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Introduction

For those on a limited budget, use of open source tools to develop embedded software for the Atmel
AT91SAMY7S 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 afternoon’s work. It does require a high-speed internet connection and quite a lot of
patience.

This article guides the reader through the maze of open-source tools, web sites and setups required to build an
Eclipse-based system for Atmel AT91SAM7 embedded software development.

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 AT91SAM7-P64-A shown
directly below.



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.

(IR A LT

The Atmel AT91SAM7S64 ARM microcontroller includes 64 Kbytes
of on chip FLASH memory and 16 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 $59.95

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 to the memory map in the Linker script file
since it has only 64K of FLASH memory and 16K of RAM memory.

The onboard FLASH memory may be programmed using the Atmel Boot Assistant (SAM-BA) utility and a
standard USB cable, as shown below. The USB cable also powers the board.

AT91SAM7S-EK or
Customer’s Board*

If debugging is required, then an inexpensive Olimex ARM-JTAG interface can be installed from the PC’s
printer port to the board’s 20-pin JTAG connector as shown below. The USB cable can be left in to power the
board. If execution from onboard RAM memory is desired, the JTAG cable can be used to load the executable
file into the RAM memory for execution and debug.

AT91SAM7S-EK or

Host PC + Customer’s Board
Compiler/linker®) + ;::"‘;::‘;
Debugger(*) Or USB

Standard
Printer

JTAG Interface
Wiggler

JTAG/ICE port


www.microcontrollershop.com

Open Source Tools Required

The following components are required to set up a functional ARM cross development environment.
SUN Java Runtime
CYGWIN Linux APl emulation layer for Windows
Eclipse IDE
Eclipse CDT Plug-in for C++/C Development (Zylin custom version)
GNUARM GNU C++/C Compiler for ARM Targets
Atmel SAM-BA Flash Programmer for AT91SAM7 Family CPUs
OpenOCD for JTAG debugging

Note: The Eclipse/CDT does NOT run on Windows 98 or Windows ME

Install 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 installed.

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

EB- Control Panel |Z| |§| |z|

File  Edit Wiew Favorites  Tools  Help a’

\_) Back J L‘ﬁ; p Search [l Folders v % @ Dlj
address @ Cantral Panel /\ v| Go  Links **

ﬁ’ Control Panel % G- § @ % A

Accessibilty  Add Hardware Add or Administrative
G» Switch to Cakegory Yiew COptions Remoy... Tools
See Also ® % % J : :

Automatic EDE CinePlayer  Date and Time
£ 'windows Update Updates Aadministrator  DYD Deco...,
(7] Help and Support I :/] A "
B s e &
Display Folder Options Fonts Game
Controllers ~

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

A
%ﬂ Currently installed programs: [ show updates Sort byt
Change or iFod for Windows 2006-01-10 Se  117.00MB §|
Remave - —
Programs #H imunes o
_ _ | JAVA support is installed on
= @ J25E Runtime Enviranment 5.0 Update & < 0
% ' this computer.
% Jasc Paint Shop Photo Album 5
Add Mew . . )
Programs Q) Jasc Paint Shop Pro Studin, Dell Editon
BN 3-Link &RM 3,00 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.

2 Download Java 2 Platform, Standard Edition, v 1.4.2 (J2SE) - Microsoft Internet Explorer
File  Edit  Wiew Favorites Tools  Help

@Back = \_’) @ @ \_h pSearch ‘i‘\'{‘Favorites @ Di,;:{v .:\; - _J @ .ﬁ

address |@ htkpe ffjava. sun. comfizsel1 . 4. 2fdownload. hkml V| Go Links ** @ -
Java | Solaris Communities | Sun Store Join SDH | My Profile | Whey Join®? 5

Sun Developer Network (SDN) » search tips >

Java APls Downloads Technologies Products Support Sun.com

Dewvelopers Home = Products & Technologies = Jawa Technology = Java Platform, Standard Edition (Java SE) = Core Java= J2SE14.2 =

J28E1.4.2
Download Java 2 Platform, Standard Edition, v 1.4.2 (J2SE)
Japanese

Downloads Java™ 2 PLATFORM STANDARD EDITION a8 p* =
Reference

- A1 Specifications NetBeans IDE + J2SE SDK J2EE 1.4

- Dacumentation

- White Papers T

- Compatibility DL,Q “elnaa“s
— <> TULDUETID < [HE

ommunity This distribution of the J25E = -

- Bug Database Software Development Kit (S0K) Java T

- Forums includes MetBieans IDE, which is & . . -

. povwertul integrated develapment The Java 2 Enterprise Edition 1.4

Learning environment for developing =Dk adds support for EJBs, J5Ps,

- Mewr to Java Center applications on the Java platform. #ML, and Vv Services APlsin &

- Tutorials & Code Camps Mare info... single bundle. Mare info...

- Cerification Download J2SE v 1.4.2 11 SDK Download J2EE 1.4 SDK

- J25E Learning Path with NetBeans 5.0 Bundle

- Quizes {English Onlv} B

J25Ev 1.4.2_11 SDK

The J25SE Software Development Kit (SDK) supports creating J25E
applications. Mare infao...

Download J2SE SDK
Installation Instructions ReadMe ReleaseMotes
Sun License Third Party Licenses

J25Ev1.4.2_11 JRE

The J25E Java Runtime Environment (JRE) allows end-users ta run
Java applications. More info...

Download J2SE JRE

Installation Instructions . meaame  Releasebotes
Sun License Third Party Licenses

JZSE v 1.4.2 Documentation

-+
JZ5E 1.4.2 Documentation

e

& Internet




In the next download screen, shown below, click the radio button “Accept License Agreement” and then click
on “Windows Offline Installation, Multi-language”.

Dowmnload Center - Download - Microsoft Internet Explorer

File Edit ‘Wiew Favorites Tools  Help :u'\

@Back = -J @ @ \I_h pSearch *Favorites @ D&zv “‘_\ﬁ @ _J @ .ﬁ

Address @ https:/isdicZe. sun. com/EComEComactionServlet; jsessionid=E 43FFA91 7361 7DESS03 3DDEAL CA0A40T V| Go Links ** @ -

@'é@fﬁ'ﬂg Sun Downloads

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

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

]uin SDN “‘:ﬁ_@ ©  Connectwith a warldwide community of Java developers using Java technology and tools. Sign up forthe Java Core
ST Mewsletter and keep updated on the latest news on Java SE. You can subscribe by joining the Sun Developer Metwork,
Registration is easy and freel Join now.

Now!
Get the pass. Win the gear!

* Solaris G4-hit requires users to first install 32-hit

* Information on picking the right format to download

* Installation instructions:

* English

* Japanese
ForYindows, choose "Windows Online Installation” for the quickest download and installation on a machine connected to the Internet. Typical download
size is 7.6MB, which is the minimum download. The size may increase if additional features are selected.

MOTE: The list offers files far different platforms - please he sure to selectthe proper files) for your platform. Carefully review the files listed below to select

the ones you want, then click the link{s) to download. Ifyou don't complete your download, you may return to the Download Center anytime, sign in, then click
the "DownloadiOrder History” link on the left to cantinue.

Far any download prablems or gquestions, please see the Download Center FAG.
Haow [ong will the download take? @

jred: You must accept the 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-i586-p.exe 15.45 MB

L yindows Installation, Multi-language j2re-1_4_2_11-windows-1586- p-ifw. exe 1.35MB

4

0 Inkernet

Start the JAVA installation by clicking on “Run”.

Open File - Security Warning

Do you want to run this file?

Mame: jre-1 5 0 O6-windows-586-p.exe
Publisher: Sun Microsystems, Inc.

Tepe: Application

From: C:\scratch

Run ]] Cancel ]

[¥] Always ask before opering this file

e ‘while filez fram the Intermet can be useful, thiz file type can
@ patentially harmn wour computer. Only run software from publishers
you brust, What's the rish?

Now the Sun JAVA runtime installation engine will start.



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,

(®) Typical 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 =




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

(x)

i J2SE Runtime Environment 5.0 Update 6 - Complete

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 ...” to determine that the JAVA runtime
has been installed successfully.

 ndd or Remove Programs

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

JAVA support is installed on
this computer.

—| & JZ5E Runtime Environment 5.0 Update & I:
%‘ 'ﬁ Jasc Paint Shop Photo Album 5
Add MNew
Programs O Jasc Paint Shop Pro Studio, Dell Editan

F-, BN 3-Link ARM v3.00c v
b

Downloading the Software Components

To make installation more convenient and fool-proof, all the necessary software downloads have been
combined into a single 165 Mbyte zip file. There are two very good reasons to do this. First, these selected
software components are known to work well together and thus guarantees a working ARM cross development
system. Second, it is extremely efficient to have everything you need in one place.

Using Windows Explorer, create an empty c:\scratch folder to hold the large download containing our software
components.

@ C:\scratch e
File Edit ‘iew Favorites Tools  Help ﬂ.
- =
@ Back -\J l_@ p Search H’:‘ Folders ' % @ |j
Folders X fame Size | Type & Date Modified
[E Program Files *~
) reqistry cleaner
T3 raxio
(] -cratch
[C3) source code tukorial 3 —
[C3) souree code_tutaorial 1
= temp v
< | > < | >

10



The software components you need to create an Open Source ARM cross-development system are stored as a
very large zip file at the following link.

www.address_to_be_determined.com

Now click on “Save”.

File Download [z

Do you want to open or save this file?

] Mame: WWW.address_to_be_determined.com
Type: WinZip File, 190 ME

From: gnuarm. alexthegeek.com

Open ] [ Save ] I Cancel

Alwayz ask before opening this type of file

harm your computer. If you do nat trust the source, do not open or

@ While files fram the Internet can be useful, some files can potentially
save thig file. What's the risk’?

In the “Save As” window below, browse to the c:/scratch folder. This sets the destination for the large
download. Click on “Save” to start the download process.

@ C:\scratch X
File Edit  ‘Wiew Favorites  Tools  Help a’
Yr: X B

@ Back & Lﬁ s Search [E:‘ Folders
Folders X Mame
I Program Files ~ 1
I reqistry cleaner
IC5) roxio

) sixkyFivehit
I3 source code butorial 3
I source code_tutorial 1
) temp
[ﬁ tutarial_rew3_components
IC3) uSmart:
< | > 4 >

|€

The download may take fifteen minutes to over an hour, depending on traffic.

% of ARM_Cross_Development_With_Eclips... |Z||: [z|

Saving:

...evision3_March_17_2006.zip From gnuarm, alexthegeek, com

[auw ]
Estimated time left 26 min 50 sec (12,2 MB of 190 ME copied)

Download to: - ABRM_Cross_Development_with_Eclipse_Comporn
Transfer rate: 113 KB/Sec

Cloze thiz dialog box when download completes

Open Open Folder

1"



When completed, you should see the following zip file (atmel_tutorial _components.zip) in c:/scratch.

@ C:\scratch X
File Edit Wiew Favorites Tools  Help ﬂ'

@ Back - -L‘:l l.ﬁ; p Search

X

[-E" Folders " % @ Dlj

() Program Files B, 5t el _tuborial_ oment 1
23 registry ceansr
E] roxio
23 seratch
T3 sixtyfivebic
IC3) source code tutorial 3 Unzip this file
I source code_kutorial 1
T3 temp
[ﬁ tutarial_rev3_components
I uSmarts:
< | > £ >

Falders

|

Unzip the above file to reveal the various components. We're going to assume that you know how to unzip a
compressed file, using Windows XP explorer or a tool such as WinZip (http://www.winzip.com/).

@ C:\scratch
File Edit Yiew Favorites Tools  Help ﬂ'
@ Back - -_J l.ﬁ p Search H’? Falders ' % ﬁ Tj
Falders X Size | Type - Date Modified
&] Program Files - 165,208 KB WinZip File 6/1712006 11:31 AM
[ recaver — EInstall SaM-BA.exe 6,656 KB Application 3/18/2006 4:03 PM
23 registry cleaner @Ftp°f03a°fozf°£02fcygwin.osuosl.org°£02Fpub°I02Fcygwin File Folder 6/1712006 11:32 AM
I3 roxio 37 openocd-2006reS5-setup-re10.exe 1,460 KB  Application 51612006 3:23 PM
=3 seratch B setup.exe 200 KE  Application 5/11/2006 7:26 P
I3 sixtyfivehit :QSUWCB_CUC'B-ZHJ 81 KE WinZip File 5/12/2006 4:36 PM
23 source code tutorial 3 _@zvlincdt-ZUUSDBID-zip 174 KB WinZip File 9/20{2005 2:10 PM
|2 source code_tutorial 1 Eebu-2, 16, 1_goe-4.0,2-c-c++_nl-1.14.0_gi-6.4.exe 25,453 KB Application 3/16/2006 10:28 PM
1) temp B @ecliDSE-SDK-S- 1-win32.zip 105,476 KB WinZip File 9f20/2005 2:05 PM
EJ tutorial_rev3_components @embeddedcdt-EDDSDBlD.zip 11,497 KB WinZip File 9/20/2005 2:10 PM
[# 17 1 Smarkr b
< | ¥

12



CYGWIN GNU Toolset for Windows

The GNU toolset is an open-source implementation of a universal compiler suite; it provides C, C++, ADA,
FORTRAN, JAVA, and Objective C. All these language compilers can be targeted to most of the modern
microcomputer platforms (such as the ARM 32-bit RISC microcontrollers) as well as the ubiquitous
Intel/Microsoft PC platforms. By the way, GNU stands for “GNU, not Unix”, really — I'm serious!

Unfortunately for all of us that have desktop Intel/Microsoft PC platforms, the GNU toolset was originally
developed and implemented for the GNU operating system. To the rescue came Cygwin, a company that
created a set of Windows dynamic link libraries that enable the GNU compiler toolset to run on a Windows
platform.

We will be installing a very minimal version of Cygwin; it will not contain a compiler tool chain for the Intel /
Windows platform. It will not include an ARM tool chain either. Fortunately, there are quite a few pre-built tool
chains on the internet; one such tool chain is GNUARM which gives you a complete set of ARM compilers,
assemblers and linkers. We will use this later in the tutorial.

The GNUARM tool chain doesn'’t include the crucial MAKE utility, it's in the Cygwin tool kit we’re about to install.
Therefore, we will tailor the Cygwin installation to install just the MAKE utility and the DLLs necessary to
support the GNUARM compiler tool chain — we don’t need the ability to compile for PC targets. This will greatly
reduce the size of the Cygwin component.

Double-click on the application “setup.exe” in the scratch directory as shown below.

8% C:\scratch Elb__q

File Edit ‘iew Favorites Tools  Help .".'
- P LY =y
e Back - (= ] lﬁ pe ) Search ‘H_ﬁ‘ Faolders v % j d
Folders x Marne Size | Type
IZ3) Program Files ~ i ts.zip 159,457 KB WinZin Fi
I3 recover E: setup.exe 209 KE  Application
3 reqistry cleaner bu-z.16.1_gec-4.0.2-c-c++_nl-1. 14.0_gi-6.4.8xe 25,453 KB  Application
I3 roxio [ eclipse-5DK-3. 1-win32. zip 105,476 KB WinZip File
23 scratch :ﬂembeddedcdt—:zDDSDBlD.zip 11,497 KB WinZip File
[ sixtyFivebit glnstall SAM-BA,exe 6,656 KB Application
I source code tutarial 3 () openocd-2006re55-setup-re 10, exe 1,459 KE  Application
I3 source code_tutorial 1 EDsource_code.zip 113KE  WinZip File
D temp |3 @Using Open Source Tools For ATI1SAMTS Cross Development, doc 25,395 KB Microsoft Word Doc,.,
[ tukorial_revd_components [Chftpe3at2faezfoygwin, osuosl. org¥2Fpubas 2Foy gwin File Folder
3 usmartx - C zylincdt-20050810,2ip 174KE  WinZip File
< | ¥ € | 3

The Cygwin setup program will start. Click on “Next” to continue.

= Cypwin Setup

Cygwin Met Release Setup Program

This setup program iz used for the initial installation of the
Cpgwin ervironment as well ag all subzequent updates, kake
sure to remember where you saved it

The pages that follovw will guide you thiough the installation.
Please note that Cygwin consists of a large number of
packages spanning a wide variety of purposzes. We only
install a base set of packages by default. *You can always un
thiz program at any time in the future to add, remove, or
upgrade packages az necessany.

c

Setup.exe version 2.510.2.2

Copyright 2000-2005
hittp: A, cygwin, o

ilE=c 13
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Choose “Install from Local Directory” and then click “Next.”

= Cyowin Setup - Choose Installation Type

Choose A Download Source
Chooze whether to install or download from the interet, or install from files in
a local directary.

O Install fram Internet
[downloaded files will be kept for future re-use]

(O Download Without Instaling

[ (® Install from Local Directory ]

[ < Back “ Mext > l[) Cancel ]
N __”

In the “Choose Installation Directory” screen below, take the default directory c:\Cygwin. Also, the default

settings “All Users” and “Unix / Binary” are appropriate. Click “Next” to continue.

= Cygwin Setup - Choose Installation Directory

Select Root Install Directory
Select the directory where you want ta install Cygwin. Alzo chooze a few
installation parameters.

Install En Defa et
(® &l Users [RECOMMENDED) (® Unix / binary [RECOMMENDED)

wawicaill be ssilableberatTzers of U arskater-dermeaMles opened
the system. MOTE: This iz required if in binary mode. Files on disk will have
wou wish to run services like sshd, etc. LF line endings.

O Just Me D05 7 text

Cygwin will only be available to the Line endings will be translated from uni=
current uger. Only select this if you lack. [LF) to DOS [CR-LF] on write and vice
Admin. privileges or you have specific versa on read.
needs. Read more about file modes. ..

[ < Back KH Mext > l Cancel

Use the “Browse” button to find a temporary folder to hold any temporary files that Cygwin uses. Here we
selected the folder “c:\temp”. Click “Next” to continue.

= Cypwin Setup - Select Local Package Directory

Select Local Package Directory
Select a directory where you want Setup to store the installation files it
downloads. The directon will be created if it does nat already exist.

Local Package Directory

C:stemp U [Bmwse. ]

T\
< Back ({ Mext > D Cancel
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When the “Select Packages” screen appears, click on “View” to show the individual packages available.

= Cygwin Setup - Select Packages ._ E|r>__<|
Select Packages
Select packages to install C
CiKeep (O Prev & Cur (OEs ategony
Category | Mew B.| 5. Size Package | =
Bl All & Default

Audio £* Default
Base & Default
Devel £ Default

Doc &% Default
Games ¥ Default
Graphics &% Default
Interpreters &% Default

M | ihz &% T1RfAlt
£

Hide obzolete and administrative packages

[£

|

[ < Back ” et = ][ Cancel

Now the “Select Packages” display is rearranged

= Cyowin Setup - Select Packages

Select Packages
Select packages to install C
Oikeep (O Prev @ Cur (OEwp Full
Mew B..| 5. Categoriez Size Package | A
&¥1.320a2 nin  Baze TEk alematives: & tool for ma
& 200401273 nin  Baze, Shellz 47k azh & Boume Shell [fbin.
& 37 nin  Baze 35k baze-files A et of impart:
w22 nfa  Basze 1k base-pazswd: A zonpt to
MLERE nin  Baze, Shellz a7k bazh: The GMU Bourne 2
& 1031 min bz A7dk bzipZ: A high-quality block
&¥ 5941 nin  Baze 2.7k coreutilz: GNU care utilite
w1141 nfa  Libs 13k cippt Encryption/Decypl
&1 3001 1 nfm | hl= 100k rumtils & collectinn nf s
< ! >
Hide obzalete and adminiztrative packages
¢ Back ” Mt ] [ Cancel




Scroll down the list until you see the “Make” utility.

= Cygwin Setup - Select Packages

Select Packages
Select packages to install
O kKeep O Prev & Cun (O Exp Full
Mew B..| 5. Categories Size FPackage | |
X T oo i p— I ToF  IDOPOp. CIoTany 1or garsml
irdi-2 rnfa  Basze 58k libreadlined: GHLU readline
ird 35 rnfa  Baze 77k libreadlined: GHU readline
ir51-5 nfa  Baze, Libs 79k libreadlinet: GMU readline
i¥1.9-7 [ nis  Base 14k login: Sign on bo 5 sustemn
[ &¥ Skip nfa  nia Dlevel 281k make: The GHU wersion
&¥1.5p-1 nia  Baze, Doc, Sesten 128k man: Man. apropos and v/ =
i1 53 rnfa Dewvel 14k mktemp: Allows zafe temp
ir5 52 nfa  Baze, Libs 34Ek  nourzes: Libraries for term w
< l >
Hide obzolete and administrative packages
[ < Back ][ Mewut » ] [ Caricel

Click on the small circle with the two arrowheads until it changes from “Skip” to “3.80-1".

-%?Skip e 4 001

Click on the
circle with
the dual
arrowheads

The “Select Packages” screen should look as shown directly below. Make has now been selected. Click on

“Next” to start the Cygwin installation.

= Cygwin Setup - Select Packages

Select Packages
Select packages to install

C

Okeep O Prev @ Cur O Exp Full

Mew B..| 5. Categories Size Package | 4
EFT.08 B3| Ty || u} TZF IO Tior 3y 1O Jar=mi
412 nin  Baze B8k lbreadined: GMU readline
& 4.35 nja  Baze 77k lbreadlineD: GHU readline
515 nin  Baze, Libz T3k libreadinet: GHU readline
197 nia  Baze 14k login: Sign onto a spstem

I ¥ 3,801 nn Devel 287k make: The GMU version
&¥1.5p-1 rfa  Bagze, Doc, Syster 128k mar: Man, apropos and v =
153 nn  Devel T4k mkkemp: Allows safe temp
&rhh2 nia  Base, Libs 34Ek ncurzes: Libraries for term b
£ | >

Hide obsolete and administrative packages

[ <Back(][ Mest > ] h Cancel
N\ Z.

e ————
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Now Cygwin will start the installation process; this only takes a couple of minutes.

Cygwin Setup

Progress
This page dizplays the progress of the download ar installation.

Installing
cygwin-1.5.19-4

Juzrbindshace. exe

Progress: (T ]
Total: [II-IIIIII ]
Digk: (T LTI T ]

< Back Mext »

Do not check “Create icon on Desktop” and “Add icon to Start Menu”. Click “Finish” to continue.

= Cyowin Setup - Create Icons

Create lcons
Tell setup if you want it to create a few icons for convenient access to the
Cygwin enviranment,

[] Create icon on Desktop
[] &dd icon ta Start Menu

Finizh

[ <Ba€{ " ][)Eancel ]
— —

Click “OK” when Cygwin completes. We are now finished with the CYGWIN installation. It runs silently in the

background and you should never have to think about it again.

Cyowin Setup |E|

Installation Complete
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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.

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

To install Eclipse, we just need to unzip the file “eclipse-SDK-3.1-win32.zip” to the c:\ root directory. At the
writing of this tutorial, Eclipse Version 3.1 is the official “latest release”. The danger of selecting the Eclipse
“stream” releases (work-in-progress) is that it may not be compatible with the CDT plug-in. The components
downloaded into the c:\scratch folder were chosen for their compatibility with each other.

For the Eclipse installation, we will show the unzip operation in more detail.

% C:iscratch
File  Edit  Wiew Fawvorites Tools  Help
% ="
Qe - @ - ¥ POseach |[Eyrores | F- ¥ 1) (B
Falders x Mame Size | Type =~
[C3) Program Files A :@atmel_tutorial_components.zip 189,482 KB WinZip File
) recover | ESE':UD-EXE 299 KE  Application
3 registry cleaner Fbu-z16.0 goc40.7-cocb+ k1340 gig.dexe =453 KB Applicat]
£ roxio eclipse-SDK-3.1-win32.zip 105,476 KB WinZip File
=3 scrakch embeddedcdt-Z0050810.zip 11,497 KB WinZip File
) siebyFivehit EMinstall sar-Ba,exe 6,656 KB Application
[ source code butarial 3 {3 openocd-2006re55-setup-ro1 0. exe 1,469 KB  application
[ source code_tukorial 1 @source_code.zip 113KE  WinZip File
3 temp =3 @Using Open Source Tools For AT915AM7S Cross Development. doc 25,395 KB  Microsoft Word Doc. ..
[C3) tutarial_rev3_components [ Ftp e 3a%2F % 2Foyguin.osunsl, org¥e2Fpub s 2Fcwgwin File Folder
[T usmartx e D zylinedt-20050810.2ip 174 KB WinZip File
< | S | >

Using the Windows XP unzip facility, double-click on the Eclipse zip file above and select “Extract all files” as
shown below.

Bl C:iscratchieclipse-SDK-3.1-win32.zip A
File  Edit Wiew Favorites Tools  Help a’

@Back = '\_;,J l.ﬁ; pSBarch [l Folders -.- % @ Elj

address (I Ciscratchisclipse-SDK-3. 1-win32 . zip V| Go | Links

g

eclipse

=

Folder Tasks

L~
[E] Extract all Files

Other Places

[y scratch
My Documents

[ Shared Docurnents
lﬂ My Mebwork Places
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The Windows XP built-in Extraction Wizard opens, click “Next” to continue.

Extraction Wizard El
Welcome to the
Compressed (zipped)
Folders Extraction
Wizard

The extraction wizard helps you copy files
from ingide a ZIP archive.

To continue, click Mext.

Now browse to select the root folder C:\ as the destination. Click “Next” to start the zip file extraction.

Extraction Wizard

Select a Destination —n
Fileg inzide the ZIF archive will be extracted to the location you

chooze.

Select a folder to extract files to.

e extracted to this directory:

Browse...
Pazsword...

Extracting...

(

[ <Back( ” Met > ]1 Cancel ]
AN Z
——

The zip file extraction operation will only take a couple of minutes.

Extraction Wizard E'

Select a Destination —
Filez inzide the ZIF archive will be extracted to the location you
chooge.

Select & folder to extract files to.

Filez will be extracted to thiz directon:

Browse. ..

Password...

Extracting...

(e )

< Back Mext > l[ Cancel ]




When the unzip operation completes, click “Finish”.

Extraction Wizard

Extraction Complete
Filez have been successfully extracted from the ZIF archive

Files have been successfully extracted to the follawing
directony:

C:h
To zee vour extracted files, check the box below:
[ Show estracted files

Press finish to continue.

<Back® Cancel ]

At the end of unzipping, use Windows Explorer to verify that Eclipse is installed on your c:\ drive.

At this point, Eclipse is essentially installed. When you first execute it, some setup operations are performed.
However, the beauty of Eclipse is that it is a simple executable (eclipse.exe). There are no entries made to the
Windows registry.

Now is a good time to create a desktop icon for the Eclipse IDE. Right-click on the eclipse.exe executable in
the c:/eclipse folder and select “Send To - Desktop” as shown below.

&% C:\eclipse

File Edit Wwiew Favorites Tools Help

@ Back - \_}l L@ p Search

E;‘_Fnlders ' % |11| Dd

Folders X Mame Size | Type Date Modified
() DYDFabDecrypter_Temp -~ [ configuration File: Folder 212312006 5:21 PM
[C3) Easyscreen Cfeatures File: Faolder 35 2006 3119 PM
B 3 eclipse Splugins File: Folder 3/5/2006 3:19 PM
I configuration readme File Folder 212312006 5:21 PM
h features .eclipseproduct 1KE ECLIPSEPRODUCT File  2/23/2006 5:21 PM
3 plugins - p— Enam e mlication 2/23/2006 5:21 PM
I readme — [Becipse.i N P Figuration Settings  2/23/2006 5:21 PM
= un as...
£ eclipse template BD"VID- ®add to archive L Docurnent 212312006 5:21 PM
) eclipse_carner &]nctice b A L Dacument 2{23/2006 5:21 PM
£ edipse_download_cd startup.] 2 o BClpEe.rar cutable Jar File 2/23}2006 5:21 PM
- - B Compress and email...
D foo B Compress to "edlipse.rar" and email
% :a;_atmel 5 Winip R
—_ ,tll b Pin to Stark menu

[
|

Zend To d I Compressed (zipped) Folder

This will create a desktop icon; it may be prudent to rename it to indicate which version of Eclipse is being used.
Here we changed the icon’s name to “Eclipse 3.1”.
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Now double-click on the Eclipse icon to start Eclipse. Before Eclipse starts, it will request that you specify the
location of the workspace (where your source code, etc. is stored). You can take the default but | choose to
simply type the folder c:\eclipse\workspace directly into the text box. Click the checkbox “Use this as a
default...” and you won’t be bothered again.

