ARM Cross Development with Eclipse

By: James P. Lynch

1 Introduction

| credit my interest in science and electronics to science fiction movies in the
fifties. Robbie the Robot in the movie “Forbidden Planet” especially enthralled
me and | watched every episode of Rocky Jones, Space Ranger on television.
In high school, | built a robot and even received a ham radio operator license at
age 13.

Electronic kits were popular then and I built many Heath kits and Knight kits,
everything from ham radio gear to televisions, personal computers and robots.
These kits not only saved money at the time, but the extensive instruction
manuals taught the basics of electronics.

Unfortunately, surface mount technology and pick-and-place machines
obliterated any cost advantage to “building it yourself” and Heath and Allied
Radio all dropped out of the kit business.

What of our children today? They have home computers to play with, don’t
they? Do you learn anything by playing a Star Wars game or downloading
music? | think not, while these pastimes may be fun they are certainly not

intellectually creative.

A couple years ago, there were 5 billion microcomputer chips manufactured
planet-wide. Only 300 million of these went into desktop computers. The rest
went into toasters, cars, fighter jets and Roomba vacuum cleaners. This is
where the real action is in the field of computer science and engineering.

Can today’s young student or home hobbyist tired of watching Reality
Television dabble in microcomputer electronics? The answer is an unequivocal
YES!

Most people start out with projects involving the Microchip PIC series of
microcontrollers. You may have seen these in Nuts and Volts magazine or
visited the plethora of web sites devoted to PIC computing. PIC microcomputer
chips are very cheap (a couple of dollars) and you can get an IDE (Integrated
Development Environment), compilers and emulators from Microchip and
others for a very reasonable price.



Another inexpensive microcontroller for the hobbyist to work with is the Rabbit
microcomputer. The Rabbit line is an 8-bit microcontroller with development
packages (board and software) costing less that $140.

I've longed for a real, state-of-the-art microcomputer to play with. One that can do 32-bit
arithmetic as fast as a speeding bullet and has all the on-board RAM and EPROM
needed to build sophisticated applications. My prayers have been answered recently as
big players such as Texas Instruments, Philips and Atmel have been selling inexpensive
microcontroller chips based on the 32-bit ARM architecture. These chips have
integrated RAM and FLASH memory, a rich set of peripherals such as serial I/0, PWM,
I2C, SSI, Timers etc. and high performance at low power consumption.

A very good example from this group is the Philips LPC2000 family of microcontrollers.

The LPC2106 has the following features, all enclosed in a 48-pin package costing about
$11.80 (latest price from Digikey for one LPC2106).

Key features

e 16/32-bit ARM7TDMI-S processor.

e 64 kB on-chip Static RAM.

e 128 kB on-chip Flash Program Memory. In-System Programming (ISP) and In-
Application Programming (IAP) via on-chip boot-loader software.

e Vectored Interrupt Controller with configurable priorities and vector addresses.

o JTAG interface enables breakpoints and watch points.

e Multiple serial interfaces including two UARTSs (16C550), Fast I2C (400 kbits/s)
and SPI™,

e Two 32-bit timers (7 capture/compare channels), PWM unit (6 outputs), Real
Time Clock and Watchdog.

e Up to thirty-two 5 V tolerant general-purpose 1/O pins in a tiny LQFP48 (7 x 7
mm?) package.

e 60 MHz maximum CPU clock available from programmable on-chip Phase-

Locked Loop with settling time of 100 us.

On-chip crystal oscillator with an operating range of 1 MHz to 30 MHz.

Two low power modes: Idle and Power-down.

Processor wake-up from Power-down mode via external interrupt.

Individual enable/disable of peripheral functions for power optimization.

Dual power supply:
o CPU operating voltage range of 1.65V to 1.95V (1.8 V +- 8.3 pct.).
o /O power supply range of 3.0 Vto 3.6 V (3.3 V +- 10 pct.) with 5 V tolerant

I/O pads.

Several companies have come forward with the LPC2000 microcontroller chips placed
on modern surface-mount boards, ready to use. Olimex and New Micros have a nice
catalog of inexpensive boards using the Philips ARM family. | wrote a similar tutorial for
the New Micros TiniARM nine months ago and you can see it on their web site
WWW.Nnewmicros.com.



http://www.newmicros.com/

Olimex, an up-and-coming electronics company in Bulgaria, offers a family of Philips
LPC2100 boards. Specifically they offer three versions with the LPC2106 CPU. You can
buy these from Spark Fun Electronics in Colorado; their web site is www.sparkfun.com
The Olimex boards are also carried by Microcontroller Pros in California, their web site
is www.microcontrollershop.com

This is the Olimex LPC-H2106 header board. You
can literally solder this tiny board onto Radio Shack
perfboard, attach a power supply and serial cable
and start programming. It costs about $49.95
Obviously, it requires some soldering to get started.

This is the Olimex LPC-P2106 prototype board.
Everything is done for you. There’s a power
connector for a wall-wart power supply, a DB-9
serial connector and a JTAG port. It costs about
$59.95 plus $2.95 for the wall-wart power supply.

This is the Olimex LPT-MT development board; it
has everything the prototype board above includes
plus a LCD display and four pushbuttons to
experiment with. It costs about $79.95 plus $2.95 for
the wall-wart power supply.

For starting out, | would recommend the LPC-P2106 prototype board since it has an
open prototype area for adding 12C chips and the like for advanced experimentation.

When you do design and develop something really clever, you could use the LPC-
H2106 header board soldered into a nice Jameco or Digikey prototype board and know
that the CPU end of your project will work straight away. If you need to build multiple
copies of your design, Spark Fun can get small runs of blank circuit boards built for
$5.00 per square inch. You can acquire the Eagle-Lite software from CadSoft for free to
design the schematic and PCB masks.


http://www.sparkfun.com/
http://www.microcontrollershop.com/

So the hardware to experiment with 32-bit ARM microprocessors is available and
affordable. What about the software required for editing, compiling, linking and
downloading applications for the LPC2106 board?

Embedded microcomputer development software has always been considered
“professional” and priced accordingly. It's very common for an engineer in a technical
company to spend $1000 to $5000 for a professional development package. | once
ordered $18,000 of compilers and emulators for a single project. In the professional
engineering world, time is money. The commercial software development packages for
the ARM architecture install easily, are well supported and rarely have bugs. In fact,
most of them can load your program into either RAM or FLASH and you can set
breakpoints in either. The professional compiler packages are also quite efficient; they
generate compact and speedy code.

The Rowley CrossWorks recommended by Olimex is $904.00, clearly out of the range
for the student or hobby experimenter. I've seen other packages going up as high as
$3000. A professional would not bat an eyelash about paying this — time is money.

There is a low cost alternative to the high priced professional software development
packages, the GNU toolset. GNU is the cornerstone of the open-source software
movement. It was used to build the LINUX operating system. The GNU Toolset includes
compilers, linkers, utilities for all the major microprocessor platforms, including the ARM
architecture. The GNU toolset is free.

The editor of choice these days is the Eclipse open-source Integrated Development
Environment (IDE). By adding the CDT plugin (C/C++ Development Toolkit), you can
edit and build C programs using the GNU compiler toolkit. Eclipse is also free.

Philips provides a Windows flash programming utility that allows you to transfer the hex
file created by the GNU compiler/linker into the onboard flash EPROM on the LPC2106
microprocessor chip. The Philips tool is also free.

Macraigor has made available a free Windows utility called OCDremote that allows the
Eclipse/GDB (GNU Debugger) to access the Philips LPC2106 microprocessor via the
JTAG port using an expensive device called the “wiggler”. I've had more success
running the open-source Insight debugger than the debugger included with Eclipse;
however it's only usable for programs running from RAM memory.

At this point, you're probably saying “this is great — all these tools and they’'re FREE!” In
the interest of honesty and openness, let's delineate the downside of the free open
software GNU tools.

e The GNU tools do not currently generate as efficient code as the professional
compilers.

e The Insight Debugger cannot set a software breakpoint in FLASH since it can’t
erase and reprogram the FLASH.

e The OCDRemote JTAG utility does not support hardware breakpoints.



If you were a professional programmer, you would not accept these limitations. For the
student or hobbyist, the Eclipse/GNU toolset still gives fantastic capabilities for zero

cost.

The Eclipse/GNU Compiler toolset we will be creating in this tutorial operates in two

modes.

A. Application programmed into FLASH
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In this mode, the Eclipse/GNU development system assembles, compiles and links your
application for loading into FLASH memory. The output of the compiler/linker suite is an

Intel hex file, e.g. main.hex.

The Philips In-System Programming (ISP) utility is started within Eclipse and will
download your hex file and program the flash memory through the standard COM1
serial cable. The Boot Strap Loader (BSL) jumper must be shorted (installed) to run the

ISP flash programming utility.



To execute the application, you remove the BSL jumper and push the RESET button to

start the application.

Unfortunately, the Insight debugger cannot set a software breakpoint (it can’t program
FLASH) and it also doesn’t support hardware breakpoints. This effectively renders the

debugger useless in this mode.

B. Application programmed into RAM
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In this mode, the Eclipse/GNU development system assembles, compiles and
links your application for loading into RAM memory. The output of the
compiler/linker suite is a GNU main.out file.

The PC is connected from the PC’s printer port LPT1 to the JTAG port through
the Olimex ARM JTAG interface (costs about $19.95 from Spark Fun
Electronics). The Olimex ARM JTAG is a clone of the Macraigor Wiggler.



You can run the OCDRemote program as an external tool from within Eclipse.
The Insight debugger (started from within Eclipse) communicates with the
Macraigor OCDRemote program that operates the JTAG port using the
Wiggler. With the Insight debugger, you can connect to the Wiggler and load
the GNU main.out file into RAM. From this point on, you can set software
breakpoints, view variables and structures and, of course, run the application.

The drawback is that the application must fit within RAM memory on the
LPC2106, which is 64 Kbytes. Sitill, it's better than nothing.

My purpose in this tutorial is to guide the student or hobbyist through the myriad
of documentation and web sites containing the necessary component parts of a
working ARM software development environment. I've devised a simple sample
program that blinks an LED that is compatible in every way with the GNU
assembler, compiler and linker. There are two variants of this program; a
FLASH-based version and a RAM-based version. I've substituted the GNU
Insight graphical debugger instead of the Eclipse debugger because it is
simpler to use and currently more reliable.

If you get this to work, you are well on your way to the fascinating world of
embedded software development. Take a deep breath and HERE WE GO!



If you are very new to ARM microcomputers, there’s no better introductory book
than “The Insider’s Guide to the Philips ARM7-Based Microcontrollers” by
Trevor Martin. Martin is an executive of Hitex, a UK vendor of embedded
microcomputer development software and hardware and he obviously
understands his material.

hitex s PHILIPS S TwARE

DEVELDOFMENT TODLS

THE INSIDER'S GUIDE To THE
PHILIPS ARM7-BASED
MICROCONTROLLERS

An Engineer’s Introduction To The LPCnoo Series
Trevor Martin Bsc. (hons.) CEng. MIEE

www.hitex.co.uk/arm

You can download this e-book for free from the Hitex web site.

http://www.hitex.co.uk/arm/lpc2000book/index.html

There is a controversial section in Chapter 2 with benchmarks showing that the GNU
toolset is 4 times slower in execution performance and 3.5 times larger in code size
than other professional compiler suites for the ARM microprocessors. Already Mr.
Martin has been challenged about these benchmarks on the internet message boards;
see “The Dhrystone benchmark, the LPC2106 and GNU GCC” at this web address:

http://www.compuphase.com/dhrystone.htm

Well, we can’t fault Trevor Martin for tooting his own horn! In any case, Martin’s book is
a magnificent work and it would behoove you to download and spend a couple hours
reading it. I've used Hitex tools professionally and can vouch for their quality and value.
Read his book! Better yet, it's required reading.


http://www.hitex.co.uk/arm/lpc2000book/index.html
http://www.compuphase.com/dhrystone.htm

2 Installing the Necessary Components

To set up an ARM cross-development environment using Eclipse, you need to
download and install several components. The required parts of the
Eclipse/ARM cross development system are:

1. SUN Java Runtime

2. Eclipse IDE

3. Eclipse CDT Plug-in for C++/C Development

4. CYGWIN GNU C++/C Compiler and Toolset for Windows
5. GNUARM GNU C++/C Compiler for ARM Targets

6. GNUARM Insight Debugger

7. Philips Flash Programmer for LPC2100 Family CPUs

8. Macraigor OCDremote for JTAG debugging

3 JAVA Runtime

The Eclipse IDE was written entirely in JAVA. Therefore, you must have the
JAVA runtime installed on your Windows computer to run Eclipse. Most people
already have JAVA set up in their Windows system, but just in case you don’t
have JAVA installed, here’s how to do it.

The JAVA runtime is available free at www.sun.com. The following screen will
appear. Click on “Downloads — Java 2 Standard Edition” to continue.
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http://www.sun.com/

Select the “latest and greatest” Java runtime system by clicking on J2SE 5.0.
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Sun maintains a download site for previously released wersions of the J2SE platform and related produ
and are no longer covered by standard support contracts. These downloads are made availableasac
resalutian.

Specifically, we need only the Java Runtime Environment (JRE). Click on
“‘Download JRE 5.0 Update 3.”
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The Sun “Terms of Use” screen appears first. You have to accept the Sun
binary code license to proceed. If you develop a commercial product using the
Sun JAVA tools, you will have to pay royalties to them.
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One more choice to decide on — we want the “online” installation for Windows.

developers.sun.com
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¢
The Source for Java Developers

Download
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(g1 to download. If you don't complete your download, you may return to the Download Center anytime, sign in, then click the "Download/Crder History' link on the leftto continue.

Howi long will it take? (2

Download problems or Questions? See the Sun Download Center FAQ

ime Environment 5.0 Update 2

self-extracting

_5_0_0Z-linu-i586-rpm.hin, 15.27 MB) 3]
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Here’s a blow-up of the line we must click on. We select “online” so we can install
immediately.

Windows Offline Installation, Multi-language (jre-1_5_0_02-windows-i536-p.exe, 15.25 MB) 2
Windows Online Installation, Multi-language ijre-1_4_0_02-windows-1586-p-iftw exe, 221.27 KB) @




Finally the “file download” window appears. Click on “Run” to download and run the
installation.
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When the Java Runtime Environment installation completes, you will see this display.
Click on “Finish.”

i J2SE Runtime Environment 5.0 Update 3 - Complete |X|

Installation Completed

The Install Wizard has successfully installed 125E Runkime
Ervironment 5.0 Update 3. Click Finish to exit the wizard.

As a quick check, go to the Windows Start menu and select “Start — Control Panel —
Add or Remove Programs.” Scroll down the list of installed programs and see if the
Java J2SE Runtime Environment was indeed installed!
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The Sun Microsystems web site is very dynamic, changing all the time. Don’t be
surprised if some of the example displays shown here are a bit different.



4 Eclipse IDE

The Eclipse IDE is a complete integrated development platform similar to Microsoft’s
Visual Studio. Originally developed by IBM, it has been donated to the Open-Source
community and is now a massive world-wide Open-Source development project.

Eclipse, by itself, is configured to edit and debug JAVA programs. By installing the CDT
plug-ins, you can use Eclipse to edit and debug C/C++ programs (more on that later).

When properly setup, you will have a sophisticated programmer’s editor, compilers and
debugger sufficient to design, build and debug ARM applications.

You can download Eclipse for free at the following web site.

www.eclipse.orq

The following Eclipse welcome page will display. Expect some differences from
my example below since the Eclipse web site is very dynamic.

F - H

.EC||DSE ecllpse.org

home ~
about us -

projcts eclipse.org =

downloads =

articles whats news eclipse in the news featured eclipse comer articles —_—~— e

NEwWSHroups

cormmunity

search Welcome to eclipse.org

0 Eclipse is a kind of universal tool platform - an open extensible DE for anything and nothing in particular. Find out what eclipse is all about - check out the white paper, read some
Wl technical articles, wisit the newsgroups, take a look at the projects, and pick up the latest downloads. Don't forget to check out the Eclipse Project FAQ and online documentation. You

can find out ahout eclipse-related events, projects, plug-ins and wehsites on the Cammunity page

Far software licensing, website terms of use, and legal FAQSs, please see our |egal stuff page. Eclipse logos and graphics are found on our lagos page

March 21- Eclipse.org Hardware Migration: Phase 1ll - CVS and Mailing list outage on Saturday. March 26th

March 17- New Technology Project Proposals: The Graphical Modeling Framework (GMF) ; Language Development Toolkit (LDT) ; Model Driven Development
Integration Project (MDDI |

March 8 - Wind River Becomes a Strategic Developer Member of Eclipse; Proposes the Foundation's First Device Software Development Project

March 1 - Computer Associates becomes a Strategic Developer Member of the Eclipse Foundation
March 1 - Eclipse Roadmap V1.0 draft released

March 1 - Eclipse Momentum Culminates in 2nd Annual Eclipse Con 2005

March 1 - Eclipse Community Thrives at EclipseCon 2005

March 1 - Eclipse Makes BIRT Modules Available
March 1 - MultiVendor Support Drives Adoption of Eclipse TPTP

March 1 - Eclipse Foundation Makes Web Services Tools Available

Fehruary 28 - Borland becomes a Strategic Developer Member of the Eclipse Foundation
February 28 - Eclipse Foundation Announces Election Results
What's New History...
March 21 - Java Basics: Eclipse for Students by Yakov Fain in JOJ
March 21 - NASA Explores Eclipse Rich Client Platform - by Scott Schram

Click on “Downloads” to get things started.


http://www.eclipse.org/

feclip

home

‘about us
projects
downloads
atticles
newsgroups
Wl S
cam muﬁfi:y
search
bugs

se eclipse.org

eclipse downloads i’]

Featured Downloads
Welcome to the Eclipse downloads section. If you're new to Eclipse, start by downloading the Eclipse SDK, then browse the various project pages to

find the useful toals and pluglns that you need If you have problems installing or getting the workbench to run, check out the Eclipse Project FAQ, or - Aspect) Development Tools (AJDT)
try posting a question to tha T downloads are provided under the terms and conditions of the EC|I se.org Software User Agreement unless 128
otherwise specified

Download how: Eclipse SDK 3.0.2,
Ipse downloads page?

- Eclipse Communication Framework
ECF’

ndows.
- Eclipze Bl and Reporting (BIRT)

.| ooking for the olg

Top-10 Eclipse Downloads

Eclipse Project

Downloads | Project home 1. Eclinse SDK 3.0.2 (latest release)
JDT - Java Developmeny Tools: Downloads | Project home 2 Ealibse SDK 31 RC3 flstest
PDE - Plugin Developmgnt Environment: Downloads | Project horme milestone/stable
Platform: Dovnloads | Prjject home 3. Eclipse Modeling Framework (EMFY)

4. ¥isual Editor (WE
5. Standard Widget Toolkit (SWT)

6. UhL2

7. 40T

GEF - Graphical Editor Bramework: Downloads | Project home

= §. WiehTools Project
UML2: Downloads | Projedt home

VE - Visual Editor: Downfpads | Project home 9. Bl Repotting Tools (BIRT)

Click on Eclipse SDK 3.0.2 to
get the latest stable release
for Windows

When working with the Eclipse and CDT, it's important to be sure that the CDT plugin
you've selected is compatible with the Eclipse revision you also selected. Be sure to
study the Eclipse web sites to be sure that you have compatible revisions selected.

If you click on Eclipse SDK 3.0.2 where it says “Download Now:” shown above, this is
the Windows version of the download.



What appears next is a list of download mirror sites that host the Eclipse components. |
selected the University of Buffalo in my home town (and where | got my Master’'s
degree).

feclipse

home

about us

poects eclipse downloads

downloads

articles

newsgralps Your preferred mirror appears to have this file: eclipse-SDk=

mailing lists

community United States

search [United States] University of Buffala CSE Departrment

bugs

Please select a mirror for this file: eclipse-3DK-3.0.2-win32.z

Africa
[South Africa] University of Stellenbosch

Asia
[Japan] Japan Advanced Institute of Science and Technology
[Korea, Republic Of] Areurn

Australia/Oceania
[Australia] Pacific Internet

Great! This mirror site

North America } _ is in my home town.
[Canada] Groupe d'utilisateurs de Linux de 'UdesS

[Canada] Eeachable.ca
[United States] Calvin Cnlleg (_Q)

[Umfgd ot ITI'\D e —

@mted States) Unwersﬂx of Buffalo CSE Department

[UmIEU o lEle ]UIII =31 wama i 01

[United States] WhiW WEE inc.

South America

[Brazil] Eclipze@@Rio, PUC-Ria

Main Download Site

Canada

Iain eclipse.org downloads area




When the mirror site starts the download process, you have to select a destination
directory to place the Eclipse zip file. In my case, | created an empty C:/scratch
directory on one of my hard drives (you could use any other drive as well).

First click on Save below.

File Download

Do you want to open or save this file?

H_gj Mame: eclipse-5DK-3.0.2-win3z2 . zip
Type: WinZip File, 5.4 MG

From: ftp.cse.buffala, edu

Open (I[ Save ] Cancel ]

N~

Blways azk before opening thiz twpe af file

Wehile files from the Internet can be wzeful, some filez can potentially
harm pour computer. [f you do not trust the source, do not open or
zawve thiz file, What's the nislk’?

Now browse to the c:/scratch directory that you created previously.

Save As
Save in; |Ib seratch V| Q F -

by Recent
Documents

E

Desktop

by Documents

@

ty Computer

File name: | eclipze-S0k-3.0. 2-win32

&

MyMetwark | Saveastyps  [wirZip File




Click on Save to start the download.

Now the download will start. Eclipse is delivered as a ZIP file. It's 85_megabytes in
length and takes 8 minutes and 20 seconds to download with my broadband cable
modem. If you have a dialup internet connection, this will be excruciating. If you don’t
have a cable modem high-speed internet connection, | suggest you find somebody who
does and go over there with a blank CDROM and a gift.

7% of eclipse-SDK-3.0.2-win32.zip Completed [= ][0

Saving:

voClipse-50K-3.0,2-win32. 2ip from ftp,cse,buffalo, edu

CTTT] J
Estimated kime left 7 min 13 sec (5.88 MB of 85.4 ME copied)

Cownload ko Cscratchleclipse-50K-3.0.2-win32, zip

Transfer rate: 153 KE/Sec

[ ] Cloge this dialog box when download completes

Open Open Folder

When the Eclipse download completes, you should see the following zip file in your
scratch directory.

& scratch X
File Edit ‘“iew Fawvorites Tools  Help -"!
. =
@ Back - \‘J I.I; p Search E’j“ Faolders - x % \h Ij
Folders X Marme:
£ Program Files A Declipse-5Dk-3.0,2-win3z a7
scratch 3
I source code | £ >
S S

Contents of folder c:/scratch/

Eclipse is delivered as a ZIP file (eclipse-SDK-3.0.2-win32.zip). You can use WinZip to
decompress this file and load its constituent parts on your hard drive.

If you don’t have WinZip, you can get a free evaluation version from this address:

http://www.winzip.com/

There’s a decent Help file supplied by WinZip. Therefore, we’re going to assume that
the reader is able to use a tool such as WinZip to extract from zip files.


http://www.winzip.com/

In my computer, with WinZip installed, double-clicking on the zip file name (eclipse-
SDK-3.1M7-win32.zip) in the Windows Explorer display above will automatically start
up WinZip.

&) WinZip (Evaluation Version) - eclipse-SDK-3.0.2-win32.zip

File Actions Options  Help

BB DD D

o &

.

&

Cpen Favorites Add Extract Encrypt Wiew CheckOut Wizard
Tupe Madified Size | Ratio Packed | Path A
HTML Docurn.,.  3/11/200% 9:15 AM 156,652  75% 39,288  eclipselreadme), B
ol ¥ML Document 371172005 9:10 AM 269 33% 168  edipse\pluginsiorg.junit_3.8.1%
plugin.properties PROPERTIE...  3/11/2005 9:10 AM 592 S51% 293 eclipselpluginstorg.junit_3.8.1%
jurik., jar Executable 3., 3/11/2005 9:10 AM 121,070  11% 108,277 edipseipluginsiorg.junit_3.5.1}
@about.html HTML Docurn,,.  3/11/200% 9:10 AM 3,039 6l% 1,194  eclipsepluginsiorg.junit_3.8.11
E update_wiz.qif alF Image 3/11/2005 9:15 AM 3,744 0% 3,744 edipse\pluginsiorg.eclipse.update.ui_3.0.1.1
E uninstall_wiz.qif aIF Image 3112005 9:15 AM 3,719 0% 3,719  edipse\pluginsiorg.eclipse.update.ui_3.0.1.1
B inskall_wiz.gif GIF Image 3/11/2005 9:15 AM 3,550 0% 3,550 edipseipluginsiorg.eclipse.update.ui_3.0.1.1
|ﬂ def_wizban.jpg Paint Shop P...  3[11/200% 9:15 AM 33,456 26% 24,610 eclpsepluginsiorg.eclipse update,ui_3.0.1.1
E config_wiz.gif alF Image 3/11/2005 9:15 AM 3,388 0% 3,388  edipse\pluginsiorg.eclipse.update.ui_3.0.1.1
E warning_co.gif aIF Image 3112005 9:15 AM 173 13% 150  edipse\pluginsiorg.eclipse.update.ui_3.0.1.1
(l;" vimdAabad A AiF TE Tro—me M AMIONE MLAE AR 1nc RR=-1-13 oo e L A B T NI - B T B P
Selected O files, 0 bytes Total 2832 files, 93,570KE a0

WinZip will ask you into what directory you wish to extract the contents of the zip file. In
this case, you must specify the root drive C:

Estract to: |I::‘\

£

Deskiop

¢

ty Documents

<

tdy Computer

by M etwork
Flaces

m.f

Extract - C:\scratchleclipse-SDK-3.0.2-win32.zip

= @ Degklop

-

(=Y | ocal Disk [C:]
&3 Shared Documents
&3 My Documents
[#-<ge Lacal Disk (D]
[#-<ee Local Disk [E]]
- DYD-RW Drive [F)
EJ--B My Metwork, Places
by Documents

= d by Computer

Y (S
]

Extract Eclipse

to

the root directory C:

Filez

Selected filezdfolders
() Al files/falders in archive

Cancel

[] Open Explarer window
[ ] Ovenwrite exizting files
[ Skip older fil=z

|ze folder names

Help

The WinZip Utility will start extracting all the Eclipse files and directories into a c:/eclipse
directory on your root drive C:.

