debugger Process (57106 11:11 AM)

Click on OpenOCD first.
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Erase the Debug Pane

Click on the Erase button to clear everything from the Debug pane.

£  Debug - main.c - Eclipse SDK

File Edit FRefactor Ravigabke Search Project Fun Window  Hell C||Ck on the Erase bUttOﬂ tO
TS -[E = 6w |3 -0 -Q - |® & 5 A clear everything from the
= Debug X M Gl

TOIE

= = | 2 i 7

Modify the Source File

Here we have changed the wait time by modifying the loop counts.

(B tmenc x - =
=8|

/¢ endless loop to toggle the green LED D31 |
while (1) {

for (3 = 0: j <j++ 1 JF wait 500 msec

pPIO->PIO CODR = LED1; £¢4 turn LED1 (DS1) on

for (3 = 0: j <j++ 1 JF wait 500 msec

pPIO->PIO 30DR = LEDIL; 44 turn LED1 (DS1) off

|

k += 1: A4 count the number of hlinks

} ~|
Lo 1] ] >

Re-Compile and Link the Application

To change the blink rate, we modified the loop counts. We then saved the source file using the
“Save” button.

Next we re-built the application by clicking on the “Build All” button, as shown below. The
Console view shows that the compile and link steps ran successfully. Note that it only compiled
the source file main.c.

& Debug - main.c - Eclipse SDK
File Edit Refactor Mavigate Search Project Run  Window Help

@@ #-0-a- @y | -§-we-a- E[pochs Bcicer
T el 2 Y = 5| (variables | @ sreakpoints 2 FE YT ERY Y
> - %&‘ = | =i~ & Cileclipssiworkspacstdemo_ataisam?_blink_ramimain.c [line: 76]
N
Save Build
Button Button
|
New loop b R Rouie 3
// endless loop to toggle the + FIG_Rodtine
while (1) { Counts + SWI_Routine )
for (3 = 0; 3 < 1500000 1 tﬁ UMDEF_Foutine =
pPIO->PIO_CODR = LED1: /| o AT91SAMTXC2SE.h
for (3 = 0; j < 15000007 3++ ): /¢ wait SO0 msec e boardh -
pPIO->PI0_SODR = LEDL: /7 turn LED1 (DS1) off ". f'
X 4= 1 // count the number of blinks : .
! e
< i I @ i =)
B console 5 Tasks| O EmE-r1-=0

C-Build [demn_sta1sam?_blink_ram]

make -k all
.compiling

.. linking

GNU ld wersiom 2.16.1

arm-elf-gee -I./ -¢ -fno-common —O0 —g main.c

arm-elf-1d -v —Map main.map -Tdemo_at9isew?_blink_rem.cmd -0 main.out

.. .copying
arm—elf-ckicopy --output—target=hinary wain.out main.bin
arm—elf-chidump -x --SymsS main.out > main.dmp

crt.o main.o lowlevelinit.o

| wiritable

Smart Insert

8132
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Cycle the Target Board Power
This can be done by detaching and re-inserting the power cable.

This step may not always be necessary but it insures that we start from the same place every time.
The Atmel AT91SAM7S256 has a memory map register that “toggles” and it's possible to get out-
of-sync.

Start OpenOCD

Using the External Tools toolbar button, find and start the OpenOCD JTAG utility.

1 Project Run  Window He

%@ e B .Q|
1 SAM-EA
JpeniiD ]

Run s L4
% External Tools. ..

Crganize Favorites. ..

Start the Eclipse Debugger

Using the Debug toolbar button, find and start the at91sam7_blink_ram debug configuration.

iigate  Search Project Run  Windaow

$00-a- | ®® ¢ |!

¢ 1 demo_at31sam? _blink_flash

Debug As 4

#;‘;7: Debug...

Organize Favorites. .,

Repeat your Debugging Session
Now the Eclipse debugger is stopped at the function main( ), awaiting your next instructions.

Once you have this procedure committed to memory, you will find RAM-based debugging a real
pleasure.
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& Debug - main.c -

Eclipse SDK

File Edit Refactor Mavigate Search Project Run  Window Help

IB-Ee@B]$-0-%-|808F |83 -0e-o-

ﬁfﬁ Debug &1

= O ||variables

k= i

Hk§a|§_@ %| L T

= % OpenCCD [Program]

5----5@ C:iProgram Files\openocdibintopenocd-pp.exe

- demo_at91sam7 _blink_ram [Embedded debug launch]
EI@ Embedded GDE (5/7/06 12:02 PM) (Suspended)

! (=g Thread [0] (Suspended)

= 1 main() at main.c:57

[ pﬁ Debugger Process (517106 12:02 PM)