& Workspace Launcher b_<|

Select a workspace

Eclipse SDK stares waour projects in a Falder called a warkspace,
Choose a waorkspace Folder ko use For this session,

Warkspace: | Checlipseiworkspace ﬂ Browse, .,

[+ se this as the defaulk and do nok ask again

(0] 4 | Cancel

Eclipse will start up and display its “splash” screen. Now we have proof of a successful Eclipse installation and
you may cancel the program and continue with the downloading of CDT.

D
eclipse
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Eclipse CDT

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.

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 CDT has had
difficulties working with remote debuggers. 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. The Zylin
CDT included in the “components” download was chosen for its compatibility with the Eclipse 3.1 release.

Eclipse does have an “automatic update” feature under the Help System that will conveniently download and
install the CDT plug-in. The problem is that the CDT plug-in installed via this process is not the Zylin version. To
install the Zylin version of the CDT plug-in, we will be simply extracting, one by one, the two Zylin CDT zip files
in the “components” download into the c:\eclipse folder.

The Zylin website is at this address: www.zylin.com

8% C:\scratch
File Edit “ew Fawvorites Tools Help
- P L=
Qe - @ ¥ Psean |fpyraces | - 6 1) (B
Folders *  Mame Size | Type
[T Program Files - :2atmel_tutorial_components.zip 189,452 KE  WinZip File
) recaver B setup.exe 290 KB  Application
(T3 registry cleaner Fbu-z.16.1_gec-4.0.2-c-c++_nl-1.14.0_gi-6.4.exe 25,453 KB Application
i pse-aDK-3, 1 owinGZ 20 105,476 KB WinZin File
D scratch :Qembeddedcdt-ZDDSDBID.zip 11,497 KE  WinZip File l
[T sixtyfivebit ‘Install SAM-BA.exe 6,656 KB Application
[C3) source code tutarial 3 (& openocd-2006re55-setup-rel0, exe 1,469 KB Application
I3 source code_tutorial 1 :QSUUVCE_CUdB-ZiD 113KE  WinZip File
(3 temp | Using Cpen Source Tools For ATILSAMTS Crass Development,dioc 25,395 KB Microsaoft Ward Do,
[C3) tutorial_rev3_components [Cftp%aavnzf v 2foygwin.osunsl, org¥s2Fpubes 2Fcygwin File Folder
[ uSmartx 2 :szlincdt—mDSDSlD.zip 174 KB WinZip File
< | > < | >

Double-click on the first of the two CDT zip files above: embeddedcdt-20050810.zip.

On the left-hand screen below, click on “Extract all files”.
Click “Next” on the rightmost screen below to start the Windows extraction wizard.

B C:jatmel_tutorial_componentsiembeddedcdt-20050810.zip |:||E”i| Extraction Wizard le
File Edit View Favaorites Tools Help "‘.'

Welcome to the
. P = Compressed (zipped)
Qv - ©Q ¥ SO searh [ Folders | [THE]- % Iﬁ B Folders Extraction
. . Wizard
Foldos Tozls ,..J ,—J

[E] Extract all files , Features plugins

-3

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

Other Places

|C3) atmel_tutorial_components

D My Docurments
|3) Shared Documents
ij Iy Mebwork Places

To continue, click Nest.

Details < Ba Mext > ] [) Cancel ]
/ L

TSSe—— =



On the window on the left below, enter the folder “c:\eclipse” as the destination directory. Click “Next” to start
the extraction process.

Extraction Wizard |£| Extraction Wizard £|
Select a Destination — Select a Destination —
Files inzide the ZIP archive will be estracted to the lozation pou Files inside the ZIP archive will be extracted to the location pou
chooge. choose.
Select a folder to extract files to. Select a folder to extract files to.
Files will be extracted ta thiz dirgctan: Files will be extracted to this directony:
Checlipze ) | C:heclipze
Pagsword...
Estracting... Extracting...
( ] [T ]
e N\
[ < Back{ ][ Mewt » ] [ \ Cancel ] < Back [ Mt = ] ’ Cancel ]
N\ Z

v

When the extraction completes, click on “Finish” to end the Extraction Wizard.

Extraction Wizard |

Extraction Complete =
Filzs have been successfully extracted from the ZIP archive.

Files have been successfully extracted to the following
directon:

C:heclipse
To zee pour extracted fles, check the bowx below:
Show extracted files

Press finish to continue.

~
<BackQFinisw Cancel ]

Now repeat the above steps to extract the second file “zylincdt-20050810.zip” to the “c:\eclipse” folder.

@ C:\scratch

File  Edit ‘“iew Favorites Tools  Help
o =
@ Back - (] l.@ p Search ‘ E’?‘ Folders v % j |j
Falders x Mame Size | Twpe -
[C3) Program Files -~ I-P-Qatmel_tutorial_com|:|0nents.2i|: 189,432 KB WinZip File
) recaver = EEsetupese 299 KB Application
) registry deaner Mbu-z.16.1_gec-4.0.2-c-c++_nl-1.14,0_gi-6.4.exe 75,453 KB Application
£ roxio D eclipse-50K-3, 1-win32,2ip 105,476 KB WinZip Fils
[ scrakch @embeddedcdt-ZDDSDSlD.zip 11,497 KE WinZip File
) sixtyfivebit BMinstal sam-a.2xe 6,656 KB Application
[ source code tutarial 3 (7 openocd-2006re55-sebup-re 0. exe 1,469 KB  Application
[C3) source code_tutarial 1 @source_code.zip 113 KE WinZip File
) temp i | Llsing Open Source Tools For AT9154M7S Cross Development. doc 25,395 KB Microsoft Word Doc...
[ tutorial_revi_components o 3ave2M o 2fcvawin, osuoel. org e 2fpub s 2F oy gwin File Folder
£ usmart . “Dzylinedt-20050810.2ip 174KE  WinZip File |
< | T | 3 93




When extraction completes, check the C:\eclipse\features folder; there should be a CDT folder present, as
shown below.

@ C:\eclipseyfeatures ks
File Edit “iew Favorites Tools  Help %’
- Q- B8P % B
@ Back </ l.@ Fa Search Ffz‘ Folders
Folders x Marme
[T Easvscreen | ~ | [Dhorg.edipse,cdy_3,0.0
= 3 eclipse | org.edlipse.jdt.source_3.1.0
[C3) configuration [CDorg.edipse. jdt_3.1.0
(] = Chorg.edipse, pde. source_3.1.0
5 plugins = | Dorg.edipse.pde_3.1.0
IC3) readme T org.edipse. plakform, source_3.1.0
£ workspace [ org.edipse. plakform_3,1.0
= eclipse template [ org.eclipse.rep.source_3.1.0
53 ecdlipse_corner CDorg.edipse.rcp_3.1.0
53 edlipse_download_cd [Cdorg.edipse.sdk_3.1.0
5 edlipse_workspace -
S _ i | 3 % >

Likewise, check the C:\eclipse\plugins folder, there should be several CDT folders present, as shown
below.

@ C:leclipseiplugins

File Edit ‘“iew Favorites Tools  Help
@ Back - -_J l.ﬁ p Search ‘H’Z’ Falders v }g @ Tj
Falders x Mame = -
IC3) Easyscreen w | |Chorg.apache.ant_1.6.5
B 5 eclipse ~ [hora.apache.lucene_1.4.3
IC3) configuration Eorg.eclipse.cdt.core.win32_3.D.D
IC3) Features [Chorg.edipse, cdt.care_3.0.0 L
E} [C)org.edlipse.cdt.debug.core_3.0.0
E:' readme &jorg.eclipse.cdt.debug.mi.core_S.D.D
|23 workspace [Corg. edipse. cdt.debug. miui_3.0.0
I3 eclipse template [Corg.edipse. cdt.debug.ui_3.0.0
53 eclipse_carner [Corg.edipse, cde.doc user_3.0.0
I3 eclipse_download_cd [Chorg.edipse. cdtJaunch_3.0.0
I3 eclipse_workspace | Cherg.edipse, cdt.make.core_3.0,0
2 foo Corg.ecipse. od.make.ui_3.0.0
I3 foo_atmel [Corg. edipse. cdt.managedbuilder . core_3.0.0
D Ftdi [Corg. edipse, cdt . managedbuilder . gru.ui_3.0.0
I3 fFubar [Chorg.edipse. cdt.managedbuilder .ui_3.0.0
) 1386 [Corg. edipse, cdt . refackaring_3.0.0
I ipod viden [CHorg.edipse.cdt.ui_3.0.0
I3 j-link. Cerg.edipse.cde_3.0.0
53 flink_foo |horg.eclipse. help.webapp_3.1.0
[C3) MartinThomas [Chorg.edipse.jdk.debug_3.1.0
D i | [Fhora.ediose.idt.doc.isv 3.1.0 b
< | > < | Y

To verify that CDT was installed properly, start Eclipse by clicking on the desktop icon.
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When Eclipse starts, click on “File — New - Project...”

& Resource - Eclipse SDK

W Edit Refactor Mawigate Search Project Run Window  Help
W Project.. »
Open File...
% Folder =8
Close Chrl+F4
[ File
Close all Chrl+-Shift-+F4
[EF untitled Text File
@ Save Chrl+5
B save as 9 Gther ... Chrl+h
B save Al Chrl+3hift+3
Revert
Move, ..
Rename. .. Fz
Refresh F&
Convert Ling Delimiters To 4
& Frint... Chrl+P
ﬂ= —+l, - = E
Switch Warkspace. .. el S
g Import... Resource | In Folder | Loc:
£ Export. ..
Properties Alt+Enter
| >

When the New Project window appears, check if C and C++ appear as potential projects. If this is true,
Eclipse CDT has been installed properly.

& New Project

Select a wizard p—

Wizards:

----- J@ Jawa Project

£ lawa Project From Existing Ant BuildFile

+]--(Z= Plug-in Development
= simple

= Back I Fexk = | Firish I Cancel

If you don’t see the C and C++ listed, here’s what might have happened. It's possible to disable the
CDT plug-in. To see where this may be done, click “Help — Software Updates — Manage
Configuration”.



Project  Run  Window

[& -

N

G- %0

JF o EEEEEEEE L

EEEERTHEE L

roid Initial
roid feed(vo

ﬂWeIcome FE0 O~ o -
® Help Contents | BI crb.s | @ main. c | @ mé
WSearch FEEEEEEEEE AR A AL L AL L L L
Dynamic Help
L o o o %‘ll."
Kevy Assist... Chrl+Shift-+L
Tips and Tricks...

Cheat Sheets. ..

roid IRQ Ro
roid FIQ Fo

About Eclipse SDK

roid SWI_Rou

tine (woid]

__attribute_ ((interrupt ("3WI"))):

If you click on Eclipse C/C++ Development Tools 3.1.0, you will see an option to disable the CDT
plug-in. If this has been disabled, use these menus to reverse this situation.

Product Configuration

File:

“a

[= 3| % <

B | @

E--a Eclipse SDK

=% cleclpse

@ Eclipse CfC++ Development Tools 3.1.0 |

[+ 4 Eclipse Project 50K 3.1.1

C/C++
Projects
View

/

Eclipse C/C++ Development Tools 3.1.0

Eclipse C/C++ development tools, (Binary runtime and user documentation. )

Available Tasks
Scan for Updates

ch for updates Far this feature,
Disable
G0 can enable or disable the functionality of a feature, The feature is not removed by this

ackion,

Show Propetties
Yiew properties of the Feature such as version, provider name, license agreement etc.
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Install the GNUARM Compiler

There are a number of pre-built GNU ARM compiler toolsets available on the web. For this tutorial, we
will be using the GNUARM pre-built ARM compiler tool suite developed by Rick Collins and Pablo
Bleyer Kocik.

Be sure to visit the GNUARM web page: www.gnuarm.com

In the c:\scratch folder, double click on the GNUARM installer file to start installation of the ARM
compiler suite.

bu-2.16.1_gcc-4.0.2-c-c++ _nl-1.14.0 gi-6.4.eXe g GNUARM installer

@ C:\scratch

File Edit View Favorites Tools  Help
@ Back - -.\_) Lﬁ p Search EE_" Folders - % @ Tj
Folders x Mame Size | Type -
[C3) Program Files ~ @atmeI_tutoriaI_components.zi|:| 189,482 KB 'WinZip Fil=
3 recover [—&ﬁ"' LICLEXE, QKR ﬂnm’ j
[ registry deaner ﬁbu—&16.1_gcc—4.D.2—c—c++_nI—1.14.D_gi—6.4.exe 25,453 KB Application
EJ roxio Ll echpse-50k-3. T-wins:s.zip 105,476 KB Windp File
3 scratch :_Dembeddedcdt-ZDDSDBlD.zip 11,497 KB WinZip File
[ sixtyFivebit glnstall SAM-BA L exe 6,656 KB Application
[ source code butorial 3 @7 openocd-2006re55-sekup-rcl 0, exe 1,469 KE  Application
[ source code_tukorial 1 Hsaurce_code.zip 113KE  WinZip File
) temp 3 Llsing Cpen Source Tools For AT915AM?S Cross Development, doc 75,395 KE  Microsoft Word Doc, .,
[C3) tutorial_rev3_components LD frpen3ach iz foy gwin, osuos), org ¥ 2Fpub ¥ 2Foyawin File Folder
[C3) usmarts: 2 @ZyﬁntdtQDDSDBID.Zip 174 KB 'WinZip Fils
< | > < | >

The GNUARM installer will now start. Click “Next” to continue.

5 Setup - GNUARM =

Welcome to the GNUARM Setup
Wizard
Thiz will ingtall GHUARM 4.0.2 on your computer.

It iz recormended that you cloze all ather applications before
continuing.

Click Mext to continue, or Cancel to exit Setup.

e

N\
Q M et = ] J) Cancel
—

Accept the GNU license agreement — don’t worry, it’s still free. Click “Next” to continue.




5 Setup - GNUARM

Licenze Agreement h

Pleaze read the following important information before continuing.

Pleasze read the following License Agresment. v'ou must accept the terms of this
agreement before continuing with the installation,

GMU GEMERAL PUBLIC LICENSE
Version 2, June 1931

e

Copuright [C] 1989, 1931 Free Software Foundation, Inc.

59 Temple Place. Suite 330, Boston, MA 021111307 LUSA
Ewemone is permitted to copy and distribute verbatin copies
of thig license document, but chanaging it iz not allowed.

Preamble
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( L Mext > ,] D Cancel ]
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[ < Back!

We’'ll take the default and let it install into the “Program Files” directory. Click “Next” to continue.

B8 Setup - GHUARM

Select Destination Location
where should GNUARM be installed?

,_J Setup will install GHUARM into the fallowing folder.

To continue, click Mext. If you would like to select a different folder. click Browese.

| [ Browse... ]

At leazt 1009 MEB of free disk space iz required.
A

y N\
[ <Balk ]L Mest = ] J) Cancel ]
N~

We'll also take the defaults on the “Select Components” window. Click “Next” to continue.

5% Setup - GNUARM

Select Components
‘Which components should be installed?

Select the components pou want o install; clear the components you do not want to
install. Click Mext wahen you are ready to continue.

Little Endian 91.1 ME &
LE Libraries 11.4MB |
Mo Fast Multiplier 11.5ME =
ARM-THUME Interworking 11.5ME —
HUME 22.0ME
THUME Libraries 11.5 HE

ARM-THUME Intenwarking 11.5 B
L Flaating Poirt Linit 34.0 ME
- Iw] FPU Libraries 11.3 ME ™

Current zelection requires at least 286.0 MB of dizk space.
e —
.
[ < Back ( ". M ent > ] ) Cancel
N prd

e——




Take the default on this screen. Click “Next” to continue.

i Setup - GNUARM

Select Start Menu Folder ﬁ

‘where should Setup place the program's shortouts?

Setup will create the program's shortcuts in the following Start Menu folder,

To continue, click Mest. If you would like ta select a different falder, click Browse.

[ BNUARM | [ Browse.. |

L —

y o
[ < Back (JL Mewxt > D Cancel ]

N

—

It's very important that you don’t check “Install Cygwin DLLs” below. We already have the Cygwin
DLLs installed from our Cygwin environment installation. In fact, the ARM message boards have had
recent comments suggesting that the Cygwin DLL installation from within GNUARM has some

problems.

Since all operations are called from within Eclipse, we don’t need a “desktop icon” either. Click

“Next” to continue.

2 Setup - GNUARM

Select Additional Tasks H

‘wihich additional tazks should be perfformed?

Select the additional tazks you would like Setup to perform while installing GHUARR,
then click Mest.

Additional icons:
[] Create a desktop icon
Cygwin options:

[ Install Cygwin DLL:

7~ 0
[ <Ba-:k( JL Mext > ,]D Cancel ]
\ A{
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Click on “Install” to start the GNUARM installation.

= Setup - GNUARM

Ready to Install
Setup iz now ready to begin inzstalling GHUARM on your computer.

Click Ingtall to continue with the ingtallation, or click Back if pou want to rewview or
change any zettings.

Destination location:
D:“Program FileghGHUAR M

Setup type:
Full installation

Selected components:
Little E ndian
LE Libraries
o Fast Multiplier
LRM-THUME Interworking

THUME |
N
[ <Bacl<( JL Ihztall ]) Cancel J
. "

Sit back and watch the GNUARM compiler suite install itself.

SR Setup - GNUARM

Installing
Fleaze wait while Setup install: GMUARKM on vour computer.

Estracting filez...
C:\Program Files\GHUARMMibhgecharm-elivd. 0. 2\behertend. o

Cancel

S Setup - GNUARM =)

Completing the GNUARM Setup
Wizard

Setup has finished instaling GNUARM an your corputer. The
application may be launched by selecting the installed icons.

Click. Finigh to exit Setup.

Add the executables directory to the PATH wvariable

_ ——
&
-

When it completes, the following screen is presented. Make sure that “Add the executables directory
to the PATH variable” is checked. This is crucial.
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This completes the installation of the compiler suites. Since Eclipse will call these components via the
make file, you won'’t have to think about it again.

It's worth mentioning that the GNUARM web site has a nice Yahoo user group with other users posing

and answering questions about GNUARM. Pay them a visit. The GNUARM web site also has links to
all the ARM documentation you’ll ever need.

Atmel SAM-BA Flash Programmer

The Atmel SAM-BA flash programmer is a manufacturer-supplied utility to download the user’s program into the
AT91SAM7S microprocessor’s flash memory via the USB interface. The Atmel SAM-BA flash programmer
installer is also in the c:\scratch folder.

Click on the file “Install SAM-BA.exe” to run the installer.

% C:iscratch a3
File  Edit  Wiew Fawvorites Tools  Help E"’
n | e="
Qe - © - F| P [fros - ¥ B B
Falders x Mame Size | Type =~
[C3) Program Files A :Qatmel_tutorial_components.zip 189,482 KB WinZip File
) recover | ESE':LID-EXE 299 KE  Application
3 registry cleansr Ebu—z. 16.1_geoc-4.0.2-cc++_nl-1.14.0_gi-6.4.exe 25,453 KB Application
) roxio D eclipse-SDK-3, 1-win32 zip 105,476 KB WinZip File
=3 scrakch embeddedcdt-20050810.zip 11,497 KB ‘WinZip File
[C3) siskyFivebit \Install SAM-BA,exe 6,656 KB Application ]
[ source code butarial 3 a7 openocd- 2006+ e55-setup-rcl10. exe 1,469 KB  Application
[ source code_tukorial 1 :gsource_code.zip 113 KE WinZip File
3 temp =3 @Using Open Source Tools For AT915AM7S Cross Development. doc 25,395 KB  Microsoft Word Doc. ..
[C3) tutarial_rev3_components [ Ftp e 3a%2F % 2Foyguin.osunsl, org¥e2Fpub s 2Fcwgwin File Folder
[T usmartx D zylinedt-20050810.2ip 174 KB WinZip File
< | S | >

Click “Next” in the Wizard below to start installation.

i SAM-BA v1.8 - InstallShield Wizard
Welcome to the InstallShield Wizard for
SANM-BA v1.8

The InstalshieldiR) wizard will install SAM-BA w1.8 on your
computer. To conkinue, click Mext.

W ARMING: This program is protected by copyright law and
international treaties,

PN

<Back( [ Mext ][\} Cancel |

Z

N—_—
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Accept the terms of the license agreement and click “Next”.

i SAk-BA v1.8 - InstallShield Wizard

License Agreement
Please read the Following license agreement carefully. N k. "

BOFTWARE LICENSE AGREEMENT

(e

Important- Fead carefully

This iz a legally binding agreement between Atmel Corporation, including ite
subsidiaries and affiliates (" Atmel") and You (" ¥Vou"). In return for acguiring
alicense to use the Software and related documentation and hardware
peripherals (" Software"), You agree to the following terms and conditions.

= ant of License.

b
( () I agtept the kerms in the license agreement

do not accept the terms in the license agreement

= Back (“ Mexk = ] [) Cancel
A Z
e ——

Click “Next” to bypass reading the Readme information.

i'-.\!l SAM-BA v1.8 - InstallShield Wizard

Readme Information
Please read the Following readme information carefully, ™% k- b

# Copyright Atmel Corporation (¢)2005
# Creation September 2005 : AT? SOFTWARE GROUP

Runs under Windows 2000 and 3P and ONLY with administrator privilege

SaAM-BA Boot Recovery:
Hee the full product datasheet for SAM-BA Boot recovery description.

SAM-BA w18
Add suppont for ATI1ISAMY262-EK board
Corrert DataFlash Prosramming alenrithms for ATOIHARIA] revh narts

| £

< Back{ ” ek = ] h Cancel
\ /

N

Take the default installation directory in c:\Program Files\ below; click “Next” to continue.

i SAM-BA v1.8 - InstallShield Wizard

Destination Folder
Click Mext to install to this Folder, or click Change to install to a different Folder. !

G Install SAM-BA v1.8 o
C:\Program FilesiATMEL CarporationiSaM-Ba 1.8}

< Back (H Mext = ] [) Cancel

N—
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Click on “Install” to start the actual installation.

i% SAM-BA v1.8 - InstallShield Wizard

Ready to Install the Program
The wizard is ready to begin installation. N . Y

1 you want to review ot change any of your installation settings, click Back. Click Cancel ko
exit the wizard,

Current Settings:

Setup Type:
Typical
Destination Folder:
Ci\Program FilesiATMEL Corporation}SAM-BA 1,8}

User Information:
Mame:

Comparry:

Installshield

/[ N\
[ < Back U[ Install J[) Canicel
AN Z

The Installer will now run without any further user intervention.

i3 SAM-BA v1.8 - InstallShield Wizard M=

Installing SAM-BA v1.8
The program features you selected are being installed, N \ Y

Please wait while the Installshield Wizard installs SAM-BA w1.8. This may
take several minutes,

Skatus:
Reqgistering product

( |

Inskallshield

When the SAM-BA installer completes, Click “Finish” and we’re done.

i% SAM-BA v1.8 - InstallShield Wizard

weifidps 4

InstallShield Wizard Completed

The Installshield Wizard has successfully installed SaM-BA
1.8, Click Finish to exit the wizard,

< Back ( ) Cancel

You can either restart Windows now or wait until later.

% SAM-BA ¥1.8 Installer Information !

You musk restart wour syskem For the configuration
changes made ko SAM-BA w1.5 to take effect. Click Yes
to restart now or Mo if wou plan to restart later,
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OpenOCD Installation

Eclipse/CDT has a fabulous graphical 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/

In the true spirit of Open Source, many people are jumping on the OpenOCD bandwagon; notably Michael
Fischer of Lohfelden, Germany. Michael has prepared a very nice installation package for OpenOCD. Michael
also has a very interesting web site here: http://www.usbdip.de/index_en.html

Michael’s web site has some excellent tutorials on this very subject (open source cross development

tools and Eclipse), so please stop by his web site and read them!

Run the file “openocd-2006re55-setup-rc10.exe” contained in the components folder within
C:\scratch. You can use Windows Explorer to do this.

B C:\scratch 'E”gl
File  Edit Miew Favorites Tools  Help f;’
b N LY =
@ Back = \_/J lﬁ o ) search ‘ [Ff Folders v }g j |j
Folders * Marne Size | Twpe
[ Pragram Files V- :3atmel_tutorial_components.zip L 189,432 KB  WinZip File
D recover — Esetupese Run this file. 289KE  Application
3 registry cleansr HAbu-z.16.1_gee-4.0.2-c-c++_nl-1.1 25,453 KB  Application
) roxio CDeclipse-SDK-3. 1-win3z.zip 105,476 KB WinZip File
=50 seratch :3embeddedcdt—ZDDSDSlD.zip 11,497 KB wWinZip File
h sixtyFivebit SON-BO s A0 kA annlicabing
[ source code tutarial 3 (3 openacd-2006re55-setup-rc1 0. exe 1,469 KB  Application ]
I3 source code_tutorial 1 source_code.zip 113KE  WinZip File
£ temp =3 @Using Open Source Tools For AT915AM?S Cross Development. doc 25,395 KB  Microsoft Ward Doc...
[C3) tuterial_rews_components [CFtpaeTa%s2F % 2Fcygwin, nsuosl, orge2f pub % 2Fcyguwin File Folder
2 uSmartx 7 EDzyincdt-20050810 2ip 174 KB WinZip File
< | S | >

Michael Fischer's OpenOCD Installer will start. Click “Next to continue.

% Open0CD 2006re55 Setup =13

Welcome to the OpenOCD 2006re55
Setup Wizard

This wizard will guide you through the installation of
CpenQCD 2006155,

It is recommended that ywou close all other applications
before starting Setup. This will make it possible to update
relewant system files without having to reboot your
computer,

Click Mext ko continue.
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Accept the License Agreement by clicking the radio button as shown below and click “Next” to continue.

& OpenOCD 2006re55 Setup

License Agreement

Please review the license terms before installing QpenciZD
2006re55,

Press Page Down bo see the rest of the agreement.

GRU GEMERAL PUBLIC LICEMSE
Yersion 2, June 1991

[I>

Copyright {C) 1989, 1991 Free Software Foundation, Inc.
51 Franklin S, Fifth Floor, Boston, Ma 02110-1301 US4
Everyone is permitted ko copy and distribuke werbatim copies
aof this license document, buk changing it is not allowed.
Preamble s
If wou accepk the terms of the agreement, select the First option below, You must accept the
agreement to install OpenOCD 2006res5. Click Mext ko continue,

f»" I accepk the terms in the License Agreement
™ 1 do not accept the terms in the License Agreement

< Back [ Mext = J Cancel J

Likewise, accept the Amontec license agreement and click “Next” to continue. Amontec manufactures
the JTAGKkey, which is a professionally-developed version of the USB-JTAG interface described in
Dominic Rath’s thesis. This device retails for $177.00 (US) and is reliable and provides a significant
speed boost over the parallel-port wiggler. Using the Amontec JTAGKey is covered later in this tutorial.

© OpenOCD 20061855 Setup

License Agreement

Please review the license terms before installing OpenCCD
200&re55,

Press Page Down bo see the rest of the agreement.

A
Aronkec ITAGK ey i
B B i e R
SOFTWARE & HARDWARE LICENSE AGREEMENT
Copyright () 2006, Amontec - Gauch
La Grand Fin 32, CH-1633 Vuippens, Switzerland
bkt e amonbec, com

L
If wou accept the kerms of the agreement, select the First option below, You musk accept the
agreement ko install OpendCD 2006re55. Click Mext ko continue,

f* 1 accepk the terms in the License Agreement;

" Ido not accept the terms in the License Agreement

[ < Bar| [ Mext = JI Zancel J

—_—
—

Fischer's OpenOCD installer provides everything needed to operate OpenOCD with a “wiggler” and
the more advanced “JTAGkey”.
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In the “Choose Components” dialog, select “OpenOCD” and “Driver”. We already have the Make
utility installed via Cygwin. Click “Next” to continue.