Extracting src.zip

Cancel




At this point, Eclipse is already installed (some things are done when you run it

for the first time). The beauty of Eclipse is that there are no entries made into
the Windows registry, Eclipse is just an ordinary executable file. Here’s what

the Eclipse directory looks like.

@ eclipse
File  Edit ‘iew Favorites  Tools  Help
@ Back - ._\_;1 L@ p Search FE Folders
Folders X Mame
= < Local Disk {C:) | [Drconfiguration

T armit: — [Dfestures
= at1 [Siplugins

[T caphure Chreadme
[C3) cvgwin .eclipseproduct
[ DELL &l cplvi0
(£ Dacuments and Settings EBC"DSB

[ download @nntice
[C DRIVERS & startup
[3) eagle companents

[E] EasyScreen

[ configuration
[C3) Features
(T3 plugins
(£ readme

() eclipse_download
) Foo .

E O WENE

Size | Type
File Folder
Filz Folder
File Folder
Filz Folder
1EKBE
15kE
G5 kB
& KB
20 KB

HTML Dacurment
Application
HTML Document

ECLIPSEPRODLICT File

Executable Jar File

Date Modified

61192005 7:00 PM
6/19/2005 7:00 PM
6119§2005 7:00 PM
£i19/2005 7:00 PM
3/11j2005 9:15 &M
3{11/2005 9:15 &M
3/11j2005 9:15 AM
3112005 9:15 &M
3/11j2005 9:15 AM

You can create a desktop icon for conveniently starting Eclipse by right-clicking
on the Eclipse application above and sending it to the desk top.

File Edit Wiew Favorites Tools  Help
- i 3 !

@ Back ) l.ﬁ /D Search

Folders

= a My Computer
= S Local Disk (C:)
1= armiib
I ATI
E] capture
I DELL
I bocuments and Settings
=) download
=) DRIVERS
1) eagle camponents
I EasyScresn
=] eclipse
I configuration
| Features

i

Right-click on the Eclipse
application and send it to
the desk top.

f{:‘ Folders - x % IE D|j
= MName & Size | Tvpe
| |IChronfiguration i
 [Chifeatures
Cplugins File Folder
yreadme File Folder
.eclipseproduct 1 KB ECLIPSEPRODUCT File
3 9zKE  Application
3eclips Open 1 KB Configuration Settings
B eplyg RN 35 17KB HTML Document
—! @nticd B Windip ' FKB HTML Document
skarty Fin to Start menu 31 KB Executable Jar File

Scan For Viruses

I3 plugins copy
I readme Create Shorbeut
=) foo Delete
1) anu docs w| £ Rename

Cut

Properties

[F] Compressed (zipped) Folder
J Mail Recipient
& Musicmatch Burner Plus

[f__"| My Documents

fu ) L
5(232005 10:59 P
5132005 2:55 P
5132005 2:55 P
5132005 2:55 P
5({13/2005 2:55 P
5132005 2:55 P
5132005 2:55 P

€23 ARMLIB (F:)




Now is a good time to test that Eclipse will actually run. Click on the desktop icon to
start the Eclipse IDE.

If the Eclipse Splash Screen appears, we have succeeded. If not, chances are that the
Java Run Time Environment is not in place. Review and repeat the instructions on
installing Java on your computer.

Clipse

THE ECLIPSE PROJECT

The first order of business is to specify the location of the Workspace. | choose to place
the workspace within the Eclipse directory. You are free to place this anywhere; you can
have multiple workspaces; here is where you make that choice.

Workspace Launcher |'£|

Select a workspace

Eclipse Platform stores wour projects in a direckory called a waorkspace,
Select the workspace direckary ko use Faor this session,

;I Browse, .. |

Warkspace:

[~ Use this as the default and do not ask again

Ik I Cancel

When you click OK, the Eclipse main screen will start up.



&= Resource - Eclipse Platform

File Edit Mavigate Search Project Run Window Help

Welcome to Eclipse 3.0

What's New
Find out what is new in this r

»
eclipse

If you made it this far, you now have a complete Eclipse system capable of developing
JAVA programs for the PC. There are a large number of JAVA books and some really
good ones showing how to develop Windows applications with JAVA using the Eclipse
toolkit.

Eclipse itself was written entirely in JAVA and this shows you just how sophisticated a
program can be developed with the Eclipse JAVA IDE.

However, the point of this tutorial is to show how the Eclipse platform with the CDT
plugins can be used to develop embedded software in C language for the ARM
microcomputers.



5 Eclipse CDT

Eclipse, just by itself, is designed to edit and debug JAVA programs. To equip it
to handle C and C++ programs, you need to download the CDT (C
Development Toolkit) plug-in. The CDT plug-in is simply a collection of files that
are inserted into two Eclipse directories.

The CDT plugin selected must be compatible with the Eclipse SDK 3.0.2
release we just installed! To determine this, click on the following CDT link.

http://update.eclipse.org/tools/cdt/releases/new

CDT Update/Download Site il]

OK, these CDT releases

will work with Eclipse 3.0.2
T T T e e vt a new separate release site

TWelcome to the CDT new release update site.

The contents of this site may only be used with Eclipse 3.0.x

Aso, the CDT 2.x builds will not work with Eclipse 3.1 For new CDT 3.0 builds that will work: with Eclipse 3.1, please wisit our weekly build site.
For more mformation see hitpJ/fwww. echpse. orglodt.

There are two ways to mstall the CDT: this update site, or the old-fashioned way using zip files.

Installing from the Update Site

To install CDT from the update site, in the Help menu select Software Updates and then Find and Install, Select Search for new features to install and click Next. Click
New Remote Site to add an update site with the TRL

hitpifdownload. eclipse. orgftoolsic diireleasesinew < COpy thlS URL tO the C|Ipb08.rd

Select the appropriate CDT entry and chick next to show the hst of features for thus release. The features Lor the CLT have been sumplied and now only detines two teatures, the CDT runtine and the CDT
SDE. The 3DK feature iz a superset of the CDT runtime with the addition of the CDT source. Place a check mark next to the desired entry and click through the rest of the pages to get the install started
After the install is completed, please malce sure you accept the worlchench restart.

Installing from a zip file

For those mterested m the zp file distribution of the CDT select the appropriate release:
\ LT oM 5 20 e This is the most recent CDT
- CDT o mes 22, 2004) release compatible with Eclipse
« CDT 2.0.2 (Sept. 20, 2004) 302
o CDT 2.0.1 (Aug 31, 2004)

CDT 2.0.0 (Tune 30, 2004)

We can let Eclipse install the CDT plugins for us.

Start up Eclipse and click on “Help — Software Updates — Find and Install ... *


http://update.eclipse.org/tools/cdt/releases/new

£ Resource - Eclipse Platform

File Edit Mavigate Search Project Run  ‘Window Qs

& Welcome
() Help Contents
Welcome to Eclipse 3.0 e erry
Cheat Sheets...
g re Lipdates 3

About Eclipse PlatForm ) Manage ConFiguration. ..

A
eclipse

Select the “Search for new features to install” radio button and click “Next”

£ Install/Update

Feature Updates

Choose the way wou want o search For features to inskall

" Search forupdabac of B ntly installed features
|
< % search for new Features ko install
——

—,

= Back (INext = \I Finish | Cancel




We need to specify the CDT update site, so click on “New Remote Site.”

“ Install

Update sites to visit pu
7
Select update sites to visit while looking For new Features, iy )

)

Sikes ko include in search:

-] #| Eclipse.org update site Mew Remote Site. . |
Mew Local Sike. ..

New Archived Site. . |

Edit... |
Remave |

Import sites. .. |
Export sites. .. |

¥ Ignore Features not applicable ko this environmenk

< Back Texk = | Fimish I Cancel

If you still have the CDT update URL saved above, paste it into the URL text
box below.

http://download.eclipse.org/tools/cdt/releases/new

Enter “CDT” into the Name text box and click OK.

New Lipdate Site

Marne: I DT

LIRL: |http:,l',l'u:ln:nwnln:-ad.eclipse.n:nrg,l'tn:n:nls,l'n:u:lt,l'releases,l'newl

(04 I Cancel |



http://download.eclipse.org/tools/cdt/releases/new

Now check the “CDT” box and click “Next” to continue the CDT installation.

£ Install

Update sites to visit

Select update sites to visit while looking For new Features, (¥

Sites ko include in search:

=-[F % coT New Remote Site. .. |
=-O ﬂ Eclipse.org update site

Mews Local Site... |

Mew Archived Site. .. |

Edit... |

Remove |

IV Ignore features not applicable to this environment

= Back mxtm Finish | Cancel
————

Check the box for “Eclipse C/C++ Development Tools 2.1.1” in the window
below and click “Next” to continue the installation.

£ Install

Search Results

Select Features ko install from the search result list, (i

Select the Features to install:

Feature I Wersion I Provider | Select all |
O @Eclipse CJC++ Development Tooling SDE 2.0.0 Eclipse.org

O @Eclipse CIC++ Development Tooling S0K 2.0.1 Eclipse.org ﬂl
O @Eclipse CIC++ Developrient Toaling SOE z.0.2 Eclipse.org Mare Info |
O @Eclipse CJC++ Development Tooling SDE 2.1.0 Eclipse.org

O % Eclipse C/C++ Development Tooling SDK 211 Eclipse.arg Properties |
O @Eclipse CIC++ Development Tools z2.0.0 Eclipse.org :

O @Eclipse CJC++ Development Tools 2.0.1 Eclipse.org WI
O %Eclipse CIC++ Developrment Tools 2.0.2 Eclipse.org

O @Eclipse CIC++ Development Tools Eclipse.org

Eclipse CfC++ development tools, (Binary runtime and user documentation, )

1 of 10 selected,
[ Filer features incuded in ather Features on the list

e
<Back(| ek = \I Finish | Cancel
N\ 4
——



Accept the license agreement and click “Next.”

£ Install

Feature License
[
Some of the Features have license agreements that vou need to accept before proceeding with the . —
inskallation, \f

(- Eclipse C/C4++ Development Togls | ECLIPSE ORG SOFTWARE LISER. AGREEMENT
. | 17th June, 2002
@Echpse C/C++ Development Toolir

|

ECLIPSE.ORG MAKES AWAILABLE SOFTWARE, DOCUMENTATION, INFOR
OTHER. MATERIALS FOR OPEM SOURCE PROJECTS (COLLECTIVELY "COM —
LISE OF THE COMTENT IS GOVERMED BY THE TERMS AND COMDITIONS C
AGREEMENT AMDYOR THE TERMS AND COMDITIONS OF LICEMSE AGREE
MOTICES INDICATED OR REFEREMCED BELOWY, BY USING THE COMTEMT
AGREE THAT ¥OUR USE OF THE COMTEMT IS GOYERMED BY THIS AGREE
AMDJOR THE TERMS AMD COMDITIONS OF AMNY APPLICAELE LICEMSE A
OR MOTICES INDICATED OF REFEREMCED BELOWY, IF YOU DO NOT AGR
TERMS AMD COMDITIONS OF THIS AGREEMEMT AMD THE TERMS ANMD O
OF AMNY APPLICABLE LICEMSE AGREEMENTS OR MNOTICES INDICATED QR
BELCWY, THEM ¥OU MaAY NOT LISE THE COMTEMT.

Unless otherwise indicated, all Content made available by Eclipse.org

< | Bz IR

b

{* 1 accept the berms in the license agreement

™ I donot accepk the kerms in the license agreements

< Back| | Mexk = | Cancel

Take the defaults on the next screen and click “Finish” to start the CDT
installation.

Install Location
Choose the location where the features will be installed. &@ﬂ |

Features toinstal: Available sites:
@:Eclipse CJC++ Develapment Tools 2.1.1 | 99 c:\eclipse Add Site... |
Remave Site |
<_| 1l ] i|

Required space: OKE
Free space: 20625464k E

e

< Back. I Mexk ﬁ Finish h Cancel |
A 4




The CDT installation will start up.

& Install X]

Install Location

Choose the lacation where the features will be installed, (Eﬂ@ |

Features to install: A ailable sites:
PR Eclipse C/C++ Development Toals 2. 1. RSl c:eclipse Add site, ,, |
Remove Site |

i, 1]} ] l.

Required space: OKE
Free space: 20626464KE

Downloading: plugins/org. eclipse.cdt.ui_2.1.1.jar {1568K bytes)
[LITIIILL]]

< Back | Mexk = | Finish I Cancel |

When the CDT download and installation completes, a pop-up window will
advise you to restart Eclipse. Answer yes and when Eclipse restarts, it will have

the CDT plugins properly installed. Eclipse must be restarted for the CDT
plugins to take effect.

Let's now test if the CDT Plugin installation was successful. If Eclipse is not already

running, click on the desktop Eclipse icon to start up the Eclipse IDE (Integrated
Development Environment).

&= Resource - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help

Welcome to Eclipse 3.1

< i |




Now click on “File — New — Project”. This should display the “new project” window.

= Resource - Eclipse Platform

GCW Edit Mavigate Search Project Run  Window  Help
Ble+3hifE+H
Open File...
(% Folder
Close Chrl+F4 -
Clase &l Chrbshiftere | L P
Unkitled Text File
[% Save Chrl+5
& save s % Other... Chrl+HM
@) 5ave Al Chri+5hift+5
Revert =
New Project
Mave...
Rename. . F2 Select a wizard p—>
Refresh s Create a Java project [
Convert Line Delimiters To 4
P—
& Print... Chrl+P
Wizards:
o
£2g Import... =t . :
T Plug-in Project
£ Export... =
Properties Alt+Enter ; A=A
: -G TS
Exit - B Java
#- 22 Plug-in Development
-7 Simple
[
i
< Back. I Mexk = I Firish Cancel

If you see C and C++ as possible projects to select, then you know that the CDT has
been installed successfully. Exit from Eclipse and we’ll proceed to downloading the
Cygwin GNU Toolkit.



6 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 with the Linux
operating system. To the rescue came Cygwin, a company that created a set of
Windows dynamic link libraries that trick the GNU compiler toolset into thinking
that it's running on a Linux platform. If you install the GNU compiler toolset
using the Cygwin system, you can literally open up a DOS command window
on your screen and type in a DOS command like this:

>arm-elf-gcc —g —c  main.c

The above will compile the source file main.c into an object file main.o for the
ARM microcontroller architecture. In other words, if you install the Cygwin GNU
toolset properly, you can forget that the GNU compiler system is Linux-based.

Normally, the Cygwin installation gives you a compiler toolset whose target
architecture is the Windows/Intel PC. It does not include a compiler toolset for
the ARM microprocessors, the MIPS microprocessors, and so forth.

It is possible to build a compiler toolset for the ARM processors using the
generic Cygwin GNU toolkit. In his book “Embedded System Design on a
Shoestring”, Lewin A.R.W. Edwards gives detailed instructions on just how to
do that. Fortunately, there are quite a few pre-built tool chains on the internet
that simplify the process. One such tool chain is GNUARM which gives you a
complete set of ARM compilers, assemblers and linkers. This will be done in
the next section of this tutorial.

It's worth mentioning that the GNUARM tool chain doesn’t include the crucial
MAKE utility, it's in the Cygwin tool kit we’re about to install. This is why you
have to add two path specifications to your Windows environment; one for the
c:/cygwin/bin folder and one for the c:/programfiles/gnuarm/bin.

The Cygwin site that has the GNU toolset for Windows is:

WWW.Cygwin.com



http://www.cygwin.com/

The Cygwin web site opens as follows:

& | Cyewin Information and Installation - Microsoft Internet Explorer

File Edit Wiew Favarites Tools  Help ﬁ'
Q- © R B G| Pmo oo @ 3% B-LID B
Address @ it e, cyguating, cammy Vl Go Links **
2
GNU + Cygnus
+ Windows =
Cygwin Home What Is Cygwin? C
Cyzwin/X Home o . . . . hustall
Cygwin 12 a Linuz-like envirottnent for Windows, It conststs of two patts: Cygrin
Eed Hat Cygwin o A DLL (cygwinl dll) which acts as a Limuz AFT emulation layer prowiding substantial Linuz APT il N
Product finctionality,
Comrmunity + A collection of tools, which provide Limux look and feel
;m%iss—m'g The Cygwin DLL worlks with all non-beta, non "release candidate”, =86 32 bit wversions of Windows since
Windows 95, with the exception of Windows CE.
e Dlailing Lists
s Unofficial What Isn't Cygwin?
Hewsgroups
. + Cygwin is not a way to run native hnuz apps on Windows. ¥ ou have to rebuild your application frawms
o Iirror Sites soures f you want to get it running on Windows.
. + Cygwin i3 not a way to magically make native Windows apps aware of TNE{ ® functionality, like
SR alions signals, ptys, etc. Again, you need to build your apps_from source ff you want to take advantage of
Documentation Cygwin finctionality,
+ FAQ . . .
Help, contact, web page, other info...  Histenical cygwin info. .
e zer's Guide
s APl Reference
get help on find a package ot
* Acronyms using of filein the cygwin
ol setup.exe. release.
* Snapshots Latest Cygwin DLL release versioniz 1.5.16-1
& Jource in CV3 3
—l —
@ B Internet

The first thing to do is to click on the install icon:

We need to download the setup executable and automatically run it.

File Download - Security Warning
Click on “Run” to
download and run

Mame: setup.exf the Cng|n Setup
Type: Applicatign, 279 KB program

Fram: v, cydain, com

Do you want to run or save this file?

[ Fun ][ )Save ]l_ Canicel ]

P While files from the Internet can be uzeful, this file type can
9 potentially harm your computer. IF you do not trust the source, do not

T or zave thiz software, What's the rigk?




Now the Cygwin wizard will start up. Select “Next” to continue.

- Cygwin Setup

Cygwin Net Release Setup Program

T hiz wizard will guide you through the installation and updating
aof the Cygwin environment and a plethora of GHU packages.

cC

Setup.exe version 2427

Copyright 2000, 20001 Red Hat Inc.
http: #f2ources redhat. comdcogwing

N
< Back 6 Mext » | Cancel

Choose “Install from Internet” and then click “Next.”

Cygwin Setup - Choose Installation Type

Choose A Download Source
Chooze whether ta inztall ar davenload fram the intemet, or install from files in =
a lozal directary,

&+ Install from Internet
" Download from Internet

™ Install from Local Directon

/7~ ™\

< Back 6 Meut » |\ Cancel |




Now we specify a directory where all the downloaded components go, our c:/scratch
folder will do just fine.

= Cygwin Setup - Select Local Package Directory

Select Local Package Directory
Select a directory where you want Setup ta store the installation files it
downloads. The directory will be created if it does not already exist.

Local Package Directar

IC:\scratch Browse. I

N\

< Back ﬁ Mext > h Cancel |

AV Vi

<
Since | have a high speed internet connection, | always select “Direct Connection.”
Click “Next” to continue.

= Cygwin Setup - Select Connection Type

Select Your Internet Connection
Setup needs to know how pou want it to connect ta the intemnet. Choose
the appropriate settings below.

% Direct Connection
" Use IES Settings
" Use HTTPAFTP Prowy:

Proxy Host I

Fart IBD

e
<Back/| Mest > \I Cancel
\ VA

Now the Cygwin Installer presents you with a list of mirror sites that can deliver the
Cygwin GNU Toolkit. It's a bit of a mystery which one to choose; | picked
http://planetmirror.com because it sounds cool. You may have to experiment to find one
that downloads the fastest. Click “Next” to continue.

= Cygwin Setup - Choose Download Site(s)

Choosze A Download Site
Choose a site from this lizt, or add your own sites to the list

Levailable Download Sites:

hittp: / fmirror. mes. anl. gov

hitp: # rirror. pacific. net, au

http: # #roirrars, daoksre.org

http: # #rairrars. kemel.org

http: 4 frairrars. ren.net

http: # #rairrars. theonlinerecordstore. com

3

Do/ 7 SOUICES Tednal mior. [eawile. ne
http: / fsourcewane. mirrors. bds. net

hittp: Ao carfield. com. bk

hittp: 4 fwneny irror. ac.uk

hittp: /Ao zignald 2. com

(=]

User URL: Add

< Back I Mewt > I Cancel |



http://planetmirror.com/

Cygwin will download a few bits for a couple of seconds and then display this “Select
Packages” list allowing you to tailor exactly what is included in the down load.

= Cygwin Setup - Select Packages

Select Packages
Select packages to download
" Keep O Prev ™ Cur © Exp View| Cateqgary
Cateqaory Current M ew Bi.. | 5r... | Package |i
+ 4l &% Default

+ Admin &% Default

+ Archive &% Default

+ Baze & Default

+ Databaze & Default
+ Devel & Default

+ Doc & Default

+ Editorz £% Default

+ [3ames & Default

+ [nome &% Default
< 2

(£

¢ Back | et = | Cancel

The screen above allows you to specify what GNU packages you wish to install.
Basically, we want an installation that will allow us to compile for the Windows XP / Intel
platform. This will allow us to use Eclipse to build Windows applications (not covered in
this document). Remember that we’ll be installing the GNUARM suite of compilers,
linkers etc. for the ARM processor family shortly.

If you look at the Cygwin “Select Packages” screen below, you'll see the following line.

+ Devel 4% Default

You must click on the little circle with the two arrowheads until the line changes to this:

!
+ Devel &¥ [nstall



This will force installation of the default GNU compiler suite for Windows/Intel targets.
Here’s the “Select Packages” screen before clicking on the circle with arrowheads.
The following four packages must be selected and changed from “default” to “install.”

Archive O Default Archive Q Install
Devel O Default Devel QO Install
Libs O Default Libs QO Install
Web O Default Web O Install

Click on the little circle with the arrowheads until you change the four packages listed
above from “default” to “install.”

You should see the screen displayed directly below. Note that the Archive, Devel, Libs
and Web components are selected for “Install”. Everything else is left as “default.”

~ Cygwin Setup - Select Packages

Select Packages
Select packages to install -

" Keep O Prev O Cur O Exp \-"iew! Cateqgory
Cateqory | Current M e | Ei...l S ||

+ 4l & Default
+ Admin & Default
+ Baze &% Default
+ Database & Default
+ Doc & Default
+ Editors &% Default
+ Games &% Default
+ Graphics &% Default
+ |nterpreters 4 Default
+ Mail &% Default
+ Math &% Default
+ Mingw & Default
+ Met & Default
+ Publizhing &% D efault
+ Shellz &£ Default
+ System &% Default
+ Tewt & Default
+ Ltilz 43 Default
+'Web & Install |
+ 11 & Default
+ 2= RemovedPackages & Default
+ _PuostlnstallLazt &% Default

k.

¢ Back d/NEHtW Cancel

Click “Next’ to start the download.



Now the Cygwin will start downloading. This creates a huge 700 Megabyte directory on
your hard drive and takes 30 minutes to download and install using a cable modem.

99% - Cygwin Setup

Progress s
Thiz page dizplays the progrezs of the download or installation,

Diownloading. .

Package: [

Total N
Disk: [

¢ Back | st » | Cancel |

When the installation completes, Cygwin will ask you if you want any desktop icons and
start menu entries set up. Say “No” to both. These icons allow you to bring up the BASH
shell emulator (like the command prompt window in Windows XP). This would allow you
do some Linux operations, but this capability is not necessary for our purposes here.
Click on “Finish” to complete the installation.

Cygwin Setup - Create lcons

Create lcons =
Tell setup if pou want it to create a few icons for convenient access to the
Cygwin environment.

[ Create icon on Desktop
[T Addicon to Start Menu

_ e—
< Back ( Finizh b Cancel |




Now the Cygwin installation manager completes and shows the following result.

Cygwin Setup @

Installation Complete

Ok

The directory c:\cygwin\bin must be added to the Windows XP path environment
variable. This allows Eclipse to easily find the Make utility, etc.

Using the Start Menu, go to the Control Panel and click on the “System” icon.

Then click on the “Advanced” tab and select the “Environment Variables” icon.
Highlight the “Path” line and hit the “Edit” button. Add the addition to the path as shown
in the dialog box shown below (don’t forget the semicolon separator). The Cygwin FAQ
advises putting this path specification before all the others, but it worked for me sitting at
the end of the list.

Edit System Variable

Variable name: Path

Variable value: ccygwintbing ooygwiniusrlocalibing 3 5ws

i K, ” Cancel J

We are now finished with the CYGWIN installation. It runs silently in the background
and you should never have to think about it again.



7 Downloading the GNUARM Compiler Suite

At this point, we have all the GNU tools needed to compile and link software for
Windows/Intel computers. It is possible to use all this to build a custom GNU compiler
suite for the ARM processor family. The very informative book “Embedded System
Design on a Shoestring” by Lewin A.R.W. Edwards ©2003 describes how to do this
and it is rather involved.

Fortunately, Pablo Bleyer Kocik and the people at gnuarm.com have come to the

rescue with pre-built GNU compiler suite for the ARM processors. Just download it with
the included installer and you’re ready to go.

Click on the following link to download the GNUARM package.

www.gnuarm.com

The GNUARM web site will display and you should click on the “Files” tab.

RESOQURCES

SUPPORT

“Steve is one of the brightest guys I've ever worked with - brilliant; but when we decided to dv a microprecessor on our own, I made twe great decisions - I gave them [Steve Furber and SOpme Wilson two things
wihich Wational, Intel and Motorals had never given their design teams: the first was no money; the second wes no people. The only way they could do & was to keep i really simple.” -= Hermann Hauser

Last update: 2004-07-05 18:01
GNU ARM toolchain for Cygwin, Linux and MacOS

Welcome! In this page you will find a pre-compiled binary distribution for the {hopefully) latest GHU ARM/Newlib toolchain for Cygwin, Linux and Macds,

The toolchain consists of the GNU binutils, compiler set {GCC) and debugger (Insight for windows and Linux, GDB only for MacOS). Mewlib is used for the C library. The toolchain includes the © and C++ compilers.
Details of the build process appear here. The Windows installer executable files are generated with Inno Setup. The MacOS toolchain is bundled with apple's PackageMaker.