B | #50ebug Moo+

Modules | Registers | Signals |

XZ@>-w|@BEGE|NT=0

(€] main.c &2

int
int
char
¥ int
int

static

const

long
<

static long

static int

struct EntryLock {

key:

=0

J: /¢ loop counter (stack A

a,b,o; /¢ uninitialized wvariab.

d: Jf uninitialized wariah

wo= 1; /¢ initialized variable

k= 1: /f initialized variable

x = 5; ff static initialized wi
char v = Ox04; /¢ static initialized we—

z =7 £f static initialized w:
char *pText = "The Rain in Spain'™: ff initiamlized string po

/4 initiamlized structure

hd
| >

u

8= outline 2 %8s @77
“+ IRQ_Routing

FIZ_Routine

SWI_Routine

UMDEF_Routine

ATS15AMTRCZ56.h

board.h

q

|

r
5
h

i
i
comms

|£

B console 52 Tasks ‘ Memory |

u]

W% | kBB #BE-05-7

demo_at91sam7_blink_ram [Embedded debug launch] Debugger Process (517/06 12:02 PM)

Transfer rate:
continue

{Zection=".cext",section-size="936", cotal-size="4409"}
Loading section
{gection=".data",section-size="60", cotal-size="4409"}
Start address 0x0, load size 596

.data, =size Ox3c lma Ox3ald

56914 bits/sec, 249 bytes/write.

{gdb)

Breakpoint 1, mwain () at main.c:57

57 int = 1;
[f= i3]

£

[>

// initialized wvari
v

>

]

When we are debugging a FLASH-based application, we have to run the OpenOCD flash programmer
and program the flash before starting the OpenOCD and the Eclipse debugger. If you are using the
JTAGKey or the ARM-USB-OCD debuggers that use the USB port, that operation is still quite speedy.
Nonetheless, it's an extra step which explains the popularity of building and debugging entirely within
RAM memory.
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Conclusions

Professional embedded software development packages from Rowley, IAR, Keil and ARM are complete,
efficient, and easy-to-install and have telephone support if you encounter problems. For the professional
programmer, they are worth the expense since “time is money”. Some of these companies offer “kick
start” versions of their packages for free, albeit with some reduced functionality such as a 32K code limit,
etc.

The Open Source tools described herein are an attractive alternative and are free. Thanks to the tireless
contributions of open-source heroes such as Michael Fischer and Dominic Rath, the acquisition and
installation of Open Source tools is becoming less complex and time-consuming. The reader needs a high
speed internet connection to download the various components and a couple hours of time to install and
test the lot.

Still, many thousands have managed successful application of Open Source tools for embedded software
development. The GNU compilers are very close to the code efficiency of the professional compilers from
Keil, IAR and ARM. The Eclipse and GNU Open Source tools bring the world of embedded software
development to anyone on the planet that has imagination, skill and dedication but not the corporate bank
account. Promoting the involvement of everyone in microprocessor development, not just an elite few, will
allow us all to profit from their accomplishments.
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Appendix 1. Olimex AT91SAM7- P64 Board

The Olimex AT91SAM7-P64 board has two LED’s and two pushbutton switches while the Atmel
AT91SAM7S-EK board has four LEDs and four pushbutton switches. The application described in this
tutorial uses one switch and three LEDs. Fortunately, the pushbutton switches use the same PIO ports as
the Atmel AT91SAM7S-EK board, so no change is required for the single switch. The Olimex board uses
different PIO ports for the LEDs, so we are required to do two things; add a LED to the board and adjust
the board.h file to specify the correct ports.

Since LED3 was port PA2 in the Atmel evaluation board, the author added the following simple circuit to

the Olimex board.
470 Q

3.3 volt ©—/\/\/\/\/\—

N
o

Radio Shack Red LED
276-026 T-1 size
3volt15ma 2.5 mcd

Below is a photograph showing the added LED3.
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The board.h include file was modified to specify the correct ports for the LEDs and the switches.

*

LI I ]

intellectual property

*

* File Name : Board.h

* Object : Dlimex AT91SAM7-P64 Evaluation Board Features Definition File.
*

* Creation : JPP 16/Jun/2084

E
*/

#ifndef Board_h

#idefine Board_h

#include "AT91SAM7S256.h"

#idefine _ inline inline

#idefine true -1

#idefine false @

[/~

// Leds Definition

[/~

// PIOD PA PB PIN
fidefine LED1 (1<<18) // PA18 RD PCK2 18
fidefine LED2 (1<<17) // PA17 TD PCK1 9
fidefine LED3 (1<<2) // PA2 PWH2 SCK® .44
fidefine NB_LEB 3

#idefine LED_HMASK (LED1|LED2|LED3)