& OpenOCD 2006re55 Setup

r Choose Components
Choose which Features of OpenOCD 2006re55 you wank ba

install.

Check the components you want bo install and uncheck the components you don't want to
install. Click Mext to continue.

Select components ko install: - [#] CpenocD

- Driver

r~ Description

Space required: 2.1MB Position your mouse over a cormponent ko see its
description,

Open0CD 2006re55

V. N\
= Back \ Mexk = ] p Cancel
N o

In the “Choose Install Location” dialog, | simplified the destination location to “c:\Program Files\openocd”.
Click “Next” to continue.

& 0pen0CD 20061855 Setup

9,

Setup will install OpenoCD 2006re55 in the following Folder, To install in a different Folder,
click Browse and select another Folder, Click Mext ko continue.,

Choose Install Location
Choose the Folder in which to install OpenOCD 2006reS5.

"Destlnatlon Folder

I C\Program Filesiopenocd|

Space required: 2, 1MB
Space available: 2.1GE

CpenCD 20061255

7~ N
[ < ﬁac(l\&ext >J) Cancel ]

OpenOCD can be placed into the Windows Start menu by taking the default on the “Choose Start
Menu Folder” screen below. Click on “Install” to start the OpenOCD installation.

© 0penOCD 2006re55 Setup

( Choose Start Menu Folder
Choose a Start Menu Falder for the OpeniCD 2006re55

shorkcuts,

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

Accessories
Administrative Tools
ADS Tech =
America Online

3

Amonkec

ArcSoft PhotoBase 4.5

ATMEL Corporation

Audio Plavback Recorder 3,06

AviSynth 2.5

Captura

CCleaner bt

™ Do nok create shortcuts
OpenCQCD 2008reSs

N\
’ < Back! I Inskall ] D Cancel
e
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The OpenOCD installation will only take a few seconds and the “Installation Complete” screen will
advise you when it has finished. Click “Next” to continue.

® OpenOCD 2006re55 Setup =13

Installation Complete
Setup was completed successfully,

Completed

Show details

| < Ba I Mext = | Cancel |

Finally, click on “Finish” on the screen below to complete installation of OpenOCD.

& Open0CD 2006re55 Setup =3

Completing the OpenQCD 2006reb5
Setup Wizard

OpendCD 2006re5Ss has been installed on vour computer,

Click Finish to close this wizard,

Wisit the Open0CD site for the latest news and support

< Back I Finish | Cancel

J—

One thing to note is that the OpenOCD Installer also made an entry into the Windows PATH
environment variables. It added the following path: C:\Program Files\openocd\bin

This path includes the OpenOCD executable and suitable configuration files for the “wiggler” and the
JTAGkey.



Verifying the PATH Settings

There is one final and very crucial step to make before we complete our tool building. We have to
ensure that the Windows PATH environment variable has entries for the Cygwin toolset, the
GNUARM toolset and the OpenOCD JTAG server.

These are the three paths that must be present in the Windows environment:

c:\cygwin\bin
c:\Program Files\gnuarm\bin
C:\Program Files\openocd\bin

To verify that these paths are present in Windows and to make changes if required, start the Windows
Control Panel by clicking “Start — Control Panel” and then click “System”.

§- Control Panel |._||
Fle Edit “iew Favorikes Tools  Help -?

Qs @ 3 Psown e F-X % BB

== = N
ﬂ-" Control Panel & G i B Cm %
Accessibility  Add Hardware Add ar Administrative  Automatic
E} Switch to Category Yiew Options Remav... Tools Updates

See Also

& windows Update
@) Help and Suppart:

CNEN/A

Display Falder Options Fants Game Intel

P L = D D

Internet Java Keyboard Mail Mause

Firewall  Metwork Set...

Controllers  Modem-on-...

EDE Date and Time

Adrinistr akor

E i

IntelR) Intelf)
Extrem...  PROSet Wired

e &

Metwork  Metwork Setup

Options Conneckions ‘Wizard
> B % 9 @ L
Bo @/ = z
Phone and  Portable Media Power Options  Printers and QuickTime Realae Regional and

Modem ... Devices Faxes
S 2 9 (9
Scanners and  Scheduled Security Sounds and Speech System Fbar and
Cameras Tasks Certer Audio Devices rt Menu
© @ o
User Accounts  Wwindows ‘Wireless

2|

Now click on the “Advanced” tab below.

System Properties .

| System Aestore ” Automatic Updates
General | Computer Mamne ” Hardwear || Advanced >

System:
Microsaft Windows P
Home E dition
Wersion 2002
Service Pack 2

"
as

Registered to:
Jim Lynch

#6477-0EM-0011903-00102

Manufactured and supported by:

Support Infarmation

Apply

Dell Dimension DIM3000
Intel[R]

Pentium[A] 4 CPU 2.80GHz

2.79GHz, 512 MB of RAM
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Now click on the “Environment Variables” button.

System Properties

| System Restore || Automatic Updates || Remate
| General || Computer Mame || Hardwsare | Advanced

You must be logged oh az an Administrator to make most of these changes.

Perfarmance

Wisual effects, processor scheduling, memary usage, and virtual memory

Settings
User Profiles
Desktop zettings related to your logon
Seftings

Startup and Recovery

Swstem startup, system failure, and debugging information

Seftings

< ’ Erwironment Y ariables ] [) Error Reporting ]

L 0k ][ Cancel ] Apply

In the Environment Variables window, find the line for “Path” in the System Variables box on the
bottom, click to select and highlight it and then click on “Edit”.

Environment Yariables

Iser variables far Jim Lynch

Yariable Walue
TEMP

C:\Documents and Setkingst Jim Lynchil. .
TP

C:\Documents and Settingst Jinm Lynchil, .

mew || Edt || Delete

Syskem variables

Yariable Walue
MUMBER_OF_P... 1

PROCESSOR_A.., xd6

[ ok ][ Cancel ]




Take a very careful look at the “Edit System Variable” window (the Path Edit, in this case).

Edit System Variable

Yariable name; | Path |

Yariable value:

L +yeygquinbing c:\program Filesignuarmibing |

[ Ok H Cancel ]

You should see the following paths specified, all separated by semicolons. The path is usually long
and complex; you may find the bits and pieces of the required paths interspersed throughout the path
specification. | typically use cut and paste to place all my path specifications at the beginning of the
specification (line); this is not really necessary.

You should see the following paths specified.

c:\cygwin\bin;c:\program files\gnuarm\bin;C:\Program Files\openocd\bin

If any of these paths are not present, now is the time to type them into the path specification.

I've found that not properly setting up the Path specification is the most common mistake made in
configuring Eclipse to do cross-development.

Install the GIVEIO Driver

To enable OpenOCD to use the parallel port when the “wiggler” interface is employed, a special
giveio.sys driver has to be installed. This only needs to be done once.

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 — All Programs — Accessories”.

ommand Prompt
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If your Command Prompt window is not at the root folder ( C:\ ) shown above, you can type in the

command >CD \ to locate yourself at the root folder. Now change to the directory c:\Program
Files\openocd\driver\parport.

Note that we typed the command: cd Program Files\openocd\driver\parport to do this.

omimand Prompt

C:~>cd Program Files“openocdsdriversparport

C:Program Files“openocdsdriversparport>

Now take a look at the contents of this folder by typing the DIR command.

ommand Prompt
C:x*cd Program Files“openocduwdriversparport

G« Program Files“openocdsdriversparport
lah

Uolume in drive C has no lahel.
Uolume Serial Number is 7476-466E

Directory of C:“Program Files‘wopenocdsdriversparport

A5.-06-2006 B4:48 <DIR> .
A5-06-2006 B4:48 <DIR> -
@9-23-2805 @9:38 AM giveio.sys
a9-23-2005% 07:38 install giveio.hat
H?-23-2805 B97:37 loaddrv.exe
A?,23,2885 B97:38 remove_giveio.bat
A?-23-2005 A7:38 status_giveio.hat
L Filet=) 32, 788 hytes
2 Dircs2 2.218.184,.784 hytez free

C:xProgram Files“openocdsdriversparport’

We want to run the command batch file “install_giveio.bat”, this will install the giveio.sys driver and
load and start it. This is a permanent installation; you won’t have to do this again. 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.

ommand Prompt

Microsoft Windows HP [Uersion 5.1.26881]
(G» GCopyright 1985-2881 Microsoft Corp.

C:“Documents and Settings>Jim LynchX>cd
C:%>cd Program Files“wopenocdsdriversparport
C:“Program Files“openocdsdriversparport>dir

Uolume in drive C has no lahel.

Uolume Serial Number is 7476-466E

Directory of C:sProgram Files“openocdsdriversparport
A5 0672806 @A4:-48 <DIR> .

05 862 06 <DIR> .-
a7 23,2885 M giveio.sys

A2 23,2005 install giveio.bat
H9 23,2805 loaddrv.exe
A2 /23,2885 remove_giveio.bat
A2 -23.-2885 status_giveio.bat
L Fileds> 32,788 hytes
2 Dirdsd 2,.218,184,.784 bytes free

C:%Program Filesswopenocdsdriversparport
Copying the driver to the windouws directory
target file: C:“\WINDOWS“giveio.sys
1 file{s> copied.
Remove a running service if needed...
Installing Windows HNHT/2k-3F driver: giveio
installing giveio from C:N\WINDOWS“giveio.sys... ok.
starting giveio... ok.
set start type of giveio to auto... ok.
Success
C:%Program Files“openocdsdriversparport>




Install Atmel SAM-BA Boot Assistant as an Eclipse External Tool

The Atmel SAM-BA Boot Assistant program (flash programming utility) should be installed as an Eclipse
“External Tool”. This will make it easy to program the AT91SAM7S-256 flash memory via the USB channel
without having to exit Eclipse.

First, start Eclipse and switch to the C/C++ perspective. Start Eclipse by clicking on the desktop icon.

When Eclipse starts up, click on “Window — Open Perspective — C/C++” to switch to C-Language
programming. If “C/C++” does not appear, locate it by clicking “Other...”

& Resource - Eclipse SDK
File Edit Refactor MNavigate Search Project

Mew ipelOi ﬁ f[‘jResource >

I-EE & |- |%e3 -
M Edibor
T Mavigator £2 o R R Y | = \ =0
#1125 demao_at91sam?_blink_flash N " ¥ &: /
Customize Perspective... giJ Java

Save Perspective As...
Reset Perspective

A i) hranizi
Close Perspective =~ Team Synchronizing

Close all Perspectives
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Now the C/C++ perspective should display and Eclipse will remember your choice whenever you restart.
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By installing SAM-BA as an “External Tool”, we can start the SAM-BA utility conveniently from the Run pull-
down menu.
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To set up SAM-BA as an “External Tool”, click on “Run — External Tools — External Tools...”.

& C/C++ - Eclipse SDK
File Edit Refactor Mavigate Search Project Qi indow Help

J i~ [E | 5] J & ~ 8% - [¢f - (&% RunLast Launched Lo D R L R
Debug Last Launched F11
HE CjC++ Projects 52 Navigator‘ =8 % -
e | =] q>¢' = Run History L4
3
=5 dema_at91sam?_blink_Flash Run As
[+ O Binaries Run...
Bt [‘—_" Includes Debug Histary ’
[ [B] ATI1SAMFEC2S6.h Debum A R
[ [n] Board.h a
[+ @ crk.s ’Debi\
- 1g] lowlevelinit.c ¥ External Tools
[+ @ Main.c
[ Jarh crk.o - [armile]
- [qh lowlewvelinit.o - [armle]
[]—-- main.o - [armle]
[+ i@ main.out - [armle]

-~ &] ertlst
-[%] derno_at91sam?_blink_flash.crd

-|E] main.map
|y makefile

Problems | Zonsole ‘ Properties (ﬁn Search &2

When the “External Tools” window appears, click on “Program” followed by “New”.

& External Tools L

Create, manage, and run configurations =

Run an Ank buildFile, @

Configurations:

7 &t Build
LA Program

B Perspectives

These settings associate a perspective with Ank Build launch configurations, A different
perspective may be associated with each supported launch mode, and can optionally
be opened when a configuration is launched or when an application suspends via the
Debug preferences, To indicate that a perspective should not be opened, select
"Mone",

Debug: IDebug ;I

Rurn: INone ;I

Restore Defaulks |

a Mew | Delete Apply | Revert |




The “External Tools” window changes to the following form.

& External Tools

Create, manage, and run configurations b
Please specify the location of the external tool you would like to configure, @
Configurations: Marne: |,\Iew_c0nfiguration
-~ ant Buid
EQ Prograrn
. i B P
Q Mew_configuration E IMain |b:> Refresh I ﬁ Environment I B Common I
r—Location:
Browse Workspace. .. | Erowse File System. .. | ‘ariables... |
—Working Directary:
Browse Workspace. .. | Browse File System... | Variables. .. |
—Arguments:
Variables... |
Mote: Enclose an argument containing spaces using double-quotes ("),
Mew Delete Apply | Pz |
Run Close |

Now fill out the fields within the form as shown below. The SAM-BA executable can be found in the c:\Program
Files\ATMEL Corporation\SAM-BA\ folder. Use the “Browse” buttons to find everything.

The Refresh, Environment, and Common tabs can be left at their default state. Click on “Apply” followed by
“Close” to complete installation of SAM-BA as an external tool.

£ External Tools K

Create, manage, and run configurations b,

Run a program a
Configurations: Marfe: ISAM—BP.
-4 Ant Build

=G P
%.(ggpzzz e =l main |t:><h Refreshl -] Environmentl = Commonl

—Locatinn:

< IC:'l,Program FileshATMEL Corporation|SaM-B4 1.8154M-B4 . exe

Browse Workspace. .. | Browse File System. .. | ‘Variables. .. |

—Warking Directory:

IC:'l,Program FileshATMEL Corporation|SaM-BA 1.8

Browse Workspace. . I | Browse File System. .. I ‘ariables. .. |

—Arguments:

Yariables. .. |

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

Mew Delete < Apply | Revert |
J/
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There’s one more step in defining SAM-BA as an External Tool. We need to install it into the list of “favorites”.
Click on “Run — External Tools — Organize Favorites...”.

£ CiC+~+ - Eclipse SDK

File Edit Refactor Mavigake Search Projict F!.un' indow  Help

J i~ [ | &) J & - &% - [¢ - @ Y RunLast Launched 0 b O = =
Debug Last Launched F11
B& ciC++ Projects 52 Navigator‘ = B8 * -
> | =i Run Hiskary :
E:L;C,- demao_at31sam7_blink_flash Run As
[#--4p» Binaries Run...
e |
(= Includes Debug History *
@ ATALSAMTRCZSE.h
i Debug As 4
@ Board.h
@ it Debug...
@ |C'L""!|e""'3“nit": ternal Tools
[+ [] main.c L
crboo - [armle]
lowlewelinit.o - [armle]
[ main a - Tarmlal

In the “Organize External Tools...” window, click on “Add...”. On the subsequent window, check the box for
SAM-BA and click “OK”.

& Add External Tools Favorites

Select Launch Confrgyrations:

2@y sam-Ba
L

Fawarites:

(04 I Cancel |

Select Al | Deselect Al |
(o] 4 I Cancel |

Now click “OK” on the “Organize External Tools...” and SAM-BA will now appear in the RUN pull-down menu.

& Organize External Tools ...

Favorites: h >

Qy sam-Ba Add. .. I

Remoyve
Up |
Cronsin |

o4 | Zancel
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Now when we click on the Run pull-down menu and select “External Tools”, we see that SAM-BA is present at
the top of the pull-down list (a favorite).

IH Window  Help

E % Run Last Launched Chrl+F11 L R
%, Debua Last Launched F11

Run Histary 4

Run As 3

Run...

Debug History 4

Debug As 4

Debug...

¥, External Tools There it is!

Run &s 4
% External Tools. ..

Organize Favorites...

An even more convenient way to start SAM-BA is to use the “External Tools” tool button in the toolbar.
Specifically click on the down arrow to reveal the external tools that have been set up. Eclipse remembers the
last External Tool you selected, so clicking on just the red toolbox will start the previous tool.

CNOIF-E BRCECE

¥. 1 5aM-BA

Fun As k
% External Tools.,.

Organize Favorites, .,

By clicking on SAM-BA, the Atmel Flash Programming utility will start and show its Comms setup window, as
shown below.

&

lia SAM-BA 1.8 - Choose Prot... [= [

Select COM port : |[COM1
Choose your board ; [AT3154M75256-EX j

DBGU connectian USE connection |

Cancel the SAM-BA for now; we will operate it when we have a file to download into flash.
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Install OpenOCD as an Eclipse External Tool

The Eclipse debugger interfaces to the GNU open-source GDB debugger. The GDB debugger can be
commanded to interface to a remote target using a well-defined serial protocol called GDB Remote
Serial Protocol. The OpenOCD utility developed by Dominic Rath reads the Remote Serial Protocol
and converts each debugging command to a JTAG operation. For this tutorial, the JTAG connection is
made through a simple level-shifter connected to the PC’s printer port. This $20 device is called a
“wiggler” and it manipulates the AT91SAM7S JTAG debugger pins to start/stop execution, set
breakpoints, read and write to memory, etc.

We will now install OpenOCD as an Eclipse “External Tool” so that it will be very convenient to start it
from within the Eclipse environment.

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

& - J Run Last Launched ChrHF11 b+ -
%, Debug Last Launched  F11
Fuun History L4
Run As 4
Run...
Debug History L4
Debug As 3

#kernal Tools

mal Toals,

Organize Favorites, ., g

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

& External Tools
Create, manage, and run configurations b
Run a program @

Configurations: Marme: | SAM-B&

E' Iain | q><h Refreshl E Environmentl =] Commonl
r~Location:

| C:\Program Files\ATMEL Corporation)SAM-BA 1.815AM-BA. exe

Browse Workspace. .. | Browse File Swstem. .. | ‘ariables. .. |

—Working Directary:
I C:\Pragram Files\ATMEL Corporation|SAM-B4 1.5

Browse Workspace. .. | EBrowse File Swstem. .. | ‘Variables... |

—Argurnents:

Yariables. .. |

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

Tew | Delete Apply | Revert |

Fun Close |
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Fill out the “External Tools” form exactly as shown below. Click on “Apply” and “Close” to register
OpenOCD as an external tool. Note that we included in the arguments pane a reference to the
configuration file for the “wiggler”.

Remember that we downloaded and installed OpenOCD earlier. The executable file (openocd-pp.exe)
and the wiggler configuration file (at91r440008_pp.cfg) are in the “c:\Program Files\openocd\bin”
folder. The configuration file, while designed for an AT9140008 processor, will work fine for the
AT91SAM7 family also.

& bxternal Tools

Create, manage, and run configurations =

Run a prograrn ﬁ
/\\
Zonfigurations: Mamk: IOpenOCD
- 38 ARt Build

El Program .
%% OpenocD = main I 5 Refresh I B& Environment I E common I
% SAM-BA rLocation: ——
| C\Program Filesiopenocdibintopenocd-pp. exe

Browse Workspace. .. I Browse File System. .. | Variables. .. |

—Erking Directary:

< I C:\Program Files\openocdibin

Erowse Workspace. ., I Browse File Systen, .. | Variables. .. |

j‘(‘gﬂrﬂ'&:l LH

([ ato1ran008_pp.cfg

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

Mew Delete < Apply h Revert

/

Warisbles. .. |

Using the same techniques used earlier when we installed SAM-BA as an external tool and added it to the list
of “favorites”, add OpenOCD to the list of favorite external tools. When you click “Run — External Tools”, you
should see that OpenOCD is in the favorites list also.

Window  Help

J %Run Last Launched Chrl+FL1 b~ -
T % Debug Last Launched Fi1

Fun History 4
Run As 4
Run...

Debug History 4
Debug As 4
Debug...

Q, 1 5Am-BA
Q, 2 OpenoCD

Run As 4
% External Tools..,

Organize Favorites. ..
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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 AT91SAMY7 application using the Eclipse IDE and the open source compilers and debuggers.

Click on the desktop Eclipse icon to start Eclipse.

You should see the following screen.

Fle Lt Refactr Mawgate Seach Froject Run Window Heb

elcome to Eclipse 3.1

The four buttons in the center allow you to take a tour, look at tutorials, etc. You can review these at a later time
by hitting the Help pull-down menu.

Let’s jump right in and create an Eclipse C/C++ project to blink one of the LEDs. This project will run out of
FLASH memory. In the File pull-down menu, click on “File — New — Project...” to get started, as shown below.

s

Java - Eclipse SDK

Ale+Shift+ - ¢

H5 Fackage
Close Chrl+-F4 @ q
Close Al Crbshift-+F4 s
€% Interface
[E] save Chrl+5 @ Eum
=
[ save ps... (@ snnotation
B save &l Ctrl3hift+5 &% Source Folder
Revert
[ Folder
Maove... |—_<|> File
B . Fz
ename [ Untitled Text File
Refresh F3 =
Corrverk Line Delimiters Ta 4 E‘ it Test Case
& Prirt.... Chrl+p [ other... Cirkd

Switch Workspace. ..

Irnpart...

[t
& Export...

Properties Alb+Enter

Exit
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When the “New Project” wizard appears, expand on the “C” options by clicking on the “+” symbol and then click
on “Standard Make C Project”. Click “Next” to continue.

5 L . 2
& New Project & New Project
Select a wizard — Select a wizard —
Create a Java project [ Create a Java project [
Wizards: Wizards:

$ Java Project from Existing Ant Buildfile
.ﬁﬁ Plug-in Project

D6«

B
= T+

= Plug-in Development
= Simple

----- # Java Project from Existing Ant Buildfile
----- 2 Plug-in Project

H-[z= Plug-in Development
#-[= Simple

E
£
[ Java
[
£

< Back I Mext = I Finish | Cancel | < Back (I Mext = b Finish | Cancel |
AN Z
—

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

= New Project .

continue.

C/Make Project

Create a Mew C Project using ‘make’ ko build it

Y

Project nafe: |dema_at91sam.'-"_blink_ﬂash

Project contents
W Use default

Directory: | C\Documents and Settings|Jim Lynchiworkspaceidemo_at91sam?_t Browse.,, |

< Back | Mext = ( Finish \I Cancel |
N _

Eclipse will note that you are creating a C/C++ project and ask you if you want to switch to the C/C++
perspective (a perspective is a particular window layout). Check the “Remember my decision” check box and

click “Yes” to open the C/C++ perspective.

= Open Associated Perspective?

- to open this perspective now?

W Remember my dedision

9D This kind of project is associated with the C/C++ perspective, Do you wank
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When the Eclipse C/C++ perspective appears, it will have a project defined in the project pane on the left. This
project has no source files. Note that we also erased the “Eclipse Welcome” pane by clicking the delete button
within that panel. E:E

The C/C++ perspective looks like this.

E CiC++ -

Eclipse SDK.
File Edit Refactor Mavigate Search Project Run Window Help

Jrﬁ' |IﬂjﬂJﬁ'ﬁﬁ'lﬁ'@'J#@'O‘%'JgﬁnJ“- oTe T | R+ &lava
I CfC++ Projects X Navigat0r| =8 =0 EE Qutline &3 &l =g

An outling is not available,

Problems | B console 82 8 G ‘ #E2-5-0

C-Build [demo_at91sam7_blink_flash]

Properties

l Jdema_at91sam? _blink_flash |

There are no source files in the project. An example project is included in the download collection you placed in
the c:\scratch folder. Using windows Explorer, unzip the demo_at91sam7_blink_flash project’s source files in
the file SourceFiles.zip to an empty directory such as c:\foo as shown below.

& C:\foo &3
File Edit ‘Wiew Favorites Tools  Help a’
- =
@ Back = () l.ﬁ p Search ‘ H’?‘ Folders - % ] Ij
Folders x Mame - Size | Twpe Date Modified
) eclipse._download _cd 3 makefile LKE File Si6f2006 11:08 AM
£ eclipse_workspace 0] ATo15AM7SZSE b S5 KE  C/C++ Header 5122006 3:48 PM
[ Fonts |_ﬂ Boatd.h 4 KB CJC++ Header 5/12/2006 3:32 PM
=3 foo n '[;[crt.s QKB  Assembler Source S/6/2006 11:08 AM
[ Foo_atmel [E]dema_ata1sam?_blink_flash,comd 15KB ‘Windows NT Comm...  5f6f2006 11:08 AM
3 Freertos 2] tawlerveetinit. o 4KB CSource 5i12j2006 3:48 PM
™= Fri *| 2] main.c SkKB CSource 511212006 3:49 PM
£ | *
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We use the Eclipse “Import” facility to copy the sample source files into the project. Click on “File — Import...”

£ C/C++ - Eclipse SDK

=W Edit Refactor  Mawigate Search Project Run

Tew Ale+shife+M ¥ G - J
Dpen File. .. 5_\ —
Close Chrl+F4 =
Close all Chrl-+5hift-+HF4
|_—‘5‘:| Save Chrl+5
[;'—‘;l Save As,..
[ 5ave &l Chrl+Shift+5
Reverk
Maowe. .,
Rename. .. Fz2
Refresh FS
Conwert Line Delimiters To 4
= Prink... Chrl+P
Switch Workspace. ..
Propetties AlE+Enker
Exit
|

In the “Import” window, click on “File System” and then click “Next” to continue.

& Import
Select
E\a ]
Import resources From the local file svstem into an existing projeck,

Select an import source:

@; Archive File

;‘l":gchecknut Projects From CYS
ﬁExisting Projects inko Workspace
%External Features

|| -jins and Fragments
< [T, File system
-
A

"i-ELTeam Project Set

m |Ne>ct:>| | Zancel

This displays the “Import” window as shown below.

Use the “Browse” button in the “From directory” text box to navigate and find the c:\foo folder that holds the
sample project source files unzipped earlier.
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Click the “Select All” button to select all seven files.

Accept the defaults on everything else and click “Finish” to complete the Import operation.

& Import
File system F—
Import resources from the local File system, D
-
From direckory: IC:'I.FDD &Browse... /l
'''''' [= fao [€] aTo158M7RCZ56.H
E] Board.h
@ crk.s

demu:u_atglsam?_blink_ﬂash.cmd
E| lowalervelinit.c

E] main, c

| makefile

Filter Twpes. (. | Select All | select All |

Inko Folder: Idemu_atglsam?_blink_ﬂash Browse, .. |

Options

™ owerwrite existing resources without warning
" Create complete Falder structurs

% Create selected Folders only

« Back Mext = (:inisml Cancel |

L

This will import all seven files into the demo_at91sam7_blink_flash project. Obviously, if you were creating the
source files from scratch, you would use “File — New — Source File” and proceed from there to create an empty
source file, as shown below.