If you have any problems using these files please contact us using our mailing list,

Please note: Some people have been asking us for permission to re-distribute the GHNUARM installer and associated files slong with their cornmercial products. This is totally encouraged provided that the software
licenses are fulfilled and that there are no charges except for, possibly, a small fee for the media and handiing. In this way pou wilf be helping both the GNUARM project and your custormers.

Also note that we have avoided purely-commercial pointers in our projecis section at our rescurces page, To be fair with everyone, we will be only adding links to projects that provide useful, unbiased, technical
information onfine, Contact us i pou wish pour site to be listed there,

The correct package to download is Binaries Cygwin — GCC- 4.0 toolchain

Binaries

53CC-3.3 toolchain

Mac 05 ©
binutils-2.14, goe-3,3.2-c-c++, newlib-1.12.0, gdb-6.0, PKG TGZ [35,2 MB]

GCC-3.4 toolchain

Cygwin

hinutils-2.15, goe-3.4.3-c-c++-java, newlib-1.12.0, insight-6.1, setup.exe [17,0MB]
GMUSLinuyx (x86)

hinutils-2.15, goo-3.4.3-c-c++-java, newlib-1.12.0, insight-6.1, TAR BZ2 [56,0MB]

GCC-4.0 toolchain

Cygwin
binutils-2.15, goe-4.0.0-c-c++, newlib-1.13.0, insight-6.1, setup.exe [23 OMB]



http://www.gnuarm.com/

Just like all the other downloads we've done, we direct this one to our empty download
directory on the hard drive. Here we click “Save” and then specify the download
destination.

File Download - Security Warning

Do you want to run or save this file?

Mame: bu-2.15_goc-4.0.0-c-c++_nl-1.13.0_gi-6.1. exe
Type: Application, 23.0 ME

Fraom: WAL, QR EETn, Cam

Run (][ Save ] Caticel ]

Py While filez fram the Intermet can be uzeful, thiz file tpe can
G potentially harm your computer. [F you do not tust the zource, do not

run ar gave thig software. What's the sk’

Once again, our c:/scratch directory will suffice.

Save As
Save in: |b scratch V| 4] ¥ = -

My Recent
Documents

s

Dezktop

\&

ky Documents

&

ty Computer
__ ——
o
Q File name: I:nu-E'.'I 5 goo-4.0.0-c-c++ nl-1.13.0 gi-6.1 W | [ Save
by M etork, Save as type: |,-'l'-,pp|iu:ati|:|n w | =

As you can see, this download has a very long name!



This download is a 18 megabyte file and takes 30 seconds on a cable modem.

32% of bu-2.15_gcc-4.0.0-c-c++_nl-1.13.0... [2]0[[X]

Sawing:

vt _nl-1,13.0_gi-6, 1. exe From s, gnuarm, com

Estimated time left 2 min 3 sec (7,25 MB of 23.0 MB copied)
Cowenload to: nobu-2,15_gec-4.0.0-c-c++_nl-1.13.0_gi-5.1.exe
Transfer rate: 131 KBj3ec

[] Clage thiz dialog box when download completes

Open Open Folder

The download directory now has the following setup application with the following
unintelligible filename: bu-2.15 gcc-3.4.1-c-c++-java_nl-1.12.0 _gi-6.0.exe

Click on that filename to start the installer.

® scratch X
File Edit Wiew Favorites Tools  Help ﬁ'
" . i
@ Back ~ () l.‘ﬁ; p Seatch ‘ E{i‘ Folders ' x % | |j
Faolders X Marme
) pictures P E’i:‘]l:uu-z.15_|;||:|:-41:I.D-n:-|:++_nl-1.13.III_|;|i-E-.1
I3 Program Files =
2 scrateh
[ T Y Z
< | |* £ >
— _ __

Click on this
application to start
the GNUARM
installer




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

%X Setup - GNUARM B

Welcome to the GNUARM Setup
Wizard
Thiz will install GHUARRM 4.0.0 on vour computer.

It iz recommended that you clogze all other applications befare
continuing.

Click Mewxt to continue, or Cancel to exit Setup.

L Mext = ]l) Cancel ]

e Setup - GNUARM

License Agreement ~ I

Pleaze read the following important infarmation before continuing.

Fleaze read the following Licenze Agreement. v'ou must accept the terms of this
agreement before continuing with the installation,

GMU GEMERAL PUBLIC LICEMSE |
Yergion 2, June 1991 3

Copyright [C] 1989, 1991 Free Software Foundation, [ne.

59 Temple Place, Suite 330, Bostan, kA 02111-1307 USA
Evervone iz permitted to copy and digtribute verbatim copies
af thiz licenze document, but chanaing it iz not allowed.

Freamble
The licenses for most software are designed to take away wour B
(%) | accept the agreement
| do not accept the agreement
P
y N\
[ < Back( ]L Mext » J D Cancel ]
\ /
~—



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

7 Setup - GNUARM

Select Destination Location H

Where zhould GMNUARM be installed?

I-’J Setup will ingtall GHUARM inta the following folder.

To continue, click Mext. [F pou would like to gelect a different folder, click Browse,

|D:\Program Files\GNUARM | [ Browse.. | [

At least 52,9 MEB of free dizk space iz required.
 —

/ N\
[ <Ba|:k( ]L Mext » JD Cancel ]
A

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

2 Setup - GNUARM

Select Components "

Which components should be installed?

Select the components you want toingtall; clear the components you do not want to
ingtall. Click Mest when vou are ready to continue,

| Full installation W
Little Endian 770MB A
- [#] LE Libraries 97 ME
L - [#] Mo Fast Multiplier 98 ME = =
- v ARM-THUME [ntenwarking 98 MB —
- [w] THUME 18.9 B
=' THUME Libraries 9.5 MB
Lo [w] ARM-THUME Intensorking 9.5 ME
- [#] Floating Paint Uit 29.0 ME
- [¥1 FPU Libraries 97 Me ¥

Current zelection requires at least 2189 ME of dizk zpace.

P
/ N\
[ <Ean:k JL M ext > JDEancel J




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

& Setup - GNUARM

Select Start Menu Folder H
Where zhiould Setup place the program's shortouts? =l

Setup will create the program's shartcutz in the following Start Menu folder.

To continue, click Mest, [F pau would like to zelect a different falder, click Browse.

| GNUARM | | Browse.. |
T
/[
[ < Back (JL Mest = DL Cancel J
\V

It's very important that you don’t check “Install Cygwin DLLs”. We already have the
Cygwin DLL installed from our Cygwin environment installation. Since all operations are
called from within Eclipse, we don’t need a “desktop icon” either. Click “Next” to

continue.

i Setup - GNUARM

Select Additional Tazks
YWhich additional tazks should be performed?

Select the additional tazks you would like Setup to perform while inztaling GRUARRM,
then click Mext.

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

[] Inztall Cygwin DLLs

[ <Ba|:k( JL fext ,] Cancel J




Click on “Install” to start the GNUARM installation.

ie Setup - GNUARM

Ready to Install
Setup iz now ready to begin installing GHUARM on vour computer.

Click Inztall to continue with the installation, or click Back if you want o review or
change any settings.

Destination location;
D:MPragram Filez\GHUARM

2

Setup bppe:
Full inztallation b

Selected components:
Little Endian
LE Libraries
Mo Fast Multiplier
ARMM-THUME Intenwarking
THURMEB

<

/
[ <Bau:k( JL Irstall ] Canicel J

Sit back and watch the GNUARM compiler suite install itself.

% Setup - GNUARM

Installing
Pleaze wait while Setup install: GMUARM on your computer.

Extracting files. .
C:%Program FileshGHUARMSincludetc++44. 0. 05backward\heap.h

Cancel




When it completes, the following screen is presented. Make sure that “Add the
executables directory to the PATH variable” is checked. This is crucial.

% Setup - GNUARM -]

Completing the GNUARM Setup
Wizard

Setup has finizhed instaling GHUARM on vour computer. The
application may be launched by zelecting the installed icons.

Click Finish to exit Setup.

Add the executables directory to the PATH waniable

——

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.



8 Installing the Philips LPC2000 Flash Utility into Eclipse

The Philips LPC2000 Flash Utility allows downloading of hex files from the
COML1 port of the desktop computer to the Olimex LPC-P2106 board’s flash (or
RAM) memory.

We need to download the latest version of this program from the Philips web
site and unzip and install it into the program files directory. Then we will start
Eclipse and add the LPC2000 Flash Utility as an external tool to be invoked.

Click on the following link to access the Philips LPC2106 web page.

www.semiconductors.philips.com/pip/LPC2106.html

The following web page for the LPC2106 should open.

PHILIPS

YOUR COUNTRY A J CONSUMER FRODUCTS FROFESSIONAL FRODUCTS

v | seancH I >

P PHILIPS SEMICONMDUCTORS Mews Center | Markets | Key Tachnologies | Products | Jobs | Cormpany Profile |

- I I Product Information

Product Categories

Information as of 2004-07-10

+Analog and mixed-
signal devices

= Audio
= Buz devices
# Clodks & Watches

= [ata
Communications

#[izcrete modules
* [iscretes
* Display drivers

#|dentification &
Sacurity

= Laogic

= Microcontrollers
#Feripherals
=ideo

=ifired
Communications

=liire|ess
Communications

Stay Download
informed datasheet

E Features H Datasheet
K Ermailftranzlate

H Dizclaimer

E General description
i Block diagram
E Products & packages

E Applications
K Support & tools

E Parametrics H sirnilar products

B General description

The LPC2104, 2105 and 2106 are based on a 16/37 bit ARM7PTDMI-S CPU with real-time emuolation and
embedded trace support, together with 128 kbytes (kB) of embedded high speed flash memoary. & 125 bit
wide mermory interface and a unigue accelerator architecture enable 32 bit code execution at maximum
clock rate, For critical code size applications, the alternative 16-bit Thumb Mode reduces code by more
than 30pct with rinirmal performance penalty,

Due to their tiny size and low power consurnption, these microcontrollers are ideal for applications where
rminiaturization is a key requirement, such as access control and point-of-sale. With a wide range of serial
carrnunications interfaces and on-chip SRAM options up to 64 kilobytes, they are very well suited for
comrunication gateways and protocol converters, soft modems, voice recognition and low end imaging,
providing both large buffer size and high processing power, Various 32 bit timers, PWwM channels and 32
GPIO lines make these microcontrollers particularly suitable for industrial control and medical systems,

B Features

Key features

® 16/32 bit ARM7TDMI-S processar,

samniier oastar b ® 1A2A4 kR nn-chin Static RAM.


http://www.semiconductors.philips.com/pip/LPC2106.html

If you scroll down this page, you will see a link to the LPC2000 Flash Utility
download. Click on the ZIP file LPC2000 Flash Utility (date 2004-03-01)

B Support & tools

LPZZ104 Single Chip 32-bit Microcontroller Erratasheet{date 2004-06-01)

LPC2105 Single Chip 32-bit Microcontroller Erratasheet{date 2004-06-01)

LPCz2106 Single Chip 32-bit Microcontroller Erratasheet{date 2004-06-01)

LPC2104 Erratasheetidate 2003-12-10)

LPC2105 Erratasheet{date 2003-12-10)

LPC2106 Erratasheetidate 2003-12-10)

Philips Microcontraller Line Card({date 2004-03-05)

LPC2104/2105/2106 Leaflet{date 2004-02-24)

Philips -- The Innovation Leader in Mocrocontrollers{date 2004-06-30)
LPC2106/ 21052104 User Manualidate 2003-09-17)

LPZ2000 Flash Utility{date 2004-03-01)

ElweesiiE  |Developrment Tools for LPCZ100 devices{date 2003-05-21)

As before, we'll save the downloaded zip file in our empty c:/scratch directory. This is a
fairly short download, only about 2 megabytes.

File Download E|

L | ) ouare downloading the file:
-

Ipc2000_flash_ukilits. zip From wis , semiconductors. philips, com

“Whould you like to open ile or gave it to your computer?

[ Open Save Cancel ] [ Mare [nfa

Always azk before opening this bwpe of file

32% of lpc2000_flash_utility.zip Completed = || |[X]

O

Saving:
Ipc2000_flash_ukiliey, zip Fram weas, semiconduckars, philips, com

Estimated time left 26 sec (628 KB of 2,00 ME copied)
Download ko Cscratchi|pc2000_Flash_utiliey, zip
Transfer rate: 54.5 KB'5ec

[] Cloge this dialog box when download completes

Open Open Folder




We'll use WinZip to unzip this into the c:/scratch directory.

®] WinZip (Evaluation Version) - |pc2000_flash_utility.zip

File Actions Options  Help
v - e iy =4 = i iy
S 8 0 @ @ ¥ o @ U
Mewy Cpen Favorites Add Extract Encrypt YWiewy In=tall Wizard
Mame Type rodified Size | Ratio| Packed| Path
1 8 setup.exe Install pplic...  7/15/2000 12:00 AM 139,776 52% 57,174
N CDLPC210%_ISP.CAR WinZip File 5/17/2004 11:21 &M 2,041,648 1% 2,029,..
Set_u:l.lst LST File 5/17/2004 11:22 AM 4,001 79% 825
Selected 0 files, 0 bytes | Total 3 files, 2,135KE 90 .

Now you can see that the download directory has a setup utility and another zip
file containing the LPC2000 Hex Utility. Click on the setup.exe application to
start the installer.

@ ccratch
File  Edit Miew Favaorites Tools  Help a.'
@ Back - k._) l.‘!: ﬁSearch ‘EE:‘ Folders v x % @ Elj

Folders X Mame =
M |0 -2000_Flash_ukiliby

= = Local Disk (1230

I armiib .

B [ ATI Click on setup to
I capture start the installer

IC3) DELL

I Documents and Setti v

£ | ¥ £




The LPC2000 Flash Utility setup now starts. Click on OK to proceed.

LPC2000 Flash Utility Setup

= LPC2000 Flash Utility Setup X

@ welcome bo the LPC2000 Flash Utilicy installation program.
=

Setup cannat inskall system files or update shared files if they are in use,
Before proceeding, we recormmend that vou close any applications wou may
be running.

Exit Setup

Take the default on this screen below and let it install the LPC2000 Flash Utility into the
Program Files directory.

= LPC2000 Flash Utility Setup
egin the installation N

clicking the button below,

destingrion directory,

C:Program Files\LPCZ 106 ISP, hange Direckory

Exit Setup




In a very few seconds, the installer will complete and you should see this screen.

LPC2000 Flash Utility Setup

LPC2000 Flash Utility Se

X

o was completed successfully,

Here we see the utility residing in the Program Files directory, just as promised.

® | PC2106 ISP

Folders

= [ Program Files

® ) 321Studios
@ D Adaptec
@ ) 4dobe
@ ) AIMIS
@ 3 America Onling 7.0
= [ America Online 2.0
® £ America Online 2.0a
@ ) 400
@ (£ A0L Companion
@ £ Applied_Insights
E C ATI Multimedia
@ [ ATI Technologies
@ 3 sutodesk
= o
= £ Common Files

[T ComPlus Applications
[ [CD Futuris Imager
@ 3 Gemstar
@ [ GHUARM

(T Google
= SHP
@ IMST
@ ) InstaliShield Installatio
@ [ Internet Explorer
@ £ Pod
@ ) iTunes
@ ) Java

9 LPC2106 ISP

™= Maccannar
£ 1l

x|

X MName =

W P10y ISP
-~

—' B sTaUNST

Size | Type
6516 KB application
3 KB Text Document

! File Edit Wiew Favorites Tools Help
e Back - @ - @ p Search @: Folders ' x x
{ Address |Ei D:\Program Files\.PC2106 ISP v_| Go

Date Maodified
5/17/2004 10:25 &AM
741142004 1:55 AM




Now that the Philips LPC2000 Flash Utility is properly installed on our
computer, we’d like to install it into Eclipse so that it can be invoked from the
RUN pull-down menu under the “external tools” option. Start Eclipse by

clicking on the desktop icon.

The layout of the Eclipse screen is called a “perspective.” The default
perspective is the “resource” perspective, as shown below.

" Resource - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help

IBI~-HEe |~ |2 |ecro-

We need to change it into the C/C++ perspective. In the Window pull-down
menu, select Window — Open Perspective — Other — C/C++ and then click

OK.

" Select Perspective |z|

Bgcic++

BEC/c++ Browsing

E=CYS Repository Explaring
35 Debug

ﬁJJava

15 1ava Browsing

o4 1ava Tvpe Hierarchy
=J=Plug-in Development
[5Resource (defsulty

&P Tearm Synchronizing

Ok, I Cancel




Eclipse will now switch to the C/C++ perspective shown below and will

remember it when you exit.

* CIC++ - Eclipse Platform

File Edit Mavigate Search Project Run \Window Help

Jfﬂ’".-_. _J@‘EE;J%'O'QvJ@@Jﬂ: T} T

B | Bgc/c++ 2

C/C++ Projects =8 g=outline 52 =l
R Y | <§> - An outline is not available,
[ Problems 32 CDnsoIe|Pererties| X H~=08
0 errors, 0 warnings, 0 infos
I Description Fesource
i | 1ill ] i|

Now we want to add the Philips LPC2000 Flash Utility to the “External Tools”
part of the Run pull-down menu. Select RUN — External Tools — External

Tools.

CIC++ - Eclipse Platform

File Edit Mavigate Search Project Rl

Window Help

| i | & & | %5 + @ @ Run Last Launched

CirHF11

F11

C/C++ Projects m .:.: *, Debug Last Launched
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We want to add a new program to the External Tools list, so click on Program
and then New.

* |[External Tools

Create, manage, and run configurations

Create a configuration that will run an Ant buildfile, %

Configurations:

- Program

H Perspectives

These settings associate a perspective with Ant Build launch configurations. A
different perspective may be associated with each supported launch mode, and can
optionally be activated when a configuration is launched or when a breakpoint is
encountered via the Debug preferences, To indicate that a perspective switch
shiould not occur, select "None".

Rur: |N|:|ne Ll
Restore Defaults |

4
l Mew | Delets ~pply | fizlides |

Fun I Close |

Note below that there’s a new program under the “program” tree with the name
New_configuration and there’s no specifications as to what it is.

In the Name text box, replace New-configuration with LPC2000 Flash Utility.
In the Location text box, use the “Browse File System” tool to find the Philips

LPC2000 Flash Utility in the Program Files directory. Its name is
LPC210x_IPC.exe.



Here’s the External Tools window before editing.

" [External Tools
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Here’s the External Tools window after our modifications. Click on Apply to accept.
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Create, manage, and run configurations

Create a configuration that will run a program. %
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Close everything out and return to the Run pull-down menu. Select Run — External
Tools — Organize Favorites.

& CIC++ - Eclipse Platform

File Edit Mavigate Search Project QR ‘Window Help

et~ E | & X |3~ G @, Run Last Launched Cir+F11
C/C++ Projects | ©Mavigator &2 =| % Debuglastlaunched  Fit

= | =] <j==='> 4 Run History 8
Rum As [
RLf...
Debug History *
Debug As 4
Debug...

¥_ External Tools Run &s >
@ External Tools,.,

Organize Favarites...

We’re now going to put the Philips PLC2000 Flash Utility into the “favorites” list.
Click on “Add” in the window below.

" Organize External ... Iz|

Favarites:

Up

Doty

()4 Cancel

Click the selection box for LPC2000 Flash Utility. This will add it to the favorites list.



r Selection Needed

Select Launch Configurations:

[¥1@ LPC2000 Flash Utility

Select All | DeselectAIIl

Now when we click on the Run pull-down menu and select “ External Tools,” we

see the LPC2000 Flash Utility at the top of the list.
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Click on LPC2000 Flash Utility to verify that it runs.
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Now cancel the LPC2000 Flash Utility and quit Eclipse.



9 Installing the Macraigor OCDremote Utility

OCDRemote is a utility that listens on a TCP/IP port and translates GDB
monitor commands into Wiggler JTAG commands. This permits Eclipse/GDB
to communicate to the Olimex LPC-P2100 board as a target monitor accessed
via Ethernet. Macraigor has always made this utility available on the internet as
“freeware.” The OCDRemote utility can be downloaded at:

http://www.macraigor.com/full gnu.htm

You should see the following screen open up.

]
L]
“nnnmnn [ Home ][ Yiew Cart ] [ Site Map ][ Contact ][ Legal ]

OCDemon™ from
Macraigor Systems

Make your debugging
a little bit easier ...

[ Home ][ Hardware Products ] [ Software Products ] [ CPUs ] [ Tools, ete. ][ Partners ] [ News ]

Flash Programmer GMU Tools...

Batch Flash Programmer
Target Access DLL
J-SCAMN ITAG Debugger
JTAG Commander
Yalidator

0CD Commander



http://www.macraigor.com/full_gnu.htm

If you scroll the above screen down a bit, you should see the download for
OCDRemote. Click on the link “DOWNLOAD Windows OCDRemote v2.12".

For Linux:

Click on “Run” so it will download and immediately install OCDRemote.

File Download - Security Warning

Do you want to run or save thiz hle?

D Mame: hwsuppark-2, 12, exe
Type: Application, 2,95 MB

Fram: wians . ocdeman, com

[ Fun JD Save JE Cancel i

potentially harm your computer. [F pou do not trust the source, do nat

@ whhile files fram the Intemet can be useful, this file type can
run or save this software, What's the risk?




The download phase is quick since the OCDRemote is only a couple of megabytes.

26% of hwsupport-2.12.exe Completed :L: |g|
Opening:

hwwsupport-2, 12, exe From v, ocdemaon, com

(CCCCCCTETT |
Estimated time left 24 sec (728 KB of 2,95 ME copied)

Download ko Temporary Folder

Transfer rake: 97 .6 KBfSec

[ ] Close this dialog box when download completes

Open Open Folder

The Macraigor installer should start up; just click “Next” to continue.

Macraigor Systems Hardware Support Package 2.12 - InstallShield Wizard |E|

Welcome to the InstallShield Wizard For

Macraigor Systems Hardware Support Package
212

The InztallShield® wizard will install M acraigor Spstems
Hardware Support Fackage 2,12 on wour computer. To
continue, click Nest,

< Back @ Cancel

The next screen lets you choose where OCDRemote is installed. OCDRemote
normally installs in c:/cygwin/usr/local/bin.

We'll have to make sure that this directory is on a Windows Path.




Click on “Next” to accept c:/cygwin/usr/local/bin as the OCDRemote

installation directory.

Choosze Destination Location

Select folder where setup will install files.

Macraigor Systems Har dware Support Package 2.12

- InstallShield Wizard [X]

=

Chepawinbuzrlocalbin

|nstall5hield
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—
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—~—

——

Clicking on “Install” will complete the OCDRemote installation.

Ready to Install the Program
The wizard iz ready o begin installation.

Macraigor Systems Hardware Support Package 2.12 -

InstaliShield Wizard  [X]

%

Click Inztall ko begin the installation.

the wizard.

[rztalls hield

IF pou want ko review or change any of pour installation settings, chick Back. Click Cancel to exit

[ < Back( ]L Iriztall J Cancel




The Wizard completion screen lets you restart your computer to put
OCDRemote into the Windows registry.

Macraigor Systems Hardware Support Package 2.12 - InstallShield Wizard

InstallShield Wizard Complete

The InztallShisld wizard has succezsiully ingtalled Macraigar
Syzterns Hardware Support Package 212, Before you can
uze the program, you rst restart your computer.

(®) ez, | want to restart my computer now.
) Mo, | will restart my computer later.

Remave any dizks fram their drives, and then click Finizh o
camplete setup.

4 Back Cancel

—

Just like the Philips ISP Flash Utility, we should install the Macraigor
OCDremote utility as an “external tool” that can be accessed easily from the
Eclipse CDT RUN pull-down menu.

Start up Eclipse and, if necessary, switch to the C/C++ perspective by clicking
“Window — Open Perspective — Other — C/C++.”
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Switching perspectives brings up the C/C++ window (perspective) and this will be
remembered when you re-enter Eclipse.
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In a procedure similar to installing the Philips Flash Utility as an “External Tool”, click on
“‘Run — External Tools — External Tools ...” This will bring up the External Tools

dialog.
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Click on “New” and replace the name with OCDremote. Use the “browse file

system” to find it. It should be in the directory c:/cygwin/usr/local/bin.

The arguments needed to properly start the OCDremote are as follows:

-CARM7TDMI-S specifies the CPU being accessed

-p8888 specifies the pseudo TCP-IP port being used
-dWIGGLER specifies the JTAG hardware being used

-al specifies LPT1 for the Wiggler

-s7 specifies next-to-slowest speed

It's a good idea to not tamper with these values. Click on “Apply” to finish the setup.
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Run a program
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Just like the Philips LPC2000 Flash Utility, we’d like to include the OCDremote
application in our list of “favorite” External Tools. This allows us to quickly start
the OCDremote JTAG server from within Eclipse.



Click on “Run — External Tools — Organize Favorites”
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Now click on “Add...” in the Organize External Tools ... window and follow that
by checking “OCDremote” in the Add External Tools Configurations: window.
Click on “OK” to add the OCDremote to the list of favorites.

Drganize External Tools ... £ Add External Tools Favorites

Select Launch Configurations:
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Cancel
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Now verify that the OCDremote is in the list of External Tools favorites. Click
on “Run — External Tools” and see that it's now included in the list of favorites.
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Now is a good time to point out that there’s a handy shortcut button in Eclipse to run the
External Tools. Click on the External Tools button’s down arrow to expand the list of

available tools.
Q& -
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10 Installing the INSIGHT Graphical Debugger

Eclipse CDT has its own debugger, employing the GDB serial protocol. The
truth is, I've been unable to get it to work reliably with the Wiggler using
OCDremote and with the Segger J-Link USB JTAG interface using the J-Link
server written by Nick Randell. As far as JTAG debugging goes, the Eclipse

debugger is just not ready for prime time (they are working on it).