[/

// Push Buttons Definition

[/

// PIOD PA PB PIN
fidefine SW1_HMASK (1<<19) // PA19 RK FIQ 13
fidefine SW2_MASK (1<<28) // PA2@ RF IRQO 16
#idefine SW MASK (SW1_HASK |SW2_HASK)

fidefine SIH (1<<19) // PA19

fidefine SW2 (1<<28) // PA20

[/~

// USART Definition

[/~

// SUB-D 9 points J3 DBGU=x/

#idefine DBGU_RXD AT91C_PA9_DRXD // JP11 must be close
#idefine DBGU_TXD AT91C_PA18_DTXD // JP12 must be close
#idefine AT91C_DBGU_BAUD 1152088 // Baud rate

fidefine US_RXD_PIN AT91C_PAS_RXDO // JP9 must be close
fidefine US_TXD_PIN AT91C_PA6_TXDO // JP7 must be close
fidefine US_RTS_PIN AT91C_PA7_RTSHO // JP8 must be close
fidefine US_CTS_PIN AT91C_PA8_CTSHO // JP6 must be close
/)~

// Haster Clock

/)~

#idefine EXT_OC 18432000 // Exetrnal ocilator MAINCK

#idefine MCK 47923208 // MCK (PLLRC div by 2)

fidefine MCKKHz

#endif // Board_h

The software is delivered "AS IS" without warranty or condition of any
kind, either express, implied or statutory. This includes without
limitation any warranty or condition with respect to merchantability or
fitness for any particular purpose, or against the infringements of
rights of others.

(MCK/10008) //
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The Olimex AT91SAM7-P64 board used the AT91SAM7S64 chip, which has 64K of FLASH and 16K of
RAM. The linker command script, demo_at91sam7_p64_blink_flash.cmd, is modified to support these
memory limits.

demo_at91sam? pé4 blink flash.cmd LINKER SCRIPT {for 0limex AT91SAM7-P64-A board)
The Linker Script defines how the code and data emitted by the GNU C compiler and assembler are
to be loaded into memory {code goes into FLASH, variables go into RAM).

Any symbols defined in the Linker Script are automatically global and available to the rest of the
program.

To force the linker to use this LINKER SCRIPT, just add the -T demo_at91sam?_pé64 blink_flash.cmd
directive to the linker flags in the makefile. For example,

LFLAGS = -Map main.map -nostartfiles -T demo_at91sam? p64 blink flash.cmd
The order that the object files are listed in the makefile determines what .text section is
placed first.
For example: $(LD) $(LFLAGS) -0 main.out crt.o main.o lowlevelinit.o

crt.o is first in the list of objects, so it will be placed at address 8x000008080

The top of the stack { stack end) is (last byte of ram +1) - 4
Therefore: _stack_end = (0x000203FFF + 1) - 4 = 0x000204080 - 4 = ©Ox00203FFC

Note that this symbol { stack end) is automatically GLOBAL and will be used by the crt.s
startup assembler routine to specify all stacks for the various ARH modes

MEHMORY HAP
| |
g D |6x00204000
| |9x88283FFC <{———-—---——- _stack_end
| UDF Stack 16 bytes |

|
I | 0x00203FEC

| |
| ABT Stack 16 bytes |
| |
| |8x88283FDC
| |
| |
| FIQ Stack 128 bytes |
| |
- |

RAKH | |8x88283F5C
| |
| |
| IRQ Stack 128 bytes |
| |
|
| |8x88283EDC
| |
| SUC Stack 16 bytes |
| |
| |8x88283ECC

stack area for user progranm

free ram
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; l e et e eaaaaaas |0x082006D8 <—————————— _bss_end
- | |

5 | -.bss uninitialized variables |

0 [coooacoooooooooonnoonaconoooooooooo |9x802806D8 <-——-—————- _bss_start, _edata
- | |

5 | .data initialized variables |

- | |

R > |8x668200000

e D |8x000100800

- | |

- | |

0 | free flash |

- | |

- |

0 [coooacoooooooooonnoonaconoooooooooo |9x800806D8 <-——-—————- _bss_start, _edata
- | |

5 | .data initialized variables |

- | |

: |- |8x080006CS <——————————— _etext

|
C code |

|
- |-----— |8x000088118 main()
|
Startup Code (crt.s) |
(assembler) |
|
- |-----— |6x000000208
. | |
0 | Interrupt Vector Table |
- | 32 bytes |
i >l |0x6000008088 vec reset

Author: James P. Lynch

*/

/*identify the Entry Point (_vec_reset is defined in file crt.s) =/
ENTRY{ vec_reset)