£ C/C++ - Eclipse SDK
P Edit Refactor Mavigate Search  Project Run Window Help

eSSV Project. .
Cpen File. ..
Standard Make C Project
Close ChrH-Fd _
C+| Convert to a CfC++ Make Project
Close all Chrl+-3hift+F ! :
Managed Make C Project
(]
] 5ave Chr+S Standard Make C++ Project
[=]
[‘:;l SAvE A Managed Make C++ Project
@ 5ave Al CUISHIRAS | e o e Folder
Rewvert
(% Folder
Move. .. E’ Source File
Rename... Fz i )
h| Header Filz
Refresh FS i
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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 SDK
File Edit Refactor Mavigate Search Project Run Window Help

= Outline 3 ! =off

% 8|se 7

Navigator| = B i X

| BEFT

F R AR AR A AR AR A AT AR AT RF AT ARNA TSR ASTATARNTRTARF AR A

it b
FC;’C++ Projects &2

+ i -
IE--hﬁ demo_at91sam? _blink_flash ! main. o 4+ IRGQ_Routine
[W aT915AM7HC256.h i FIC_Routine
i Demonstration program for Atmel ATIIZAMTIZS56-EE Evaluati w1 Routing
/# UNDEF_Routine
@ lowlewelinit.c I blinks LEDO (pin FPAOD) with an endless loop AT SAMFRC2S6.h
@ main.c i plenty of wariables for debugger practice = board.h
dermo_at91sam?_blink_flash. cmd i q
“_gg makefile /* Author: James P Lync - r
JE OEEEREEEFARAEAFFFEFRAAES Source Flle AR TR EE AT REEE LS 5
Editor View '
i
fﬁ‘ FEFFTEFEELTRLANTTRFESRENS FTEFRFERNTELS 1
F . comms
unction prototypes
B L L T e ] o nbytes
©  pBuf
P - void IRQ Routine (void) _ attribute  ((interrupt ("IRQ"))); ° Eu:l’er
ro] eCtS void FIQ Routine (void) _ attribute  ({interrupt("FIQ"))):

VI eW void 3WI_Routine (void) _ attribute_  ({(interrupt ("3WI"))}; Outl I ne
void UNDEF_Routine (woid) _ attribute  ({interrupt ("UNDEF")));
O View

Header files SWI_Routine
ﬁ‘ﬂ‘ﬂ‘ﬂ‘%‘T*ﬂ‘ﬁ‘ﬁ‘ﬁﬂ‘ﬂ‘%‘Tﬂ‘ﬂ‘ﬁ‘ﬁ‘ﬁﬂ‘ﬂ‘%‘Tﬂ‘*ﬂ‘ﬁ‘ﬁﬂ‘*ﬁ‘ﬁ‘ﬂ‘ﬂ‘ﬂ‘%‘T**ﬁtﬁ**ﬁf**ﬁtﬁ**ﬁf**f

UMDEF_Routine
#include "ATS13AMTECEZSS.h™
#include "bozard.h"

< 4

=l Console &% Froperties
-Build [demo_at21sam?_blink_flash]

Console
View

36113

| ‘Wiitable | Smart Insert

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.

@ |leevelinit.c ll."**#******ﬂ'******ﬂ‘**ﬁ'ﬁ'ﬂ‘****#******ﬁ***#***##***************
=-[€ main.c Global Varishles
uATngAM?xCZSﬁIh ﬁﬁﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬁﬁﬂ‘ﬂ‘ﬂ‘ﬁﬁﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬁﬁﬂ‘ﬂ‘ﬁﬁﬁﬁﬂ‘ﬂ‘ﬁﬁﬁﬂ‘ﬂ‘ﬁﬁﬁﬁ?ﬂ‘ﬁﬁﬁ?ﬂ‘ﬁﬂ‘ﬁﬁﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬁﬁﬂ‘ﬂ‘ﬂ‘ﬁﬁf"
- &l board.h int i // global uninitialized varisble
int r: A4 glokhal uninitialized varisble
int =: A4 glokhal uninitialized varisble
short = 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
¥+ FIO_Routine int nbytes;
£+ IRQ_Routine char®  pBut;
H LowLevelTnit 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{‘k*‘k*‘k*‘k#‘ﬂ'#‘k#‘kﬂ'*ﬂ'*‘k*‘ﬂ'1:‘8‘1:‘k*‘k#‘k#‘k#*#*#*‘k*‘k*‘k*‘k*‘k#‘k#‘k#;’ ﬁ laz &. ‘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
‘fﬂ"k#1{#1{‘k*‘k*‘k*‘k1:‘ﬂ'#‘8‘#‘kﬂ"kﬂ'*ﬂ'*‘ﬂ'*‘8‘1:‘k*‘k*‘k#‘k#*#*#*#*‘k*‘k*‘k*‘k*‘k#‘k#‘k# B :: E;:rldSﬁM?XCZSE'h
External REeferences
ﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁ'ﬂ‘ﬁ'ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁ'ﬂ‘ﬁ'ﬁﬂ‘ﬁﬂ‘ﬁHﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁ'ﬂ‘wﬁﬁf = B cormms
extern void LowLevelInit (void): z :Ei;
o pBuf
@ FIQ_Roukine
@ IRQ_Routine
IIF'ﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘Hﬂ‘ﬁ'ﬂ‘ﬁ'ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘ﬁﬂ‘1€ﬂ‘ﬁﬂ‘Hﬁwﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁwﬁwﬁﬁ ™ I'I'|a||'|
MATIN @ SWI_Routine
'RH"RH‘TH‘T'KT'KW'KW'KW'ﬂ‘W'ﬂ‘W'RW'RWTWT'KT'ﬂ‘W'ﬂ‘w‘ﬂ‘w‘ﬂ‘T'KW'RW'RWTWT'KT'XW'XW'X#'XW'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 mwain.out
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

Crt.o main.o

<

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.

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 : AT91SAM7S256.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 28685//

// CUS Reference : /PMC_SAM7S_USB.pl/1.4/Tue Feb 8 13:58:22 2885//
// CUS Reference : /RSTC_SAW7S.pl/1.2/MWed Jul 13 14:57:48 2085//

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

// CUS Reference : /PUM_SAM7S.pl/1.1/Tue May 18 11:53:87 2885//

// CUS Reference : /RTTC_6881A.pl/1.2/Tue Nov 9 14:43:58 2884//

// CUS Reference : /PITC_6879A.p1l/1.2/Tue Nov 9 14:43:56 2084//

// 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;// Harduware 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
AT91_REG AIC_IHMR; // Interrupt Mask Register
AT91_REG AIC_CISR; // Core Interrupt Status Register
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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_IHMR; // 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 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 HMemories 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




/*

PIO Flash PA PB PIN =/

#idefine LED1 (1<<8) /* PAB / PGMENG & PWHMO TIDAB 48 =/
#define LED2 (1<<1) /* PA1 / PGMEN1 & PWHM1 TIOBO 47 =/
#idefine LED3 (1<<2) /* PA2 & PUM2 SCK@8 4y =/
#idefine LED4 (1<<£3) /* PA3 & TWD NPCS3 43 =/
ftidefine NB_LEB L

#tidefine LED_HMASK (LED1|LED2|LED3|LED4)

[®¥——— */

/* Push Buttons Definition =/

[®¥——— */

/% PIO Flash PA PB  PIN x/
#define SW1_HASK (1<<19) /= PA19 / PGHD7 & RK  FIQ 13

#tdefine SW2_ MASK (1<<28) /= PA28 / PGHD8 & RF IRQB 16

#tdefine SW3_MASK (1<<15) /= PA15 / PGHM3 & TF TI0A1 20

#tidefine SW4 MASK (1<<14) /= PA14 / PGMD2 & SPCK PWHM3 21

#tidefine SW_MASK

t#tdefine SWH1
ttidefine SW2
ttidefine SW3
ttidefine SWu

[ */
/* USART Definition */
[ */

(SW1_MASK|SW2_MASK|SW3 MASK|SW4 MASK)

(1<<19) // PA19
(1<<20) // PA20O
{(1<<15) // PA1S
(1<<14) // PA1L

/* SUB-D 9 points J3 DBGUx/
AT91C_PA9_DRXD /* JP11 must be close =/
AT91C_PA18_DTXD /* JP12 must be close */

#tidefine DBGU_RXD
#tdefine DBGU_TXD

#tidefine AT91C_DBGU_ BAUD 115280 /* Baud rate

#tdefine US_RXD PIN
#tdefine US_TXD PIN
#define US _RTS PIN
#tdefine US CTS PIN

[®¥————— */
/* Haster Clock */
[®¥————— */

ftidefine EXT_OC
t#tdefine HMCK
t#tdefine MCKKHz

#tendif /= Board_h =/

AT91C_PAS5_RXDO /* JP9 must be close
AT91C_PA6_TXDO /* JP7 must be close
AT91C_PA7_RTSO /* JP8 must be close
AT91C_PA8_CTSO /* JP6 must be close

18432000 // Exetrnal ocilator HMAINCK
47923200 // MCK (PLLRC div by 2)
(MCK/108868) //

*

*/
*/
*/
*/

/

*/
*/
*/
*/

58



CRT.S

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

/% */
/* crt.s */
/% */
/% Assembly Language Startup Code for Atmel AT91SAM7S256 */
/% */
/% */
/* */
/* Stack Sizes x/

.set UND_STACK_SIZE, 8x00088818 /* stack for "undefined instruction™ interrupts is 16 bytes =/
.set ABT_STACK_SIZE, 0x000080010 /% stack for "abort" interrupts is 16 bytes =/

.set FIQ_STACK_SIZE, 06x00000080 /* stack for "FIQ" interrupts is 128 bytes =/

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

-set SUC_STACK_SIZE, 0x00000010 /* stack for "SUC" supervisor mode is 16 bytes x/

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

.set HODE_USR, 6x18 /* Normal User Hode */

.set HMODE_FIQ, 8x11 /* FIQ Processing Fast Interrupts Hode =/

.set HMODE_IRQ, 8x12 /* IRQ Processing Standard Interrupts Mode */

.set HMODE_SUC, 8x13 /* Supervisor Processing Software Interrupts Hode x*/

.set HMODE_ABT, 0x17 /* Abort Processing memory Faults Mode */

.set HMODE_UND, Bx1B /* Undefined Processing Undefined Instructions Hode x/

.set HMODE_SYS, Ox1F /% System Running Priviledged Operating System Tasks Hode =/

.set I_BIT, 08x80 /* when I bit is set, IRQ is disabled (program status registers) x/
.set F_BIT, B8x48 /* when F bit is set, FIQ is disabled {program status registers) =/
/* Interrupt controller offsets =/

.set AT91C_BASE_AIC, BxFFFFFO008 /* (AIC) Base Address */

.set AIC_IUR, 256 /% IRQ Vector Register =/

.set AIC_EOICR, 384 /* End of Interrupt Command Register =/

/* identify all GLOBAL symbols =/

-global _vec_reset
-global _vec_undef
.global _vec_swi
-global _vec_pabt
-global _vec_dabt
-global _vec_rsv
.global _vec_irqg

.global _vec_fiq

-global AT91F_Irq_Handler

-global AT91F_Default FIQ_handler
-global AT91F_Default_IRQ_handler
-global AT91F_Spurious_handler

/* GNU assembler controls */

.text /% all assembler code that follows will go into .text section =/
.arm /* compile for 32-bit ARM instruction set =/

.align /* align section on 32-bit boundary =/

/* S */

/% UECTOR TABLE */

/% =/

/* Must be located in FLASH at address 0x00000008 x/

/% */

/* 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 */

/% */

/* ======================================= */

_vec_reset: b _init_reset /* RESET vector - must be at 8x0000 =/
_vec_undef: b _vec_undef /* Undefined Instruction vector */
_vec_swi: b _vec_swi /* Softuware Interrupt vector =/
_vec_pabt: b _vec_pabt /* Prefetch abort vector =/
_vec_dabt: b _vec_dabt /* Data abort vector */

_vec_rsv: b _Vec_rsv /* Reserved vector =/

_vec_irq: b _vec_irq /* Interrupt Request (IRQ) vector =/
_vec_fiq: b _vec_figq /* Fast interrupt request (FIQ) vector x/
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/* Reset Handler =/
_init_reset:
/* Setup stack for each mode with interrupts initially disabled. x*/

1ldr r@8, = stack_end /* r8@ = top-of-stack =/

nsr CPSR_c, #HMODE_UND|I_BIT|F_BIT /* suitch to Undefined Instruction Hode =/
nov sp, r@ /* set stack pointer for UND mode =/
sub r8, r8, HUND_STACK_SIZE /* adjust r@ past UND stack =/

nsr CPSR_c, H#MODE_ABT|I_BIT|F_BIT /* switch to Abort Hode */

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

msr  CPSR_c, #MODE_FIQ|I_BIT|F_BIT /* switch to FIQ Hode */

mov  sp, r@ /* set stack pointer for FIQ mode */
sub r8, r8, HFIQ_STACK_SIZE /* adjust r8 past FIQ stack =/

msr  CPSR_c, HMODE_IRQ|I_BIT|F_BIT /* switch to IRQ Hode */

mov sp, r8@ /* set stack pointer for IRQ mode =/
sub r8, r8, #IRQ_STACK_SIZE /* adjust r@ past IRQ stack =/

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

nov sp, r@ /* set stack pointer for SUC mode =/
sub r8, r8, HSUC_STACK_SIZE /* adjust r@ past SUC stack =/

nsr CPSR_c, HMODE_SYS|I_BIT|F_BIT /* switch to System Hode =/

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

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

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

1dr R1, = etext

1dr R2, = data

1ldr R3, = edata
1: cmp R2, R3

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

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

mov RO, #0

1ldr R1, = _bss_start

1ldr R2, = _bss_end
2: cmp R1, R2

strlo RO, [R1], #u

blo 2b

/* Enter the C code */

b main
/* —================o===================== */
/* - Function : AT91F_Irq_Handler */
/* - Treatments : IRQ Controller Interrupt Handler. */
/* - Called Functions : AIC_IVR[interrupt] */
[%* —————— -—— %/

AT91F_Irq_Handler:

/* Adjust and save LR_irq in IRQ stack =/
sub 1r, 1r, #4
stmfd spt, {1r}

/* Save and r® in IRQ stack x/
stmfd spt, {ro}

/* Urite in the IUR to support Protect Hode =/
/* No effect in Normal Hode =/
/% De-assert the NIRQ and clear the source in Protect Hode =/

1dr r14, =AT91C_BASE_AIC
ldr r8 , [r14, HAIC_IUR]
str r14, [r14, #AIC IUR]

/* Enable Interrupt and Switch in Supervisor Hode =/
nsr CPSR_c, HMODE_SUC

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



/* Exsm== */
/* Branch to the routine pointed by the AIC_IVR =/

/* ====== */
/% Branch to the routine pointed by the AIC_IUR =/
mov r14, pc
bx ra
/* Exsm== */
/* HManage Exception Exit */
/* ====== */

/* Restore scratch/used registers and LR from User Stack =/
ldmia spt, { r1-r3, ri12, ri4}

/% Disable Interrupt and switch back in 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, H#AIC_EOICR]

/* Restore SPSR_irq and r8 from IRQ stack =/
ldmia spt, {ro}

/* Restore adjusted LR_irq from IRQ stack directly in the PC =/

1ldmia spt, {pc}”
AT91F_Default FIQ _handler: b AT91F_Default FIQ_handler
AT91F_Default_IRQ_handler: b AT91F_Default_IRQ_handler
AT91F_Spurious_handler: b AT91F_Spurious_handler
-end

This C language routine is a copy of the Atmel version in the IAR sample projects.

/7% ATHEL Microcontroller Software Support - ROUSSET -

36 e e e Eeee
//* The softuware 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

//* 1.8 08/Sep/64 JPP
//* 1.18 18/Sep/64 JPP

Creation
Update AT91C_CKGR_PLLCOUNT filed

// Include the board file description
#include "AT91SAM7XC256.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);
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//* \fn AT91F_LouwLevellnit
//* \brief This function performs very low level HW initialization

/7% this function can be use a Stack, depending the compilation
//* optimization mode
(/%" _
void LowLevellInit{void)
{

int i;

AT91PS_PHC pPHC = AT91C_BASE_PHC;

//* Set Flash Wait sate

// Single Cycle Access at Up to 30 MHz, or 48

// if MCK = 47923288 I have 58 Cycle for 1 usecond ( flied MC_FMR->FMCN
AT91C_BASE_MC->MC_FMR = ({AT91C_HC_FHCN)&({50 <<16)) | AT91C_MC_FUWS_1FUS;

//* Watchdog Disable
AT91C_BASE_WDTC->WDTC_WDMR= AT91C_WDTC_WDDIS;

//* Set MCK at 47 923 2688

// 1 Enabling the HMain Oscillator:

// SCK = 1/32768 = 38.51 uSecond

// Start up time = 8 * 6 / SCK = 56 = 30.51 = 1,46484375 ms

pPHMC->PMC_MOR = ({ AT91C_CKGR_OSCOUNT & (0x06 <<8) | AT91C_CKGR_MOSCEN )});

// Mait the startup time
while(*(pPHC->PMC_SR & AT91C_PMC_MOSCS));

// 2 Checking the Main Oscillator Frequency {Optional)
// 3 Setting PLL and divider:

// - div by 5 Fin = 3,6864 =(18,432 / 5)

// - Mul 25+1: Fout = 95,8464 =(3,6864 *26)

// for 96 MHz the erroe is 0.16%

// Field out NOT USED = 8

pPMC->PMC_PLLR = (({AT91C_CKGR_DIV & 14) |
(AT91C_CKGR_PLLCOUNT & (18<<8)) |
(AT91C_CKGR_MUL & (72<<16)));

// Mait the startup time
while{*(pPHC->PHMC_SR & AT91C_PHC_LOCK));

// 4. Selection of Master Clock and Processor Clock
// select the PLL clock divided by 2
pPMC->PHC_MCKR = AT91C_PMC_CSS_PLL CLK | AT91C_PMC_PRES_CLK_2;

// Set up the default interrupts handler vectors
AT91C_BASE_AIC->AIC_SUR[B] = (int) AT91F_Default_FIQ_handler;
for {(i=1;i < 31; i++)
{
AT91C_BASE_AIC->AIC_SUR[i] = (int) AT91F_Default_IRQ_handler;

AT91C_BASE_AIC->AIC_SPU = (int) AT91F_Spurious_handler;

MAIN.C

This simple C language routine creates some variables and blinks LED1 in an infinite loop.

/*
/% main.c

/*

/* Demonstration program for Atmel AT91SAM7S256-EK Evaluation Board
/*

/% blinks LED® {pin PAB) with an endless loop

/* plenty of variables for debugger practice

/*

/*

/*

Function prototypes

*/

void IRQ_Routine (void) __attribute__ ({interrupt(“IRQ")));

void FIQ_Routine (void)
void SWI_Routine {(void)

void UNDEF_Routine {void)

__attribute__ ({interrupt(“FIQ")));
__attribute__ ({interrupt(“SWI")));
__attribute__ ({interrupt(“UNDEF")));

*/

*/
=/
*/
*/
*/
*/
*/

*/
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Header files

/
#include "AT91SAMZEC256.h"
#include "board.h"
/
Global Variables
/
int q; // global uninitialized variable
int r; // global uninitialized variable
int s; // global uninitialized variable
short h = 2; // global initialized variable
short i=3; // global ipitialized variable
char j = 6; // global initialized variable
struct comms { // global initialized structure variable
int nbytes;
char= pBuf;
char buffer[32];

¥ channel = {5, &channel.buffer[0], {"Faster than a speeding bullet™"}};

/
External References
/
extern void LowLevellnit(void);
/
MAIN
/
int main {void) {
int js // loop counter (stack variable)
int a,b,c; // uninitialized variables
char d; // uninitialized variables
int w=1; // initialized variable
int k =1; // initialized variable
static long x = 5; // static initialized variable
static char y 0x04; // static initialized variable
static int 2z = 7; // static initialized variable
const char xpText = "The Rain in Spain®; // initialized string pointer
struct EntryLock { // initialized structure variable
long key;
int nAccesses;

char name[17];
} Access = {14785, B, "Sophie HMarceau"};

// Initialize the Atmel AT91SAM7S256 (watchdog, PLL clock, default interrupts, etc.)
LowlLevelInit();

// Set up the LEDs (PAB - PA3)
// at boot, all peripherials are disabled and all pins are inputs

AT91PS_PIOD pPI0 = AT91C_BASE_PIODA; // pointer to PIO data structure
pPIO->PIO_PER = LED_HMASK; // PID Enable Register - allow PIOD to control pins PO - P3
pPIO->PIO_OER = LED_MASK; // PID Output Enable Register - sets pins P8 - P3 to puts
pPIO->PI0O_SODR = LED_HMASK; // PI0 Set Output Data Register - turns off the four LEDs
// endless loop to toggle the green LED DSA1
while (1) {
for {(j = 8; j < 3000080; j++ ); // wait 5808 msec
pPIO->PIO_CODR = LED1; // turn LED1 (DS1) on
for (j = 8; j < 3008088; j++ ); // wait 588 msec
pPIO->PIO_SODR = LED1; // turn LED1 (DS1) off
k += 1; // count the number of blinks
H

/* Stubs for various interrupts (may be replaced later) =/
(% e */

void IRQ_Routine {(void) {
while (1) ;
H

void FIQ_Routine (void) {
while (1) ;
H

void SWI_Routine (void) {
while (1) ;
H

void UNDEF_Routine {void) {
while (1) ;
H
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DEMO_AT91SAM7_BLINK_FLASH.CMD

This linker script file was prepared by the author and is compatible with the GNU Linker.

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

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

//

demo_at91sam7_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_at91sam7_blink_flash.cmnd
directive to the linker flags in the makefile. For example,

LFLAGS = -Map main.map -nostartfiles -T demo_at91sam7?_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 0x08808

The top of the stack {_stack_end) is (last_byte of_ram +1) - 4
Therefore: _stack_end = (0x0820FFFF + 1) - 4 = 0x00210000 - 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 ARHM modes

HEMORY HAP
| |
D e R ---10x006210000
| |8x8828FFFC <—————————- _stack_end
| UDF Stack 16 bytes |
| |
[ ---|8x8828FFFB
| |
| ABT Stack 16 bytes |
| |
[|remmeeemeesessess=as -——|80x0026FFEB
| |
| |
| FIQ Stack 128 bytes |
| |
| |
| -—-—|8x080828FF 60
| |
| |
| IRQ Stack 128 bytes |
| |
|
[ --—|8x8828FEEB
| |
| SUC Stack 16 bytes |
| |
[|remmeeemeesessess=as -——|8x0026FEDB
| |
| stack area for user program |
| |
| |
| |
| |
o | free ram |
ram | |
| |
|
Jocooooooooocooonocoonoonoono0000000000000000000aG |0x00200048 <-———————— _bss_end
| |
| -bss uninitialized variables |
[cccccccccccccooooonoononnonnnnn0000000000000550 |8x8828883C <—————————- _bss_start, _edata
| |
| .data initialized variables |
| |
D Rt ---|08x00200000 <{-————-———- _data
|
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// == >
//

//

//

//

//

//

//

//

//

//

// -

// flash

//

//

//

//

//

//

//

//

//

//

//

//

//

//

//

//

// -

// o= >
//
//
//

| 9x008FFFFF

unused flash eprom

............................................... | 0x000003E 4
|

copy of .data area |

|
______ ---|0x000003A8 <------—————- etext
|

|

|8x0800008198 lowlevelinit()
C code |
|
|
|

—————— -—-|0x000001088 main()

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

,,,,,, ---|8x00000020
|
Interrupt Vector Table |
32 bytes |
______ ---|0x00000000 _startup

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

/* specify the AT91SAM7S memory areas */

MEHORY
{
flash : ORIGIN = 8, LENGTH = 256K /* FLASH EPROM */
ram : ORIGIN = 0x00200000, LENGTH = 64K /% static RAM area */
H

/* define a global symbol _stack_end (see analysis in annotation above) =/
_stack_end = Bx2FFFFC;

/* now define the output sections =/

SECTIDNS
{
. = 8; /* set location counter to address zero =/
.text : /* collect all sections that should go into FLASH after startup x/
{
*={ _text) /* all .text sections {code) =/
*(.rodata) /* all .rodata sections (constants, strings, etc.) =/
*{ _.rodatax) /* all .rodata* sections (constants, strings, etc.) =/
*(.glue_7) /* all .glue_7 sections ({no idea what these are) =/
*(.glue_7t) /* all .glue_7t sections (no idea what these are) x*/
_etext = .; /* define a global symbol _etext just after the last code byte =/
} >flash /* put all the above into FLASH =/
.data : /* collect all ipitialized .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 LHMA copy into FLASH) =/
.bss : /* collect all uninitialized .bss sections that go into RAM x/
{
_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 =/
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MAKEFILE.MAK

This makefile was prepared by the author and is compatible with the GNU Make utility.

NAME = demo_at91sam7_blink_flash
[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

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

all: test

clean:

-rm crt.lst main.1lst crt.o main.o lowlevelinit.o main.out main.hex main.map main.dmp

test: main.out
@ echo "...copying"”
$(CP) $(CPFLAGS) main.out main.bin
$(0D) $(ODFLAGS) main.out > main.dmp

main.out: crt.o main.o lowlevelinit.o demo_at91sam?_blink_flash.cmd
@ echo "..linking"
$(LD) $(LFLAGS) -0 main.out crt.o main.o lowlevelinit.o

crt.o: crt.s
@ echo ".assembling”
$(AS) $(AFLAGS) crt.s > crt.lst

main.o: main.c
@ echo ".compiling"
$(cc) $(CFLAGS) main.c

lowlevelinit.o: lowlevelinit.c
@ echo ".compiling"
$(CC) $(CFLAGS) lowlevelinit.c

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 done in the makefile above; modify the CPFLAGS

macro substitution as follows:

CFLAGS = -l./ -c -fno-common -0O0 —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 All” 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
Ics-E & & | & - 6% - pen Preect .
— Close Project
& cpc++Pr... 22 > = 8|[ I
—= | o Build all CLrl+E -
S8 | =l CE'GD i

-&» Binaries
g Includes

=G~ demao_at21sam7_blink_flash

- @ ATILSAMFCZ5E . R

Build Project

Build wworking Set
Clean...

Build automatically

-[h] Board.h Create Make Targst...
-[8] crt.s Build Make Target. ..
] lowleselinit, o -

@ rmain. Properties

= . roaa

o

Even more convenient is the “Build All” button in the Eclipse toolbar.

The Console view at the bottom of the Eclipse screen will show the progress of the build operation.

Problems Properties| ] I:-='||| #E2-r5-=0

_-Build [dema_at91sam?_blink_flash]

.assenbling ~

arm-elf-as -ahls -wapos-32 -0 crt.o crt.s > crt.lst B

.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 LS
w

Notice that the “objcopy” utility has created a “main.bin” file; this is required by the SAM-BA flash programming
Utility.

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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Programming the Application into Flash

Now let’s use the SAM-BA Boot Assistant to program our blinker application into FLASH memory.

On the Atmel AT91SAM7S-EK evaluation board, locate and install the TST jumper. Plug in the USB cable as
shown below. This powers the board. Wait 10 seconds. In this mode, the AT91SAM7S-EK board is erasing

flash and loading in a USB driver.

Install the TST jumper.
Insert USB cable.
Wait 10 seconds.
Remove USB cable

Install the TST
jumper

Now remove the USB cable and remove the TST jumper. Reconnect the USB cable as shown below to apply
power and boot the USB driver. You should hear the familiar USB “beep” indicating that Windows has detected

the USB device.
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Remove the TST jumper.
Re-insert USB cable.
Listen for USB “beep”.

|

8 3-S0Ng51y

un Last Launched Chrl+F11
] Debug Last Launched F11
154 % 5 .h | @ crk.s | @ Ll
; Run Hiskory P oicoh

Rum As 4

Run...

Debug History
Debug As
Debug

¥L External Tools

—-I./ -& —fno-conmon @, 2 CpeniD

AGE =

AGE = —ahls -mapcos-32 —-o oo QSIOPerm

BiGE = —Map wain.map —Tdemo =H

LAGS = ——output-target=hina Run As r
(L External Tools. ..

LAGSE = —-x —-—-syms organize Favarites. .,

When the small SAM-BA communications dialog window appears, click on “USB connection”.

g S44-BA 1.8 - Choose Prot... [= |

Select COM part : [COk1
Chonse your board : [AT9154M75286-EK =

DBGU connection I 5B connection |




Now the SAM-BA main display will appear. Note in the bottom status line it reports that “You are using a USB
Connection” and correctly identifies the board as “AT91SAM7S256-EK”.