Insight is a pretty good open-source debugger that can be made to work with
the Wiggler JTAG interface. It is already present in the GNUARM directory on
C:/Program Files/ installed earlier.

Let's install the Insight Debugger as an Eclipse External Tool.

Click on “Run — External Tools — External Tools ...”
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In the External Tools dialog window below, click on “New-configuration” on the left.
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Now fill this dialog in as shown below. The Insight Debugger is the executable file “arm-
elf-insight.exe” and it's in the c:/Program Files/IGNUARM/bin folder.

External Tools

Create, manage, and run configurations

Run a program

Configurations:

oo 4 Ant Build
EIQ Program
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In the External Tools window above, the Insight executable is typed into the Location:
text box. You can use the “Browse File System” button to hunt for it.

The “Working Directory” and “Arguments” text box will contain the project’s
workspace file folder and the project’s arm-elf executable, in this example “main.out”.
For the moment, you can leave these two text boxes blank, we’ll return to them later
when we get ready to run the Insight debugger.

Similar to the Philips Flash Utility and the Macraigor OCDremote, we’d like to add the
Insight debugger to our list of “favorite” External Tools.

Click on “Run — External Tools — Organize Favorites ...".
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In the “Organize External Tools ...” window on the left below, click on “Add ...” and then
“OK”.

In the “Add External Tools Favorites” window on the right below, click and check-mark
the Insight debugger select box and then click “OK” to add it as a favorite.
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Finally, click on “OK” to officially add Insight as a favorite External Tool.

Organize External Tools ...
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Up |
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As one final confidence check, click on the “Run External Tools” button and
verify that all three tools are properly installed.

It's worth mentioning that to run the Insight Graphical Debugger; you will click
on OCDremote first to get it running and then click on Insight to start the

debugger.
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11 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 OCDremote JTAG server.

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

c:\cygwin\bin

c:\program files\gnuarm\bin
c:\cygwin\usr\local\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”.
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Now click on the “Advanced” tab below.
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Now click on the “Environment Variables” button.

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

Edit System Variable

Variable name: | Path |

Yariable value; L cyguainibing c: Yprogram filestgnuarmibin;: |

[ (9] 4 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 for GNUARM interspersed
throughout the path specification. | used 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:\cygwin\usr\local\bin

If any of the three is 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.

This completes the setup of Eclipse and all the ancillary tools required to cross develop
embedded software for the ARM microcomputer family (Philips LPC2000 family in
specific).

If you stayed with me this far, your patience will soon be rewarded!

Or as Yoda would say, “Rewarded soon, your patience will be!



12 Creating a Simple Eclipse Project

At this point, we have a fully-functioning Eclipse IDE capable of building C/C++
programs for the ARM microprocessor (specifically for the Olimex LPC-P2106
prototype board).

We will now create an Eclipse C project called “demo02106_blink_flash” that
will blink the board’s red LED_J which is I/O port P0.7. This demo uses no
interrupts and runs totally out of onboard flash memory. It has been
intentionally designed to be as simple and as straightforward as possible.

Click on our Eclipse desktop icon to start Eclipse.

Eclipse should start and present the C/C++ perspective as shown below. If not, select
“Window - Open Perspective — Other - C/C++” to change to the C++ perspective.

& CIC++ - Eclipse Platform
File Edit Mavigate Search Project Run  Window Help

i o |G- -d-CF- [ H-0-Q- |®4 |5 5o EH | Egoicr+ i
oo x Nils TN\7 =D
- An outline is not
available,
[
el b

Prablems | B Console 2 . Properties | Search * Bl - =0

Console




To create a project, select File — New — New Project - Standard Make C Project from
the File pull-down menu and click “Next” to continue.

£ CIC++ - Eclipse Platform

FEM Edit Mavigate Search Project Run  Window Help
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= New Project
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Select a wizard |—
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Switch Workspace.., E =
) H-= V5
Open External File... H
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Exit
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You should see the “New Project” dialog box and enter the project name
(demo02106_blink_flash) in the box as shown below. Click on Next to continue.

£ New Project El

C/Make Project
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Create a Mew C Project using 'make’ to build it i c ]

Project name: | demo2106_blink_flash

Project conkents
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| Mext = | Finish Cancel
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The New Project dialog box appears next. If you click on the “Make Builder” tab, you'll
notice that Eclipse build command is “make.” Make is provided by the Cygwin GNU

tools.

& New Project

C/Make Project Settings

Define the project and 'make’ builder settings

Make builder settings.

1= Projects Make Builder }Errnr Parsers | Binary Parset | Discovery Options l C/C++ Indexer l
1

Build command
v Use default

(x]

-

Take the default on the “Build

Build command:l <

Command”, Eclipse will always

Build Setting
[ Stop on First build errar,

Workbench Build Behavior

wotkbench build bype: Make build target:
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[ Build on resource save (Auko Build) |

Mote: See Warkbench automatic build preference.,

Iv Euild (Incremental Build) | all
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All, Build Project or
Clean toolbar buttons.

—
W Rebuild (Full Build) |clean &l
v Clean |c|ean <
1
= Back. ‘ | Finish | Cancel |

-

Let's remind ourselves that we installed the Cygwin GNU tools earlier in the tutorial and
the Windows Explorer will show that the make.exe file is indeed in the directory

c:/cygwin/bin, as shown below.
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This is a good time to point out the differences between “Build All", “Build Project” and
“Clean.”

Build All Will execute the command “make clean all.”
It will first clean (delete) all object, list and output files.
Then it will rebuild everything, whether needed or not.

Build Project  will execute the command “make all.”
This will not clean (delete) anything.
It will only compile those source files that are “out-of-date.”

Clean Will execute the command “make clean.”
Will clean (delete) all object, list and output files.
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Jdemoz106_blink_flash
-~ — -

This is no different from opening up a DOS command window and typing the command
in directly, such as.

> make clean all



If you click “Finish” on the “New Project” dialog, Eclipse will return to the C/C++
Perspective.

Now the C/C++ perspective shows a bona fide project in the “C/C++ projects”
box on the left. As of now, there are no source files created.
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We can now use Eclipse/CDT’s import feature to copy the source files into the project.

Assuming that you successfully unzipped the “demo02106_blink_flash.zip” project files
associated with this tutorial to an empty directory such as c:/scratch, you should have
the following source and make files in that directory.

@ scratch
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B |5 WINDOWS ) main 4KBE CFile 5/14/2005 12:48 PM
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Click on the “File” pull-down menu and then click on “Import.” Then in the “Import”
window, click on “File System.”
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Exit
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When the “Import — File System” window appears, click on the “Browse” button. Hunt
for the sample project which is stored in the c:/scratch/ directory.



Click on the directory “scratch” and hit the “OK” button in the “Import from directory”
window on the left below.

Import from directory

Select a directary to import From,
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[ armlib
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[ eclipse
[C5) Foo
) 1386
[£5) memo -
(L) My Music ) & Import E|
[C3) pictures N R
23 Program Files S —
scratch Please specify folder j
[C3) system downloads o
[C5) WINDOWS
[T zclipse (5
From directory: |C:'l,scrat-:h j Browse. ..
Folder: | scratch |
[F & scratch [s] ert.s
dem02106.cmd
[ Make Mew Folder ] [ QK l [ Cancel ] EIIpc:?le.h
€] main.c
@ makefile
Filker Types..‘ Select Al ’ Deselect Al |
Now we have to indicate the TS
. . Into folder: Browse, ..
destination for our source nioflder: | =
files. Click on “Browse” on "3D”°“5= X
H H o} it isti ithout i
the “ne to the rlght that SayS ; verwrite existing resources withouk warning
“| t Folder'” Create complete Folder structure
nto ) {+ Create selected Folders anly
< Back Cancel




The proper destination folder appears in the Import Into Folder window below.

Click on the folder name “demo02106_blink_flash” and click “OK.” The directory name
“demo2106_blink_flash” should appear in the text box.

£ Import Into Folder fg|

Select a folder to import inka,

| demoz 106 _blink_Flash

'[;_—;rc demoz106_blink_flash

[a] 4 | Cancel |

Now the Import dialog is completely filled out; we can click on “finish” to actually import
the source files into our project.
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Now the C/C++ perspective main screen will reappear. Click on the “+” expand symbol
in the navigator pane to see if our files have been transferred.

:}7 demaz106_bink_flash
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Success is at hand, the expanded Projects view in the Navigator pane on the left shows
our imported files.
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This is a good place to identify the imported source files.

Description of Project Files

Ipc210x.h Standard LPC2106 header file
crt.s Startup assembler file

main.c Main C program

makefile GNU makefile

demo2106 blink flash.cmd GNU Linker script file

13 Description of the LPC210X.H Include File

Let’s look at the Ipc210x.h header file. Double-click on it in the Project pane on the left’

ARM peripherals are memory-mapped, so all I/O registers are defined in this file so you
don’t have to type in the absolute memory addresses.

£ CIC++ - lpc210x. h - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help
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A
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5 @:gdemozws_blink_ﬂash /7 LPC21@%.H: Header file for Philips LPC2184 .~/ LPC2185 ~/ LPC2186 # _IPCZIOx H A
+-i0 Inchudes 0o # EXTINT
+- B Ipc21oxh #  EXTWAKE
<[4 crts Bifndef _ LPC210x_H # I2C_IzA0R
+-[€] main.c Bdefine _LPC210x_H # I20_I2COMCLR
[%] demaoz106.cmd #» Jectored Interrupt Controller (NIC) = # I2C_I12C0MSET
@ makefile Bdefine VICIRQStatus (#((polatile unsigned long *> BxFFFFF@B@)> # 120 _12DAT
#def ine VICFIQStatus (#({volatile unsigned long => BxFFFFFAB4)> # IZC_IZSCLH
Bdef ine UVICRawlntr (%((wolatile unszigned long *> BxFFFFFBA8)> o
#define UIGCIntSelect (#{{ynlatile unsigned long =*> BxFFFFFAAC)> # I2C_125CLL
Bdef ine UVICIntEnable (*((wolatile unsigned long *> BxFFFFF@18)> # I2C_I25TAT
#define VICIntEnClr (x({yolatile unsigned long *> BxFFFFF@14)> # IOC_LR
Bdef ine UICSoftInt (*((wolatile unsigned long *> BxFFFFFA18)>
Bdefine VICSoftIntClyr <{={{volatile unsigned lomg => BxFFFFFBiC)> # I0DIR
Bdef ine UICProtection <(*((wolatile unsigned long *> BxFFFFFB28)> # IOPIM
Bdefine UICUecthAddr (#({{wolatile unsigned long *> BxFFFFF@3@)> # T0SET
Bdef ine UVICDefUectAddr (*((wolatile unszigned long *) BxFFFFF@34)>
#define UICUectiddr@ (#{{wpolatile unzsigned long => BxFFFFF180>> # MAMCR
Bdef ine UICUectAddrl (®((wolatile unsigned long *> BxFFFFF184))> # MAMMAR
Bdefine UICUectiiddr2 (x{{wolatile unsigned long *> BxFFFFFiB88)> # MAMTIM
Bdef ine UICUectAddr3 (®((wolatile unsigned long *> BxFFFFF18C)>
B#define UICUectiddrd (#{{wpolatile unzsigned long => BxFFFFF110>> # PCOM
Bdef ine UVIGCUectAddrs (#((wolatile unsigned long *> BxFFFFF114>> # PCOMNP
#define UICUectAddrb (#({wolatile unsigned long %> BxFFFFF118)> # FINSELO
Bdef ine UIGUectAddr? (#((wolatile unsigned long *> BxFFFFF11C>>
#define UICUecthAddr8 (#{{wolatile unzsigned long %> BxFFFFF120>) # PINSELL
Bdef ine UVIGCUectAddr? (#((wolatile unsigned long *> BxFFFFF124> # PLLCFG
Bdefine UICUectAddrid (*((wolatile unsigned long *> BxFFFFF128)) # FLLCON
#def ine UVIGUectAddril <(=*({(volatile unsigned long *> BxFFFFF12C>>
Bdefine VICUectAddrl?2 (=({(volatile unsigned long *> BxFFFFF13@)> # PLLFEED
#def ine UVIGUectAddrli3 <(=*({(volatile unsigned long *> BxFFFFF134>> # PLLSTAT
Bdefine UICUectAddrid (*((wolatile unsigned long *> BxFFFFF138)) # PWM_CCR
#def ine UVIGUectAddrls <(=*({(volatile unsigned long *> BxFFFFF13C>> =
#define VICUectCntl@ (#x((polatile unsigned long *> BxFFFFF20@))> # PWM_CROD
Bdefine UVICUectCntli (x({yolatile unsigned long *> BxFFFFF284))> # OPWM_CRL
Bdef ine UICUectCntl2 (*((wolatile unsigned long *> BxFFFFF2@8))> # PWM_CRZ
Bdefine UVICUectCntl3d (x({yolatile unsigned long *> BxFFFFF28C)> =
#define VICUectCntld (#x((polatile unsigned long *> BxFFFFF21@))> # PWM_CR3
Rdefine UICectCnls  (x({volatile unsigned long *) OxFFFFF2143) v # P EMR
< > # PwWM_IR v
Problems Properties | Search 8 5 = =0
C-Build [demoz106_blink_flash]




14 Description of the Startup File CRT.S

Now let’'s look on the startup assembler file, crt.s. Double-click on it.

This part of the crt.s file has some symbols set to the various stack sizes and mode
bits.

Resource - cri.s - Eclipse Platform
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=-12% demoz106_hlink_flash

cdtproject crt.s STARTUF ALISEMELY CODE
project
crk.Isk =
g dts}
@ crt.s Module includes the interrupt vectors and start-up code.
demaz106_blink_flash.cmd
@ IDCZIUX‘h L o e R R R e e
-[€] main.c
main. dmp /* dtack Sizes
main. e .set  UND_STACK SIZE, 0x00000004 /% stack for "undefined instruction” interrupts iz 4 bytes
nain.map .set ABT STACK SIZE, 0x00000004 /% stack for "abort" interrupts is 4 hbytes *
fain.o .set FIQ STACK SIZE, 0Ox00000004 /% stack for "FIQT interrupts  is 4 byres W
main.out .set IRQ_STACK_SIZE, 0X00000004 /% stack for "IRQ" normal interrupts is 4 hytes e
[]---‘bc.gmn;;rgzlfblinkjam .set  BVC_STACK SIZE, Ox00000400 /% stack for "SVC" supervisor mode is 1024 bytes =

/* Standard definitions of Mode bits and Interrupt (I & F) flags in P3R5 [program status registers) */

.set MODE_USER, 0x10 /% Mormal User Mode wf
.set MODE_FIQ, Ox11 /% FIQ Processing Fast Interrupts Mode L
.set MODE_IRQ, OxlZ /% IRQ Processing Standard Interrupts Mode w
.set  MODE_3SVC, Ox13 /% S3upervisor Processing S3oftware Interrupts Hode L
.set MODE_AET, Ox17 /% hbhort Processing mewory Faults Mode =
.set MODE_UND, Ox1E S 7 Undefined Processing Undefined Instructions Mode i
.set  MNODE_3Y3, Ox1F /% Syatem Bunning Priviledged Operating System Tasks Mode */
.set I BIT, Ox30 /% when I bit is set, IRQ is disabled (program status registers)
.set F_EBIT, Ox40 /% when F hit is set, FIQ is disshled (program status registers)
-
< il | s

Tasks | & Console &3
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This part of the crt.s file sets up the interrupt vectors.

£ CIC++ - crt.5 - Eclipse Platform

File Edt Mavigate Search Run Project ‘Window Help
& -
rs - G- -E-F- -0 Q- (@ oo ¥ A [ Ecicer =
@cfc++‘.. 2™ = 8 [ maine Blet.s ] demoz106_blink_ram.cmd mdemuZlDﬁ_innk_ﬂash.cmd [E main.map & main.map Blx~1 =8
B o ~ An outling is ok
. < B= text B available.
=-{=+ demoz 106_hlink_Flash .
+-4p Einaries - ALm
+-18 Includes
+1- B Ipc2ith -global Reset_Handler
+ @ crt.s .global _starcup
+1-[€) main.c . func _startup
+] crt.o - [armie]
+] main.a - [armle] _startup:
+] ﬁ; main.out - [armie]
2 rtilst # Exception Vectors
demoz106_blink_flash
|—E‘ ma?n.dmp _vectors: ldr PC, Resget_Addr
= ma!”'hex ldr PC, Undef Addr
‘@”r:::;;:zp Lldr PC, SWI_Addr
Ld: PC, Pibt Add
{25 demoz106_blink_ram o ’ — o &
ldr PC, Dibt Addr
nop /% Reserved Vector (holds Philips ISF checksum) */
ldr PC, [PC,#-0xFF0] /* see page 71 of "Insiders Guide to the Philips ARM7-Base
ldr PC, FIQ Addr
Reset_ Addr: -word Reset_Handler /% defined in this module below */
Undef Addr: .word UNDEF_Routine /% defined in wain.c %/
SWI_Addr: .word  SWI_Routine /% defined in wain.c ¥/
PAbt Addr: -word UNDEF_FRoutines f* defined in wain.c %/
Dabt Addr: .word UNDEF_Routine /% defined in wain.c %/
IRQ_Addr: .word IRQ Routine f% defined in wain.c  Ff
FI( Addr: .word FIQ Routine /% defined in wain.c ¥/
sword a #% rounds the wectors and ISR addresges to 64 hytes total
w
< | >
Problems | B Consols 52 Properties & 5@ & | = B-=0
<terminated:= LPC2000 Flash Uity [Program] C:iProgram Files\LPC2106 ISPALPC210x_ISP.exe
< | ®

Note that all of the code and data that follows goes into the .text section. Itis also in
ARM 32-bit code (not Thumb).

One label is made global, _startup. This will be available to other modules in the project
and will also appear in the map.

The GNU assembler doesn’t require you .extern anything. If a symbol is not defined in
the assembler file, it is automatically assumed to be external.

The vector table is 32 bytes long and is required to be placed at address 0x000000.

You will see later in this tutorial that the interrupt service routines referenced in the
Vector Table are just endless-loop stubs in the main.c function and the interrupts are
turned off.

The NOP instruction at address 14 is an empty spot to hold the checksum. Page 179 of
the Philips LPC2106 manual states:

The reserved ARM interrupt vector location (0x0000 0014) should contain the 2’s
complement of the check-sum of the remaining interrupt vectors. This causes
the checksum of all of the vectors together to be 0.

Before you fall on your sword, you'll be happy to know that the Philips Flash Loader will
calculate that checksum and insert it for you. That's why we show it as a NOP.



This part of the crt.s file sets up the various interrupt modes and stacks.

&= Resource - crt.s - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help

Iri-HE B ||| e-0- | [{5Resource
TS Mavigator £3 =0 m main.dmp | demoz106_blink_flash.cnd | @ crk.s | =0
£ | = <§> hd *

1128 demoz106_blink_flash # Reset Handler

----- = .cdtproject

..... 2 projec Reset Handler:

----- |Z| crtulst

..... Z crto /% Setup a stack for each mode - note that this only sets up a usable stack

----- @ crk.s for User mode. blzo each wode is setup with interrupts initially disabled. */

demoz106_blink_flash,crd

----- @ lpc210x.h ldr r0, =_stack end

""" @ main.c msSE CPSR_o, #MODE UND|I_BIT|F_BIT /% Undefined Instruction Mode +/

""" I:__EI main.dmp mov  =p, r0

""" &l mafn-hex sub  r0, r0, #UND_STACK SIZE

""" &5l man.map msr  CP3R_c, #MODE AET|I_EBIT|F_EIT /% dhort Mode */

N mov  sp, £

% ma;:;_l“ sub  r0, r0, #ABT STACK SIZE
..... makefile = =
msr CP3F_c, #MODE FIQ|I_EIT|F_BIT /* FIQ Mode */

Elk7c demoz106_blink_ram
----- |Z| .cdtproject
..... 2 project

MoV sp, r0
sub rd, r0, #FIQ STLCE SIZE

_____ g ekt msr  CPSR_c, #MODE IRQ|I_BIT|F_BIT /% IRQ Mode */

..... R mowv sp, r0

..... B ot sub  r0, r0, $IRQ STACK SIZE 4
dermo2106_blink_ram.crmd msr CPSR_o, #MODE _SWC|I_BIT|F_BIT /% Supervisor Mode */

----- @ lpc210x.h mov ap, r0

----- @ i, c sub r0, r0, #3VC_3TACK SIZE

----- 2 main.dmp msr  CPSR_c, #MODE S¥3|I_BIT|F_BIT /% User Mode */

""" =] main.hex 1 mov sp, rd

----- = main.map v
..... [ main.o ¢ I > —
----- |=| main.out

..... [ makefile Tasks | B Console 2 8 | #fE-r5-70

C-Build [demoz106_blink_Flash]

The label Reset_Handler is the beginning of the code. Recall that the first interrupt
vector at address 0x000000 loads the PC with the contents of the address Reset_Addr,
which contains the address of the startup code at the label Reset_Handler. This trick,
used in the entire vector table, loads a 32-bit constant into the PC and thus can jump to
any address in memory space.

_vectors: Idr PC, Reset_Addr

Reset_Addr: ..word Reset_Handler

Whenever the LPC2106 is reset, the instruction at 0x000000 is executed first; it jumps
to Reset_Handler. From that point, we are off and running!

The first part of the startup code above sets up the stacks and the mode bits.

The symbol _stack_end will be defined in the linker command script file
demo2106.cmd. Here is how it will be defined. Knowing that the Philips ISP Flash
Loader will use the very top 288 bytes of RAM for its internal stack and variables, we’ll
start our application stacks at 0Ox4000FEEO.

(Note: 0x40010000 — 0x120 = 0x4000FEEO)



/* define a global symbol _stack_end, placed at the very end of RAM (minus 4 bytes) */
stack_end = 0x4000FEEOQ - 4;

Working that out with the Windows calculator, the _stack_end is placed at 4000FEDC.

The code snippet that sets up the stacks and modes is a bit complex, so let’s explain it
a bit.

First we load RO with the address of the end of the stack, as described above.
Idr r0O, =_stack_end

Now we put the ARM into Undefined Instruction mode by setting the MODE_UND bit in
the Current Program Status Register (CPSR). The four modes undefined, irq, abort and
svc all have their own private copies of R13 (sp) and r14 (link return). The FIQ mode
has private copies of registers R8 — R14. Thus, by writing RO into the stack pointer sp
(R13), it will use 0x4000FEDC as the initial stack pointer if we ever have processing of
an undefined instruction. By subtracting the undefined stack size (4 bytes) from RO,
we're limiting the stack for UND mode to just 4 bytes.

msr CPSR_c, #MODE_UND|I_BIT|F_BIT /* This puts the CPU in undefined mode */
mov sp, r0 /* stack pointer for UND mode is 0x40000FEDC */
sub r0, r0, #UND_STACK_SIZE /* Register RO is now 0x4000FEDS8 */

Now we put the ARM into Abort mode by setting the MODE_ABT bit in the CPSR. As
mentioned above, abort mode has its own private copies of R13 and R14. We now set
the abort mode stack pointer to 0x4000FED8. Again by subtracting the abort stack size
from RO, we're limiting the stack for ABT mode to just 4 bytes.

msr CPSR_c, #MODE_ABT||_BIT|F_BIT /* this puts CPU in Abort mode */
mov sp, r0 /* stack pointer for ABT mode is 0x4000FED8 */
sub r0, r0, #ABT_STACK_SIZE /* Register RO is now 0x4000FED4 */

Now we put the ARM into FIQ (fast interrupt) mode by setting the MODE_FIQ bit in the
CPSR. As mentioned above, FIQ mode has its own private copies of R14 through R8.
We now set the abort mode stack pointer to 0x4000FED4. Again by subtracting the
abort stack size from RO, we’re limiting the stack for FIQ mode to just 4 bytes. We're not
planning to support FIQ interrupts in this example.

msr CPSR_c, #MODE_FIQ|I_BIT|F_BIT /* this puts CPU in FIQ mode */
mov sp, r0 /* stack pointer for FIQ mode is 0x4000FED4
sub r0, rO, #FIQ_STACK_SIZE /* Register RO is now 0x4000FEDOQ */

Now we put the ARM into IRQ (normal interrupt) mode by setting the MODE_IRQ bit in
the CPSR. As mentioned above, IRQ mode has its own private copies of R13 and R14.
We now set the IRQ mode stack pointer to 0x4000FDEOQ. Again by subtracting the IRQ
stack size from RO, we're limiting the stack for IRQ mode to just 4 bytes. We're not
planning to support IRQ interrupts in this example.

msr CPSR_c, #MODE_IRQ]|I_BIT|F_BIT /* this puts the CPU in IRQ mode */
mov sp, r0 /* stack pointer for IRQ mode is Ox4000FEDO */
sub r0, r0, #IRQ_STACK_SIZE * RO is now 0x4000FECC */



Now we put the ARM into SVC (Supervisor) mode by setting the MODE_SVC bit in the
CPSR. As mentioned above, SVC mode has its own private copies of R13 and R14. We
now set the supervisor mode stack pointer to 0Ox4000FDDC. Again by subtracting the
SVC stack size(4 bytes) from RO, we're sizing the stack for SVC mode to 4 bytes.

msr CPSR_c, #MODE_SVC]|I_BIT|F_BIT /* This puts the CPU in SVC mode */
mov sp, r0 /* stack pointer for SVC mode is 0x4000FECC */
sub r0, r0, #SVC_STACK_SIZE /* RO is now 0x4000FEC8 */

The ARM “User” mode and the ARM “System” mode share the same registers and
stack. For this very simple example, we’ll run the application in “User” mode. Setting up
the stack for User mode also sets up the stack for System mode.