/* specify the AT?1SAH7S6L =/

HEMORY
{
flash : ORIGIN = 8, LENGTH = 64K /* FLASH EPROM */
ram : ODRIGIN = 0x002000088, LENGTH = 16K /* static RAM area */
H

/* define a global symbol _stack_end (see analysis in annotation above) =/
_stack_end = Bx283FFC;

/* now define the output sections =/

SECTIDNS
{
. = 8; /* set location counter to address zero */
.text : /* collect all sections that should go into FLASH after startup =/
{
*{.text) /* all .text sections (code) =/
*( .rodata) /* all .rodata sections (constants, strings, etc.) =/
*( .rodata=) /* all .rodata* sections (constants, strings, etc.) =/
*(.qlue_7) /* all .gqlue 7 sections (no idea what these are) =/
*(.qlue_ 7t) /* all .glue 7t sections (no idea what these are) =/
_etext = .; /* define a global symbol etext just after the last code byte =/
¥ >flash /* put all the above into FLASH =/
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.data : /* collect all initialized .data sections that go into RAM =/

{

_data = .; /* create a global symbol marking the start of the .data section =/
*{ .data) /* all .data sections =/
_edata = .; /* define a global symbol marking the end of the .data section =/
¥ >ram AT >flash /* put all the above into RAM (but load the LMA initializer copy into FLASH) =/
.bss : /* collect all uninitialized .bss sections that go into RAH =/
{
_bss_start = .; /% define a global symbol marking the start of the .bss section =/
*{ .bss) /* all .bss sections =/
¥ dram /* put all the above in RAM (it will be cleared in the startup code */
. = ALIGN{4); /* advance location counter to the next 32-bit boundary */
_bss end = . ; /* define a global symbol marking the end of the .bss section =/
H
_end = .; /* define a global symbol marking the end of application RAM */

The download package containing the sample programs also includes two sample projects for the Olimex
board, one for FLASH execution and one for RAM execution. You will have to define a new Debug
Launch Configuration for the Olimex projects; just employ the methods shown earlier in this tutorial.

If you have a 256K version of the Olimex board (AT91SAM7-P256), you will need to adjust the memory
limits and top-of-stack specification in the linker command file shown above.

For the 64K board, these specifications are:

I* specify the AT91SAM7S64 */

MEMORY

flash : ORIGIN =0, LENGTH = 64K /* FLASH EPROM *

ram : ORIGIN = 0x00200000, LENGTH = 16K I* static RAM area *
}

I* define a global symbol _stack_end (see analysis in annotation above) */
_stack_end = 0x203FFC;

For the 256K board, these specifications are:

I* specify the AT91SAM7S256 */

MEMORY
flash : ORIGIN =0, LENGTH = 256K I* FLASH EPROM *
ram : ORIGIN = 0x00200000, LENGTH = 64K I* static RAM area *
}

I* define a global symbol _stack_end (see analysis in annotation above) */
_stack_end = 0x20FFFC;

Warning: The author discovered that the Olimex ARM-USB-OCD JTAG interface’s built-in power supply
tends to latch up during OpenOCD FLASH programming. Possibly the Olimex board draws more current
than the Atmel board; it does have a pot installed for A/D input. If you are planning to use OpenOCD
FLASH programming with the Olimex board, it behooves you to use a separate “wall-wart” power supply
instead.
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Appendix 2. SOFTWARE COMPONENTS

One common problem in setting up a software development system composed of disparate
modules downloaded from multiple sources on the web is ensuring that the various components
will work harmoniously with each other.

Fortunately, the YAGARTO package prepared by Michael Fischer assuages any fears of
incompatibility. Michael has chosen all the components of YAGARTO to be compatible with each
other and has tested them. Yagarto is downloaded as three zip file installers hosted at this web
address:

http://www.yagarto.de/

Everything the reader needs is in these three zip files. The included components are:

e Eclipse IDE version 3.2
Eclipse CDT 3.1 Plug-in for C++/C Development (Zylin custom version)
e Native GNU C++/C Compiler suite for ARM Targets

e OpenOCD version 93 for JTAG debugging

Installing these components will create a development system that will compile, link and debug
ARM applications. If you want to try to download the “latest and greatest” from the various web
sites, you must research each intended component for its suitability. For instance, choosing the
very latest Zylin CDT build may require that you utilize the latest Eclipse “stream build”.

A safe approach is to build the ARM software development system using the YAGARTO
package above, get it to work and become familiar with it. Then you can monitor the Eclipse,
Zylin, Yagarto and OpenOCD web sites for new versions and choose at a later time if you want
to upgrade. So far, Michael has been very diligent in having the “latest and greatest” as part of
YAGARTO.

A short zip file containing the tutorial and the sample Eclipse projects are hosted by Atmel at the
following web address:

www.address to be determined.com
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