A LA i .
File Sciript File Connect/Disconnect Help

— AT 5AMPS256-EK Memory Display

Starling Address :| 04202000 Fomnat : [32-bit =] PRefresh |
Size:l‘IZB— bte(z)

(1P 0'6:0:0:6:0:9:

OxEXEXXXIX

(1P 0'6:0:0:6:0:9:

(1P 0'6:0:0:6:0:9:

OxEXEXXXIX

>

o o o o o
o o o o o
o o o o o
o o o o o

|<

SRaM  FLASH |

— Download # Upload File

Send File Name I Browse Send File

Feceive File Mame | EBrowse Feceve File

Address IDx‘I Qpooo Size [Far Receive File] : I‘I nz4 byte(s] Compare zent file with memory

Script(s] :

|Erase All Flazh ]| Execute |

loading history file ... 0 events added

San-Ba console display active (Tcl2.4.9 / TkE.4.9)
(SAM-BA 1.8) 1 %

(SAM-BA 1.8 1 % |

| ‘Y'ou are using a USE connection ” Board : ATHSAMT7S256-EK ‘

As a simple test, let’s erase the onboard FLASH memory. Under the “Scripts”, select “Erase all Flash” and
click “Execute”.

A reminder that one FLASH region is “locked” will appear. Click “Yes” to unlock that region.

The SAM-BA utility will erase the FLASH as indicated in the command history at the bottom.

File Script File Connect/Dizconnect Help

— AT SAMFSZEE-EK Memory Display
Starting Address : | 0x202000 Format : | 32-bit ~|  Refresh |
Size : |128— bute(s) = . . N
P— R—— L At least one lock region is locked ! £||_I§| ~
OxEXEHHIEY OxXEEXEEEX o & Do you want to unlock involved lock region(s) (0o 15) 7 | =
OxEXEEXEXY OuEEEHIEHE a
[]'5:6:0:0:0:0:0:6:4 OxXXEXEEEE O Tes Ho |
O EXEEXEXY u} u} S~ x.ﬂ'/ [u]
»
SRaM  FLASH |
— Download / Upload File
Send File Mame : | Browse Send File
Receive File Name : | Browse Receive File
Address IW Size [For Receive Filg] : W byte(z) Compare zent file with memorny

IErase All Flash \Qxecute I

leading histary file ... 0 events added

Sam-Ba console display active (Tcl8.4.9 / Tka8.4.9)
(SaM-BA 187 1 %

(SAM-BA 1.8) 1 % eval FLASH: ScriptEraseallFlash
(SAM-BA 1.8) 1 % |

| You are using a USE connection || Board : ATI15AMYS256-EK 70




Be aware that erasing the AT91SAM7S256 onboard flash also wiped out the USB driver. Therefore, re-inserting
the USB cable will not give the familiar USB beep signal indicating detection of the USB peripheral. In other
words, you cannot restart SAM-BA again without reloading the USB driver.

Now we can program our blink application into FLASH memory. Note that the SAM-BA utility is expecting a
“pbinary” file; this is the file “main.bin”.

Within the Flash Download/Upload File tab, use the “Browse” button to find and select the binary file. In this
example, it is the file: c:/eclipse/workspace/demo_at91sam7_blink_flash.bin. Then click “Send File” to
actually send the file and program the flash.

File Script File Connect/Dizconnect Help

— AT 5AMTSZBE-ER Memory Display
Starting Address | 0x202000  Format ;| 32-bit ~|  Refresh |
Size: |128— byte(z)
OxEEXEIXEE Ox Ox [u] Ox ]
OxEEHEEEEE Ox Ox [u] O =
OxEEHEEEEE Ox Ox [u] O |
OxEEHEEEEE O O [u] Oz
I 5:9:6.8:9:6:8:9 4 Ox Ox u] 0x
DR EXEXXEXEZ Ox Ox u] Ox
L
sRaM  FLASH |
— Download / Upload File
Send File Macefdemo_at91sam?_blink_fla&ha’main.bin 57 Beas ) ¢ SendFie )
Receive File Mame ] —————— ETomze ecewErTE
Address IW Size [For Receive File] : W byte(s] Compare sent file with memorny

Scriptfz] :

IE raze Al Flash | Execute |

loading history file ... 0 events added

SamM-Ba console display active (Tcl3.4.9 / Tk8.4.97
(SAM-BA 1E) 1 %

(SaM-BA 1801 % |

| ‘fou are using a USE connection " Board : AT9154M7S266-ER |

A message box will appear asking if you want to unlock a “locked” region. Click “Yes”.

iig At least one lock region is locked ! E||:|E|

& Do you want ta unlack involved lock region(z] [0 ta 0] 7

71



The binary file will now load into the FLASH memory. Another message box will pop up asking if you want to
lock the region you just unlocked; click “Yes”.

ig Lock regionis) to lock

& Do you want to lock invalved lock regions) (0 to 0) 7

Yes I Mo I

Note that the console region at the bottom of the SAM-BA shows that 996 bytes were loaded into FLASH.

il -Bii i i
File Script File Connect/Dizconnect Help
— AT 9154 7S256-EK temary Display
Starting Address : |0x202000  Format: | 32-bit =] Refresh
Size I‘IZS— bwte(s]
0 ul o o o ~
a u} o o o
u] u] u] u] u] =
u] a u] u] u]
u] a u] u] u]
u] a u] u] u]
-
SRAM  FLASH |
— Download / Upload Fil
Send File Mame : IC:f’eclipsefw0rkspace.-"demo_at91 zam?_blink_flash/main. bin Browse Send File
Receive File Name : | Browize FReceive File
Address: IW Size [Far Receive File] : W byte(s] Compare sent file with memary

Seript(s] :

|Erase &Il Flash 4| Execute

loading history file ... O events added

Sar-Ba console display active (Tcl3.4.9 f Tka.4.9)

(SAMBA 18) 1 %

(Sar-BA 1.8) 1 % send_file FLASH:: "C:/eclipse/workspace/demo_at91sam? _blink_flash/main.bin" "0x100000" 1
-I- Send File C: feclipse/workspace /demo_at91sam?_blink_flash/main.bin at address 0x100000

-I- File size = 996 byte(s)

(SAM-BS 1.8) 1 %

[*fau are using a USE cannection | Board : AT915AM7S256-EK, |

Alert readers might notice that the summary indicates that the 996 bytes were loaded at address 0x100000.
This is true. However, page 19 of AT91SAM7S256 data package shows that FLASH is actually at address
0x100000 and is subsequently “mapped” into the 1 mb region at address 0x000000 at boot when the remap
control register MC_RCR bit 0 is cleared (the default).

9.53 Internal Flash
The AT91SAM75256/128/64/321/32 features one bank of 256/128/64/32/32 Kbytes of Flash.

At any time, the Flash is mapped to address 0x0010 0000. It is also accessible at address 0x0
after the reset and before the Remap Command.

Figure 9-1.  Internal Memory Mapping

} 0x0000 0000

Flash Before Remap 1MB

0X00OF FFFF SRAM After Remap Vies
0x0010 0000

Internal Flash 1 M Bytes
0x001F FEFF
0x0020 0000

256M Bytes Internal SRAM 1M Bytes
Ox002F FFFF
0x0030 0000

Undefined Areas
{Abort) 253 M Bytes

OXOFFF FFFF 72




To test the application, hit the “Reset” button on the Atmel AT91SAM7S-EK. The board is still powered from the
USB cable. The LED1 should start blinking.

E 3
= ;

AT grarazar it

[

ATSISAM7

Congratulations! You now have a full-fledged ARM cross development system operational and it didn’t cost a
thing!
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Debugging the FLASH Application

Hardware Setup

Unless you are a perfect 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.

The connection from your PC to the AT91SAM7S-EK target
board’s JTAG connector is accomplished using an inexpensive
device called a “wiggler”. This can be purchased from Olimex for
$19.00 US. It's just a simple voltage level-shifter.

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. The USB cable is left connected to supply board power. The ARM-JTAG interface
is attached to the PC’s printer port; in the author’s setup, a stock printer 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
cable

74


www.microcontrollershop.com

Create a Debug Launch Configuration

Before we can debug the application, we have to create a Debug Launch Configuration for this project. The
Debug Launch Configuration locates the GDB debugger for Eclipse, locates the 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.

Click on “Run — Debug...” to bring up the Debug Configuration Window.

Wigdow  Help

g GWLast Launched Crl4F1l |
¥, Debug Last Launched  F11 —
9154 ard
+ 4 Run History 4 T
Run &s L
Run...
Debug Hiskary 4

3
I
lel
q External Tools 4

In the “Debug — Create, manage, and run configurations” window, click on “Embedded debug launch” followed
by “New”. This is the special debug launch configuration created by Zylin.

Also ensure that under the “perspectives” tab “Debug” is chosen (it's the default).

& Debug

Create, manage, and run configurations

Configurations:

C++ Atkach to al Application

CMC++ Local Application

- [E] C/C++ Postrmortem debugger
Ecli cmlicabi

¢ Embedded debug launch

H Perspectives

These settings associate a perspective with CC++ Attach to Local Application
launch configurations. A different perspective may be associated with each
supporked launch mode, and can optionally be opened when a configuration is
launched or when an application suspends via the Debug preferences. To indicate
that a perspective should not be opened, select "Mane”.

----- JUrit Plug-in Test
----- [ Remote Java Application Debg: IDebug LI
----- [z+7| Swe'T Application

Restore Defaults |

= | Delete apply | Rewert |

Dehug I Clase |

The Debug configuration window now changes to a multiple-tab debug configuration form, as shown below.
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Now fill in the Debug Configuration Main Tab window as shown below. 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.

You can use the “Browse” button to find the matching project; in the example below it is the
‘demo_at91sam7_blink_flash” project.

In the “C/C++ Application” text box, the ELF file “main.out” is the correct choice. Note here that this file is only
used by the debugger to resolve symbol addresses. We have already loaded the executable code into
AT91SAM7S256 flash memory using the “main.bin” file and the SAM-BA Flash Loader.

Create, manage, and run configurations

e 1demo_at91sam?_bllnk_ﬂash

Main ! =3 Debugger] [ | Commands‘ B, Source] B Common]

Configurations:

-[t] CfC++ Attach to Local Application
E CJC++ Local Application
E C/C++ Postrortem debugger
-4 Eclipse Application
-1-5¢ Embedded debug launch
¢ demo_at91sam?_blink_flash

] Proiect:
@" Java Applet !demo_atglsamT_innk_fIash
[T Java Application CJ/C4++ Apphcanion:

- Ju Jnik < 5 j
Jmaln.out

~Jb JUnit Plug-in Test
I Remote Java Application
=7 SWT Application

~

( _rowss.. j‘)

Search Project...i Erowse. .. 1

New Delete Apply | Revert |

Debug ‘ Close ]

Now click on the “Debugger” tab. Use the “Browse” button to search for the GDB debugger. In this case, it is
the file “arm-elf-gdb.exe”. This file is in the folder “c:\Program Files\GNUARM\bin”.

Note that the box “Stop at Main() on startup” is left un-checked. We will be emitting a debugger startup script
command to set a breakpoint at main( ) instead.

Create, manage, and run configurations

Config_urations: Marne: | dema_atd1sam?_blink_flash
; E CJC++ Attach to Local Application
- [E] T+ Local Application

E CJ/C++ Postmortem debugger

Man %% Debugger ] 1N Commandsi Bz sourge | &

-4 Eclipse Application

=J-5¢ Embedded debug launch

i LeE6 demao_at91sam7 _blink_flash
[ Java Applet

[T Java pplication

- Ju Junit

- J4 Uit Plug-in Test

:-- Remate Java Application

[z ST Application

Mew Delete

Debugger: !=-'

0
' ™ Stop at mainy on startup ) Advanced. ..

GDE de@ﬁIes'l,GNUARM'l,bin'l,arm-eIF-gdb.exe Browse..,

~Debugger Options —

Apply | Revert |

Debug Close ]
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Under the “Commands” tab, enter the six GDB startup commands as shown below.

& Debug

Create, manage, and run configurations

Configurations: Mame: | demo_at@1sam?_blink_Flash
+[£] CfC++ attach to Local Application
[€] CfC++ Local Application

E CJC++ Postmartem debugger Main] ﬁ Debugger B commands ] E‘-}y Source ] El Comman ]
4 Eclipse Application
-5 Embedded debug launch Commands

: -5 demo_at31sam7_blink_Fflash
- Java spplst

target remote localhost: 3333
monitor soft_reset_halt

Java Application monitor arm?_9 Force_hw_blkpts enable
-Ju JUnit symbal-File main,out
L 6 3Unit Plug-in Test thbreak main

Remote Java Application continue
o[

SWT Application

THew I Delete -ﬂpplm Rewvert I

D

The six 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.

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.
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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().

The “Source” and “Common” tabs can be left at their default values. Click on “Apply” and then “Close”

above to finish specification of this Debug Configuration.

Eclipse may ask you if you want to save this configuration, answer “Yes”.

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.

In the toolbar, click on the down arrowhead next to the debug symbol and then click “Organize

Favorites...”.

1 Window  Help

lﬁ@ﬂ*%']@‘f“}w

7 ¢ 1 demo_at31sam7_blink_flash

o Debug As T
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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] 4 I Cancel |

& Add Debug Favorites

ES)

Select Launch Configurations:

G demo_at91sam?_blink_flash

Select All I eselect All |

OK

Cancel |

2

———

& Organize Debug Favorites

Fawarites:

5 demo_at91sam?_blink_flash Add

Remaove
Up

Diown

aai

(84 | Cancel

Now when you click on the Debug Toolbar button’s down arrowhead, you will see the

‘demo_at91SAM7_blink_flash” debug launch configuration installed as a favorite, as shown below.

The Debug

Window  Help

toolbar button
\1‘%61} - %

E 1 demo_at91sam?_blink,_flash

There it is!

Debug A=

%5 Debug...

Drganize Favaribes, ..

F

Now everything is in place to debug the project that we loaded into FLASH memory with the SAM-BA utility.
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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 J{Ll '%I - 1 C:'_
Mew Editor -
e L ey
Open Perspe m—
TEEX w
£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.

=] %CIC++ ﬂJJava

5! ! ijam !ynchrnnizing |

Okher .,
1 _| || ------- ++ IRQ_Rout

" B |Jigcice+ &'lava

=5 =) —

FEEEEEE M = EEEEEEEE
|

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 edge to
expose all the
available perspectives.

| #eDebug DECic++ & lava

O] 5 % %~ 0]
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& Debug - main.c - Fclipse SDK

Click on the “Debug” perspective button at the upper-right to open the Debug Perspective display. *}Debug

File Edit Refackor Mawigate Search Project Run ‘Window Help

FM-Ee w%-0-&-|@®s |[§-5-w6-0-

ﬁ ﬁDebug % ClC+H+

3& Debug &2

% k§‘ | R S Y | F iz ¥ =0 Variables|Braalqjaints|Exprassions (HH‘ Registers &3

O~ =0

E]E Disassermbly 53

£ void IRQ Routine (void)
void FIQ Routine (woid)
void 3WI Routine (woid)

T TR AT ATRAETT ARG AT AATAT AT TIRTAAASTRTRATRARTT

Function prototypes
AR R AR TR AR AT AT A A AT AR AT AR AR AT AR ARG AR ARERARRLRARAT A

_ attribute_  {iinterrupt{"IRQ"]}];
_ attribute_ {iinterrupt{"FIQ"]|);

_ attribute_ (iinterrupt "

R T L ET:

I main. o =
I =
i Demonstration program for Atwel ATI91SLMVSZ56-EK Evaluatioh Board *f
I =
I blinks LEDO (pin PAD) with an endless loop *f
A plenty of variabhles for debugger practice L
i =
A% Author: Jemes P Lynch January 12, 20068 )

P R T T LAY

-~
Minirmize

<

B Conscle 32 Tasks

#B-r--0

A console is not available,

| Writable

| Smart Insert | 1862 ‘

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

Mew Window
Mews Editor

el B T

- Open Perspective 3

- -

~ = EIWﬁﬁ'ariables|Breal<p-:inl:s|E>c|:n3
1

3

Cusktomize Perspective, .,
Save Perspective 8s..,
Reset Perspective

Close Perspective

Close All Perspectives

& ant
g Breakpoints

= console

%5 Debug

AlE+Shift+), B
Alk-+Shift+C), C

Alk-HShift4+, ¥

Mavigation b Display
; @ Error Log
Preferences. ..
&4 Expressions
@ memory
FEETRRTATELRNTTELRNNTNY ﬂMDdUIBS
N o !
o= Cutling
Atmel ATS1SAMTSZSE-F ot Registers
54 Signals
b dl 1
an endless .oop B Tasks
sbugger practice
0= variables
1z, 2006
¥ : Other..,

FTHEEFREFTHFELEANFTFSSANTNA
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Starting OpenOCD

Before starting OpenOCD, get into the habit of cycling the power of the Atmel AT91SAM7-EK board. Pulling
and then re-inserting the USB cable will accomplish this. If you are using a 9 volt power supply, remove and re-
insert the power plug to do this.

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 Run  wWindow

Wswe- o

Fun &s k
Q External Toals, ..

organize Favorites, .,

The debug view will show that OpenOCD is running and the console view shows no errors.

“ Debug - main.c - Eclipse SDK

File Edit Refactor Mavigate Search Project Run MWindow Help

| {m Sl & [3-0-Q-|®@®™P | -3 -0~ B | $s0ebug EEC/CH
%5 Debug ER\\ | B T g \§*| D | =i Y= E‘”\l‘ariables|Breakpuint5|ExpressiDns [HH Registers £ < [~ =0
10 -
= Q OpenoCD [Program]
.a C:\Program FilesiGNUARMbinopenocd. exe ‘_ OpenOCD iS runningl
Il
| (€ main.c 52 2\
R P Tt St -~
Fies wain. o & |
AR 3
e Demonstration program for Atwel ATS1SAMTS256-EK Evaluation Board L -—EI
f’x xf’ |
/% blinks LEDD (pin Pi0) with an endless loop o |
i+ plenty of variahles for debugger practice bl
A b
/% huthor: Jawes P Lynch January 12, 2006 LS
f’x T T T T T T T T T T T T T N A N A A AT T A T AT T AT T LT T LT TT T LT TS xf’
’/ﬁ‘ A R R R R T T AT AT T AN AN AN A AN AR AR A AR AR N AT R AT A T TR
Function prototypes
R A R T T T A R A A A AN A AR AR A AR AR AT R X TR AT TS t'lf
§ woid IRQ Routine (void) _ attribute  ((interrupt ("IRQ")));
roid FIQ Routine (void) _ attribute_  [((interrupt ("FIQ"))):
roid 3WI_Routine (vedid) _ attribute  ({interrupt ("3WI")j):
woid UNDEF_Routine (woid) _ attribute_ ((interrupc ("UNDEF"))):
B e e Y
Header: £iles
B R R Ay
#include "ATI1SAMTECZSE.h™ "
BimmTendn Mammed |
(B console 2 . Tasks R| B #R2-ri-=0
N &
OpenocD [Program] Ci\Program Files\GHUARMIbimopenocd exe
No error messages in
the Console View
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If for some reason, OpenOCD will not properly start in your system, you can try the following things.
e Cycle power on the target board before starting OpenOCD

o 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”

== System Configuration Utility

| General | S¥STEM.INT || WM. INT | BOOT.INT | Services | Startup |

Startup Ikem
meupdate
McAgent

[] GoogleDeskiop

Command

CPROGRA~ 1 meafee, .,
c\PROGRA~ L \mcafee,
":\Program FilesiGoa. ..

Location

HELIMSOFTWARE Microsoftiwindows W Currentier,
HKLIMSOFTWARE Microsoftiwindows W Currentier,
SOFTWAAREYicrosoftwWindows! CurrentYersion R

|

[ hkemd CWINDOWS system, ., SOFTWAREMicrosaft) Windows\CurrentyersioniRL =
[T igfsetray COWINDOWS\systerm,,,  SOFTWAREMicrosoft) Windows\Currentversion|RL
[ 1ntelmEmM CProgram FilesiIntel,.,  SOFTwWARE\Microsoft)windows\Currentersioni R
[ Cameraassistant Ci\Program FilesiLogit,..  SOFTWAREYMicrosoft)wWindows\CurrentersioniRu
[ Elkctrl CAWMTNDOWSsystem, .. SOFTWARE\Microsoft)Windows\Currentersion| R
[ tnstallHelper Ci\Program FilesiLogit...  SOFTWARE\Microsoft)wWindows\Currentersioni R
[ wvcomss CHwWINDOWSsystemn. .. SOFTWAREYMicrosoft)windows!CurrentiersioniRL
[ mcagent i PROGRA~1mcafee, ., SOFTWARE\Microsoft)windows\Currentersioni R
L_| rmcupdate CHPROGRA~1mcafe. ., SOFTWAREWMicrosoftlwindowslCurrentyersioniRy
{11}
[ enabeal (][ oDisablear | >
N
[ QK J [ Cancel J Apply Elp

Click on “Disable All”. 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.

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 Mindow  Help

ra Debug As r

:}t‘; Debug...

Organize Favaorites. .,
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If the Eclipse debugger starts properly, the debug view (upper left) shows that the debugger has stopped at line
57 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.

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 SDK

File Edit Refactor Mavigate Search Project Run Window Help
In-Belals-0-%- @& |8 -5 -2 - & | spebug  BRcicH+
35 Debug 52 [ TR -<§" I = | i ¥ =0 Breakpoints|Expressions|Registers|Signals| B | & X & ¥ =08
[ p‘ﬂ Ci\Program Files\GNUARMIbintopenocd, exe ~ j= 64647 ~
&G demao_at91sam? _blink_flash [Embedded debug launch] [ a=-552311465 =
E| @ Embedded GDE {4/30/06 10:28 AM) {Suspended) |
= o Thread [0] (Suspended)
1 main(} at main.c:57 v
E 1 maini} at main.c:57 =]
p‘ﬂ Debugger Process (4)30/06 10:28 AM) ]
(€] main.c B2 =0 Disassembly &2 =0
S R R R A R R A AR R A AR A A AR A A A A A AT A A A AT A RA AT RA AT T ARG AN - int main (void) { -~
HALIN 0x00000108 <mains: mor
ﬂ‘ﬂ‘ﬂ‘ﬁ‘ﬁ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘**ﬁﬁﬁ*****ﬁﬁﬁ*****#*ﬁﬁ******ﬁﬁ*****ﬁﬁﬁﬁﬁ*****ﬁﬁf Q=x0000010c <main+d:: st—
int main (woid) { 0x00000110 <maindsS>: =35
0x00000114 <main+lisx: =su
int iz /¢ loop counter (stack variable)
int a,b,c: Jf uninitialized warisbles int i:
char d; Jf uninitialized warisbhles i int a,b, o
L4 int W= 1: ff initialized wvariable char d:
int k= 1; ff initialized wvariable int wo=1
static long x = 5; Jf static initialized wvariable » 0x00000118 <main+lé>:  mo
static char ¥ = Ox04; Jf static initialized wvariable O0x0000011c <main+20=: st
static int z = 7; £ static initialized wariable 7 int k= 1v
s R e L mioia e e P e ced i s ie oo b4 A AAAARA A A e e A o
<5 | >
& console 52 Tasks|Mem0ry| z,;||:—='i|@'—ﬁ|‘._.’E'rﬁ':E|
demo_at91sam?_blink_flash [Embedded debug launch] Debugger Process (4/30/06 10:28 AM)
[gdb) target remote localhost:3333
O0x000001e0 in mwain () at main.c:583
3 for (j = 0; j < 300000; j++ ): S/ wait 500 msec
{gdb) monitor soft_reset_halt
regquesting target halt and executing a soft reset
{gdb) monitor arm?_ 9 force hw bkpts enable
force hardware breakpoints enabled
(gdb) symbol-file main.out
thhreak main
continue
[gdb) Hardware assisted breakpoint 1 at 0x115: file main.c, line 57.
(gdb) main () at wain.c:57
57 int wo= 1; // initialized wariable
[{==1=3]
B
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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 SDK

File Edit Refactor Mavigate Search Project Run Window Help

£S5~ BI%-0-Q-|®®¢ |5 -5 -%a- £ [ eoobug FECICH

:)t\‘ﬁDebug =} Ok % té}" M i ¥ =0 EBreakpoints | Expressions | Registers | Signals £ £ B 3“1 x Sﬁ ¥ =0
g Cr\Program Files\GHNUARMIBinapenacd. exe -~ = = 64647 -~
=1-5¢ demao_at91sam?_blink_flash [Embedded debug launch ()= a=-552311465 . .
i4 &8 Embedded GDB (4,!'_30,1'06[10:28 M) (Suspgended) : Debug 9+ b = 705282570 Variable display =
=g Thread [0] (Suspended) CO ntrol 9= © = 1401614196 Breakpoint Summary
= 1 main{) at main.c:57 )= d=. A . ~
= 1 main() at main.c:57 RegISter dISplay, etc. =
gl Debugger Process (4/30/06 10:28 AM) =
[€] main.c &2 = O || @) pisassembly 52 =0
R AR AR AR AR ARRAAATARATAATEAATATIFAAATARATTAATARAATAAAADT ~ int main (void) ~
MATH [ 0x00000108 <mains: wer
ﬁ***ﬁ***ﬁ***ﬁ‘***ﬁ**ﬂ‘%‘ﬂ‘ﬂ‘ﬂ‘%‘ﬂ‘ﬂ‘ﬂ‘%‘ﬂ‘ﬂ‘ﬂ‘%‘ﬂ‘ﬂ‘*#***#***#***#***#***T*f Ox0000010c <wain+d:: st—
int main (void) {
Assembler
int a: g
int Ak, Display
char d; b
L4 int wo=1; char d;
int k=1 int wo=1
static long x = 5; ®» 0x00000118 <maintlés: mo
static char ¥ = Ox04; /¢ static initialized wvariable 0x0000011e <wain+20=>: st
static int z =7 // static initialized wvariable Z int k=1 Z
< >

& console 52 Tasks | Memory

demo_at91sam? _blink_flash [Embedded debug launch] Debugger Process {4/30/06 10:28 AM)

(gdb) target rewmote locslhost:3333

O0x000001e0 in main () at main.c:53

3 for {(j = 0; j < 300000; j++ ): S/ wait 500 msec
{gdb) monitor soft reset_halt

L]

Eefpll | #B-095-70

regquesting target halt and executing a soft reset

(gdlh) monitor arm? 9 force hw bkpts enshle

force hardware breakpoints enabled GDB Debquer
(gdb) svmbol-file main.out Command WindOW
thhreak main

continue

(gdb) Hardware assisted breakpoint 1 at 0x118: file main.c, line 57.

(gdlh) main () at main.c:57
57 int wo=1; /f initialized variable
(o)

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” 1

buttons at the top right corner of each window. 1

Collapse Full Size

85



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 OCDRemote utility and our application, shown as Thread[0].

Clear Button

TR EN Stop Button Erases debug view
Resume Button. after Kill
Kill Button
This stops Switch between_ C-
everything language stepping
and assembler
stepping

VIR S '
ﬁFDehug B3 [l X5 DR i+ ¥ =08
------ g C\Program Files\GNUARMIbinlopenocd. exe .
EI---;(; dermo_at?1sam?_blink_flash [Embedded debug launch]
EI @ Embedded GDE (4)30/06 10:28 AM) (Suspended)
L - m"‘iﬁ Thread [0] (Suspended)
= = 1 main{) at main,c:57

: o= 1 maini) at main,c:57 Step Step Step
------ | Del:uugger Process (4)30/06 10:23 AM) Into Over Out

£

Tree-view shows what's
running.

Notes:

¢ 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, you should
have no breakpoints set since Eclipse needs 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 Atmel SAM-BA Flash Utility. The Eclipse/GDB debugger cannot

program FLASH memory. Well, to be fair, OpenOCD can indeed program flash memory; but this is not
part of this tutorial.
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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 right 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 . @ - o Lt 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 msinc % =5
A
int 3z J/ loop counter [stack wvariable) B
int a,b,c; J4 uninitialized wariahles
char d; 4 uninitialized warisbles r
int w o= 1; Jf initialized wariable
int k= 1: J/ initialized wariable
static long = = 5; /4 static initialized wariakle
static char v = 0x04; A4 staric initislized varisble
static int z = 7: J/ static initimslized wariahle
const char *pText = "The Rain in Spain®; /7 initialized string pointer
struct EntrvLock { A4 initialized structure variasble
long kevy:
int nhiccesses:
char name [17] 7
¥ Access = {14705, 0, "Sophie Marceau™):
/4 Initialize the Atmel ATI91SAM7?S256 (watchdog, PLL clock, default interrupts, etco.) i
LowLevelIniti(); 3
// et up the LEDs (PAOD — PA3)
/¢ at boot, all peripherials are disabled and all pins are inputs —
AT91P3_FIO pPIO = AT91C BASE PIOL; A4 pointer to PIO dats structure
pPIC->PIO PER = LED MASE: Jf PIO Enable Begister - allow PIO to control pins PO
pFIO->PIO OER = LED_ MASEKE: 44 PIO Output Enahl . 2 to o
> pPIO->PI0 3CDR = LED MASK: < FFe—ser—tmrerre—i]  \Ve Stopped here ur L
:f:;ﬂe_:dt;ss{lnap to toggle the green LED DE1 Note: this line WAS NOT
. for {1 = 0: 9 < 300000: 94+ ): /¢ wait 500 msec executed! . L]
LIl

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.