Now we put the ARM into USR (user) mode by setting the MODE_USR bit in the CPSR.
We now set the USR mode stack pointer to 0x4000FECS.

msr CPSR_c, #MODE_USR|I_BIT|F_BIT /* User Mode */
mov sp, r0

To summarize the above operations, let’'s draw a diagram of the stacks we just created.

RAM STACK USAGE

0x40010000
0x4000FFFF last address in internal

Philips ISP Flash Loader
Stack and variables

(288. bytes)
0x4000FEEO bottom of Philips ISP

Undefined mode stack ( 4 bytes) 0x4000FEDC UND stack pointer

Abort mode stack (4 bytes) 0x4000FED8 ABT stack pointer
FIQ mode stack (4 bytes) 0x4000FED4  FIQ stack pointer
IRQ mode stack (4bytes) | 0x4000FEDO IRQ stack pointer

SVC mode (4bytes) | 0x4000FECC SVC stack pointer

RA M ] 0x4000FEC8 USR/ SYS stack

USR mode / SYS mode stack

Stack grows downward

(until it collides with

The next part of the \/ he setup of the .data and .bss
sections, as shown
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File Edit Mavigate Search Project Run  Window Help
=] IR R A e = [ | f9Resource
T Mavigator 53 = O m main.dmp demoz106_blink_flash.cmd @ ork.s = O
2lBE ~|| =)
=128 demoz106_blink_flash /% wopy .data section (Copy from ROM to RAM) +/
B cdvprojact Lldr Rl, = etext
E| .project ldr Rz, = data
2 ert.lst ldr R3, =_edat,al
=l crtio 1: Srp R2, R3
[8] erts ldrla RO, [R1], #2
=1 demoz106_blink_Flash.cmd strlo RO, [R2], #4
[€] lpcz1oe b hlo 1b
@ main.c
=] main.dmp /% Clear .hss section (Zero init) %/
E| main.hex mov RO, #0O
‘_5‘ ma!n.map ldr R1, = _hss_start
&l main.a Lar R2, = bss_end
|=| main.aut = -
) makefie 2: cmp R1, RZ
= 'bc demoz106_blink_ram strlo RO, [R1], #4
= .cdtproject klo b
=l .project
2 ert.lst /% Enter the C code */
El et h main
[8] crt.s
demnaZz106_blink_ranm.cmd .endfunc
[€] Ipcz1ox.h .end
[ main.c -
|2 main.dmp < | s
= main.hex
[E main.map Tasks | B console 53 EE Y s £h-=08
=l main.o C-Build [dema2 106_blink_flash]
|=| main.out
&) makefile

The .data section contains all the initialized static and global variables. The GNU linker
will create a exact copy of the variables in flash with the correct initial values loaded.
The onus is on the programmer to copy this initialized flash copy of the data to RAM.

The location of the start of the .data section in flash is defined by symbol _etext
(defined in the linker command script demo02106.cmd). Likewise, the location of the
start and end of the .data section in destination RAM is given by the symbols _data and
_edata. Both of these symbols are defined in the linker command script.

The .bss section contains all the uninitialized static and global variables. All we have to
do here is clear this area. Likewise, the location of the start and end of the .bss section
in destination RAM is given by the symbols bss_start and _bss_end. Both of these
symbols are defined in the linker command script.

Two simple assembly language loops load the .data section in RAM with the initializers
in flash and clear out the .bss section in RAM.

The GNU linker specifies two addresses for sections, the Virtual Memory Address
(VMA) and the Load memory Address (LMA). The VMA is the final destination for the
section; for the .data section, this is the RAM address where it will reside. The LMA is
where it will be loaded in Flash memory, the exact copy with the initial values. The GNU
Linker will sort this out for us.



15 Description of the Main Program main.c

Now let’s look at the main program.

£ Resource - main.c - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help
-8B |a- @ e -2 |BE 8 I [ Eoremoee
5. Mavigator E3 =0 @ *crk.s main.dmp | demoz106_blink_flash.cmd | @ crt.s =8
< | E <“,===> - ,."ﬁ R e o o o o o o o o o e o o o e o o o 2
2% demoz106_blink Flash Function declarations
= L o o o e o o o o o o o o e o o o o %‘,."
-~ Z| .cdeproject
=] project
[ otlst void Initialize (void):
3 ato roid feed(roid): B
(8] s
demoz106_blink_flash.cmd roid IRQ Routine (void) _ attribute_ ((interrupt ("IRQ™)]):
[ Ipc210x.h roid FIQ Routine (void) __attribute  ([(interrupt ("FIQ")));
@ main,c roid S5WI_Routine (void) __attribute_ ((interrupt("SUI")));
5| main.dmp void UNDEF Routine (void) _ attribute  [[(interrupt ("UNDEF"))):
2] main.bex
~ E| main.map R L )
o Header IfllES
5 i, ot R e L ST R )
] mnakefile
include "LPCZ10x.h™
1125 dema2106_blink_ram princlude *
2| .cdtproject
- |E| .project
= P R e e e e S e
5] ortilst
2 oto Global Variables
@ e R R L ST Y]
~[%] demo2z106_blink_ram.cmd int q: /¢ global uninitislized wvarishle
8] Ipcz10x.h int r; /¢ global uninitialized varishle
€] main.c int EH /4 global uninitialized varishle
- Z| main.dmp
- =] main.hex short h =2 /¢ global initialized variable
=] main.map short i=3 /¢4 global initialized wariable
=l main.o char 3 = /¢ global initialized variable
5] main.out
[ makefile w
< | >
Tasks | B Console 2 éifu\‘._.'E'F‘j":'ﬁ
C-Build [demaz106_blink_flash]
[ | Writable | Smart Insert ‘ 14:26 |

The main program starts out with a few function prototypes. Note that the interrupt
routines mentioned in the crt.s assembler program reside in the main() program. We've

used the GNU C compiler syntax that identifies the interrupt routines and makes sure

that the compiler will save and restore registers, etc. whenever the interrupt is asserted.

I've also included a few do-nothing
variables, both initialized and uninitialized,
to illustrate that the compiler will put the
initialized variables into the .data section
and the uninitialized ones into the .bss

section. Ul
We’re going to try to toggle a single 1/0 % S;EEEL
bit, specifically PO.7 which is the Olimex & | pet
red LED. 3T

4

4

=—— NC1

20

£2 Ne2

%g—- NC3

PB. 8/TXD@/PWM1
P@. 1/RXDA/PWM3
Pa. 2/5CL/CAPB. @
Pe. 3/50A/MATE. @
pa. 4/5CK/CAPA. 1
Pa.5/MISA/MATA. 1
P@. 6/M0S1/CAPB. 2
pa. 7/SSEL/PUM2
Pa. 8/TXD1/PUM4

[ R12
390

Y LED

13 TXDO
14 RXD@
1§ Po.2
T
22 PB.4
23 Pa.5
24  po.§
28  LED
e

2 2l



By the way, with this hardware arrangement:

P0.7=1 //turn off LED
PO.7=0 //turn on LED

& CIC++ - main.c - Eclipse Platform

File Edit Mavigate Search Project Run  ‘Window Help
= | = ciS 2
Is-Hels | e -a-d-F-|[%-0-%- @ [0e-0-|B¥ & & | Ecic+ »
ﬁc;c“ Pr... &% =0 demoz106_blink_ram.crmd | @ ks | @ ks m@ main.c | @ makefile | main.map | =0
F | E <‘|=,=bb - ll."********************************************************** T
=% demaz106_blink_Flash MAIN
[]O Binaries ﬁﬁﬁﬁ‘ﬁ'ﬁ‘ﬁ‘ﬁﬁﬁﬁ‘ﬁ‘ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ'ﬁﬁﬁﬁﬁﬁﬁ'ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ'ﬁﬁﬁﬁﬁﬁﬁﬁf
-5 Includes
[ [H] Ipc210x.h int main (void)] {
[+~ [8] crts
[]---@ main.c int J: /¢ loop counter (stack wvariable)
-] ertao - [armile] static int a,b,c: J¢ static uninitialized wvarimbles
- [E] main.o - [armle] static char d: /¢ statie uninitialized varimbles
- main.out - [armle] static int wo= 1; /4 static initialized wvarisblle
""" = ertulst static long x = 5: l/.-" static initialized wariable
demoZlDﬁ_bllnk_Flasl static char v o= Ox04; /¢ static initialized wariablle
""" &l main.dmp static int z =7 // static initialized varishlle B
""" |_'—=| ma!n.hex const char *pText = "The Rain in 3pain®™;
----- |2 main.map
----- [ maksfile AU
I:I---'bc demoz106_blink_ram // Initialize the system
- - Initialize():
// set io pins for led PO.7
ICDIE |= Ox00000030; J4 pin PO.7 iz an output, everything else is input after reset
IO3ET = O0O=x00000080; £f led off
ICCLE = 0O=x00000080; 44 led on
/f endless loop to toggle the red LED FO.7
while (1) {
for (j = 0; j < 5000000; j++ ): S wait 500 msec
IO3ET = 0Ox000000S0; ff red led off
for (j = 0; j < 5000000; j++ ): S wait 500 msec
IOCLE = 0Ox00000080; f4 red led on
i
! 4
Problems | B Console 52 Properties =] |:—=_il| #E-r5-70
P | s C-Build [demoz106_blink_ram]
I | Writable | Smart Insert | 43:53 |

The Philips LPC2106 has 32 I/O pins, labeled P0.0 through P0.31. Most of these pins
have two or three possible uses. For example, pin P0.7 has three possible uses; digital
I/O port, SPI Slave Select and PWM output 2. Normally, you select which function to
use with the Pin Connect Block. The Pin Connect Block is composed of two 32-bit
registers, PINSELO and PINSEL1. Each Pin Select register has two bits for each /O
pin, allowing at least three functions for each pin to be specified.

For example, pin P0.7 is controlled by PINSELDO, bits 14 — 15. The following
specification would select PWM2 output.

PINSELO = 0x00008000; // set PINSELO bits 14 —15to 01
Fortunately, the Pin Connect Block resets to zero, meaning that all port pins are

General-Purpose 1/O bits. So we don't have to set the Pin Select registers in this
example.



We do have to set the I/O Direction for port P0.7, this can be done in this way.

IODIR |= 0x00000080; /I set 10 Direction register, P0.7 as output
/' 1 =output, 0 =input

The ARM I/O ports are manipulated by register IOSET and register IOCLR. You never
directly write to the 1/0 Port! You set a bit in the IOSET register to set the port bit and
you set a bit in the IOCLR register to clear the port bit. This little nuance will trip up
novice and experienced programmers alike. Alert readers will ask; “What if both bits are
setin IOSET and IOCLR?” The answer is “Last one wins.” The last IOSET or IOCLR
instruction will prevail.
To turn the LED PO0.7 off, we can write:

IOSET = 0x00000080; // turn PO.7 (red LED) off
Likewise, to turn the LED PO.7 on, we can write:

IOCLR = 0x00000080; // turn PO.7 (red LED) on
As you can see, it's fairly simple to manipulate I/O bits on the ARM processor.
To blink the LED, a simple FOREVER loop will do the job. | selected the loop counter

values to get a one half second blink on — off time.

/l endless loop to toggle the red LED PO.7

while (1) {
for (j = 0; j <5000000; j++); // wait 500 msec
IOSET = 0x00000080; /Il red led off
for (j = 0; j <5000000; j++); // wait 500 msec
IOCLR = 0x00000080; /l red led on

}

This scheme is very inefficient in that it hog-ties the CPU while the wait loops are
counting up.



The Initialize(); function requires some explanation.

C++ - main.c - Eclipse Platform
File Edit Mavigate Search Project Run window Help

] : R SOTE —
It-fen|l@-a8-g-@-|$-0-Q- |®F |B|vwe-o- ¢4 B Fojce+ 2
ﬁ;CJ‘C++ Pralis __'=' 5| [ lpeztosh | [Sats ‘ 2] mair map | =] demoz106,cmd m rmain.|st ‘ [ ertulst ‘ ol __»1 =im|
: 5 o] i ~
D_'_llz'_‘?_' Initialize | |
demo2106_blink_Flash | laz ’_& ! 5
Bdefine PLOCK Bx488 (o]
void Initialize{woid> < 4 Feed
3 Initialize
b7 Setting the Phased Lock Loop (PLL) "f“ PLOCK
b [H] ert.o - [armle] F74 -5 LPC210
i L4 @ Feed
i [f] main.o - [armle] 77 0limex LPC-P2186 has a 14.7456 mhz crystal i
+l ﬁ; main.out - [armle] o @ Initialize

crk st #/ We'd like the LPC21B6 to run at 53.2368 mhz Chas to be an even multiple of crystald> <@ main

e

2] demoz106.cmd 77 According to the Philips LPC21M6 manual: M = cclk ~ Fosc where: M | = PLL multiplier <bits B-4 of PLLCFG>

|51 main.hex o cclk = 532368688 h=

main,|st s Fosc| = 14745688 hz

= o

5] main.map ## Solving: M = 53236880 ~ 14745680 = 3.61@3515625

@ makefile £ M = 4 (round upd
I
s Mote: M — 1 must be entered into hits 8-4 of PLLCFG <assign 3 to| these hits)
I£s
I£s
#/ The Current Controlled Oscilator (CC0> must operate in the range 156 mhz to 328 nhz
2
#/ According to the Philips LPC2186 manual: Feco = cclk = 2 = P wvhere: Fcco = CCO freguency
I celk = 53236880 h=
4 P = PLL divisor ¢hits 5-6 of PLLCFG»
s
#/ 8olving: Fcco = 53236808 = 2 = P
I P=2 trial valued
I Fecco 53236800 = 2 = 2

s FecB 212947208 h= {good choice for P zince it’'s within the 156 mhz to 328 mhz range

;; From Table 19 <{page 48> of Philips LPC2186 manual P = 2, PLLCFG hits 5-6 = 1 <{assign 1 to these bits)>

:j Finally: PLLCFG = 8 61 866811 = 8223

;: Final note: to load PLLCFG wvegister,. we must use the BxAA followed Bx55 weite sequence to the PLLFEED register
;; this is done in the short function feed(> below

#/ Betting Multiplier and Divider values
PLLCFG=8x23;
feed();

## Enahling the PLL =~
PLLCON=8x1 ;
feed{d;

## Wait for the PLL to lock to set frequency
while(t(PLLSTAT & PLOCK))> ;

#7 Gonnect the PLL as the clock source
PLLCON=Bx3;
feed<{>;

## Enabhling MAM and setting number of clocks used for Flach memory fetch (4 celks in this cased
MAMCR=Mx2 ; =
MAMTIM=0x4;

/7 8Betting peripheral Clock (pclk} to System Clock <cclk)
UPBDIV=Bx1;

> |

o

!Prnblems }'EConsoIe 5 _F_‘roperties{Search! i sﬁ | Eﬁ & | = E-= o

I Writahie Smart Insert | 9016 |

We have to set up the Phased Lock Loop (PLL) and that takes some math.

Olimex LPC-P2106 board has a 14.7456 Mhz crystal
We'd like the LPC2106 to run at 53.2368 Mhz (has to be an even multiple of crystal, in this case 3x)
According to the Philips LPC2106 manual: M = cclk / Fosc where: M = PLL multiplier (bits 0-4 of
PLLCFG)

cclk = 53236800 hz

Fosc = 14745600 hz

Solving:M = 53236800 / 14745600 = 3.6103515625
M =4 (round up)

Note: M - 1 must be entered into bits 0-4 of PLLCFG (assign 3 to these bits)



The Current Controlled Oscillator (CCO) must operate in the range 156 Mhz to 320 Mhz

According to the Philips LPC2106 manual: Fcco=cclk*2*P where: Fcco = CCO frequency
cclk =53236800 hz
P = PLL divisor (bits 5-6 of PLLCFG)

Solving: Fcco =53236800*2 * P
P =2 (trial value)
Fcco = 53236800 * 2 * 2
Fcc0 =212947200 hz (good choice for P since it's within the 156 mhz to 320 mhz range

From Table 19 (page 48) of Philips LPC2106 manual P =2, PLLCFG bits 5-6 =1 (assign 1to these bits)

Finally: PLLCFG =0 01 00011 = 0x23

Final note: to load PLLCFG register, we must use the OxAA followed 0x55 write sequence to the
PLLFEED register
this is done in the short function feed() below

With the math completed, we can set the Phase Locked Loop Configuration Register
(PLLCFG)

/I Setting Multiplier and Divider values
PLLCFG = 0x23;
feed();

To set values into the PLLCON and PLLCFG registers, you have to write a two-
byte sequence to the PLLFEED register:

PLLFEED = OxAA;
PLLFEED = 0x55;

This sequence is coded in a short function feed();
The net effect of the above setup is to run the ARM CPU at 53.2 Mhz.

Next we fully enable the Memory Accelerator module and set the Flash memory
to run at % the clock speed. Now you see why some people prefer to execute
out of RAM where it's much faster.

/I Enabling MAM and setting number of clocks used for Flash memory fetch
I/l (4 cclks in this case)

MAMCR=0x2;

MAMTIM=0x4;

The clock speed of the peripherals is also run at 53.2 Mhz which is the full clock speed.

Il Setting peripheral Clock (pclk) to System Clock (cclk)
VPBDIV=0x1;



In the final snippet of the main() code, you can see the dummy interrupt service
routines. They are just simple endless loops; we don't intent to allow interrupts

in this simple example.
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Irt-Hala |- 1®@s [we-o- Bl | Eoresource
U Mavigator E2 = O @ *rk.s | main.dmp | demaoz106_blink_flash,cmd | @ crk.s m = O
52 | <ﬁ:=> - o]
2% dema2106_bink_flash void feed(rvoid)
= .cdtproject i
project PLLFEED=0xAA;
crk.lsk FLLFEED=0x55;
= 0] i
[8] crt.s
[ demaz106_blink_flash. cmd
- [E] Ipc21ox.h
[€] main.c
- main.dmp
main, hesx
fnain. map /% Stubs for various interrupts (may be replaced later) L
main.o i "y
|=| main.out
[ makefile
id IRQ Routi id
125 demoz106_blink_ram rox ,Q— outine (void) {
. while (1) :
- .cdtproject
project }
crt.lst
oo void FIQ Routine (void) {
8 s while (1) :
- {F] dema2106_blink_ram.cmd ¥
- [E] Ipc21me.h
@ main.c
= rnain. dmp void SWI Routine (woid] {
main,hex while (1) :
main. map ¥
main. o =
rnain. aut
B maksfie void UNDEF Routine (void) {
while (1) :
i
>
< i | ¥
Tasks | B Console 53
C-Build [demaz106_blink_flash]
(| Wititable Smart Insert | 134 : 16




16 Description of the Linker Script demo2106_blink_flash.cmd

Let's look now at the linker command script, demo02106_blink_flash.cmd. I've
included extensive annotation to make it very clear how the memory is organized.

Resource - demo?
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File Edt Mavigate Search Project Run  Window Help
IF-Helb |- & ee-=- B | Roresource
5 MNavigator 23 = B8 wts 5 ats [21 main.c | Tain.map | derno2106_blink_ram.crd =0
= | =l 4:5 = R e A A L L A T
Elk—_[; demaz106 blink Flash I demozl06 blink flash.cmd LINEER SCRIPT w7
|5 L cdtproject i ki
Jproject i i =)
crt.lsk A The Linker Script defines how the code and data emitted by the GNU C compiler and assexbler are =
=] ot I to bhe losded into memory (code goes into FLASH, warisbles go into RAM) . L
[8 erts I w
dermoZz106_blink_flash.cnd i Any symbols defined in the Linker Script are automatically global and available to the rest of the *7
2 @ lpc210x.h s prOgram. w
@ main.c i =i
=| main.dmp A To force the linker to use this LINKER 3CRIFPT, just add the -T demoZl06 _blink flash.cmd directive wf
i, hiex I to the linker flags in the makefile. =
main.map i w7
ma!n.n i LFLAGS = -Map main.wmap -nostartfiles -T demoZl06 blink flash.cmd wf
main, ouk i - - Y
[ makefile i wy
(=5 demo2106_blink_ram
I The Philips hoot loader supports the ISP (In System Programming) via the Seriasl port and the IAP L
Al (In Application Programming) for flash programming from within your application. wf
I =/
I The boot loader uses RAM memory and we MUST NOT load warisbles or code in these areas. L
I w
A RAM used by boot loader: Ox40000120 - Ox400001FF (223 hytes) for ISP wvariabhles *7
I 0x4000FFEOQ — Ox4000FFFF (32 bytes) for ISP and IAP wariables =
I 0x4000FEEQ - Ox4000FFDF (256 bytes) stack for ISP and IAP =
I i
i* ¥
< | ¥
Tasks | B console 52 &| ug’?h_.’E‘fﬁ'nﬁ
<kerminated = Insight [Program] C:\Program FilesiGHUARMYbIN arm-elf-insight. exe
[ Wititable Insett 1991 |
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Jrﬁ'@@|lﬁﬁJ(¥'J91J¥b@' = B [Resourcs
TS MNavigator 52 =08 @ crt.s @ crt.s | @ main.c | main.map | demoz106_blink_ram.cod =g
4 | g - I A
1% demo2106_blink_flash i HEMORY MAP =
[ cdtproject i | | Ox40010000 wf
.praject I =1 | =
crtlst A . | | 0x4000FFFF ®/
= ot A ram_lsp_hlgh | wariliables and stack | wF
@ crts Al | for Philips boot loader | w7
] demoz106_blink_Flash.cmd I | 288 bytes | 0x4000FEED =
[ Ipc210x.h A > | i
@ main.c i | UDF Stack 4 bytes | 0x4000FEDC w7 3
2 rnain. dmp FE = | w7
ma?“-hex Fa | AET Stack 4 bytes | 0x4000FEDS xS/
main,map i . | Y
— e A | FIQ Stack 4 bytes | 0x4000FED4 w/
= ma:(nE.Folut i > | *
i t'.;'"gm:;ms‘;"nk_ram i I IRQ Stack 4 bytes | 0x4000FEDD wy
I B | w
I | SWC Stack 4 bytes | 0x4000FECT *F
I >| | wF
i | | 0x4000FECE €—————————— _stack end w5
A | stack area for user program | wf
I | | 1y
I | | w7
I | | wf
I | | =/
I | | wF
A | | wf
I | | wf
I | free ram | w7
I rat | | wy
I | | wf
I | | =/
A R Y | Cm—————— _hss end L
< | >
Tasks | B Console 52 &||:_:-,‘.5ﬂ|=,_,fa-rj-='ﬁ
<kerminated = Insight [Program] C:\Pragram Files\GHUARMYbIN arm-elf-insight. exe
I Wwirikable Insert 199: 1 |
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Fun  Window Help

T Mavigator &2 = O [8) ats 8 art.s | [€] main.c | main. map ‘ demao2106_blink_ram.cmd
Y | = <§> - I . ettt e et | B bss end =~
=2 dema2106_birk_flash o . ! ! i
N cdtproject I |  .kas uninitialized variables | */f
project I ettt e | - _bsz_start *f
crklst A | | -— _edata *f
k.o /* | | *
[8] art.s i | | *
demoz106_blink_flash.crd /= | .data initialized wariahles | wf
/e | | */
I | | *f
main. drp I | | 0% 40000200 €—————————— _data T
main, hes L > | *7
main. map /* . | variables used by | Dx400001FF |2
= ma!n.n I ram isp low | Philips boot loader | *f
5] main.out I T | 223 bytes | 0%40000120 #/
; 4 makefie i > | o
[#-1= demoz106_blink_ram i . | | 0%4000011F -
I ram vectors | free ram | wf
I | | 0x40000040 wf
I | | 0x4000003F */f
I | Interrupt Vectors (re-mapped] | *f
I | 64 hytes | Ox 40000000 wf
& = | */
I | | *f
i =/
I */
I *
i | | *
I B | *
/* | | Ox0001FFFF *
I | | *f
i | | T
I | | e
< [} | s
Tasks | B console 52 Eﬁ‘ = E-r-=0
<terminated > Insight [Program] C:'Program Files\GHUARMIbind arm-glF-insight . exe
I Writable Inserk 1991 ‘
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=2 dema2106_birk_flash o ! ! i
N cdtproject I | unused flash eprom | */f
Jproject ’* | | *
ek st I Lo e e e s | w/
~[E ato /* | | */
8] erts i | | *
~{F] dema2106_blink_flash.crad i/ | | n/
I . | copy of .data area | "/
I flash | | *
main.dmp L] | | L
i, hex /e | | 0x00000254 <——————————— _etext */
main,map i | | i
mane /e | Haini] [ "
5] main.out /e | Feed() flash | wf
) malefie i | Initialize() I ny
C "
1= demnz106_blink_ram
= blink._t I | | 0x00000104 *
I | | =
I | | 0x00000103 wf
I | Startup Code|assembler) flash | *
i | | *
I | | 0x00000040 wf
/e | | */
I | | 0x0000003F */f
I | Interrupt Vector Table flash | wf
I | 64 hytes | */
I = | 0x00000000 *
i *
I *
I The easy way to prevent the linker frow loading anvything into a memory area is to define *7
I a MEMORY region for it and then avoid assigning any .text, .data or .h3s sections into it. *f
i =/
I v
< [} | ¥
Tasks | B console 52 Eﬁ‘ = E-r-=0
<terminated > Insight [Program] C:'Program Files\GHUARMIbind arm-glF-insight . exe
I Writable Inserk 1991 ‘




The first order of business in the linker command script is to identify the

memory available, this is easy in a Philips LPC2106 — the RAM and FLASH
memory are on-chip and at fixed locations. Page 29 of the Philips LPC2106
User Manual shows the physical memory layout.
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Ox4000FFFF
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_stack end = Ox4000FEDC;
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A
/% identify the Entry Point *#/
ENTRY (_startup)
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HEMORY
{
flash : ORIGIN = 0O, LENGTH = 126K /* FLASH ROM =
raw_isp_low(k) : ORIGIN = Ox40000120, LENGTH = 223 /% wariahles used by Philips ISP hootloader */
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First we define an entry point; specifically _startup as defined in the assembler
function crt.s.

ENTRY(_startup)

The Linker command script uses the following directives to lay out the physical memory.

MEMORY
flash : ORIGIN = 0, LENGTH = 128K /* FLASH ROM */
ram_isp_low(A) : ORIGIN = 0x40000120, LENGTH =223 [* variables used by Philips
ISP */
ram : ORIGIN = 0x40000200, LENGTH = 64992 /* free RAM area *
ram_isp_high(A) : ORIGIN = 0x4000FFEO, LENGTH = 32 [* variables used by Philips
ISP */

}

You might expect that we’'d define only a flash and a ram memory area. In
addition to those, we've added two dummy memory areas that will prevent the
linker from loading code or variables into the RAM areas used by the Philips
ISP Flash Utility (sometimes called a boot loader). See page 180 in the Philips
LPC2106 User Manual for a description of the Boot Loader's RAM usage.

As you'll see in a minute, we’ll be moving various sections (.text section, .data
section, etc.) into flash and ram.

Note that we created a global symbol (all symbols created in the linker
command script are global) called _stack_end. It's just located after the
stack/variable area used by the Philips ISP Flash Utility (boot loader) as
mentioned above.

_stack_end = 0x4000FEDC;
Now that the memory areas have been defined, we can start putting things into
them. We do that by creating output sections and then putting bits and pieces

of our code and data into them.

We define below four output sections:

startup - this output section holds the code in the startup function, defined in crt.s
text - this output section holds all other executable code generated by the
compiler

data - this output section contains all initialized data generated by the compiler

bss - this output section contains all uninitialized data generated by the compiler



The next part of the Linker Command Script defines the sections and where they go in
memory.
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File Edt Mavigate Search Project Run ‘Window Help
IB-Héalm |- |4 e - B | [Resourcs
U5 MNavigator £2 =08 @ crt.s B *demoz106_blink_flash.crad X | @ main.c | main.map | demoz106_blink_ram.cmd =08
42 | = <.’==§ hd &
[4
(=1 demo2106_blink_flash /% now define the output sections */
|5 .cdtproject
-project SECTIONS
|5 ertlst ¢
|5 b _ " : *
8 ats .= 0; /* set location counter to address zero )
--[F] demo2106_blink_flash.cmd
@ Ipcz10%.h startup : { *(.scartup)} >flash /% the startup code goes inco FLLSH +/
[8 main.c
- |Z] main.dmp
= main.hex
-2 main.map SLENE G /* collect all sections that should go into FLASH after startup +/
|2 main.o {
- |5 main. out T text) % all .text =sections (code) =
[ makefile *{.rodata) /* all .rodata sections (constants, strings, etc.) */
c "
[+l dema2106_blink_ram *{.rodata®) /* all .rodata* sections [constants, strings, ete.) */
*{.glue_7) /% all .glue 7 sections %/
*l.glue_7t) /* all .glue_7t sections */
_etext = . /* define a global symbol _etext just after the last code byte */
} »flash /% put all the above into FLAZH */
.data : /* collect all initialized .data sections that go into RAM #/
{
_data = .; /7 create a global symbol marking the start of the .data section @/
*[.datca) /% all .data sections &/
_edata = .; /* define a global symbol wmarking the end of the .data section */
} »ram AT >flash /% put all the above into RAM (but load the LMA copy into FLASH) +/
bss /* collect all uninitialized .bss sections that go into RAM  */
{
_hss_start = .: /7 define a global symbol mwarking the start of the .bs3s section #/
*{.bss) /* all .bss sections */
}orram /* put all the above in RiM (it will be cleared in the startup code */
. = ALIGIN(4): /* advance location counter to the next 3Z2-bit boundary +/
_bss_end = . ; /* define a global symbol warking the end of the .bss section */
i
_end = .} /% define a global symbol marking che end of applicatcion RAM #/
v
< | >
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The first thing done within the SECTIONS command is to set the location counter.

The dot means “right here” and this sets the location counter at the beginning to
0x000000.

.=0; /* set location counter to address zero */

Now we create our first output section, located at address 0x000000. This
creates a output section named “startup” and it includes all sections emitted by
the assembler and compiler named .startup. In this case, there is only one
such section created in crt.s.

This startup output section is to go into FLASH at address 0x000000.
Remember that the startup section has the interrupt vectors (must be placed at



0x000000) and the startup code also sets the stacks, modes and copies the
.data and .bss sections.

startup : { *(.startup) } >flash

Now we can follow the vector table and assembler startup code with all code
generated by the assembler and C compiler; this code is normally emitted in
.text sections. However, constants and strings go into sections such as .rodata
and .glue_7 so these are included for completeness. These code bits all go into
FLASH memory.

text : [* collect all sections that should go into FLASH after
startup */
{
*(.text) [* all .text sections (code) */
*(.rodata) /* all .rodata sections (constants, strings,
etc.) */
*(.rodata*) /* all .rodata* sections (constants, strings,
etc.) */
*(.glue_7) /* all .glue_7 sections */
*(.glue_T7t) /* all .glue_7t sections */
_etext = ; /* define a global symbol _etext after the last code
byte */
} >flash [* put all the above into FLASH */

We follow the .text: output section (all the code and constants, etc) with a
symbol definition, which is automatically global in the GNU toolset. This
basically sets the next address after the last code byte to be the global symbol
_etext (end-of-text).

There are two variable areas, .data and .bss. The initialized variables are
contained in the .data section, which will be placed in RAM memory. The big
secret here is that an exact copy of the .data section will be loaded into FLASH
right after the code section just defined. The onus is on the programmer to copy
this section to the correct address in FLASH; in this way the variables are
“Initialized” at startup just after a reset.

The .bss section has no initializers. Therefore, the onus is on the programmer
to clear the entire .bss section in the startup routine.

Initialized variables are usually emitted by the assembler and C compiler as
.data sections.

.data :

{ - .
_data=.; [/ global symbol locates the start of .data section in RAM
*(.data) Il tells linker to collect all .data sections together

_edata=.; //global symbol locates the end of .data section in RAM



} >ram AT>flash //load data section into RAM, load copy of .data section
/I into FLASH for copying during startup.

Note first that we created two global symbols, data and _edata, that locate the
beginning and end of the .data section in RAM. This helps us create a copy
loop in the crt.s assembler file to load the initial values into the .data section in
RAM.

The command >ram specifies the Virtual Memory Address that the .data
section is to be placed into RAM (think of it as the final destination in RAM and
all code references to any variables will use the RAM address.

The command AT >flash specifies the load memory address; essentially an
exact copy of the RAM memory area with every variable initialized placed in
flash for copying at startup.

You might say “why not let the Philips boot loader load the initial values of the
.data section in RAM directly from the hex file?” The answer is that would work
once and only once. When you power off and reboot your embedded
application, the RAM values are lost.

The copy of the .data area loaded into flash for copying during startup is placed
by the GNU linker at the next available flash location. This is conveniently right
after the last byte of the .prog section containing all our executable code.

The .bss section is all variables that are not initialized. It is loaded into RAM
and we create two global symbols bss_start and _bss_end to locate the
beginning and end for clearing by a loop in the startup code.

.bss:

{
_bss_start =
*(.bss)

} >ram

.= ALIGN(4);

_bss end =.;
_end = ;



Now let's diagram just where everything is in RAM and FLASH memory.
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_ 0x40000000

0x020000
Unused FLASH
copy of .data variables
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Constants, strings, etc.
FLASH Initialize()
Feed()
Main()
Startup Code
0x000020
Vector Table
0x000000




17 Description of the Makefile

The makefile is the last source file we need to look at. | built the makefile to
comply with the GNU make utility and be as simple as possible.

£ Resource - makefile - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help

IB-Helm |&-|#ve-2-|B S | RResource
TS MNavigator £3 =0 demoz106_blink_flash.cmd | main.map | @ crt.s | crk sk | main.dmp m
Y | = 4:5 - bJAHE = demozldé_blink flash

- 2% demoZ106_blink_flash

[ .cdtproject Lal e} = arm—elf-goo
5] .project LD = arm-elf-1d -w
5] ertlst AR = armw-elf-ar
2 oo AS = arm-eli-as
----- [8] s CP = arm-elf-objcopy
demoz106_blink_flash.cmd oD = arm-eli-objdwnp
----- [€] Ipcz10s.h
""" [€] main.c CFLAGS = -I./ -o —fno-common -03 —g
- |5| main.dmp AFLALGY = -ahls -mapcs-32 -0 cCrt.o
- =] main.hex LFLAGS = -Map main.map -Tdewo2106 blink flash.cmd
] main.map CPFLLGS = -0 ihex
=l main.o ODFLALGS = -x ——syms
- | =] main, out
----- K makefile
I:I---I:% demoz106_blink_ram all: test
clean:

—-rm crt.lst mwain.lst crt.o main.o main.out main.hex main.map mwain. dop

test: main.out
f echo ™...copying"”
2(CP) 4 (CPFLAGE) main.out mwain.hex
F{0D) §(ODFLAGE) main.out > main.dmp

wain.out: crt.o mwain.o demozZllé_blink flash.cmd
f echo ™..linking"
2(LD) 4 (LFLAGS) -0 m&in.out crt.o main.o

Crt.o: Ccrt.s
f echo ".azsenbling”
{h3) §(AFLAG3) crt.s > crt.lst

main.o: main.c
@ echo "™.compiling™
§{CC) §(CFLAGE) main.c
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The general idea of the makefile is that a target (could be a file) is associated
with one or more dependent files. If any of the dependent files are newer than
the target, then the commands on the following lines are executed (to
recompile, for instance). Command lines are indented with a Tab character!

main.o: main.c
arm-elf-gcc  -I./ -c -O3 -g main.c



In the example above, if main.c is newer than the target main.o, the command
or commands on the next line or lines will be executed. The command arm-elf-
gcc will recompile the file main.c with several compilation options specified. If
the target is up-to-date, nothing is done. Make works its way downward in the
makefile, if you've deleted all object and output files, it will compile and link

everything.

GNU make has a helpful “variables” feature that helps you reduce typing. If you define
the following variable:

CFLAGS = -l./ -c -fno-common -0O3 -g

You can use this multiple times in the makefile by writing the variable name as follows:

$(CFLAGS) will substitute the string -I./ -c -O3 -g

Therefore, the command-

arm-elf-gcc  $(CFLAGS) main.c

is exactly the same as

arm-elf-gcc  -I./ -c -O3 -g main.c

Likewise, we can replace the compiler name arm-elf-gcc with a variable too.

CC = arm-elf-gcc

Now the command line becomes

$(CC) $(CFLAGS) main.c

Now our “rule” for handling the main.o and main.c files becomes:

Commands MUST be
indented with a TAB
character!

main.o: main.c

}— @ echo ".compiling”
I——>$(CC) $(CFLAGS) main.c

It's worth emphasizing that forgetting to insert the TAB character before the
commands is the most common rookie mistake in using the GNU Make system.

The compilation options being used are:

-1/
case)

specifies include directories to search first (project directory in this



-C = do not invoke the linker, we have a separate make rule for that

-fno-common = gets rid of a pesky warning
-03 = sets the optimization level (Note: set to —OO0 for debugging!)
-9 = generates debugging information

The assembler is used to assemble the file crt.s, as shown below:
crt.o: crt.s
@ echo ".assembling"”
$(AS) $(AFLAGS) crt.s > crt.lIst
In the example above, if the object file crt.o is older than the dependent
assembler source file crt.s, then the commands on the following lines are
executed.
If we expand the make variables used, the lines would be:
crt.o: crt.s
@ echo ".assembling"”
arm-elf-as  -ahls -mapcs-32 -0 crt.o crt.s > crt.st

The > crt.Ist directive creates a assembler list file.

The assembler options being used are:

-ahls = listing control, turns on high-level source, assembly and symbols
-mapcs-32 = selects 32-bit ARM function calling method
-0 crt.o = create an object output file named crt.o

The GNU linker is used to prepare the output from the assembler and C compiler
for loading into Flash and RAM, as shown below:

main.out: crt.o main.o demo2106_blink_flash.cmd
@ echo "..linking"
$(LD) $(LFLAGS) -0 main.out crt.o main.o

If the target output file main.out is older than the two object files or the linker
command file, then the commands on the following lines are executed.

The Linker options being used are:

-Map main.map = creates a map file



-T demo02106_blink_flash.cmd = identifies the name of the linker script
file

Note that I've kept this GNU makefile as simple as possible. You can clearly see
the assembler, C compiler and linker steps. They are followed by the objcopy
utility that makes the hex file for the Philips ISP boot loader and an objdump
operation to give a nice file of all symbols, etc.

18 Compiling and Linking the Sample Application

OK, now it's time to actually do something. First, let's “Clean” the project; this
gets rid of all object and list files, etc. Click on “Project — Clean ...” and fill out
the Clean dialog window.
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rm: cannot lstat “mwain.lst': No such file or directory
make: [clean] Error 1 (ignored)




You can see the results of the “Clean” operation in the Console window at the bottom.

Expect to see some warnings if there isn’t anything to delete.

To build the project, click on “Project — Build All". Since we deleted all the object files
and the main.out file via the clean operation, this “Build-all” will assemble the crt.s
startup file, C compile the main.c function, run the linker and then run the objcopy utility
to make a hex file suitable for downloading with the Philips ISP Flash Utility.
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¥rm: cannot lstat ‘main.map': No such file or directory
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We can see the results in the Console Window at the bottom.
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19 Setting Up the Hardware

For this tutorial, we'll be using the Olimex LPC-P2106 Prototype Board.
Connect a straight-through 9-pin serial cable from your computer's COM1 port
to the DB-9 connector on the Olimex board. Attach the 9-volt power supply to
the PWR connector. Install the BSL jumper and the JTAG jumper.

You can use a
standard 9-pin PC
serial cable to
connect COM1 to the

COM1 Olimex board.
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To run the Philips LPC2000 Flash Utility, it's easiest to just click on the “External Tools”
button and its down arrow to pull-down the available tools. Click on “LPC2000 Flash
Utility” to start the Philips Boot Loader.

Resource - demo2106_blink_flash.cmd - Eclipse Platform
Edit

File

| %

Mavigate Search Project

Fun  Window  Help

== demaZz106_blink_f

¥_ 1 LPZ2000 Fla

zh Lkility

Flzsh.crmd X

hilips bhoot

..... B .cdtproject

= . Fun &s
----- =] .project
..... 2| crt.lst @, External Tadls...
----- [E] crto Organize Favorites, .,

wpplication I

oot loader 1

----- @ crb.s i
~{%] demcz106_blink_flash. crd £
----- [€] Ipcz10x.h £
----- [€] main.c P
----- |=| main.dmp i
----- |=| main.hex i
..... |_—_E| |'|'|-E|?I'|.I'I'IEI|:I .-"' *
----- |=| main.o i
----- (=] main. oot PR
----- [ makefile Ir;
E§|---'[:;B- demoz 106 _hlink_ram I

Fil used by hoot

tam isp hic

The Philips LPC2000 ISP Flash Programming will start up.

& LPC2000 Flash Utility

File EBuffer Help

PHILIPS

LPC2000 Flash Utility v2.2.0

— Flazh Programming —Eraze / Blank — Communication
Filename: _ _ Connected To Port:
||::\eclipse'\wnrkspace'\demu21 0E_blink_flas ... | Blank Check &+ Entire Device COk1: -
" Selected Sectors
Erecute Code lze Baud Rate;
IJpload ta Flash i after Lipload tart Sector I_D 19200 -
Erase
Compare Flash 14 atsal Feset | Eine) Saline I 4 Time-Out [zec]: I 2
— Device Uze DTR/RTS
Deviee: [LpCa104 -] — Part 1D [ forfeset and
#TAL Freq. [kHz]: |14;-'45 Dievice I Boot Loader |D3I Selection




Now fill out the LPC2000 Flash Utility screen. Browse the workspace for the main.hex
file. Set the Device to LPC2106. Set the crystal frequency to 14746, as per the Olimex
schematic. The default baud rate, COM port and Time-out are OK as is.

'S LPC2000 Flash Utility

File Buffer Help

m LPC2000 Flash Utility Vv2.2.0

— Flazh Pragramming — Eraze / Blank — Communication

— ; ; ) Connected To Port:
|work$pace'\demo2‘l 0E_blink_Flashimain.bed .. Blark Check " Entire Device IEDM1: vI
S — " Selected Sectors

Uze Baud Rate:

£\

Execute Code
Upload ta Flazh [ -
F = after Upload Start Sectar: I 0 19200
Eraze
Compare Flash [ anual Heset | | e I I Timne-Out [sec] I 2

 Device Usze DTR/RTS
Devicgl - d far Reset and
LPCZ2108 Read Part ID.I r Bt L oder
HTAL Freq. [kHY: |14?4E Device D Boot Loader ID:I Selection

Now click on “Upload to Flash” to start the download.

The Philips ISP Flash Utility will now ask you to reset the target system. This is the tiny
RST button near the CPU chip.

LPC2000 Flash Utility - Reset Message X

Please reset your LPC2000 board now and then press !

The download will now proceed; you'll see a blue progress bar at the bottom and then
the status line will say “File Upload Successfully Completed”.

k: LPC2000 Flash Utility
File Buffer Help

m LPC2000 Flash Utility V2.2.0

r Flash Frogramming —Eraze / Blank r— Communication
Filerarne: Connected To Part:
|waorkspacedemn21 08_biink_flashimain hex .. | Blank Check {+" Entire Device ICDM1: vl
™ Selected Sectors
Execute Code -_— se Baud Rate:
i Upload to Flash ¢ o -
L ; e after Lplnad Start Sectar: I 0 13200
Eraze I_
Compare Flash tdanual Heset | e i Time-0ut [zec]: I 2
~ Device Jze DTRARTS
Device: - I for Reset and
[LPez10e I Read Pt T Boot Loader
HTAL Freq. [kHz]: |14?45 Device (D Boot Loader ID:I Selection
| ]

File Upload Successfully Completed




Remove the BSL (boot strap loader) jumper and hit the RST button.
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Your application should start up and the LED will start blinking.

To prove that | am as honest as the sky is blue, here it is blinking away!
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OK, | admit it; this photo has the reliability of a Bigfoot video!



20 Create a New Project to Run the Code in RAM

Now we will create a new project that will run the blinker code in RAM. Only
minor modifications to three files are required. We will show how to run the
application using the Philips ISP flash utility. Later, we’ll show how to use this
very same RAM-based application with the Insight graphical debugger and a
Wiggler JTAG interface.

Using the techniques previously discussed, create a new project named
demo2106 blink_ram.

& New Project

C/Make Project -

Create a Mew C Project using 'make’ to build it

Project mame: | demoz 106_blink_ran|

Project conkents
¥ Use default

Direckory; I Cieclipseworkspacedemoz 106_blink_ram Browse, ., |

< Back. | Mexk = | Finish I Cancel |

Switch to the C/C++ Perspective and you will see that there are now two projects,
although the new one contains no files.

& CIC++ - Eclipse Platform (=113
File Edit Mavigate Search Project Run  Window Help
|8~ B @ -&8-&-F-|%-0-%- @5 |- & | moc 2
SEE- &n outline is not avalable.
'E; demo2106_blink_flash
BB derma2106_blink_ram

Froblems | B Console 52 Properties #B2-ri-=0

A consale is not available,

|| Jdemoz108_blink_ram




Now using the “File Import” procedure described earlier, fetch the source files for the
project demo2106_flash_ram included in the zip distribution for this tutorial.

= Import
File system F
Import resources fram the local file syskem, D
-
Frar directary: IC:'l,source codeidemoZ106_blink_ram LI Browse... |
------ [F] &= demoz106_blink_ram O 2 cdtproject
O 5 .project
O 2 crt.lst
O & ot.o
8 art.s

dem02106_b|ink_ram.cmd
€ lpezioeh

@ main.c

O = main.dmp

O & main.hex

O = main.map
O E main.o
O = main.out
@ makefile

Filter Types... | Select All Deselect all |

Into Folder: I demoz106_blink_ram Braowse. ., |

Options

[ Overwrite existing resources without warning
" Create complete Folder structure

' Create selected Folders only

< Back, Mext = | Firish I Cancel

The files we import are:  crt.s
demo2106_blink_ram.cmd
Ipc210x.h
main.c
makefile.mak

Now if you “Clean and Build” you should see a completed project with all the resultant
files, as shown below.



fC++ - demo2106_blink_ram.cmd - Eclipse Platform

File Edit Mavigate Search Project Run  ‘Window Help
D e -8 - C-@- % -0 - Q- |®@F |- o[ B -
ﬁCIC++P... x4 i =8 = H EEO 52 » =H

) | E <4:===> - l.."ﬂ‘ i o O o o o e o O o o e e RnDUtlineiSnDta\"ailable.
& demo2106_blink_Flash L demoZl06_kblink ram.cmd LINEER SCRIPT ]
E|k7c demioZ 106 _blink_ram 4% =
[ & Binaries 4%
[]..|'|_'E| Includes L The Linker Script defines how the code and data emitted by the GNU C cc
[]...@ lpcz 10, b i to be loaded into memory (code goes into FLASH, warisbles go into RAM) .
- [8] orts i
[]---@ main.c i Any syubols defined in the Linker Script are automatically globkal and ¢
[ 3] crkoo- [armle] A program.
[ [E] main.o - [armle] ]
D"i@ main.out - [armle] i To force the linker to use this LINEER 3CRIFPT, just add the -T demozlOe
’ ert st I to the linker flags in the makefile.
- demoz106_blink_ram,cmd i
: mafn.dmp i LFLAGS = -Map main.wap -nostartfiles -T demoZl06 blink ram
mairn, hex i
=| main.map i
----- & makefile o ) )
i The Philips hoot loader supports the ISP (In System Programming) via tl
I (In Application Programming) for flash programming from within your apgp
FE]
a3 Tha oot lradar noaes DM wawortr and wra MITET ROT 1lhaad srarish las A cods :
< i | ¥
Problems | & console 52 Properties & | Gk BE | #E-5-°08

<terminated:> LPC2000 Flash Utility [Program] C:\Program Files\LPCZ106 ISPALPCZ10x_I5P.exe

[ Writable Insert 1:1

21 Differences in the RAM Version

File CRT.S

In the startup assembler file, | used a simple trick to move the startup code away from
the vectors to ensure that it doesn’t encroach on the Philips ISP Flash Loader low RAM
area.

CIC++ - cri.s - Eclipse Platform

File Edit Mavigate Search Project Run  wWindow Help

IB-Ee @ & -a-H-&-|%-0-%- |@FL -2 - B | Bcic+ >
ﬁc;c++ P... &2 ! =0 demoz 106_blink_ram.cmd m@ ks | SH|sm~ 1 =8
D = | = <‘;==»=> o 1dr FC, FIQ Addr & :\rrla?i:gi: st

E-l= demo2106_blink_flash A

- €p Binaries = Reset_Addr: Lword Reset_Handler /% defined in this module below  #/

[]'E Includes Undef Addr: ~word THDEF_Routine A% defined in main.c %/

[ [H] Ipc210x.h SWI_Addr: .word SWI_Foutine /* defined in main.c */

M @ ctt.s Pibt_ Addr: .word UNDEF_Routine % defined in main.c %7

[]--@ main.c DALt Addr: .word THDEF_Routine /% defined in wmain.c %/

[+ [5&] crt.o- [armle] IRQ_Addr: .word IRQ Routine f% defined in main.oc %7

[+ ] main.a - [armlg] FIQ Addr: .word FIQ Routine /% defined in main.c %/

(- R main.out - [armle] Lword O /% rounds the vectors and ISR addresses to 64 bytes total  +f

T st
demoZ106_blink_Flash.c =

/% skip past Philips ISP ram usage (all the way to 0x40000Z00) +/

# Reset Handler

8] makefile
(2% dema2106_blink_ram

#-€p Binaries .
]_E Includes /% Setup a stack for each mode - note that thiz only sets up a usable stack

Reset Handler:

@ Ipc2ii.h for User mode. Llso each mode iz setup with interrupts initially disabled. #/

)

-[8) erts < il ¥
t-[€] main.c B |
|
t|

£

] crt.o- [armle] Problems | B Conscle &3 Properties & | =% @'—E | #BE-r5-=0

(] main.o - [arml=] <kerminated= LPC2000 Flash Utility [Program] C:\Program Files\LPC2106 ISPLPCZ210:_ISP, exe
- %% main.out - [armie]
-] ortlst ~

il | &

e [ - - - [

|




Remember that the entire project, code and variables, will be loaded into RAM starting
at address 0x40000000. The location counter is advanced by the directive .=.+0x1CO to
push the Reset_Handler to address 0x40000200. This leaves a hole where the Philips
ISP Flash Utility will use the low RAM. There are other ways to do this.

File MAIN.C

There is just one extra line of C code in the main program. It directs the LPC2106 to re-
map the interrupt vectors to RAM at 0x40000000.