¢4 endless loop to toggle the green LED D31
while (1) {
Ffor (j = 0; j « 300000; j++ ): A wait 500 msec
8 pPIO->FI0 CODR = LED1: // turn LED1 (DS1) on
for (j = 0y j « 3000007 j++ ): A/ wait 500 me=ec
pPIO->PIO SODE = LED1; // turn LED1 (D31) off
i += 1 Double-Click in the left margin area | ...t the nwder 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.

o

P
Yariables | ©@ Breakpoints 23 Expressiuns|Register5|5ignals| x® % e S m | = <}==§>| JE ¥ =0
------ ¥l e ciedipseiworkspacetdemo_at91sam?_blink_flashimain.c [line: §2]
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Now click on the “Run/Continue” button in the Debug view. DP

Assuming that this is the only breakpoint set, the program will execute to the breakpoint line and stop.

[€] main.c 52 =8
-~
/¢ Set up the LEDs (PO - P43) |
f4 at boot, all peripherials are dissbled and all pins are inputs
ATS1PS FPIO pPIO = ATS1C EBASE PIOA; J¢ pointer to PIO data structure
pPIo->PIC PER = LED MASE: /¢ PIO Enable Fegister - allow PIO to control pins PO
pPIO->PIO OER = LED MASE: /¢ PIO Output Ensble Register - sets pins PO - P3 to o
pPIO—>PIO_SODR = LED_HASK; f4 PIO 3et (utput Data Register - turns off the four L
J/ endless loop to toggle the green LED D31
while (1} f Stops before
for (j = 0; j « 300000 j++ ): A4 wait 500 msec q .
Ba pPIO->PIC_CODR = LED1; /¢ turn LED1 (D31) on < gxecutlng this
for (i = 0; 3 < 300000; j++ ) /¢ wait 500 msec line.
pPIO->PIO SODR = LED1; /¢ turn LED1 (D31) off
k += 1: /¢ omount the number of blinks
}
¥

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!

The breakpoints can be more complex. For example, to ignore the breakpoint 5 times and
then stop, right-click on the breakpoint symbol on the far left.

This brings up the pop-up menu below; click on “Breakpoint Properties ...".

or TTS SATT =TT - ¢ turn LED1 (D31) on
Tl_:-ggle Breakpm!'lt 000: ++ ) /¢ wait 500 msec
Disable Breakpoint D1; /¢ turn LEDL (D31) off

Breakpoint Propert

RUR & S count the number of blinks

Debug As
Team
Compare With
Replace With

v v v w v

rupts (may be replaced later) *f

Add Bookmark. .
add Task, .,

w Show Quick Diff Chrl+3hift+o
Show Line Mumbers

Preferences. ..

Create Make Target. ..
Build Make Target...

%
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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 bext j Common

Camman

Filkering Type: CIC++ line breakpoint

File: cileclipseiwarkspaceidemao_at91sam?_blink_flashimain.c
Line number: 82
I+ 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

Cycle the Target Board power!

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()
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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 “k”. Double-click on that line to set a
breakpoint.

B maine XY =g

struct EntrvLock { fd initialized structure wvarisble ~
long kevy:
int niccesses:
char natwe [17] ;2
} Access = {14705, 0, "Sophie Marceau™}:
f4 Initialize the Atmel ATO13AMTI2E56 (watchdog, PLL clock, default interrupts, etc.)
LowlLewvelInit i) :
{4 Set up the LEDs (PAD - FPA3)
A4 at hoot, all peripherisls are diszabled and all pins are inputs
AT91P3 _PIO pPIO = ATS1C_BASE FPIOL; /4 pointer to PIO dats sStructure
pFI0O->PIO PER = LED HMASE: /f PID Enahle Register — allow PIO to control pins PO
pPFIO->PIO _OER = LED_MASE: f4 PIO COutput Enahle Register - sSets pins FO - P3 to o
pFIO->PI0 _SODR = LED_ MASE: A4 PID Zet Output Dats Begister — turns off the four L
/4 endless loop to toggle the green LED D31
while (1) ¢
for (j = 0; 3 < 300000; j++ ): Jf wait 500 msec
> pPIO->PIO CODR = LED1; #f turn LED1 (D31) on
for (3 = 0; j < 300000; J++ ): A4 walt 500 msec
pPIO->FIO J0ODR = LED1; Jf turn LED1 (DS1) off
~ k += 1; /f count the number of blinks B
¥
¥
/% Stubs for wvarious interrupts (may be replaced later) 7
ettt et fentestentestentstents ettt tentestentententsten e ettt et et eetetenttenten 5 he

~
| W

Right click on the breakpoint symbol and select “Breakpoint Properties”. In the Breakpoint Properties window,
set the condition text box to “k == 9”.

& Properties for C/C++ breakpoint

type Filker bext - Common

Zammaon
Filtering

Type: CIC++ line brealpoint

File: ciieclipseiworkspaceidemno_at31sam7_blink_fashimain.c
Line nurmber: &6

W Enabled

Condition: [k==1

Ignare counk: | 0

K, | Cancel
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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 x after the program has suspended on the breakpoint, it will
display that the current value is 9.

/f endlesz loop to toggle the gresn  LED DE1
while (1)

for (j = 0; j < 300000; j++ ): S5 wait 500 msec
pPIC-»PIQ CODR = LED1: ff turn LED1 (DS1) on
for (i = 0; j < 300000; j++ ): J4 wmait 500 msec
pPIo->PIO SODR = LEDL; 47 turn LED1 (D31) off
§9 k += 1; £ count the number of blinks
+ =19

If you specify that it should break when k == 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 x. When k==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, shown directly below, 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. The example
below shows one conditional breakpoint that will stop on source line 86 only if the variable k is equal to 9.

Yariables | ®@ Breakpoints 2 . Expressions | Registers | Signals| 00 9k & B, g% | Y =0
3@ ceclipseiworkspaceldemo_at91sam?_blink_Flashimain.c [line: 86] if k==19
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Single Stepping

Single-stepping is the single most useful feature in any debugging environment. The debug view has three
buttons to support this.

e i

[ [ (]
Step Into Step Over Step Out Of
Step Into
If the cursor is at a function call, this will step into the function.
% It will stop at the first instruction inside the function.
= e
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 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.

struct EntryLock { ff dnitialized structure variahle
long key;
int nhccesses;
char nawe[17] ;

+ hooess = {14705, 0, "Sophie Marceau™):

£ Initialize the Atwel ATI13IAMTIZS56 (watchdog, PLL clock, default interrupts, eto.)
¥ LowLewelInit (]

44 et up the LED= (PAO - PL3)
f4 at bhoot, all peripherials are disabled and all pins are inputs

ATS1P3_FIo pPIC = ATS1C BASE FIOA; /4 pointer to PIO data structure

pPIC->PIO PER = LED_ MASE; f4 PIO Enable Register — allow PIO to control pins Pl
pPIC->PIO COER = LED_ MASE: f4 PIO Output Enable Register - sets pins PO - P3 to
pPIC->PIO S0ODR = LED MASE; f4 PIO Set Cutput Data Register — turns off the four
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Click the “Step Into” button % The debugger will enter the LowLevellnit( ) function.

vold LowlLewvelInit (void)
{
int i:
£ AT31P3 PHC pPHC = ATS1C BASE PMC;

//% Zet Flash Wait sate
f4 Zingle Cyocle hoeeszs at Up to 30 MHz, or 40

Af 0 if MCE = 47923200 I hawe 50 Cyole for 1 usecond | flied MC_ FHR->FMCN
AT91C BASE MC->MC FMR = ((AT21C_MC FMNCN) &£(50 <<16)) | AT91C_MC FW3 1FW3;

/4% Watchdog Disable
AT21C BASE WDTC->WDTC WDMR= ATS91C WDTC WDDIS:

Click the “Step Over” button @ The debugger will execute one instruction.
-

void LowlLewelInit (void)
i
int i
AT21P3 FPHMC pPMC = AT91C BAJE PNC;

4% Set Flash Wait sate
S Single Cyocle Access at Up to 30 MHz, or 40

S if MCE = 47923200 I hawe 50 Cycole for 1 usecond [ flied MC FMR->FMCH
¥ ATS1C BASE MC->MC FMR = ((AT21C MC FMCM) &£(50 <<16)) | ATS1C MC FW3 1FW3:

8% Watchdog Disable
AT91C BASE WDTC->WDTC WDME= AT21C WDTC WDDIS:

Notice that the “Step Out Of” button is illuminated. Click the “Step Out Of” button

A

The debugger will execute the remaining instructions in LowLevellnit( ) and return to just after the function call.

struct EntryLock { f/ initialized structure wvariable
long kev:
int hicceszes:
char name[17] ;

} hoeess = {14705, 0, "Sophie Marceau'):

F4 Initialize the Atmel ATO1SAMTIZE6 (watchdog, PLL clock, defsult interrupts, etco.)

LowLewvelIniti():

S/ Set up the LEDs (PAD - PA3)
f4 at hoot, all peripherials are disabled and all pins are inputs

¥ ATS1PS PIO pPIO = ATS1C BASE PICL; /¢{ pointer to PIO data Structure
pPIO->PI0 PER = LED MASE: /4 PIO Enable Register - allow FIO to control pi
pPIO->PI0Q OEE = LED MASZE: S¢ PIO Output Enable Register - sets pins PO - P
pPIO->PI0 SCDR = LED MASKE: f¢ PID et output Data Register - turns off the
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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 just to the left of the variable name.

Of course, the debugger must be stopped for variable inspection to work!

int main (void] {

int 9: 44 loop counter (stack wvariahle)
int a,b,o; A4 uninitialized warisbles
char d: A4 uninitialized wvariables
nt " L i T Text cursor is parked
int k= 1; A inig . ‘o
static long x = 5: over the variable “z F
static char ?4iJEglLL___———————___________‘ﬁf~:t:ﬁ 3
static int =z = 7: /¢ =tat =
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; A4 uninitialized wvarishles
int w = 1: F4 dnitialized warisble
int k= 1: F4 dnitialized warishle
static long x = G&; 4 static initialized wariasble
static char v o= 0x04; S =static initialized wariabhle
static int z = 7: f¢ static initialized wvariasble
const char *pText = "The Rain in Spain™; £ initialized string pointer
struct EntryLock { £ dnitializged structure variahle
1oy ke
int niccesses:
char name[17] ;

}jhccess = {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.

(= yariables 22 Breakpaints | Expressions | Modules | Registers | Signals |

0| 5 % %~ =0

~-()= j = S000000
=a=0

= b=0
= c=1

Click on this pointer

)= d=.

ol =1

i)z x =5

ey =

i)z 2 =7

[+ me pText = 0x400004F4
-2 Access

O0x400004£f4 "The Rain in Spain™

The summary area will

P
<

show what the pointer is
referencing.

The Variables view can also expand structures. Just click on any “+” signs you see to expand the structure and

view its contents.

Mreakpoints | Expressions | Madules | Reqgisters | Signals |

EEIEIEEL Nl

[ pText = 0x400004F4
- Access

)= key = 14705
)= nACCesses =
E&% name
()= name[0] ="5"
)= name[1]="p'
o= name[2] =T
()= name[3] ="d"
()= name[4] ="e'
(= name[5] ="'
= namela] ='m'
)= name[7] ="a"
)= name[3] ="m'
ofx)= name[a] = .
()= name[10] =,
)= name11] = .
= name[12] =,
)= name(13] = .
= namel14] =,
()= name[15] = .

{key = 14705, nlccesses = 0, name = "3piderman'000%000%000%000%000%000"}

You can click on “+”
signs to expand a
structure variable and
view its contents.
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If you click on the “Show Type Names” button, :t:

as shown below. e

each variable name will be displayed with its type,

.
Mreakpnints | Expressions | Reqisters | =0

EEREIEEL M

----- ()= unsigned int j = 3301707
----- {#)=inta=0

----- E=intbh=n0

----- (d=intc=0

----- (9= chard = .

..... ':x:.: "-|t W= 1

----- (9= longint x =5

..... (9= char v = .

..... ':x:.: "-|t 2= ?

[+ m¢ char * pText = Ox400004F4
- struct EntryLock Access

Global variables have to be individually selected for display within the “Variables” view.

Use the “Add Global Variables” button Ed-l

o

to open the selection dialog.

Check the variables you want to display and then click “OK” add them to the Variables view,

& Selection Meeded

Select Variables:

X)

O4d
O4d
O4d
Oc.oiss
[[h

[

[

O

[ channel
Oz 1112
Ov.1115
Ox1117
Ow.1116
O4d
4

[Ar

[l =

M

(=

Select All | Deselect Al |

[ ]

o

Cancel |

———
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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.

=
i Mreakpuints ‘ Expressions ‘ Modules ‘ Reqisters | Signal

..... (=)= j = 3301707

Select Al Chr-a
=| Copy Variables ChEH-C
W] Enable
[] Disatle

*[] Display s Arrayw. ..

@y Cast To Type... & Sat Value

Restore Criginal Type

Find Yariable... ChlE Enker a new value for c:

52|

Change Yalue. ..

g"" Add Global variables. .
® Remove Global Yariables
% Remove All Global Yariables

Farmat
0K I Cancel

ZC?' Watch

Now the “Variables” view should show the new value for the variable “c”. Note that it has been colored red to
indicate that it has been changed.

Mreakpuints Expressions | I

----- ()= j = 3301707
..... (= a=0

..... E:-b=0

..... ()= c =52

..... G=d=.

----- (=w=1

----- ()= x=5

----- ()= v =

4 '“woog!
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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...”.

=2_Resume At Line
X3¥ Add Watch Expression...
Run As >

Enter the fully qualified name of the 6" character of the name([] array.

" Add Watch Expression

Expression ko watch:

| Access.namef]

e

3{#" “channel"
Y marcess.namef6]" = 'm'

P
Wariables | Breakpoints PO SRR L . Modules | Registers | Signals x._:l +h | H & ¥ =0
- i{?-@ ||q||=|:| 109 'm!

You can type in very complicated expressions. Here we defined the expression (i + z)/h

P
Wariables | Breakpoinks PR SRR ¢

Modules | Registers | Signals x__j <t | 4 % ¥ =08

o

Eﬂ "0"=0
channel"
Y "access.namef6]" = 'm'
LB it bt =5

U
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Assembly Language Debugging

The Debug perspective includes an Assembly Language view.

1=
If you click on the Instruction Stepping Mode toggle button in the Debug view,
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 assembiler line at address 0x0000150.

="

Ox00000145 <main+ed>: stmwia lr, {r0, rl, rz:i -~

4/ Initialize the Atmel ATI1IAMTIZE6 (watchdog, PLL clock, default interrupts, eto.)
LowlewvellInit ()
Ox0000014c <main+65>: bl OxZ60 <LowLevelInit:

#/ Set up the LEDs (PAD - PA3)
£/ at boot, all peripherials are disabled and all pins are inputs
AT91P3_FIC pFIO = ATS1C_BASE FIOL; /4 pointer to PIO data sStructure
® 0x00000150 <main+?2>:  mov r3, #-161061273¢6 ; Oxa0000000
Ox00000154 <main+7e>: mowv r3, ri, asr #19
0x00000158 <main+80>: str r3, [ri1, #-16]

pPIO->PIC0 FER = LED_MAZE: /4 PIO Enshle Register - allow PIO to control pins PO - P3
0x0000015c <main+84:: ldr rz, [ril, #-168]
Ox00000160 <main+S88>: mo r3, #1585 : Oxf
Ox00000164 <main+92>: =tr ri, [rZ]
pPIO->PI0 OER = LED_MAZE: /¢ PIO Output Enable Register - sets pins PO - P3 Lo outputs
0x00000168 <main+36=>: ldr rz, [ril, #-168] hd
If we click the “Step Over” button in the Debug view, the debugger will execute one assembler line.
Lisassembly &3 =0
Ox00000145 <main+ed>: stmwia lr, {0, rl, rZ} ~
f4 Initialize the Atmel ATI13AMT3256 (watchdog, PLL clock, default interrupts, etc.)
LowLevelInit ()
Ox0000014e <main+eS>: bl Ox260 <LowLewvelInit:>
// Set up the LEDs (PAO - PA3
{¢ at boot, all peripherials are disabled and =ll pins are inputs
ATS1P3_FIC pPIO = ATS1C_EBASE FIOA; ff pointer to PIO dats Structure =
0x00000150 <main+7Z>:  mov £3, #-161061273¢6 ; Ox=a0000000
» 0x00000154 <wain+76>: mOwv r3, r3, asr #19
Ox00000158 <main+s80>: sStr ri, [rll, #-16]
pPIC->PIQ PER = LED_ MAZE; /f PIO Enasble Begister - allow PIO to control pins PO - P3
O0x00000152 <main+sds: 1dr rz, [rl1l, #-18]
O0x00000160 <main+S58>: mowv ri, #15 ; Oxf
Ox00000164 <main+92>: str r3, [rZ]
pPICO->PI0 OER = LED_ MAZE: ff PIO Output Enabhle Register - sets pins PO - P3 to outputs
0x000001658 <main+26=>: ldr rz, [ril, #-16] 5

The “Step Into” and “Step Out Of” buttons work in the same was as for C code.
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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.

(‘-.-'arial:ules|Breakpu:uints|Expressiu:uns||"-'1u:udules N Registers ¢ Signals| E' =t = ET
- B 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.

"

{_
‘Yariables | Breakpoints | Expressions ﬁn"‘u? Reqiskers &3 Signals =0
g~

=% Main

----- 0 =30

----- el =128

----- ez =232

----- 30 13 = -1610612736
----- e v = -1

----- e 15 =-1

----- GRS

----- e 7 =1

----- e v =1

----- e r9 =1

----- e rin=-1

----- 30 r11 = 3145416
----- 3 1z =228

----- 390 sp = 3145340
----- e =336

----- biai pc = 340

----- =10

----- =0

----- 2=

----- 3=

----- e Fa =0

----- s =0

----- i fe =10

----- 7 =0

----- biai fps =10

----- 1m0 cpsr = 53REF1135

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.
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Wariables | Breakpaints | Expressions

=& Main

a8 r0 =30
el =128
a2 =232

g P =1
g P = -1
g P =1
A rE =1
A =-1
0 =-1
4 11 = 3145416
A 12 = 228
308 sp = 3145340
A0 I = 336

afii po =340
i F0=0
b

{fl=0

The “Format” option permits you to change the numeric format to hexadecimal, for example.

Signals x_j =k ¥ =0

] Enable

[] Disahle

%[ ] Display As Array...
@y Cast To Type...

Restare Original Type
Find vatisble. .. Ctr+F

ﬁA Change Yalue...

Add Register Group
Restore Default Register Groups

Format 4

2{? w'akch

Variables | Ereakpaints | Expressions [

Signals| x__j 24 =

m!' Main

..... 1018 10 = 30
..... HHI =125
..... o e = 232

..... 109 4 = -1
..... o5 =1

..... e g =

..... 07 =1

..... 1m0 g =1

..... 1m0y =1

..... e =-1
----- me ey = 514
----- 1010 17 = 225
----- 188 sp = 3145
----- 9 I = 336
----- it pe =340
----- e fo=0

..... eF =0

..... mefz=n

..... mef3=0n

..... e f4 =0

..... 109 f5 = )

..... e fE =0

..... e f7 =0

..... 108 fps =100

—1EinE177e s

1010 0
----- oot 1610

b Enable

[7] Disable

*[] Display As Array...
""’u Cask To Type...

Restore Criginal Type
Find Variable. .. Chrl+F

a& Change Yalue. ..

Add Register Group
Restore Default Register Groups

Decimal
3‘?"' Watch

----- 1048 cpsr = 536871135

Now R3 is displayed in hexadecimal.

P
Yariables | Breakpoints | Expressions

Signals

-5 main

..... 1010 v = 30
----- 1000y = 17
----- 1010 2 = 23z

..... 1010 g =
..... lolo g =y

----- a8 v = -1

W - a

==l

----- a9 r3 = OxFFFFFFFF0000000
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Of course, the right click menu lets you change the value of any register. For example, to change r1 from 128
to Ox1F8, 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:

mz1Fs|

o]

Cancel

The register display now shows the new value for R1 (we also changed the display format to hexadecimal
using the right-click menu).

=

Main

i ro =30

1Mkl = 0xlfs

2 =232

149 v3 = OxFFFFFFFFA0000000
=1

it rs = -1

i re=-1

P
'l.-'ariables|Breakaints|Expressinns M\Signals| £ =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.
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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.

E Run Help
J (o e window . .
~ | MewEditor
: D %
. JpenN Perspective 3
p 3
ank
. &
sunich] Customize Perspective, ., 9g Breakpoints
iuspends  Save Perspective As... E consale
Reset Perspective
Debi
Close Perspective iﬁ; =hud
) Close all Perspectives Disassembly
Mavigation y| 3] Display
— @ Error Log
Preferences. ..

&' Expressions

TEEE R R R A A AT TR R L L L LA AT AAEL S

.arations

E o o o o o o o o o

=) Modules

5= outline

104 Registers

ALHSHIFEHQ, B a1 7
albeshift+c, ¢ E

&3
eq
s
le
w3
=]

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 “t symbol.

Enter the address 0x394 (address of the string “The Rain in Spain”) in the dialog box and click “OK”.

Consale | Tasks

Mernory Monitors

i Memary

X

chi[ et [

I

( q.)z‘( e Memory Renderings

e X

£ Monitor Memory

Enter address or expression to monitar:

| ox334 )

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”.
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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.

Consale

Sl B~ =5

Memory Maonitars g 3% & Memory Renderings a2 3%
------ @ 0x394 0394 : 0x394 <Hex> |
iddress |0 - 3 |4 -7 s - B C-F A
ooooo390 goooooooo 0 S5Z61696E ZO0696EZ0
000003 A0 53706169 0zo00300 os000000
000003 B0 osoooooo 1000z000 46617374 65722074
000o003c0 6861c8E20 61207370 65656469 cE672062
0000030 ?56CECE5 74000000 07000000 04000000
000003ED 05000000 45601745 OOFOZEFS 16491745
000003 Fo OOFOZEFE 10BCOSEC 15470000 OO0COFCFF
ooooo400 OO0CZFCFF OOF1FFFF 40F4FFFF 3COFz000 =
ooooo410 OOFCFFFF OOFZFFFF 404z0F00 013F4F00
ooooo4:z0 O13Fz700 013F1.4100 O1EF1.4100 013F0S00
00000430 01BFOS00 OE3F4310 40FLFFFF 01040045 [
00000440 40030827 640F2000 OO00OFEFF aCOF2000
00000450 00024540 B3440021 030402D5 40005040
00000460  0O0EQ4000 01310904 0oo4000c 090Casz29
ooooo47o FZD37047 AC494069 SZ07FCDS C8617047
ooooo4s0 ALi454h949 O0EQO135 44L69D207 0ZD400z25
ooooo490 FOD105EOQ 00zs03D0 S8690006 O0oE7O47
ooooo4.L0 Az4901z0 48370FF20 JO047F3BS OF1co0zZe b))

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”.

Console r‘j‘,EH:E Hﬂ,gv':'ﬁ
emoty Monikars &= % & Memory Renderings &= )]
------ @ D394 0394 0394 <Hex> |

Address ID - 3 I 4 - 7 8 - B c - F =
ooooo3so0 010100 0 BE ZOB9BEZD
000003 a0 (u]u] oa000000
0o0oo03Eo 74 65722074
ooooo3co 3=] BERTZ06Z
ooooo3Do oo 04000000
Oo0ooo3ED Fo 164591748
0o0ooo3Fo -
60000400
00000410 OOFCFF  Refarmat . 33:::2
00000420 O13F2 Hide Address Calumn & uriits -
00000430  O1BFOS i
00000440 400308 [& Copy To Clipboard ;:t”:s't;efault
00000450 000248 [ print
00000460 OO0EO40 ac 090Ccos29
ooooo470 FE2D370 Properties DS C8617047
ooooo0480 AR45A940 OOECO138 4A69D207 02040028
ooooo420  FSDA1OSEOD 00zs03D0 88690008 OooE?O47
00000440 AZ4901z0 45370FFz0 7047F3ES OFi1co0ze i

This will repaint the memory rendering in Byte format as shown below.
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Console | Tasks H CH =2t | 4:5 v =08
Memarty Manitars g 3% & IMemary Renderings a2 3%
@ 0x394 0394 0394 <Hex> l

address [0 [1 [z [z [4 [s Je |7 & |3 [a [8 [c [o | [F |2
[n[ulu]ulu}ci=lu} m [ulu] [ulu] [ulu] 54 =3 65 20 52 6l =] 6E 20 =) 6E 20
0o0oo3A0 53 | 6l =) GE ao oo oo oz oo 03 oo [n] [ulu] [ulu] [ulu]
000o003B0 05 [ul] [ul] [ul] 10 [ul] 20 ao 46 61 73 T4 65 72 20 T4
000003ca &5 61 6E z0 61 z0 73 7o 65 65 64 =] &E a7 z0 62
ooooospo 75 (519 (519 65 T4 oo oo oo o7 u]u] u]u] oo o4 oo oo oo
ooooo3ED a5 oo oo oo 45 a0 17 45 oo FO ZB Fa ia 49 17 45
ooooosFo u]u] Fo ZE FE 10 EC as EC 15 47 u]u] oo u]u] co FC FF
ooooo4o0 u]u] C2 FC FF oo Fi FF FF 40 Fq FF FF 3cC aF 20 oo
ooooo410 00 Fi FF FF [ulu] Fz FF FF 40 4z oF oo o1 3F 4F [ulu]
ooooo4zo 01 3F a7 [ul] 01 3iF 14 00 01 EF ia 00 o1 3F [ul=] [ul]
0oooo430 01 EF as [ul] OE 3F 45 10 40 FD FF FF o1 04 [ul] 15
ooooo440 40 o3 ag 7 64 arF 20 oo oo u]u] FE FF 519 aF z0 oo
ooooo4s50 u]u] oz 45 40 B3 45 oo 21 o3 o4 oz D5 40 oo 50 40
ooooo4 &0 u]u] EO 40 oo o1 31 as o4 oo o4 u]u] ac a9 ac as 9
ooooo470 Fz D3 7o 47 AC 49 4n [53=] 9z a7 FC D5 ca 61 7o 47
ooooo4s0 AL 43 A9 49 [ulu] EO o1 38 44 4=] Lz a7 o0z L4 [ulu] 28
ooooo4sa F9 L1 os EO [ul] 28 o3 oo 58 =] oo o0& (u]u] OE 70 47
00000440 A3 49 o1 z0 45 70 FF z0 70 47 F3 BS aF 1c [ulu] A

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.

Click on the “Add Rendering(s)” button to create an additional ASCII memory display.

Console | Tasks I I g

Memory Monitars g % Sﬁ Memory Fendetings

g § Memory Renderings

Ch e || ok

@ 0x394 0394 ¢ 02394 <Hex > l 0394 <0394 >

adeess |0 1 [z [3 (4 |5 |6 |7 | A [WemoryMonitor 0asd <oxases
000003390 m oo 00 o0 54 63 BS 20 Select rendetingis) to create;
00ooo3A0 53 7o 61 69 &E oo oo ao

0oooo3B0 05 oo oo oo 10 oo 20 oo

goooo3co &l 61 &E Z0 61 20 73 70

|nzigned Integer

goooo3po 7S5 ac 6c 65 74 ao ao ao

00noo3ED 05 ao [ul] [ul] 43 a0 17 43

0oooa3Fo oo Fo 2B FE 10 EBC [nf] EC

ooooo40o 0o cz FC FF oo F1 FF FF

ooooo410 00 FC FF FF oo Fz FF FF

goooo4z0 01 3F 27 ao o1 3F 14 oo

oopoo43o 01 EF o9 [ul] OE aF 43 10

ooooo440 40 a3 og 27 a4 ar 20 ao

ooocoo4s50 00 oz 45 40 B3 44 oo 21

ooooo4e0 00 EO 40 oo o1 31 o9 04

goooo40 F2 o3 70 47 aC 49 44 69

0oooo450 LA 435 A8 439 ano EO o1 38

oopoo4s0 F9 il o5 EO ao 28 03 oo ¥

< | >

F v =
K =

+ X

Add Rendering(s)

Now we have a display of the hex values and the corresponding ASCII characters.
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Click on the “Link Memory Rendering Panes” button.

This means that scrolling one memory rendering will automatically scroll the other one in synchronism.

Click on the “Toggle Memory Monitors Pane” button.

This will expand the display erasing the “memory monitors” list on the left.

‘g

<4

Console | Tasks H % e | 2k EE LA |
Memnory Renderings EPEE 4 Memory Renderings E g

0x394 : 0x394 <Hex> ] 0394 : 0x394 <ASCII> ]

iddress |0 |1 |z |3 s |6 |7 |8 Jo [.~l||adaress o |1 |z |3 |42 [s |6 |7 |8 [9 [ |B |c |&
oopoozoo EE] oo oo oo s4 e 5 zo sz 61 ooooozso ) - r r T B e E & i n
OOODO3AD 53 70 61 69 EE 00 00 OO0 02 0Q DOOOO3A0 5 p & i own o r r 1 r Y -
OOOOD3ED OS5 00 00 00 10 00 20 OO0 46 61 ooDoooZED | ¢+ r r + ot r F a =5 t e
ooooD3CO 68 61 SE 20 61 20 73 70 65 65 ODODO3C0 k& n & = p e e d i =n
DoooD3DO 75 &C  6C 65 4 00 00 OO 07 00 OOOOOSL0 w1 1 e & ¢ fr r % o r A
O0OOO3ED OS5 00 00 00 48 60 17 48 00 Fa ooooosE0 | - r r H OO | B & + a7
O0O0O3F0 OO0 0 FO 2B FB 10 BC 08 BC 15 47 00ooo3F0 & 9+ a4 o+ 0w P % T 6 r 1 ot
ooooD400 00 €z O FC O FF oo F1 O FF  FF 40  Fa opooo4o0 ¢ A ow % o RO¥ ¥ OB & ¥ ¥ <
ooooo410 oo FC O FF OFF 00 Fz  FF FF 40 42 opooo4i0 ;@ ¥ ¥ o & ¥ 0¥ @ B ¥ 1
oooon4zo o010 3F 27 00 01 3F 1k OO0 01 BF || oooomezo o ? ' o fp 0?7 s o [ & =+ r 1
ooooo43o 01 0 BF 09 00 OE  3F 48 10 40 FD ooooo430 ¢ g r B ? H + @ ¥ v ¥ r
OoooD440 40 03 08 z7 64 OF 20 OO 000G opooo440 B L @ v A % roor or noF 1
OoODD4S0 OO0 02z 48 40 B3 4i 00zl 03 04 poooo4s0 7 H @ g ¢ o+ L4 4 & q
OoooD460 OO0 EO 40 00 01 31 09 04 00 04 ooooo4s0 ¢ & B o 1 N
ooooD47o Fz D3 70 47 AC 49 4k 69 92 07 opooo4vo & 9 p G - I 0 J i f e @ & E
ODOOD4S0 AR 48 A9 49 00D EOD 01 38 4h 89 ODODO480 * H ® I o & f 8 J i 6 e 4
ooooD4so FS D1 05 E0 OO0 28 03 DO &8 69 ||| ooooo4so o B & ¢ 4 Y B 0 i [ - &

< | ¥ < >

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 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 SAM-BA utility). 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 selecting “Close Project”.

In the File menu, click on “File — New — Standard Make C Project” as shown below.

= C/C++ - Eclipse SDK

Mavigate Search Project

Refactar Run  Window Help

Alk+Shift+HN + [=<j Project. ..
Cpen File, .,
Corvert to a LI+ Make Project
Managed Make C Project
[
El Standard Make C++ Project
[=]
I'-':’] Managed Make C++ Project
@ &% Source Folder
% Folder
|£|¢ Source File
o .
k| Header File
Refresh =
. " “ File
Convert Ling Delimiters To ML
(& Class
=
% Other. ., Chrl+h
Switch Workspace, ..
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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

| £% - & & - - |- 0-%- @5 |- - B #¥Debug | BRC/CH
T CjC++Pr,., X =8 S 8l[m 1 T8
Fr | = qu = =
12 demo_at91sam?_blink_Flash An qutline is not
B demo_ata1sam7_blink_ram 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 download 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

Fil=  Edit

Ics~

Refackar

Mavigate Search Project

gl B la-a-[

B@ cic++ Projects &2 &1 =08

T demo_at91sam?_blink_flash

E-12% demo_ats1sam?_blink_ram

IE ATI1SAMTRCZ56.h

[R] Board.h

@ ks

(2] lowleseedirit.c

[€] main.c

demo_at91sam? _blink_ram.crd
----- | @ makefile

Run  Window Help

G- P00 &P B

B %¥Debua | Bgcic++

l/* LR AR A R A A A Rt R A R A A A A A R A A A A A A R R AR A R R S R R A A A A AR A A R R A A AR R R A 2 2]
f*
fﬁ
f*
f*
f*
f*
ll."w
/% Author: James P Lynch January 12, Z006

PR L L L A s s

mwain. o

Demonstration program for Atmel ATI13AMTEZ56-EE Evaluation Board

bhlinks LEDO (pin PAO) with an endless loop
plenty of wariables for debugger practice

f* o o o o o o o ol o ol ol ol ol ol ol i o o o o
Function prototypes
o o o o o o o ol o ol ol ol ol ol ol i o o o o *f
[ {interrupt ("IRQ™) )
[(incerrupt ("FIQ") 1)
[ {interrupt ("SWI™) i) :
[ {interrupt ("UNDEF™)));

void IRQ Foutine (woid)
roid FIQ Routine (void)
void 3WI_Foutine {woid)

wvoid UNDEF_Routine (void)

_ attribute_
__ attribute_
_ attribute_
_ attribute

f*t****tt***ﬁttt**ﬁttt**ﬁﬁﬁ****w****T****Tt***ﬁttt*ﬁﬁttt**ﬁ
Header files
*tt***ttt**ﬁﬁttt**ﬁtt***ﬁﬁ****T****Ttﬁﬁﬁttt**ﬁﬁtttﬁﬁﬁtt***f
MATI1S3ANTECZS56. 0"
"board. h"

#include
#include

f***t***t**tt**t***t***t**ﬁ***tT**t*t*t**t***tﬁ**t*ﬁ*****t*
Glohal Wariables
tt**t***t***t**t***t***t*ﬁ****T***tt**t*t****ﬁt**tﬁ******t;
/4 global
glohal
glohal
glohal

uninitialized wariabhle
uninitialized wariabhle

int
int

o
r:
uninitialized wariabhle
initialized wvariable

int EH

short h = 2;

v

Sou. B 0O
R e ¥

IRG_Roukine
FIQ_Routine
SWI_Routine
UMDEF_Routine
ATI1SAMTRCZE6.h
board.h

— = o ow =

Comms
© nbytes
o pBuf

- o buffer
channel
LowiLevelInit
main
IRG_Roukine
FIQ_Routine
SWI_Routine
UMDEF_Routine

Problems | B Console 22

L]

Properties | Search |

%|EepE|#E-9-°0

OpenCD [Program] C:\Program Files\GNUARMbintopenocd exe

‘Writable Smart Insert 1:1

Only two files have changes and they are shown below.

DEMO_AT91SAM7_BLINK_RAM.CMD

/*

/% demo_at91sam?_blink_ram.cnd LINKER SCRIPT AT91SAM7S 256
/*

/* The Linker Script normally 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).

/*

/% However, this linker script is for execution entirely within RAHM-space.

/*

/*

/% This is fairly easy to accomplish:

/*

/% 1. put everything (.text, .data, .bss) into FLASH

/*

/% 2. cycle power on your board before starting the debugger

/*

/* 3. When you start the debugger, set address OxFFFFFFB0 to 0x01

/% This is the MC Remap Control Register

/* It re-maps RAM to address 8x808088088 (where the flash normally resides)

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

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

This is a "toggle” operation {why the power-cycle ensures that you don't get confused)
Now your code and variables will be at 0x00000000 and above.

4. Using your debugger, “Load" the entire application into RAM (now at 8x00000000)
5. The application now runs entirely in RAM, is VERY fast, and you can
set unlimited breakpoints?
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_ram.cmd
directive to the linker flags in the makefile. For example,

LFLAGS = -Map main.map -Tdemo_at91sam?7_blink_ram.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 B8x00000000

The top of the stack (_stack_end) is (last_byte of_ram +1) - 4
Therefore: _stack_end = (0x0000FFFF + 1) - 4 = 0x00010000 - 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 ARM modes

HEMORY HMAP

|
P D |8x00010000

o | |0x0000FFFC <--—--—----—— _stack_end
o | UDF Stack 16 bytes |
. [ — | 8x8800FFEC
- | |
o | ABT Stack 16 bytes |
. [ — | 8x8800FFDC
- | |
- | |
. | FIQ Stack 128 bytes |
- | |
- | |
. [ — | 8x8000FF5C
- | |
- | |
o | IRQ Stack 128 bytes |
- | |
- | |
o [ — | 8x8800FEDC
- | |
o | SUC Stack 16 bytes |
- | |
. [ — | 8x8000FECC
- | |
o | stack area for user program |
- | |
- | |
- | |
- | |
- | |
- | |
- | |
o | free ram |
ram | |
- | |
- | |
. e e e e e e e ieeaeaaaaaaan |9x000003F0 <—————————— _bss_end
- | |
o | -.bss uninitialized variables |
o lcccccooooooooonnnnnnnnnnnnnnnooos |9x000003E4 <(--—-—-—-—-————- _bss_start, _edata
- | |
o | .data initialized variables |
- | |
. [ — |8x000003A8 <——————————— _etext, _data

|

|

| 0x00000260 lowlevelinit()
o | C code

|

|

|

|
|
|
|
|
|
|
|18x0080008108 main()
|
|

o | Startup Code (crt.s)

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
=/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
=/
*/
*/
=/
*/
*/
*/
*/
=/
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/% - |
/% - | |

/% . [ 16x00800020
/% - | |

/* o | Interrupt Vector Table |

/* o | 32 bytes
/% R S|
/*

/*

/* Author:
/*

(assembler) |

|
|8x00000008 _startup

James P. Lynch

/*

/* identify the Entry Point
ENTRY( vec_reset)

(_vec_reset is defined in file crt.s) =/

/* specify the AT91SAH7S256 memory areas */

HEMORY

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

¥

/* define a global symbol _stack_end
_stack_end = BxFFFC;

(see analysis in annotation above) =/

/% now define the output sections =/

SECTIONS
{
=0; /* 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.) =/
*(.rodatax) /* all .rodata*x sections (constants, strings, etc.) =/
*(.qlue_7) /* all .glue_7 sections ({no idea what these are) */
*(.glue_7t) /% all .glue_ 7t sections {no idea what these are) x*/
_etext = .; /* define a global symbol _etext just after the last code byte x*/
¥ >flash /* put all executable code {.text) into FLASH */
.data : /* collect all initialized .data sections that go into FLASH =/
{
_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 =/
¥ >flash /# put all initialized variables {.data) into FLASH =/
.bss : /* collect all uninitialized .bss sections that go into FLASH =x/
{
_bss_start = .; /% define a global symbol marking the start of the .bss section =/
*(.bss) /* all .bss sections x/
¥ >flash /* put all unipnitialized variables {.bss) into FLASH =x/
= 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 x/

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
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MAKEFILE.MAK

NAME = demo_at91sam7 blink ram

(HH = arm-elf-gcc

LD = arm-elf-1d -v

AR = arm-elf-ar

As = arm-elf-as

cpP = 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

all: test

clean:

-rm crt.lst main.lst crt.o main.o lowlevelinit.o main.out main.hex main.map main.dmp

test: main.out
@ echo "...copying”
$(CP) $(CPFLAGS) main.out main.bin
$(oD) $(ODFLAGS) main.out > main.dmp

main.out: crt.o main.o lowlevelinit.o demo_at91sam?_blink_ram.cmd
@ echo "..linking"
$(LD) $(LFLAGS) -0 main.out crt.o main.o lowlevelinit.o

crt.o: crt.s
@ echo ".assembling"
$(nS) $(AFLAGS) crt.s > crt.lst

main.o: main.c
@ echo ".compiling"”
$(cC) ${CFLAGS) main.c

lowlevelinit.o: lowlevelinit.c
@ echo ".compiling”
$(cC) $(CFLAGS) lowlevelinit.c
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Build the RAM Project

Using the “Build All” button, build the new RAM Project.

JC++ - makefile - Eclipse SDK

|3

File Edit Refactor Mavigate Search Project Run  Window Help

F@ Cic++ Projects 52 bt =0

[
[E
[E
[+
[
[E
[+
[
[E
[E
[+

H
-

e
n
3
-
0 [2)
3
"
"
n

20 dema_at31sam?_blink_flash
=155 demo_at31sam7_blink_ram

£ Einaries

(2 1ncludes

m ATILSAMZHC2S6.h
[ Board.h

[8] crt.s

] lowleselinit.c
main.c

crt.o - [armle]

owlesvelinit.o - [armle]

demo_at91sam7_blink_ram.cmd
main, bin

main.dmp

main,map

g makefile

& @6 -G 5 -0-Q- @ |- - O B $pouun [Bacicrs
[& main.c | demo_at91sam7_blink_rarn.crd (L@ makefile &3 =8| 8o, B =18
& | B & 7| aFLaes = -anls -wapes-3z o ere.o A 3,
LFLAGE = -MNap main.map -Tdemo_st9lsam? blink ram.cmd HAME V]
CPFLAGS = —--—output-target=hinary o 1
LD
CODFLAGE = -x --syms AR
AS
all: test P
oD
clean: CFLAGS
-rm crt.lst main.lst crt.o mwain.o lowlevelinit.o main.out main.hex main.map maic AFLAGS
. LFLAGS
Cest: mwain.out CPALAGS
B echo "...copying” ODFLAGS
§i{CP) #[CPFLAGS] main.out main.bin gllz Z"Ean
$i0D) $(0DFLAGS) main.out > main,dmp wbo test B
Eh-lo main,out
main.out: ert.o wain.o lowlevelinit.o demo at91sawm? blink ram.cwd 5 b m b oo 2
S ke o b emnie o b
Problems Propert\es|SBarch‘ @ Eul ) (= F‘j -=0
C-Build [demo_at91sam? _blink_ram]
rm: cannot rewmove “main.o': No such file or directory ~
rm: cannot rewmove S lowlevelinit.o': No such file or directory B
rm: cannot remove “main.out': No such file or directory
rm: cannot remove ‘main.hex': No such file or directory
rm: cannot remove “main.map': No such file or directory
rm: cannot remove “main.cwp': No such file or directory
ake: [clean] Error 1 (ignored)
sassenbling
armw-elf-as -ahls -mapcs-32 -o crt.o crt.s > crt.lst
.compiling
arw-elf-goe I,/ -o —fno-common -00 -g main.o
.compiling
arm-elf-goc -I./ -c -fno-common -00 -g lowlevelinit.c
.. linking
arm-elf-1d —v -Map wain.map -Tdemo_sat9lsam? blink ram.cwd -o main.out ert.o wain.o lowlevelinitc.o
GHU 1d version Z.18.1
...copying
arm-elf-objcopy —--output-target=binary main.out main.bin
arm-elf-objduwp -x —--3vms main.out > main. dop B |
v

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 into RAM will be performed by the JTAG interface.

Click on “Run” followed by “Debug...”.

indows  Help

SO Funlastlanched  CwleFiL  |s
| ¥, Debug Last Launched  F11 I
iy

i Run Histary 4
1 Run As ke
Run... r

Debug History 4

Dk N\>
% External Tools L4

114



When the Debug “Create, manage, and run configurations” screen appears, click on “Embedded debug
launch” followed by “New”.

& Debug

Create, manage, and run configurations ;
@ Project must be opened

Configurations:

Mame: Idemo_at‘Blsam?_blink_FIash
; -[£] CIC++ Attach ta Local Application

[£] CIC++ Local Application

EI CiC++ Postmortem debugger Main | #ﬁﬁ\? Debugger l B commands I Ep Source ! E common i
? Eclipse Application
C

=1+ Fg Embedded debug launch l
-3¢ demo_at31sam?_blink_fash -
Java Applet I demao_at31sam? _blink_Flash

Erowse. .. I
: Java Application CiC++ Application:
e Jur Unie

; inout
-3 Uit Plug-in Test | main. 0.

Search Project. .. I Browse, .. |
Remote Java Application
[z SWT Application

Project:

A new and empty “Embedded debug launch” configuration screen will appear. Under the “Main” tab, fill out the
new configuration screen as shown below.

Create, manage, and run configurations

Caonfigurations;

e Idemo_atglsam?_blink_ram

_TE CJC++ Attach bo Local Application
El CJC++ Local Application
|-E| CJC++ Postmortem debugger
g Eclipse Application
=] -+ Embedded debug launch
Bk ¢ demo_at91sam7_blink_flash -
| l..5g Mew. configuration Idemo_atglsam?_bllnk_ram
-[F Java Applet

; CiC+
E Java Application

- Ju Uit @Louy

- Ji JUnit Plug-in Test

Remote Java Application
oo[z] SWT Application

Main l 35 Debuggerl | Commandsl B 50urce| = Cummuni

Proj

Browse... I
Search Project...i Erowse, ., |

T | Delete

Apply I Rewvert |

Debug i Close I
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Under the “Debugger” tab, fill out the screen as shown below.

& Debug

Create, manage, and run configurations

Caonfigurations;

E ClC++ Attach bo Local Application
E C/C++ Local Application
E CJC++ Pastmorkemn debugoer
g Eclipse Application
' 5¢ Embedded debug launch
-5 demo_at91sam?_blink_flash

Mamel |dem0_at915am?‘_blink_ram

Main ﬁ* Debugger ! | Cu:ummandsl L'}y Snurcel E Cnmmnni

Debugger: ifr.ni_'--_e-'_‘-j-:--: GDE

@:p at main() on startup  Advanced. ., 1

-Debugger Options

e
GDE debuggér: IC:'I,Pru:u;ram FilesiGMUARMbInarm-2lf-gdb. exe

T ¢ Mew_configuration
Java Applet

; Java application

;---J]_I Jnit

~-Ju unit Plug-n Test
Remote Java Application
[ ST Application

Mewy | Delete Apphy I Rewert

Debug ! Close

Finally under the “Commands” tab, fill out the screen as shown below.

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.

& Debug

Create, manage, and run configurations

Configurations:

E CIC++ Attach bo Local Application
E C/C++ Local Application
E C/C++ Postmortemn debugger
4@ Eclipse Application
: Embedded debug launch

Marrfe: I demo_at31sam?_blink_ram

Main! ﬁ'« Debugger B Commands |EW Snurcel = Cnmmnni

N

|-:'- -5 Commands

- F demo_ak31sam? _blink_flash

A f ; target remate localhosk: 3333 ~
i B G Mew_configuration monitor soft_reset_halt T
Gl Java Applet monitor myww 0xFFFFFFO0 0x00
@] Java Application monitor reg #pc 000000000 H
J JUnit Lnnnitkur alrm?_g sw_blkpts enable
: ; : reak main L7
__f”ﬁ JUnit Plug-in Test load

|

Remate Java Application Continue
[

SWT application

Delete

< Apply

MNew i

h Rewert |

=0

Debug

Close I

\4
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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 OxFFFFFF0O0 0x00

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
AT91SAMYS board before running the debugger to ensure that you are starting from a RESET state.

monitor reg #pc 0x00

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 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.

continue

This is a GDB command. It forces the ARM processor out of breakpoint/halt state and
resumes execution from main().
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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- QO | @ & |

1 ¢ 1 demo_at91sam?_blink_Fflash

New embedded debug
. E 2 demo_at91sam? _blink_ram launch configuration is
present.

Debug As r

L T}Dehug...

) Organize Favorites, .,

Set up the hardware

In this RAM setup, we use the USB cable to supply power. The “wiggler” is attached to the PC’s printer port
(LPT1) and the 20-pin JTAG socket on the AT91SAM7S-EK evaluation board. This is exactly the same
hardware setup at that used for FLASH debugging.

20-pin JTAG
Connector

Standard Printer
cable
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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.

| %5 Debug CIC+H+ aJ Java

LE D 5 % %~ <O

Now the Debug perspective will appear, as shown below.

Debug - main.c - Eclipse SDK

File Edit Refactor Mavigate Search Project Run  Window Help
IB-HEA | #%-0-%Q- | ®@® L |- -3 -0~ ES | $spebug  BRCICH
m - m o ‘ 3 DR | T i ¥ T O [69= variables 2 Breakpcunts|ExprEssiDn5|Reg\5tErs‘ & <% TR ETeO

(€] main.c 2 = O & pisassembly 32 =0
T R R T R E AR AT R AR AR A ST TR AR T AR AN E AR AT R AR AR AATTARAATRARTARRALTIRT T ~|
I main. o W)
i w =
i Demonstration prograw for Atmel ATIYISAMTSZS6-EK Ewvaluation Board =/
i W |
A blinks LEDO (pin PAO) with an endless loop o
i plenty of wariables for debugger practice =/
I i
A% huthor: James P Lynch January 12, 2006 L
PR L e e e E L Ly
S R R AR R AR E R AR AR AT AR A AR AR AR A AR TR AT R R AT AR AR
Function prototypes
R T e S e S S L I
void IRQ Routine (void) _ attribute [ (interrupt ["IRQ")));
void FIQ Routine (void) _ attribute_ |((interrupt ("FIQ"™)]):
void SWI_Routine (void) _ atcribuce_  ((interrupt ("SWIT)]):
void UNDEF_Routine (veid) _ attribute  |((interrupt ("UNDEF"))]:
>
B console 2 Tasks 3] Elll #R2-r5-=0

C-Build [demo_at31sam?_blink_ram]
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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 USB cable will accomplish this. If you are using a 9 volt power supply, remove and re-
insert the power plug. For the RAM application, cycling the power is CRUCIAL for success (due to the toggling
nature of the MC Remap Control Register).

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 Project Run wWindow  Help

QO | ==y |-

Run As 4
Q External Tools. ..

COrganize Favorites, ..

The debug view will show that OpenOCD is running and the console view shows no errors (warnings are OK).

¢ Debug - main.c - Eclipse SDK

File Edit Refactor Mavigate Search Project Rum Window Help

It-EHala/s-0-a-|@de | g -6 SETE )

= = = - — <
%5 Debug N > (R T s | F i T = B |[variables | Breakpoints |Expressions }FHH Registers 1 tss @Y =0
=143, OpenOCD [Program]

B -;ﬁ :\Program Files\GNUARM\bintopenacd. exe

main.c 5
I R R R AR AR R R R R R R R R R R AR R R R R R R R R R AR AR AR R AR R R R R R AT FRRRRRRRRRAAAAAE B A
i wain.c wf
L L
ot Demonstration program for Atmel ATI13AM73ZS56-ER Evaluation Board ! =
e ok
i blinks LEDO (pin Pi0) with an endless loop L &
i plenty of varisbles for debugger practice w
L i
/* Author: James P Lynch January 12, 2006 L7s

R R R R AR AR R R AR A AR R R A AR AR R AT E RS A AR AR AR NTFFAARARAARRAATIFT

FF RERRAA A TR R AR AR AR AR AR AR R AR AR R RRRRARAAA

Function prototypes
B e L L Y

g void IRQ Routine (void) _attribute_ (iinterrupt ("IRQ")));
roid FIQ Routine (void) __attribute__ ((interrupt ("FIQ"))):
roid SWI_Routine (woid) _ attribute  (iinterrupt ("IWIT)));
void UNDEF_Foutine (woid) _ attribute__ [ (interrupt ("UNDEF"))]):

e
Header files
R R R AR AR R AR AR R R R R AR AR AR AR AR AR R R R R R R R AR

#include "ALTSLSAMTXCZSG.h™

|%

(B console 3 _Tasks % | BBl B2-r3-70]
OpenOCD [Program] C:iProgram FilesiGNUARMIbiR|openocd. exe
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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

[N = | @ |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
57 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.

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.

E Debug - main.c - Eclipse SDK
F Edit Refactor N Project Run Window Help

Ig-EE & %-0-%- | o®™ | H-F-md-D- o #roebug FRCICH &ava

:ﬁ;‘i Debug 52N e % ‘ 3 @ = ‘ i Y E|-“ \atiables i’eo Breakpaints 52 . Modules Registersisigna\s R % &R o W | BFEY | i v = [=h

B-Q OpenoCD [Program] - @ Ciledipselwarkspaceldemo_ata1sam?_blink_ramimain.c [ine: 57]
2 .rﬂ Ci\Pragram Filesiopenocd\binlopenacd-pp.exe i se Ciledipse\waorkspaceldema_at91sam?_blink_ramimain.c [line: 57]

=3¢ dema_at91sam?_blink_ram [Embedded debug launch]
] §® Embedded GDB (5606 £:13 PM) (Suspended)
=)o Thread [0] (Suspended)
~-= 1 main() at main.c:57
= .IE‘i Debugger Process (5/6/06 6:13 PI)

(& s sz‘\__ = B|[cutine floRe

int main (wvoid) {
R R R R AR AR A A R AR AR R AR R AR AR AR R EEERAT 0x00000108 <waind: movw  rilZ, sp

>
[

MATH 0x0000010c <main+d>:  stwdb sp!, {rill, riz, lr, po}
R e ] 0x00000110 <main+Es: sub ril, riz, #4 : Ox4
int main (void) { 0x00000114 <main+lZ>: sub  op, sp, H64 : Ox40

int

: // loop counter (stack variable) = int
int

b // uninitialized varisbles int

i

a cbee: I
char d: // uninitialized variables char

w

k

®

e
-
-

B int 1; /{ initialized variahle int = 1; 7
int 1; // initialized wvariable B 0x000001168 <waint+lés: mov r3, #1 ; 0Oxl
static long By /7 static initialized wariable
¢ ] |

£

Ox0000011e <main+20x: str r3, [ri1i, #-28] b
< ul | >

|

& console 52 \"rasks‘Memoryl LEIETY =R
demo_at31sam?_blink_ram [Embedded debug launch] Debugger Process (57606 &:13 PM)
(gdh) target remote localhosti3333

0x00200ze0 in 27 ()

monitor soft_reset_halt

(gdh) reguesting target halt and executing a soft resec
(gdb) monitor mww OxFFFFFFO0 Ox01

(ydb) monitor reg #pc Ox0O

register #pc not found in current target

{gdb] software breskpoints enshled

break main

Breakpoint 1 at 0x118: file main.c, line 57.

(gch) Loading section .text, size O0x3a8 lma O0x0

load

{section=".text",section-size="936",total-size="4409"}
{section=".text"”,section-sent="388", section-s5ize="936", total-sent="368", total-size="4403"}
Loading section .data, size Ox3c lma Ox3as

Start address 0x0, load size 996

Transfer rate: 63744 hits/sec, 249 bytea/write.

{gdb] {section=".dsta",section-size="60",total-size="4409"}

continue

Breakpoint 1, main () at main.c:s7
g7 int wo= 1 /7 initialized wvariable

E- Debug - main.c -




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( ).