& CIC++ - main.c - Eclipse Platform

File Edit Mavigate Search Project Run  wWindow Help
= | = S :
It-felm | -a8-F-@-[%-0-%- @9 [0C-0-|BF AR B Bgcic++ >
ﬁc;c++ P.. B2 2 =g demoz106_blink_ram.cmd | [8] crt.s | [8] ert.s [€] main.c m =0 EE 0. 2 =0
e | = ¢=T> - . A az (] ‘.f‘i > -
k% demo2106_blink_flash .f’f’_[ulalt for the PLL to lock to set fregquency T 3 Initidlize ~
E‘E‘E‘ demo2106_blink_ram while (! (PLLSTAT & PLOCE)y > & feed
H-€p Binaries || e @ IRGQ_Rauting
[]"E.l Includes /¢ Connect the PLL as the clock source @ FIQ_Routine
[]...@ lpcz1ox.h PLLCON=0x3: 3 SWI_Routine
#-[8] crbs feed(): ] e @ UNDEF_Routine
M6 maine |0 ] e o LPC2i0ch
[ [ crt.o- [armie] /4 Ensbling MAM and setting nuwber of clocks used for Flash memory feteh || & q
[]--- main.o - [armlz] MAMCE=0xZ: e &t
- %8 main.out - [armle] MAMTIM=0xd: e A s
e E] st / ------ a h
demo2106_blink_ram.cmd<' /% Initimlize MEMAP - re-map vector teble to RAM </ Yy || 7 & i
5] main.dmp N MEMMAP = OxOZ: == = a0
5] mainbex =" i @ main
e | il oS N N e PLOCK
§ 2:::32":9 // Zetting peripheral Clock (pelk) to System Clock (cclk) ) f Initialze
VPEDIV=0x1:
------ @ feed =
e | ® RS Routine
= 1 o @ FIQ_Routine v
< * < 153
Problems | Bl Consale 52 Properties & | =" Q'—E | #HE-r95-70
<terminated = LPC2000 Flash Uklity [Program] C:YProgram Files\LPCZ2106 ISPILPCZ10:x_ISP.exe
[ | Witable | Smart Insert | 1:1 |

Since we are not using any interrupts in this example, this addition does not
really matter. I've just added it for completeness; you should always do this
when devising a project to run in RAM.

After you follow the next steps and get the application to execute out of RAM,
you can run a little experiment and comment out the MEMMAP = 0x02; line. It
will still run OK.

The reason for that is two-fold. First, we don’t use interrupts in this example.
Second, we use the Philips ISP Flash Loader to force the CPU to start at the
address of Reset_Handler; which is at 0x40000200. This bypasses using the
RESET vector at 0x4000000 to start the application.



File DEMO2106 BLINK RAM.CMD

The entire project, both code and variables, is going to be loaded into RAM.
Therefore, there are a few changes in the Linker Command Script file
demo2106_blink_ram.cmd.

++ - demo2106_blink_ram.cmd - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help
= | = 3 g
- m & -a8-f-@-]#%-0-%-|@F |00 - B | i+ =
[8] crt.s | 8] arts | [€] main.c | [€] main.c | =0
B A A A I A A A T T o A T T T T o N T R R A R A N T AR RN N A AR AN AR AN RNT RN RN T 7] ~

/e demozZ106_blink ram.cmd LINKER SCRIPT *

/i *

I *

i The Linker Script defines how the code and data ewitted by the GHNU C cowmpiler and assembler are */ |

fd to he loaded into wemory (code goes into FLASH, wvariasbles go into RAM) . *f

/i *

fd Any synbols defined in the Linker Script are autowatically global and availsble to the rest of the *f

i program. *f

I *

i To force the linker to use this LINKER SCRIPT, just add the -T demo2l106 blink ram.cmd directive */

I to the linker flags in the makefile. *

T *

i LFLAGE = -Map main.map -nostartfiles -T demoZl06 blink ram.crod *

T *

i *

/* The Philips bhoot loader supports the ISP (In System Programming) wis the serial port sand the IAP L

A [In Application Programming) for flash programming from within your application. "

T *

A The boot loader uses RAM memory and we MUST NOT load varisbles or code in these areas. w

T *

I RAN used by bhoot loader: 0Ox400001Z0 - 0x400001FF (223 hytes) for ISP wvarishles *

i O0x4000FFEQ0 — Ox4000FFFF (32 bytes) for ISP and ILP wariables *f

I O0x4000FEEQ0 - Ox4000FFDF (256 hytes) stack for ISP and IAP *

i *

i i L |
Problems | B console 53 Propetties & | | | #E-f5-0
<terminated = LPC2000 Flash Utiliy [Program] C:\Program Files\LPC2106 1SPILPC210x_ISP.exe
I Writable Insert 1:1 |

C++ - demo2106_blink_ram.cmd - Eclipse Platform

Fil= Edit Mavigate Search Project Run  Window Help
In-Hegl e -8 E-0- /%0 |®sF [0 -0~ | W >
|§| crk.s | @ crk.s | @ main.c | @ main.c | =0
MEMORY MAP *f ]
| | 0x40010000 wf
= | *f
| | 0x4000FFFF wf
| wvariables and stack | *f
| for Philips hoot loader | wf
| 288 hytes | *f
| Do not put anything here | 0x4000FEEQ wf b |
| | *f
| UDF Stack 4 bytes | 0xX4000FEDC  <—————————— _stack end wf
| | *f
| ABT Ztack 4 bytes | 0x4000FEDS wf
| | *f
| FIQ Stack 4 bytes | 0x4000FED4 wf
| | *f
| IRQ Stack 4 bytes | 0x4000FEDO wf
| | *f
| FVC Stack 4 bytes | 0x4000FECE wf
| | *f
| | 0x4000FECS wf
| stack area for user program | *f
| | *f
| | *f
T | ﬁf. v
Problems | B Console 52 Properties & | 5N 5@ | = E-rf-70
<fterminated > LPC2000 Flash Utility [Program] C:\Program Files\LPCZ 106 ISPILPC210x_I5P.exe
I ‘Writable Insert 1:1 |




fC++ - demo2106_blink_ram.cmd - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help
I5-Eea|@-a8-§-6-1%-0-%-|85|0e-o- B [ Bgrcice »
| @ crk.s | @ main.c | @ main.c | =0

I . | e ettt e e e | =y ~
i | | wy
rad | | w7
i | | *
r | | w
I | free ram | e
i ram | | krs
i | | wy
I | | * =
A . R R e | 0x40000464 <-————————— _hss_end =
A . | | wf )
i . | .has uninitialized warishles | *f
A . | et et e et e et e, | 0x40000445 <---——————— _hss_start, _edata wf
I | | w7
i | | wy
i | | wy
i | .data initialized wariables | *f
I . | | =y
A . | | wf
A | | *f
A | —- | 0x40000430 <-—-——=———=—— _etext, _data wf
I | | w7
A | | 0x4000035 44 main =
i | | 0x400002 =4 Initialize *f w

Problems | B Consale 52 Properties L & | EN SE | ) B - rﬁ -=08

<terminated > LPC2000 Flash Utility [Program] C:\Program Files\LPC2106 ISPALPC210x_ISP.exe

I Writable Insert 1:1 |

fC++ - demo2106_blink_ram.cmd - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help
Int-feln | 8-8-H-F-|%-0-%- @& [CE-o- | Roict+ e
| @ crts | @ main.c | @ mair.c | =

i | .text € Code | 0x400002 20 UNDEF_FRoutine *f ~

i | | 0x400002khe SWI_Routine *f

rad | 405 bytes | 0x400002k38 FIQ_Routine wf

/* | |0x400002b4  IRQ Routine "/

P |-- |0x40000298  feed "

I | .text Startup Code (assembler) | e

i | 116 bytes | krs

i |- | Dx40000200 w7

i | variables used by | 0x400001FF *f

i . | Fhilips boot loader | *f

rad . | 223 bytes | wf

A | | *f =

r | Do not put anything here | Ly

i [ [ * h |

;e |- | 0%40000040 "

i | .text Interrupt Vectors | *f

i | {re-mapped) | 0x40000000 *f

i . | 64 bytes | *f

rad . | == | wf

i | | *

A wf

A w

A *

" " ]
Problems | B Consale 52 Properties L & | EN SE | ) B - rﬁ -=08
<terminated > LPC2000 Flash Utility [Program] C:\Program Files\LPC2106 ISPALPC210x_ISP.exe
I Writable Insert 1:1 |




C/C++ - demo2106_blink_ram.cmd - Eclipse Platform

File Edit Mavigate Search Project Run Window Help
Ics-Eéla | @-a8-b-@-]%-0-%-|®P |Ce- - | Rjcjce+ >
& @ crts | @ ks | @ main.c | @ main.c | =0

A | | wf fad

I - o= | *f

e | | OX0001FFFF "

I | | =y

i | unused flash eprom | *f

I . | | =y

rad flash | 65472 hytes | wf

A | | *f

i |- | 000000040 wf

I | Interrupt Vector Table flash | e

i . | 64 hytes | krs

e - - | 000000000 *

I =y

I =y

A w7 =3

A *f

/% Author: James P. Lynch Ly

A w

ll."ﬁ‘ oo o o o o o o o o o o ol el ol ol ol o o o o ol ol ol ol o o ol o o o ol i ol ol ol o o o o o o o ﬁ‘ll."

/% identify the Entry Point */

ENTRY (Reset_Handler) v
Problems | B Console 52 Propetties & | E™ Eﬁ | #E-r5-=0
<terminaked= LPC2000 Flash Ukility [Program] C:\Program Files\LPCZ2106 ISPYLPCZ210x_ISP.exe
(. Writable Insert 1:1 |

| added quite a bit of annotation above to make it very clear how the memory (flash and
ram) is organized.

C/C++ - demo2106_blink_ram.cmd - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help
In-Hela|@-a8--F-|%-0-&-|®F e - B | Wycic++ »
_tam.cmd X @ crk.s | @ crk.s | @ i, o | @ mair.c | =0
”~
/* specify the LPCZ2106 memory areas */
MEMORY
i
flash : ORIGIN = O0x00000000, LENGTH = 128K /% free FLASH EPROM area */
ram : ORIGIN = 0x40000000, LENGTH = 64K /% free RAM area */
}
/% define a global svmbol _stack end = =
_stack end = 0x4000FEDC;
v
Prablems | B cansale 52 Properties & | = 5@ | #E-55-70
<terminated > LPC2000 Flash Utility [Program] C:\Program Files\LPC2106 ISPILPC210x_ISP.exe
(. | Wiritable | Insert | 1:1 |

Above | defined two memory areas for flash and RAM, consistent with the LPC2106
memory map. Of course, we're going to load everything (code and variables) into RAM!



Note that | also created a global symbol, _stack _end, that is used in the startup routine
to build the various stacks. The address is positioned just after the stacks and variables
used by the Philips ISP Flash Utility.

£ CIC++ - demo2106_blink_ram.cmd - Eclipse Platform

File Edit Mavigate Search Project Run  wWindow Help
= = 3 2
Ip-fgl@ |eg-a8-§-6-|%-0-%-|®F |G- B | Bgcic++ >
B demoz106_blink_ram.cd X @ crk.s | @ crb.s | @ main.c | @ main.c | =08
/% now define the output sections +/ 5
SECTICNS
{
Ftartup : { F(.startup) i >ram /% the startup code goes into FLASH +/
LLext f% pollect all sections that should go into FLASH after startup  +/F
{
T[.text) f*% all .text sections (cods) L
[ .rodata) /% all .rodata sections (con3tants, strings, etc.) *f
Y[ .rodata®) /% all .rodata® sSections (constants, sStrings, etc.) wf
Fluglus 7) F*oall glue 7 sections [no idea what these are)] */
Fl.glus 7t) F*oall .glue_ 7t sections (no idea what these are) 7
_BLEXL = .} /% define a global symbol _etext just after the last code byte L
1 >ram /% put all the shove into FLASH */
.data : /* collect all initialized .data sections that go into RLM  */
{
_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 %/
} rram /* put all the above into RLM (but load the LML copy into FLASH) */
.hss : /% collect all uninitialized .bss sections that go into RLM  #/
i
_bss_st,art = .: /% define a global symbol marking the start of the .bss section +/
*{.h=s3) /% all .bss sections ¥/
3 rram /% put all the shove in RAM (it will bhe cleared in the startup code #/
. = RLIGN(4); /% advance location counter to the next 3Z-bit boundary +/
_bss_end = . ! /% define a global symbol marking the end of the .bss section */
_end = .; /% define a global symbol marking the end of application RAM =/
} =
v
Problems | Bl Consale 52 Properties & | EN Q'—E | ) = - rﬁ - =08
<terminated= LPC2000 Flash Ukility [Pragram] Ci\Pragram FilesiLPC2106 [SPILPC210x_ISP. exe
[ | Witable | Insert | 1:1 |

Above is the final part of the Linker Command Script. Notice that everything is loaded
into RAM.

You might ask, “Do we still copy the .data section initializers?” | left the copy operation
intact in file CRT.S but it now essentially copies over itself (wasteful). | wanted to keep
things very similar. You could delete the .data initializer copy code in crt.s to save
space.

You might also ask, “Do we still clear the .bss section?” The answer is absolutely yes,
RAM memory powers on into an unknown state. We want all uninitialized variables to



be zero ar start-up. Of course, stupid programmers rely on uninitialized variables to be
zero at boot-up, this is how they get into trouble with uninitialized variables (not all
compilers do this automatically).

At this point, if you haven't cleaned and built the project, do it now.
Make sure the BSL jumper is installed.
Now use the “External Tools” toolbar button to find the Philips ISP Flash Utility and start it.

To make sure that we are not fooling ourselves, click on “Erase” to clear the flash
memory.

% LPC2000 Flash Utility

File Buffer Help

m LPC2000 Flash Utility V2.2.0

— Flazh Programming —Eraze / Blank — Communication
Filenarne: ) ) Connected To Port:
|Checlipsetwark space’demn21 06_blink_flas .. | Blark Check * Entire Device COMT: -
" Selected Sectors
Evsoute Code Ize Baud Fate:
Upload to Flash W ater Upload 7 ey Wt Sector | D [15200 =
Erase I_
Compare Flazh I anual B eset - 5 o st " Time-Out [sec]: I 2
O —
~ Device Uze DTR/RTS
Device: I vI I for Reset and
LPC2105 Read el r Boot Loader
=TaL Freq. [kHz]: (14745 Device D Bant Loader ID:I— Selection

Erazed LPC2000 Flazh Successfully

Now we can be sure that the blinking LED is not the Flash application running.

Click on “Buffer — RAM Buffer Operations.”

k: LPCZ000 Flash Utility

LPC2000 Flash Utility v2.2.0

— Flagh Programmming —Eraze / Blank — Communication
Filenarmne: _ _ Connected To Port:
| C:\eclipsetworkspace’demo2106_blink_flas ... | Blark Check {+ Entire Device COM1: -
= Selected Sectors
Execute Code ze Baud R ate:;
Upload to Flash S T R | [ — S sector |0 | | 119200 El
: Eraze I_
Compare Flazh b anwal Beset | : d  EndSector 14 Time-0ut [sec]: I 2
— Device Use DTR/ARTS

Device: - I for Reszet and
ILF'E21 0B I Read Part [D: I Boot Loader
HTAL Freq. [kHz]: |14?45 Device D Eaot Loader ID:I Selection

Erazed LPCZ2000 Flazh Succeszsfully




The RAM Buffer screen now appears. Click on “Load Hex File.” This is just an
operation that fetches the hex file and puts it into the Philips ISP Flash Utility.

k& LPC2000 Flash Utility - RAM Buffer

EHA4000 0000 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF Uiy iuiGiiyyy IZ‘I
EHA000 0010 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUGYyiyyiiyiyii
EHA000 0020 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUYHUHhhiiyyiy
&H4000 0030 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF YUUUGHiiyyiijijij
EH4000 0040 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF Uiy iuiGiiyyy
EHA000 0050 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUGYyiyyiiyiyii
EHA000 0060 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUYHUHhhiiyyiy
&H4000 0070 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF YUUUGHiiyyiijijij
EH4000 0020 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF [T T
EHA000 0090 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUGYyiyyiiyiyii
EH4000 0040 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUYHUHhhiiyyiy
wH4000OOBD  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF YUUUGHiiyyiijijij
EH400000CO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF [T T
EH400000DO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUGYyiyyiiyiyii
EH4000 0ODED FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUYHUHhhiiyyiy
&H4000 O0FO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF YUUUGHiiyyiijijij
EH4000 0100 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF [T T
EH4000 0110 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUGYyiyyiiyiyii
EHA000 0120 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUYHUHhhiiyyiy
&HA000 0130 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF YUUUGHiiyyiijijij
EH4000 07140 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF [T T
EHA4000 0150 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF [T
EH4000 0160 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUYHUHhhiiyyiy
&HA000 0170 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF YUUUGHiiyyiijijij
&H4000 0180 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUGHUiHHjiii
EHA4000 0190 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF [T
EH4000 0140 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUGiiyyiiyjiji
wH400001BD  FF FF FF FF FF FF FF FF  FF FF FF FF FF FF FF FF YUUUGHiiyyiijijij
wH4000C1CO FF FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF UUUUGHUiHHjiii
EH40000ADO FF FF FF FF FF FF FF FF  FF FF FF FF FF FF FF FF [T
EH4000C1ED FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUGiiyyiiyjiji
&H4000 O1FO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF YUUUGHiiyyiijijij =

Load Hex File Upload to Rk Download Rk | Save Hex File Fill Buffer |
Code Execution Address Range Fill " alue: IF

- . I
Run from Address W 9 Bl e Ft A
¢ Thumb & AR " Entire Buffer End: |&H4000FFFF
LPC2000 Flash Utility

Notice that the button titled “Run from Address” has the value &H40000200 in it. This is
thanks to the ENTRY(Reset_Handler) directive in the linker command script file. The
Philips boot loader will simply load 0x40000200 into the PC register and let her rip!

When you click on the “Load Hex File” button, the following dialog will be presented.



Open

Look ire | (£ demo2106_blink_ram 3] «mek e
: a r|'|-E|ir|.|'|E::-::
My Recent
Documents
Desktop

by Diocuments

&

by Computer

L

My Network  File name: Imain j Iﬂl
Places
;I Cancel |

|

Filess of type: IHE:-: Files [* hex]

Browse for the main.hex file in the project directory and click “Open”.

The following warning is presented. Since | advanced the location counter past the low
RAM area used by Philips, it still thinks that there’s code in there. If | had elected to
make the interrupt vectors a separate section, | could have avoided this warning.

LPCZ2000 Flash Utility - WARNING

' E Code in Boaot Loader RAM Area (BH40000120 - &H400001FF) or Book Loader Stack Area (Top 288 Bykes of RAM) will be Ignored!
.

It will still execute OK, of course, since the hex file has no bytes defined for the area
where we advanced the program counter past the Philips ISP low RAM usage.



Now click on the “Upload to RAM” button to load the hex file into the LPC2106 RAM
memory.

You will see a “progress bar” at the bottom of the screen and it will indicate that the
operation has completed.

ki LPC2000 Flash Utility - RAM Buffer

&HA400OOOOOD 18 FO O 9F ES 18 FO SF ES 18 FO 9F ES 18 FO 39F ES .OB3 .33 .503 .50 —
LH400OOOTO 18 FO 9F E5 00 00 &0 E1 14 FO 9F EB 14 FO 9F E& .OB53.. 3.3M3 .53
LH400OOO0DZ20 00 02 00 40 CO 02 00O 40 BC 02 00 40 CO 02 00 40 ...BA..@%..EA..@
&HADOODOOZ0  CO 02 00 40 B4 02 00O 40 B8 02 00 40 00 00 0O 00 A.. R ..B, ..@....
LHADDODOO40 0O OO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ... .o .........
LH40000050 00 00 00 00 00 00 a0 o0 00 OO 0o 00 00 a0 o0 a0 ..o .........
EHADODODOODED 00 00 00 0o 00 00 00 00 02 00 00 00 00 00 00 00 L. ... ...i.....
LHA4DDODOOYD 0O OO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ... .o .........
LHA4DOOOO20 0O QO 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 ... ........o.
EHADDODDOD30 00 00 00 0o 00 00 o0 00 00 00 00 00 00 00 00 00 ... .........
&HADOOOOAD 00 OO 00 00 00 00 00 0o 00 00 00 00 00 00 00 00 ... .o .........
LHADDODOOED 0O OO 0O 0O 00 00 OO OO0 00 00 00 00 00 00 00 00 ... .. .........
LH400000C0 00 00 00 00 00 00 a0 o0 00 OO 00 00 00 a0 o0 a0 ... .........
&HADDODOODD 00 OO 00 0o 00 00 00 00 00 00 00 00 00 00 00 00 ... .o .........
LHADODODOOED 0O OO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ... .. .........
EH400000F0 00 00 00 00 00 00 a0 o0 00 OO 00 00 00 a0 o0 a0 L. .........
&HADDODCTOO 00 OO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ... .o .........
LH4DDODOTT0 00 OO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 L. .o .........
EH40000720 00 00 00 00 00 0o a0 o0 00 OO 00 00 00 00 o0 0l ..o ..iiaaa..
EHADOODCA30 00 00 00 0o 00 00 oo 00 00 00 00 00 00 00 00 00 L. ... ...aeaaaa
LH40DOO740 0O OO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 L. ...aaa.ao.
EH400OCAB0 0O QO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ... ...aaaaao.
EHADDODOTEOD 00 Q0 00 0o 00 00 o0 00 00 00 00 00 00 00 00 00 L. .. .......a.
&HA0000170 00 OO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 L. ...aaa.ao.
LH400OO180 00 OO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ... ..iaaa.ao.
EH40000790 00 00 00 00 00 0o a0 o0 00 00 00 a0 00 00 o0 a0 ... ..iiaaa..
&HA0D0OC1A0D 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 00 00 L. .o ...aaa.a.
LH400ODOIBOD 0O OO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ... .o ...iaaa.a.
EH400007CO 00 00 00 00 00 0o a0 o0 00 00 00 00 00 a0 o0 00 ..o ..iiaa...
&HADODODCADO 00 OO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 L. .o ...aaa.ao.
LH40OODOTED 0O OO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ... ...aaa.a.
EH40OOCAFD 0O QO 00 00 00 00 00 0o 00 00 00 00 00 00 00 00 L. ..iaaaaa.

S —— .V
Load Hex File Download Rak Save Hex File Fill Bufer
Code Execution e Fill %/ alue: IF
+ Selected Flange Start: |&H 40000000
Fun from Address I&HMDDDEDD _
= Thumb f* ARM " Entire Buffer End: |&H 400004:3F

LPC2000 Flash Utility

Buffer Upload Succezsfully Completed




You do NOT have to remove the BSL jumper. Click on the “Run from Address” button
to execute the program.

k! LPC2000 Flash Utility - RAM Buffer

&H40000000  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUUURRGiGGGg l—'
&H4000 00010  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUUUROGGG
LH4000 0020 FF FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF GUUUUGUggyyiijiii
LH400O OO0 FF O FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF GHUYUUiHiiyyyui
LH40000040  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUUURRGiGGGg
&H40000050  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUUUROGGG
LH40000O0ED  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUGUggyyiijiii
LH400OOO70  FF FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF [T R
LH40000080  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUUURRGiGGGg
&H40000030  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUUUROGGG
LH4000 0020 FF FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF GUUUUGUggyyiijiii
LH400OOOBODC  FF FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF [T R
LH400000CO0  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUUURRGiGGGg
LH4000 0000  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUUUROGGG
LH4000ODEDC  FF FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF GUUUUGUggyyiijiii
LH400OOOFOD  FF FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF [T R
&H40000100  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUUURRGiGGGg
&H400001710  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUUUROGGG
LH40000120  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUGUggyyiijiii
LH4O00O0 O30 FF FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF [T R
LH40000140  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUUUUUGGGGGG
&H40000150  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUUUROGGG
LH400001ED  FF FF FF FF FF FF FF FF  FF FF FF FF FF FF FF FF GUUUUGUggyyiijiii
LtH4O000OM70  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUUUGGyyijiii
LH40000180  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UUUUUUUUGGGGGG
&H40000130  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UGGy
LH4000 0120 FF FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF GUUUUGUggyyiijiii
LH40000MBOC  FF FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF GUUUUUUGGyyijiii
LH4000MCO FF FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF UUUUUUUUGGGGGG
tH40000M0O  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF UGGy
LH400001ED  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF GUUUUGUggyyiijiii
LH40000MFOD  FF FF FF FF FF FF FF FF FF FF FF FF  FF FF FF FF GUUUUUUGGyyijiii

Load Hex File | Upload to Rébd Dovnload Rdbd |

]
Code Addresz Range Fill */ ale: IFF

* Selected Range Start: I&H-'-HJEIDEIEIDEI
= Entire Buffer End: I&HdDDDFFFF

LPC2000 Flash Utility

Fill Buffer |

&N 40000200
7 Thumb @+ &R

Run from Address

Your application should blink, just like the Flash EPROM version did. Time for the
Bigfoot picture!

IT BLINKS!
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22 Execute the RAM Project with the Insight Debugger

The previous exercise, running the RAM project from the Flash Utility, was of
academic interest but essentially of no practical value. Well, it is kind of cool
that you can do that with a flash utility.

Packaged within the GNUARM toolkit is the Insight Graphical Debugger. You
can start it as an “external tool” very conveniently and it is specifically designed

to debug GNU applications.

We will need the following hardware setup:

Olimex ARM JTAG Adapter

LPT1
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The Olimex ARM JTAG Adapter is a clone of the Macraigor Wiggler JTAG
interface. It costs about $19.95 and all fits into a DB-25 shell. | bought a
straight-through printer cable from my local computer retailer and fitted it from
the LPT1 printer port to the ARM JTAG Wiggler. The Wiggler was then fitted
to the 20-pin JTAG header on the Olimex LPC-P2106 board.

The red stripe on the ribbon cable is pin 1 and should be nearest the power plug.

The Debug JTAG jumper should be fitted. It doesn’t matter if the BSL jumper is
installed or not. Make all these connections with the power off.



A. Blunt Talk About the Wiggler

Let's talk bluntly about the Wiggler. The Wiggler is one of many products from the
Canadian company Macraigor. It connects the parallel port of your PC to the 20-pin
JTAG header on the Olimex LPC-P2106 board. It is just a simple level shifter and a
transistor. Macraigor charges $150 for it; the Olimex clone is about $19.

There are several schematic diagrams on the web for the Wiggler; notably Leon Heller
has one on the LPC2000 message board on Yahoo. You could build your own but |
doubt you’d save that much money after paying the shipping from Digikey and the gas
to drive to Radio Shack. The Olimex version is a fair deal.

Obviously the Macraigor Company is not happy about all these clones running about, so
recently they slipped an impediment into the works. The latest version of OCDremote;
their free JTAG server for the Wiggler and other products, is expecting a connection
(short circuit) between pins 8 and 15 of the LPT1 printer port. This has made a lot of
people fail.