File Edit Refactor MNavigate S ch Project Run ‘Window Help

- HE B |5-0-Q%- | ®@8Q |5 -5 -we-o- B [froeog Ricicrt dfave
3& Debug 58" b - (13 ] % k{?‘ | 3 = ‘ i ¥ = O variables . Modules ReglsterslSlgna\s x & &2 o \ | = E| | V= [l
'3% OpendCD [Program] o Ci \Echpse\wurkspa:e\demu ak91sam?_blink_ram\main.c [line: 57] )
P CProgram Files\openocdibiniopenocd-pp.exe .o Ciedipselwarkspaceldema_at91sam? _blink_ramimain.c [line: 70]
demo_at31sam? _blink_ram [Embedded debug launch] M e Ciieclipselworkspaceldema_at91sam? _blink_ram|main.c [line: 75]
=] é@ Embedded GDE (5/6/06 &:13 PM) (Suspended) [ e Ciedipselworkspaceldemo_at31sam? _blink_ramimain.c [line: 77]
=g Thread [0] {Suspended) @ Cleclipselworkspacedema_st91sam? _blink_ramimain. c [line: &6]
~2= 1 main) at main.c:57
.a Debugger Process (5/6/06 6:13 PM)
1€ main.c 32 = 0 || outine | lonh Disassembly 52 =]
int main (void) { S| int main (void) { =
Ox00000108 <main: mowv iz, Sp
int 3: /¢ loop counter (stack variahle) 0x0000010c <main+ds: stmdb sp!, {rii,
int a,b,c // uninitialized variables 0x00000110 <main+8>: sub vt vi2: &
char d: /¢4 uninitialized wvariables Ox00000114 <maint+l2z: sSub sp, sp, #64 |
) int wo=1; £¢ initiamlized varisble
int Ter=rag £/ initialized variable int i
static long H=E0 f¢ statie initialized variable int a,b,c:
static char v = 0x04; // static initialized wvariable char d;
static int o= // static initialized wvariable int w=1;
const char *pText = "The Rain in Spain®: /¢ initialiged string pointer ®» 000000118 <maintles: mowv r3, #1 : 0Ox
struct Entrylock { /4 initialized structure wvarishle 0x0000011c <main+i0=: str r3, [ril, #
lonyg key; int k=1;
int niccesses: 0x00000120 <maint24>:  mowv r3, #1 : Ox—
char name[17]; Ox00000124 <main+Zs=>: str r3, [rll, #
} Access = {14705, 0, "Sophie Marceau'): static long x = 5;
static char v = Ox04:
/4 Initialize the Atmel AT91SAMTSZ56 (watchdog, PLL clock, default interrupts, ecc.) static int z = 7;
/8 LowLevelInit(]; const char *pText = "The Rain i
Ox00000128 <maint+3zZs: 1ldr ri, [po, #2
/4 Zec up the LED= (PAO - PA3) Ox0000012e <wain+3i6s: Stk r3, [ril, #
// at boot, all peripherials are disabled and all pins are inputs struct Entrylock {
AT91PS_PIO pPIO = AT91C BASE PIOL; /¢ pointer to PIO data structure long key:
-] pPIO->FI0O_PER = LED_MASE: /4 PIO Enable Register - allow PIO to control pins PO - P3 =3 int niccesses:
pPIO->FPI0 OER = LED_MASE: /¢ PIO Qutput Enable Register - sets pins PO - P3 to outputs char name[17] ;
F-] pPIO->FIO SODR = LED MASE:; /4 PIO Set Output Data Register — turns off the four LEDs } Acecess = {14705, 0, "Sophie Marcea
0x00000130 <main+40>: ldr r3i, [po, #H2
// endless loop to toggle the green LED DS1 0x00000134 <main+44>: =ub 1r, rii, #7
while (1] { O0x00000136 <main+d8>:  mov riz, r3
for (j = 0: 3 < 300000:; j++ ): /4 wait 500 msec - 0x0000013¢ <main+S2>: ldmia riz!, {ro,
pPIO->PIC_CODR = LED1; // turn LED1 (DS1) on 0x00000140 <main+S6>: =tmia 1lr!, {r0, ¢
for (j = 0; 3j < 300000; Jj++ ): /44 wait 500 msec 0x00000144 <main+60=: ldmia riz, {r0, r
pPIO->PIO_SODE = LED1: /¢ turn LED1 (DS1) off 0x00000145 <main+64x: stmia 1lr, {r0, ril
-] k += 1; /4 count the number of blinks /¢ Initialize the Atmel ATI1SAM7IZS56
1 LowLevelInit () :
} ] w@0x0000014c <main+65>: bl O0xzZ60 <Lowkl M|
£ i | 3
(& console 33 ,_Iasks|Mamory‘ ] %s\l_i‘i:EEIL.’E-r‘j-‘:'EI
demo_at31sam? _blink_ram [Embedded debug launch] Debugager Pracess (5/6/06 6:13 PM)

& Debug - m:

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.

] 8

T >

T

EI {% Cpenio D [PngW
o .E C:\Program Fileshopenocd\binopenocd-pp.exe
G demo_at?1sam?_blink_ram [Embedded debug launch]
= ﬁ Embedded GDE (5606 6:13 PM) (Suspended)

=" o Thread [0] (Suspended)

&

= 1 main() ak main.c:57<
- .E Debugger Process (5606 6113 PM)

Click this thread to enable
these execution control
buttons.

122




Click on the “Resume” Di. button and the debugger executes to our first breakpoint.

A Initialize the Atmel ATI13AMTIZ256 (watchdog, PLL clock,
¥a LowLevelInit(]:

Click on the “Resume” Di button again and the debugger executes to our second breakpoint.

AT91PS PIO pPIO = ATS1C BASE PIOA;
P pPIO->PI0 PER = LED MASE;
pPIO->PI0 OER = LED MASE;

Click on the “Resume” Di button again and the debugger executes to our third breakpoint.

pPIO->FIO OER = LED MAZE;
Ha pPIO->PIO S0ODR = LED MASE:

And so on, now we have an unlimited number of breakpoints available. All other features of the debugger still
apply to the RAM-targeted application.

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.

® Debug - main.c - Eclipse SDK

File Edit Refactor Mavigate Search Projeck Rum Window  Help

]fﬁ'[‘ﬁﬂ |@J$'D'%']E@¢a]? R Click on the Kill
PN q

7 il button to terminate

; \&a
% Debug X 8 [l (E y Bl T | and remove the

=5 % Cpeni D [i:'rcugram] . debugger
. ﬂ C\Program Files\openocdibinlopenocd-pp.exe

'El::c: demo_at91zam7_blink_ram [Embedded debug launch]
=@ Embedded GDE {5/7/06 11:11 AM) (Suspended)
|_ I "W' Thread [0] (Suspended: Breakooint hit,

Click on the execution

o= 1 main() ak main.c: 76 e fis

------ .E Debugger Process (517706 11011 ANM)
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Stop OpenOCD

Click on OpenOCD followed by clicking on the KILL button to terminate the OpenOCD JTAG utility.

* _Debug - main.c - Eclipse SDK

File Edit FRefackor Mavigate Search  Project Run Click on the Kill

s = | 2 o - o button to terminate
JFJ ._,,| oo Jﬁ’ -4 JE; the debugger

----- <kerminated >Embedded GDE (5/7/06 11:11 AM)

[=-5¢ «terminated =demo_at31sam?_blink_ram [Embedded debug launch]

oy ﬁ <kerminated, exit value: 0=0ebugger Process (5/7)06 11:11 AM)

P [l (I e = | 25 I
3-8, OperOCD [Progren] . Click on OpenOCD first.
Hoey .E C:\Program Files\openocdibintopenocd-pp. exe | <

Erase the Debug Pane

Click on the Erase button to clear everything from the Debug pane.

® Debug - main.c - Eclipse SDK

File Edit Refactor Mavigate Search Project Run Window  Hel

I-BE|E|%-0-%- |3+ |

Click on the Erase button to
clear everything from the Debug
pane.

= e x g 5
1] i= v
Modify the Source File
Here we have changed the wait time by modifying the loop counts.
(B nan < 7
[
£F endless loop to toggle the gresen LED DS1
while (1) ¢
| for (i = 0:; 7 <j++ 1: /¢ wait 500 msec
pPIO->PIO CODR = LEDI; /¢ turn LED1 (DS1) on
| for (j = 0: j <j++ Vi /4 wait 500 msec
pPIO->PIO S0DR = LED1: /¢ turn LED1 (DS1] off
k += 1: S mount the nuwber of khlinks
£ I ] >
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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

I (@2@E) % -0-- /&89 |5 -§ -wo-o- 4 [ B oebug FRICICH+
RN

%5 Debh = O ||variables (00 Breakpoints &3 ® G 60 < w | =IR=S ‘ Iy v =0
e N o % | _ﬁz i 7 - @ Cieclipselworkspaceidemao_st91sam?_blink_ramimain.c [ine: 76]
Save Build
Button Button
[ B ranc x New loop counts = B[z outine 22 BV e ”=0
~ £+ IRG_Foutine A
/¢ endless loop to toggle the =T FIQ_Routing
while (1) { SWI_Routing
for (i = 0; j < 1500000} 3§ // wait 500 msec =+ UNDEF_Routine
pEIO->PIO_CODR = LEDL; // turn LEDL (DS1) on ATIISAMTACZ5E.h
for (3 = 0; 3 < 1500000; j++ ) // wait 500 msec board.h g
pPIO->PI0 SODR = LED1: // turn LED1 (DS1) off 1
- r
ko+= 1: J/ count the number of blinks ;
H v i
< | ¥ i ~
Bl consdle 22 Tasks @ |:—='I'I| H#R2-ri-=0

C-Build [demo_at21sam? _blink_ram]

make -k all

.compiling

arm-elf-gee -1,/ -o -frno-common -00 -g main.c
.. linking

arm-elf-1d —v -Map mwain.wap -Tdemwo_at9lsaw? blink ram.cmd -o wain.out eort.o main.o lowlevelinit.o
GNU 1d wversion 2.16.1

e LCOpvVing

arm-elf-objcopy ——output-target=hinary main.out main.bin

armw-elf-objdunp -x --svws main.out > wain.dwop

[ I Wetitable Smart Insert a1:32

Cycle the Target Board Power
This can be done by detaching and re-inserting the USB cable (which supplies board power).

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

%@JB[&&“J.@;
B

Run s L4

% External Tools. .. 125

Crganize Favorites. ..




[— a 2 demo_at91sam?_blink_ram —]

Start the Eclipse Debugger

Using the Debug toolbar button, find and start the at91sam7_blink_ram debug configuration.

iigate  Search Project Run  Window
o -a- |®® s |
S 1 demo_at31sam?_blink_flash

Debug As »

#;;7: Debug...

Organize Favarites. ..

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.

& Debug - main.c - Eclipse SDK

File Edit Refactor Mavigate Search Project Run  Window Help

IS HEB|% -0 - |®®Q |5 -5 -a-o- 5 [$s0ebug BRCICH

%5 Debug 22 = O ||variables Modules|Registers|Signals| K % G- e | EPR=S | B ¥ =08

> O A‘§“‘§h = i 55' v i

(=G, OpenOCD [Program]

: ,‘ﬂ C:\Program Files\openocdibinopenocd-pp.exe

E|--;:_c demo_at?1sam?_blink_ram [Embedded debug launch]

=& Embedded GDB (5/7/06 12:02 PM) (Suspended)
- Elof® Thread [0] (Suspended)

; L= 1 maink) at main.c:57

" Debugger Process (5/7/06 12:02 PM)

[€ main.c 22 = 0| 5= outline 2 BR Y e ¥ 7O
int hH /¢ loop counter (stack sA IR _Routine ~
int a/hb, o /¢ uninitialized variab. FIQ_Routing
char d; /¢ uninitialized wvariab. SWI_Routing

» int w=1: // initialized variahle UNDEF_Routing
int k=1 /¢ initialized wvariable ATIISAMIHC256.h
static long ® =5 /¢ static initialized wve board.h
static char v = Ox04; ff static initialized wi— a L
static int z = 7; ff static initialized v ;
const char *pText = "The Rain in 3pain®: A4 initialized string po h
struct EntryLock { J¢ initimlized structur: i

long key: v i
< | > comms

|£

& console 52 . Tasks | Memary |

u]

Bep|lx#B-r5-7

demo_at91sam7?_blink_ram [Embedded debug launch] Debugger Process (517106 12:02 PM)

Loading section .dats, size Ox3c lma Ox3ad

Start address 0x0, load =size 996

continue

[gal)

Ereakpoint 1, main () at mwain.c:57
57 int

[f=G1=]

<

{gection=".text",section-size="936", total-size="4409"}
{section=".data",section-size="60", total-size="4409"}

Transfer rate: 56914 hits/sec, 249 bytes/urite.

[ >

/4 initialized wvari

=

| B

]

When we are debugging a FLASH-based application, we have to start the SAM-BA flash programmer and
program the flash before starting the OpenOCD and the Eclipse debugger. Since the SAM-BA uses the USB
port, that operation is still quite speedy. Nonetheless, it's an extra step which explains the popularity of
debugging entirely within RAM memory.
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Amontec JTAGkey

For the student or hobbyist, the $19 ARM-JTAG interface (wiggler) is an inexpensive way to start developing
and debugging software for Atmel AT91SAM7S processors. However, the PC printer port limits the device’s
ability to toggle the JTAG pins to about 500 kHz and thus large downloads will take a long time. In Dominic
Rath’s thesis about the OpenOCD project, a USB-JTAG interface based on the FTDI FT2232C engine was
described with a schematic.

Fortunately, there’s no need to build this since the Swiss engineering firm Amontec has already developed and
marketed a nice 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

Install the JTAGkey USB Virtual Device Drivers

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 New Hardware Wizard

Welcome to the Found Hew
Hardware Wizard

‘windows will search for current and updated software by
looking on your cormputer, on the hardware installation CD, or on
the 'Windows Update 'web site [with your permission)

Fiead our privacy policy

Can windows connect to 'windows Update to search for
sofbware?

(O e, this time anly

() Yes, now and every time | connect a device

(@ Mo, not this time

Click Mest to continue.

< Back@) 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\driver\jtagkey_utils_0603\" as shown below on the right hand screen. Click “Next to

continue.

Found New Hardware Wizard

This wizard helps vou install software for:

Amontec JTAGkey [ Channel &)

':') If your hardware came with an installation CD
“SE2 or Hoppy disk. insert it now.

‘what do pou want the wizard to da?

|nstall th -] ded)
(® Install from a list or specific location [Advanced)

Click Mext to continue.

[ <Back( ][ Next > ][) Cancel ]

Found New Hardware Wizard

Please choose your search and installation options.

(%) Search for the best driver in these locations.

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

[1 Search removable media [floppy, CO-ROM...]

Include this location in the search:
~
[ ‘C “Program Files\openocddiverjtagkey_utils_0603 v@

(D) Dan't search. | will choose the driver to install

Choose this option to select the device diiver from a list. ‘wWindows does not guarantee that
the driver you chooge will be the best match For your hardware.

[ <Eack( ][ Next » ]D Cancel ]
P

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

Hardware Installation

L] E The software you are installing for thiz hardware:
.
Amontec JTAGkey [ Channel &

haz not paszed Windows Logo testing to wvenfy ite compatibility
with Windows #P. [Tell me why this testing is impartart.)

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

@Je Anpway ] DSTDF‘InstaIIation

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

% Amontec JTAGkey [ Channel A )

FTDZ<<UM.ini
To CAWINDOWSheystemn32

I 1

< Back Nest » Cancel

When the Channel A driver 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

< Ba

Completing the Found New
Hardware Wizard

The wizard has finished instaling the software for:

@ Amontec JTAGkey [ Channel & ]

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

Welcome to the Found New
Hardware Wizard
‘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

Can‘Windows connect to ‘Windows Update to search for
software?

O Ves, this time anly
ErTEE, now and everstige | connect a device
() Mo, not this time

Click Mest to continue.

< Back M ext > y Cancel

Found New Hardware Wizard

Please choose your search and installation options.

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

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

[7] Search removable media [floppy, CO-ROM...)
Include this location in the search:

|E:\Program Filez\openocdhdriverijtagkey_utils_0E03 v| [ Browse

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

Choose this option to select the device driver from a list. ‘windows does not guarantee that
the driver you chooze will be the best match for paur hardware

7~ N
< Back (H Mest > y Cancel
AN

Found New Hardware Wizard

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

% Amontec JTAGkey [ Channel B )

Click Finish to close the wizard.

< Bagk Cancel

Found New Hardware Wizard

This wizard helps pou install software far:

Amontec JTAGkey [ Channel B |

C‘) If your hardware came with an installation CD
g2 or Hoppy disk. insert it now.

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.

< Back U[ Mext > ] [) Cancel
~ e

Hardware Installation

! ‘_\ The software you are installing for this hardware:
L
Amontec JTAGKey [ Channel B |

haz not paszed Windows Logo testing to werify its compatibility
with *indows =P. [Tl me why this testing iz impartant. |

Continuing your installation of this software may impair
or destabilize the correct operation of your system
either inmediately or in the Future. Microsoft strongly
recommends that pou stop this installation now and
contact the hardware vendor for zoftware that has
passed Windows Logo testing.

Continue Anymay l I )TDF‘InstaIIation

129



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 & LPT)
ﬂ Processors B
-, Sound, videa and game contrallers
-u.p Storage volurmes
- g System devices
EI Universal Serial Bus contrallers
 .E@ Amontec JTaGkey ( Channel & )
armontec JTAckey { Channel B )
InteliR) 52801EB USE Universal Host Contraller - 24D2
Intel(R) §2301ER 5B Universal Host Contraller - 2404
Intel(R) §2301EB IUSE Universal Host Conkraller - 240E |

[

Set Up the Hardware
The hardware setup 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.

USB port on PC

JTAGkey

T

=0

A,

{

AN A

-
Tl Y

om™
T

QOGgonog, |
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Install OpenOCD USB Version as an External Tool

A different OpenOCD executable is used for the USB JTAGkey. It must be installed as another
“external tool” in the Eclipse RUN pull-down menu.

Click on the “Run — External Tools — External Tools...” pull-down menu as shown below.

indow  Help
Mﬂ Last Launched oS P i I ==
%, Debug Last Launched  F11
Run Histary L ]
Run As L4 main.c
Run...
gram for Atmel ALT91

Debug Histary 4

»
Debug s PAD) with an endles
Debug... ez for debugger prs

rnal Tools

E o o o o o o o

/* ****************Q

Function

The “External Tools” window will appear. Click on “Program” followed by “New”.

& External Tools

Create, manage, and run configurations ?
Run a program @

Configurations: Mame: | SAM-EA
& ant Build

E' Main I héh Refreshl P Environment | E common |

r—Location:
| CiiProgram Files\ATMEL Corporation|SamM-B4 1,8158M-B4,exe

Browse Warkspace... | Brawse File System... | Variables. .. |

—itarking Direckory:

| Ct\Program Files\ATMEL Corporation

Browse Workspace,,, | Browse File System. .. | ‘ariables, .. |

—Arguments:

Warigbles. .. |

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

Hew | Delete | Apply | Revert |

Run Close |
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Fill out the New Configuration exactly as shown below.

The name can be anything; we used “OpenOCD_usb” in this example. The location of the OpenOCD
executable for the JTAGkey is in the folder “c:\Program Files\openocd\bin\” and the executable name is
“‘openocd-ftd2xx.exe”. Use the “Browse File System...” button to locate this file and place it into the
Location: text box. Likewise, use the other “Browse” button to enter the folder name into the Working

Directory: text box.

A single argument is needed; it is the configuration file “at91r40008_jtagkey.cfg” and it is entered with
the switch —f in the Arguments: text window as shown below.

Click on “Apply” followed by “Close” to complete specification of this new External Tool.

& External Tools

Run a program

Create, manage, and run configurations

B

=)

Configurations:

- fnt Build

E{% Pragrarm
- Mew_configuration
Gy OpenoCh

G SaM-Ba

e Delete

N
Mame | OpenOCD_ush

E' Main |h:><h Refresh | B Environmentl ==| Commonl

Location:

I :\Program Files\openocdbinlopenocd-frd2:oc, exe J

Browse Workspace, .. | Browse File System, .. | ‘ariables. ., |

—Working Directary:

| C:\Program Files\openocdbin l

Browse Woarkspace, .. | Browse File System, .. | Yariables. .. |

—Argurnents:

F at21r40008_jtagkey.cfql ]

Variables, .. |

Q Apply DRevert |

Mate: Enclase an argument conkaining spaces using double-gquates ().

Close |
\

Run

Now use the techniques explained earlier in this tutorial to enter the External Tool “OpenOCD_usb” into
the “favorites” list. Now when you use the “External Tools” toolbar button, there will be an additional
choice of an OpenOCD_usb configured for the Amontec JTAGkey hardware.

Q- &= 8-

-

Q, 1 58M-BA '
@, 2 OpenoCD
¥

3 OpenCCD_ush

Run fs
{E External Tools. ..

iJrganize Favaorites.., .,
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e Debug the Application using the JTAGkey

There are no changes to the Eclipse debug launch configurations to use the JTAGkey interface. In the
following example, we have started Eclipse and chosen the project “demo_at91sam7_blink_ram” which

will build the application for execution entirely within RAM memory. Rebuild the project and switch to the

Debug perspective.

Start OpenOCD _usb

Remember to cycle the target board power.

Click on the “External Tools” toolbar button’s down arrowhead and then select “OpenOCD_usb”.

U )®=®= |

| @ 1 58M-B4
| @y 2 OpenoCD

Run As 4
% External Toals. ..

Crganize Favorites, .,

In the Eclipse Debug Perspective window below, you can see that OpenOCD_usb has started up.

The “Debug Control” window on the upper left shows it running.

The “Console View” at the bottom only shows a minor warning — this is OK.

& Debug - main.c - Eclipse SDK

File Edit Refactor Mavigate Search Project Run  Window Help

|9 - @ % -0 - Q- |®™®™& |8 -3 -2E-2- B | %oebug ERCITH
%% Debug & = 1| [variables [ @ ereakpoints 52 X&¥E>w | @EE|N- O

%S| = T

(=43, OpenOCD_ush [Pragram]
,‘ﬁ C:\Program Files\openocdibin'openocd-ftd2xx. exe

i) main.c 52 = 8| 5= outire 52 A8 s e -0
R AR AR R R R R R R AR AR R R R AR AR A AR R R AR AR SRR AT AR AR AR A B R A ot TRQ_Routine A
Al main.c B ++ FIQ_Rautine Ml
i 3 <44 SWI_Routine
i Demonstration program for Atmel ATP1SAMTSZS6-EE Evaluation Board -4t UNDEF Roddne
i B ATOISAMPHCZEE b

. w W board.h
/% blinks LEDO (pin Pid) with an endless loop ®
/% plenty of wariables for debugger practice ““ﬁ q
i e .
<
/% huthor: Jswes P Lynch January 12, 2006 . ® h
PR L T ] @
i
@
-8 comms i
FE AR AR E R R AR AR AR AR AR AR T A AN E A AR AR T A ARAFFASARAES ~ @ nbytes
Function prototypes - e pBuf
B L A 2 o buffer
o - @ channel
| > v
= = &, =
E;@l\éuEﬁl.ﬁE'l‘J‘ m]
penOCD_ush [Program] C:\Program Files\openocd\biniopenacd-ftd2xx:. exe
Warning: arm? 9 _conmon.c: 665 arm?_2 assert_reset(): sSrst resecs test logic, too
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Start the Eclipse Debugger

Using the Debug Toolbar button’s down arrowhead, click on the “demo_at91sam7_blink_ram” debug launch
configuration. This is the very same one used earlier in the tutorial; it will work fine with the JTAGkey.

O RS

| 5¢ 1 demo_at31sam?_blink_Flash

E Z demo am?_blin

— = |

Debug As r

f‘gﬁ Debug...

Crganize Favorites, .

The Eclipse debugger will start up, under the auspices of the JTAGkey interface and run through the GDB

startup commands until the debugger “stops at main()” as shown below.

& Debug - main.c - Eclipse SDK

File Edit Refactor Mavigate

lB-Eal@ly-0-a-/@8s |8 -H -6

Search Project Run  Window Help

%5 Debug 52

%} #{f‘r Debug % i+

=08

il 2 L

>.|%_@ %‘ i T

E| % OpenOCD_ush [Prngram]
g CilProgram Fileslopenocdibintopenocd-frdzx. exe
demo _at91sam?_blink_rarm [Embedded debug launch]
- @ Embedded GDE (5/9/06 12:38 AM) (Suspended)
=s m@ Thread [0] {Suspended)
1 main{) at main.c:57
;ﬁ Debugger Process (5/9/06 12:38 AM)

R % & <

W EEE|NYT

]

[ main.c &2 = O|| 8= outline 22 B w s e~ =0
int main (wvoid) | ~ + IR _Routine »~
FIQ_Routine
int i: /¢ loop counter (stack s SWI_Routing
int a,b,c; /¢ uninitialized variab. UNDEF_Routine
char d; /¢ uninitialized varisb. ATILSAM7RCZSE.h
o int w o= 1; /¢ initislized wariable board.h
int k=1 /4 initialized wvarisble a
static long x = 5; /¢ static initialized wi ; |
static char v = 0Ox04: /4 static initialized we h
static int z = 7; /¢ static initialized w ;
const. char #pText = "The Rain i /4 initialized string pe j
struct EntryLock { /¢ initialized STrUSTULE camms
< | > — o nbytes w
& console 22 Tasks|Memory| = | EM Eﬁ| #E-r5-70

demao_at91sam? _blink_ram [Embedded debug launch] Debugger Process (5§9/06 12:38 AM)

{gel) target remote localhost:3333
0x00200224 in 72 ()
{gdb) monitor soft _reset_halt

(gdb) software breakpoints ensbhled
break main

load

Start address 0x0, load size 996

(o) continue

reguesting target halt and executing a soft reset
(gdb) (gdb) register #pc not found in current target

Breakpoint 1 at 0x118: file mwain.c, line 57.
(gelly) Loading section .text, size 0x3a&ab lma O0xO

Transfer rate: 54765 bits/sec, 249 bytes/write.

{section=".text",section-size="936", cotal-size="4409"}
Loading section .data, size Ox3c lma 0x3al
{section=".data", section-size="60", Cotal-size="4409"}

Breskpoint 1, main () at main.c:57

57 int 1;
[grclia)

4

// initialized wvari

| >

[
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Now you can run through all the debugger operations covered earlier in this tutorial. The operation of the
debugger with a flash-based application is exactly the same as before also. 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.

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. It's obvious from the size of
this tutorial that the acquisition and installation of Open Source tools is complex and time-consuming. The
reader needs a high speed internet connection to download the various components and an afternoon’s 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. SOFTWARE COMPONENTS

One common problem in setting up a software development system composed of disparate modules
downloaded from multiple sources is ensuring that the various components will work harmoniously with each
other.

To ensure that readers have a compatible set of software components, a zip file (atmel_tutorial_components.zip)
has been prepared that includes components chosen by the author for their compatibility with each other.

The software components zip file may be downloaded from here.

www.address _to_be determined.com

Everything the reader needs is in this zip file. The included components are:

Cygwin includes the cygwin Ver 1.5.19-4 download and installer
Gnuarm ARM compiler suite includes gcc_4.0.2, binutls_2.16.1, newlib_1/14.0, insight_6.4
Eclipse IDE includes version Eclipse_SDK_3.1-win32

Zylin CDT for Embedded Applications includes embeddedcdt-20050810 and zylincdt-20050810 plug-ins

Atmel SAM-BA includes version 1.8 SAM-BA USB flash loader software
OpenOCD installer includes 2006 Rev 55 build of OpenOCD plus installer and USB drivers
Source Code set of example Eclipse C projects as described in the tutorial

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 build may require that you utilize the latest
Eclipse “stream build”.

A safe approach is to build the ARM software development system using the included packages above, get it to

work and become familiar with it. Then you can monitor the Eclipse, Zylin, GNUARM and OpenOCD web sites for
new versions and choose at a later time if you want to upgrade.
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