Olimex has said that they would revise their design and modify their stock of Wigglers
to make this connection, but there are large numbers of the device out there that don't
have this modification (like my Olimex Wiggler).

Use an ohmmeter on the 25-pin printer connector on the Wiggler to see if these two
pins are connected. If not, you can easily disassemble the Olimex Wiggler and tack-
solder a jumper to do the job. Again, you must connect pin 8 to pin 15.
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| used that 30 gauge Radio Shack blue Teflon coated hookup wire and a microscope to
do the soldering above. If you have a good magnifier; the DB-25 pins on the wiggler
have the pin numbers embossed in the white plastic above and below the rows of pins.

We’'re not quite finished with our Wiggler suffering. There’s the final issue of the PC
Printer port mode. Most modern PCs, like my new Dell, have the Printer Port defaulted
to “ECP” mode.

The Wiggler will not work with the printer port configured for ECP mode.

The Macraigor web site has a FAQ with the following citation:

What mode must my parallel port be In?

As far as the parallel port is concerned, a Wiggler is a
simple uni-directional device. It will work with the
parallel port in any mode EXCEPT "ECP'". It will NOT work
in ECP mode at all.

The Raven works best with a parallel port in EPP mode. It
may work in ECP mode. If the parallel port is in an older
mode, such as uni-directional, AT, or compatible, the
Raven will work but slower.

Remember, the mode is set in the CMOS bios of your
computer.

On my Dell Dimension Desktop PC, the CMOS setup can be entered if you hit
the F2 key as the machine boots up. By maneuvering around the CMOS setup,
you can find the Parallel Port setup and see what mode it is set up as. If it's
ECP mode, change it to EPP mode, as | did in the screen photograph below.
Save the CMOS setup and exit.

Un
ouse Port
SB Emulation

ISB Controller .
torial Port 1 ..[| 170 Address ..... 378h

Parallel Port ..

Diskette Interfa
Primary Video Controller ..... Auto
Onboard Video Buffer ......... 1 MB




My printer is a USB device, so this action didn’t effect my printer operation.

It's disappointing to report that the Wiggler cannot set a breakpoint in FLASH.
The OCDremote application cannot deal with GDB —z commands which refer
to hardware breakpoints (the LPC2106 has two hardware breakpoints. This is
the reason that debugging with this simple device is limited to applications
configured to run from RAM exclusively. Obviously, the 64K limitation of the
Philips LPC2106 limits the size of an application you can fit into RAM. However,
it's better than nothing.

Let’s review the hardware setup one more time.

Doesn’t matter
if the BSL
jumper is
installed or not.

——

0 No need to
unplug the
serial cable
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Red stripe on ribbon
cable must be next to
Debug JTAG jumper and
the power plug.

The Debug JTAG
jumper MUST be
installed

Power up the Olimex LPC-P2106 board and press the RST button for good luck!



B. Final Preparations Before Starting Insight Debugger

The following procedure to start the Insight Debugger and download and
debug our RAM application is based on very painful experimentation on my
part. There may be other ways to do this, please have fun trying other

approaches.

Before we start the Insight Graphical Debugger, | should mention that
debuggers absolutely hate compiler optimization. This one is no different.
We have been compiling with —O3 and you will find some strange things
happening when you single-step at that optimization level.

Just to be sure, let’s turn off optimization. Go to the makefile and change the
setting to —OO0 and rebuild!

File: makefile.mak

,_g
c =0

Turn off compiler
optimization by setting
compiler flag to:

-OO0 - no optimization

-Map main.mwap -TdemwmoiZl0s blink ram. cmd

NALME = demoZl0d hlink ram
cC = arm-elf-goo

LD = arw-—elf-1d -

AR = armm—elf-ar

A = arm—-elf-a=

CF = arm-elf-objcopy

oD = arm—-elf-objdump
CFLAGS = -I./ —-o —fhno-cormmoh
AFLAGE = —-ahls -mapcocs-32 -0
LFLLGE =

CPFLAGS = -0 ihex

ODFLAGS = —x ——syIns

all: test

We also need to

External Tools toolbar button to bring up this window.

configure Insight to the specific project we are debugging.
Remember the external tools configuration window set up earlier. Click on the

v Help

$-0-Q- | ™

ram.cmd s @ 1 LPC2000 Flash Utility

02106 _blin % 2 OCDremate

@, 3 Insight

arm—e lf-goo

o o -

.C

arm—elf-1

arm—e lfcar
arm—elf-as
arm—elf-obhjcopy
arm—elf-oh] dumpl




In the “Working Directory” text window, use the “Browse File Space”
button to locate and select the folder that the project resides. In this
example, it's c:\eclipse\workspace\demo2106_blink_ram.

Under the “Arguments” text window, specify the GNU output file main.out.
These changes will guarantee that Insight starts out with the correct source
files.

© External Tools

Create, manage, and run configurations B‘_

Run & progran @

Configurations: Marne: | Insight
-4 Ant Build
E{% Pragrarn

q EI Main I':;'><'1'°l Fefresh | Be Ervironment | Bl Common |

@ LPC2000 Flash Uit~ Location:

q OCDremate | Z:\Program Files) GNUARMbintarm-elf -insight. exe
Browse Wiorkspace, ., | Browse File Syskem, .. | YWariables. .. |
%D;I =M AT \
< |C:'l,eclipse'l,wu:urkspace'l,demcuzIDE_I:uIink_ram
ace.., | Browse File System...l YWariables. .. |
—Ar

/\

| main, ok )
YWariables. .. |

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

I | [

| -~

| Rewverk |

Mew | Delete | Apply




C. Start the Macraigor OCDremote application

Click on the “External Tools” toolbar button and start the OCDremote.

CiC++ - demo2106_blink_ram.cmd - Eclipse Platform
File Edit Mavigate Search Project Run  Window Help

I-fglm @ -a-d -~ |[F-0-%- @ |G-~ H | Egoic++ 1

.
; : =
nc | @ manc | =
e o oo o o ol o ol o o o e o o o e o o ol ol o

KEER SCRIPT

ﬂa CHCH+Pr... &2 =g _blink_ram.cmd X . y
o | = <}===>> = JE EEEEEEEEEAE
i dewoz106_blink v

[#-[% demoZ106_hiink_flash
E-2% demoz106_blink_ram i RN As ,
[+ € Einaries ’*

]..LD Includes I The Linker Scrip Q External Tools. .. and data emitted by the GHNU C compiler and assenbler are

[

- [h] Ipc21ox.b i to be loaded int Organize Favorites. ., to FLAZH, wvariskles go into RAM).

-[8] erts i

[]---@ main. c i Any sywbols defined in the Linker Script are sutomatically global and available to the rest of
[

[

E

&

] crt.o- [armile] I program.
- [E] main.o - [armle] rE
]% main.out - [armie] i To foreme the linker to use this LINKER SCRIPT, just add the -T demoZl06 blink ram.cwd directiwve

erk.lst i to the linker flags in the makefile.
demoz106_blink_ram Iz

i LFLAGE = -Map mwain.map -nostartfiles -T demoZl06_blink ram.cmd

i The Philips bhoot loader supports the ISF (In 3ystem Programming) wvia the serial port and the Ti
i (In Application Prograrming) for flash programming from within your application.

i The boot loader uses RAM memory and we MUST NOT load wariables or code in these areas.

i RAM used by boot loader: 0x40000120 - Ox400001FF (223 bytes) for ISP wvarisbles
i Ox4000FFEOD - 0Ox4000FFFF [32 bytesz) for ISP and IAFP warishles
i 0x4000FEED - Ox4000FFDF (256 bytes) stack for ISP and IAP

/i HMEMORY MALP
i | | 0x40010000
i RS S
| | 0x4000FFFF
| varisbles and stack |
i . | for Philips boot loader |
| 288 bytes |
| Do not put anything here | Ox4000FEED

£

Problems EConsole = Propetties = E A Fﬁ -~ =0

A console is not available,

(I Writable Insert 3154




Now the OCDremote doesn’t always start. You can tell when the console window at the
bottom has a red error message that says”

2 Console X Froperties

<terminated > OCDremote [Program] Cicvgwiniustilocalbintocdremote. exe
OCDemon InitializeTarget Error @ Cakble Disconnected

Just keep starting it over and over until you get this response in the console window:

O”Dremote [Program] Cicvgwintusrilocalhbintocdremate  exe

Properties

If you have trouble getting OCDremote to start; try these remedies:
e You may have accidentally started multiple copies of
OCDremote. Bring up the Windows Task Manager (ctrl-alt-del)
and search the list of running tasks. If there are multiples,
terminate all of them and start over.
e Keep trying; I've done it ten times before it started (this is simply Voodoo).

e Go to bed; let it win tonight.

D. Start the Insight Graphical Debugger

Assuming that it's now running; start the Insight Graphical Debugger by clicking on the
“External Tools” toolbar button and select Insight.

CIC++ - demo2106_blink_ram.cmd - Eclipse Platform
File Edit Mavigate Search Project Run Window  Help

= & -
- Helb | @ -8 8- %0 -Q- @& |ve-o-
e Ty -
@ CPC++ Pr... &4 =0 demoz106_blink_ram.crmd &3 % 1 LPC2000 Flash Uity ain..c
= | = {}:{} — S EEE AR AR RE A AL AL AN %EOCDFEITID'ZE FEE A E
'[:[.f, dema=z106 Hlink Flash i demoz 10 E_hlink_]‘.' .‘= 3 Insight IEEER
El[;_—c;- dermnoZ106_blink_ram £ Run As ,
[+ 4 Binaries 4
..r,_llj Includes i The Linker Scrip % External Tools. .. » mnd
@ lpcz 10, b i to be loaded int Organize Favorites, ., ito FI
- [8] arts i
@ main.c i Any svibols defined in the Linker 3cript ar
- [d] ot - [armle] /%  program.
- [ main.o - [armle] IE:




After a few seconds, Insight will start up in its own window.

main.c - Source Window

File FRun “iew Control Preferences Help
LR A - Rl (TN a— o o ol
|main.c _:J |main _:J ISUUHEE -
- 37 int main (void) { =
38
390 int js
48 static int a,h.c; f/ static uninitialize
1 static char d; // static unir
42 static int w=1; ff static initialized
43 static long % = 5; /f static initialized
4y static char y = 8z084; /f static initialized variable
45 static int z =7; Ff static initialized
- 4 const char  xpText = “The Rain in Spain”;
47
48 // Initialize the system
- 49 Initialize(};
ca E
51 // set io pins for led PB.7
- &2 I0DIR |= Bx00088680; // pin PB.7 is an output, everything else is input after reset
- L3 IOSET = ©x0000808860; 7/ led off
- o4 IOCLR = ©xpapoaoasda; 7/ led on
L
L6
57 // endless loop to toggle the red LED PO.7
cE while (1) {
co
- i) for {(j = B; j < 5000088; j++ }; // wait 588 msec
- 61 IOSET = B=0800000880; F/f red led off
- 62 for (j = B8; j < 5008888; j++ }; /7 wait 588 msec
- 63 IOCLR = B=00000080; Ff red led on
- 64 3
65
66
li¥s
68
69 f
70 Initialize
71 / -~
< | -
|Program not running. Click on run icon to start. Hﬂﬂﬂﬂ2as| 46

E. Download the Application into RAM

The first step is to “download” the application (main.out). Click on “Run — Download.”

main.c - Source Window
FiI Run R‘a w  Control  Preferences

Chl+D

Disconnect —
|— a¢ LIL marn ywwld)



The Insight debugger recognizes straight away that it is not connected to the target
board. To accomplish this, it will present a “Target Properties” dialog window.

®et breakpoint at 'main’

™ Set breakpoint at 'exit’

Connection
Target < |GDBser\fen’TCP > |

Hostnare._|localhost > [ Set breakpoint at |
Port: ‘888& I~ Display Download Dialog

I~ Use xterm as inferior's thy

B More Options - =

( 9128 \Cancel |

N—__

Use the pull-down list to select GDBserver/TCP for the target.
Enter the Macraigor default Hostname as localhost.

Enter the Macraigor default Port as 8888.

Check the box for Set Breakpoint at ‘main’

Click OK to proceed. Insight will connect to the target through the Wiggler.

It will

then load the executable code into the LPC2106 RAM memory. There’s a blue
progress bar shown at the bottom right. Be patient, the Wiggler is painfully slow.
This small file takes 6 seconds. Pray that it says “DOWNLOAD FINISHED” in the

status bar at the bottom left.

main.c - Source Window

"DOWNLOAD FINISHED: 1088 bytes in 6 seconds (1450 bits per second) -

File Run Yiew Contral Preferences Help
E U RN RC R e - [T a— e
|mai.n.c j |main j ISI]UR[:E hd
~szint  main (void) { £
a8
39 int 'H
48 static int a,b,c; // static uninitializes
11 static char d; /7 static unin:
y2 static int w=1; // static initialized
43 static long x = 5; /7 static initialized variable
L4y static char y = 0x84; /7 static initialized variable
L5 static int z=17; /# static initialized
46 const  char *pText = “"The Rain in Spain"';
L7
48 /7 Initialize the system
49 Initialize();
58 -
51 /7 set io pins for led PB.7
- 52 IODIR |= 8x88800088; // pin PB.7 is an output, everything else is input after reset
- 53 IDSET = @x8088800888; // led on
- 54 IODCLR = Ox00080888; // led off
5%
56
57 /# endless loop to toggle the red LED PB.7
3] while (1) {
£9
- 608 for (j = 8; j < 5008888; j++ }; // wait 588 msec
- 61 I0SET = OGx00000030; £/ ved led on
- 62 for (j = 8; j < 5008888; j++ }; // wait 588 msec
- 63 I0OCLR = OGxB0000030; ff ved led off
64
6 3 ? You'll see a blue
gg “progress Bar” here
68 as it downloads.
69 /7
78 Initialize
71 / -
o o




F.  RUN the Application to MAIN()

Click on the RUN button. The application will start and breakpoint at the main() routine.

CRNET IR R

You may get either of these GDB windows, just answer YES .

L] A program is currently being debugged, 1 Make breakpoint pending on Future shared library load?
L] D wou wank ko reskart? [

Yes | Mo | Yes Mo |

A red box on line 46 indicates that the debugger stopped at main(). If you study the
assembly language generated for main(), you'll see that the breakpoint is just after the
stack frame setup after entry to main(). A bit quirky, isn’t it?

main.c - Source Window

File FRun Wiew Control Preferences Help
AP0 DR SAEL @28 | Fina:[ | = el
|main.c - |main | ISI]UR[:E =
36 =l
- 37 int main (void) {
38
39 int js
48 static int a,b,c; /4 static uninitialized
iR static char d; // static unini
42 static int w=1; /4 static initialized v
43 static long x = 5; /4 static initialized v
4y static char y = Bxe4; /4 static initialized variable
45 static int 2 =7; // static initialized v
= 46 const  char *pText = “The Rain in Spain”;
47
48 // Initialize the system
- 49 Initialize(}; |
L
51 // set io pins for led PO.7
- 52 IODIR |= 8x006088088; f/ pin PB.7 is an output, everything else is input after reset
- L3 IDSET = ©:00008080; // led off
- oh IOCLR = Ox80000680; 7/ led on
1
Lé
57 // endless loop to toggle the red LED PO.7
o8 while (1) ¢
Lo
- (1] for (j = B; j < 5008888; j++ }; FF wait 588 msec
- 61 IDSET = 8x0000080880; /7 red led off
- 62 for (j = B; j < 5@08088; j++ }; ff wait 588 msec
- 63 IDCLR = Bx0000008a; f/ red led on
- 64 ¥
6% 3
66
67
68
69 /
70 Initialize
71 ; j
N g
"Program stopped at line 46 luj'3‘3'326!3| hé




The Insight Debugger has the following toolbar buttons associated with executing the
application.

AOTE 0|0

Step Step Step Continue Step Step

Into Over Out of Into Over
Func ASM ASM
RUN Starts debugging — breaks at main() Note: use this only after
downloading.
(STOP)
Stops a running application
STEP Steps one C executable line
INTO
If at a function call, it will step INTO the function.
STEP Steps one C executable line
OVER
If at a function call, it will step OVER the function
STEP Steps out of a C Function
OUT OF
FUNCTION
CONTINUE Resumes execution to the next breakpoint, watchpoint or exception
If no breakpoints are encountered, it will run continuously
STEP Steps one Assembler instruction
INTO
ASM If at a subroutine branch, it will enter the subroutine
STEP Steps one Assembler instruction
OVER
ASM If at a subroutine branch, it will step over the branch to the next
instruction.




G. Set aBreakpoint

On the far left of the source screen, you'll see a series of dashes. These indicate C
executable lines where you can set a breakpoint. Just cursor over to one of them and
the cursor will transform into a little circle. Click on the dash and a breakpoint will be set
(a little red box indicates this). Clicking again will remove the breakpoint.

main.c - Source Window

File Run Wiew Control Preferences Help

/f set io pins for led PA.7

57 // endless loop to toggle the red LED PB.7
g while {1) {

60 for {j = @; j < 508000088; j++ }; // wait 580 msec
61 IOSET = BxP0080888; Ff red led off
for (j = @; j < 58000888; j++ ); // wait 5808 msec
63 IOCLR = 8x00080088; ff red led on

| I O R B |
o
M

70 Initialize

<

ORI RN R BTN aa— o al
|main.c j |main j ISI]URL‘E -
36 j
- a7 int main (void) {
38
39 int 0 q
48 static int To seta breakp0|nt, click on // static uninitialized
A the little dashes on the far )1 statit i i
43 static long x = left. /4 static initialized w
4y static char // static initialized variable
45 static int /4 static initialized v
" . constehs Here we set a breakpoint on
48 /L tialize the systey C line 52
- u9 nitialize(); 1
58

52 I0DIR 1= A / pin PB.7 is an output, everything else is input after reset
breakpoint 7 at main.c:52 (0xd40000204) f led off
ENA brealpoint donttouch led on

|Program IS running.

uanaazas| 46

Now click on the Continue button to execute from main() to the breakpoint.




The green highlight at line xx indicates that we've hit a breakpoint. The status line at the
bottom left also indicates this: Program stopped at line 52.

main.c - Source Window |:”E|rg|

File Run “ew Control Preferences Help
EO000 DO EASL @2 | Fie:[ | g et
|main.c -] |main -] ISDURCE i
36 -
- a7 int main (wvoid) {
a8
39 int i
1] static int a,h,c; /4 static uninitialized
1 static char d; /f static unini
u2 static int w=1; Ff static dinitialized v
u3 static long x = 5; f/ static initialized v
uy static char y = BxBu; // static initialized variable
/LA static int Z=7; f/ static initialized v
L 1. const char #pText = “The Rain in Spain”;
L7
48 /f Initialize the system
- u9 Initialize(); Ll
LY ]
51 // set io pins for led PO.7
m 52 IODIR |= B8x0808000088; // pin PB.7 is an output, everything else is ipput after reset
- 53 I0OSET = @xzo0eesese; 7/ led off
- 54 IOCLR = ©xza0ees@se; 7/ led on
L1
Lh
57 £/ endless loop to toggle the red LED PB.7
58 while (1) {
59
- 6@ for {(j = B8; j < 5008888; j++ ); /7 wait 580 msec
- 61 IOSET = 8x00000080; ff red led off
- 62 for (j = @; j < 5008880; j++ ); // wait 588 msec
- 63 IOCLR = 8x000080080; /7 red led on
- 64 H
65 3}
66
67
68
69 J
78 Initialize
71 s 1=
1 |
|Program stopped atline 52 uaaaaznu| 52

H. Step Through a Few Lines of Code

Click the “STEP OVER” button, the program executes one line, stopping on the
highlighted line.
The green highlight indicates the line to be executed next.

51 // set io pins for led PB.7
{j m 52 I0ODIR |= @x@8888888; // pin PA.7 is an output,
{} - L3 IOSET = ©=80000888; // led off
- &y IOCLR = ©x88888888; // led on




Click the “STEP OVER” button, the program executes one line. Note that the LED goes

off.

X

51 /f set io pins for led PB.7
m 52 IODIR |= 8x88888888; // pin PA.7 is an output,
- L3 IOSET Ax0000888a8; // led off

- Ly IOCLR
55

Gx8080080888; // led on

Click the “STEP OVER” button, the program executes one line. Note that the LED goes

on.

Also note that the program executes to the next line with a “dash” on the far left.

{0

51 /# set io pins for led PA.7

52 IODIR |= 8x@00800888; 7/ pin PB.7 is an output, everything el
53 IOSET = @x00000888; /f/ led off

LYy IOCLR = @8x988000888; /f led on

5%

L

57 /7 endless loop to toggle the red LED PB.7

e while {1} {

59

6a for (j = B8; j < 5808888; j++ }); S wait 588 msec
61 IDSET = Bx000800080; £/ red led off

62 for {j = 8; j < 5888888; j++ }; F/ wait 580 msec
63 IOCLR = BxB0B00080; ff red 1led on

G4 ¥

65 )

Instant Inspection of any Variable or Data Structure

Anytime the Insight Debugger is stopped, you can maneuver the cursor over any
variable name and it will display its current value. If the variable is a C Structure, then a
“+” sign will appear that will expand the structure display if clicked.

36
| 37
38
39
L8
1
h2
43
Ly
L5
L
L7
L8
49
La
L1
| L2

int

. id ;
main (void) < If you hold the tip of the

int iy cursor over the variable b, a
static int a,b,c; pop-up window will appear
static char  d; g with its current value.
static int W=

static long % = 5;

static char y = @xa4;

static int z=7;

const  char #pText = "The Rain in Spain";

/4 Initialize the system
Initialize{);

/f set io pins for led PA.7
IODIR |= BxB0808688@8; /f/ pin PB.7 is an output,



J. Resuming Execution

To let the program take off and start running continuously or run to the next breakpoint,
you use the “Continue” button.

0 |

Continue

Now you should see the LED Blinking. The “Run” button has changed shape into a
“Stop” button.

Let's show that Bigfoot photograph again of the Olimex LPC-P2106 board executing the
blinker application!

IT BLINKS!

Click on “Stop” to terminate execution.

@




K. Looking at Assembler Code

You can view the code as simple C Source, assembler source or a mixed version.
On the upper right of the Insight main screen is a pull-down list of these display formats.

Click on “Mixed” to see the combination C Source intermixed with Assembler source

display.

2 ==

ISDUHEE <7

SOURCE j
ASSEMBLY
MIKED

SRC+ASH

The resultant display looks like this.

main.c - Source Window

File Run “ew Control Preferences Help

FH0 00 0e

£A8H @38 [ |

|main.c -] |main -] IMIxED i
a7 int main (woid) { |
- Bx40000298 <mainx: nov r12, sp
- @x400880829c <{main+y>: stmdb spt, {11, 12, 1r, pc}
- Bx400802a08 {main+8>: sub K11, r12, #4 ; 8x4
- BxhB0002ak <main+12>: sub sp, sp, #8 ; Bz8
1
39 int js
4@ static int a,b,c; ff s
1 static char d;
42 static int w=1; ffs
43 static long % = 5; /s
44 static char y = Bx84; /4 static in
45 static int z =7 ff s
46 const  char *pText = "The Rain in Spain";
B Bx408008082a8 <{main+16>: 1dr r3, [pc, W196] ; Bx4B008037% <5d> —
- Bx4080882ac {main+2@>: str r3, [r11, #-16]
47
48 // Initialize the system
u9 Initialize();
- Bx48080882bA <{main+24>: bl Bx40000378 {Initialize>
ca
51 // set io pins for led PO.7
52 IODIR |= 0x00600888; // pin PB.7 is an output, everything else is input afte
B @x400882b4 <{main+28>: mow r2, #-5368709804 ; e:edo0ooes
- Bx48080882b8 <{main+32>: add r2, r2, #163848 ; 828000
- Bx4B800082bc <main+36>: nou r3, #-536870984 ; Oxe0000088
- Bx400002ch <main+4@>: add r3d, r3, #163840 ; Gx28000
- Bx4h08882ch <{main+il>: 1dvr r3, [r3]
- 8x400882c8 <{main+48>: ild g r3, r3, #1128 ; Ox89
- Bx4808882cc <{main+52>: str r3, [r2]
L3 IOSET = 0Ox00800880; // led off
- Bxh400002d0 <main+56>: nou r3d, #-536870908 ; OG<eO0D000DL
- Bx400002d4 <main+6@>: add r3, r3, #163840 ; 8x28008
- 8x400882d8 <{main+64>: mow r2, #1128 ; Ox8e
- Bx400802dc <{main+68>: str r2, [r3]
ch TACIR = AvOAAOAARA- /7 1ad nn 1=
«| | 2l
|Program 15 running. hﬁﬂﬂﬂ3h8| 62




You can use the two assembler step buttons to iterate through the assembler code.

W

Step Step
Into Over
ASM ASM

L. Inspecting the ARM Registers

You can see the ARM registers by clicking on the “Registers” toolbar button.

Registers
Group: M
ro Bxe0BZBOB4  £0 a -
1 880 £1 o . . . .
> <85 > 5 You can edit any register by clicking on it
3 BxBChADAD  £3 2 and typing a new value (be careful about
i Oxe002c080 4 0 this one!).
5 Bx7FFFFA34 5 a
ré 40000126 S 8 There’s a right-click pop-up menu that lets
vz 0%9 L o you change to decimal display, add a
r8 8x14318ca2 fps gxa . h h wind t
9 Bx227dc57  cpsr | Bx2080800dF register to the watch winaow, etc.
r18 Bxubacabh2
F11 8x628h54b2
r12 Bxed828008c
sp 8xL088fech
1r Bx4chb3f
pc Ax4 00008408 =
1 [v[




M.

Displaying the Contents of Memory.

A nice screen dump of the memory is available with the “Memory” toolbar button:

Here I've entered the address 0x400004B4, the address of the string “The Rain in
Spain”.

Addresses

B=)e3

Address |0xd0000404 i‘ Targetis LITTLE endian
8 y 8 C ASCII

Bx4BAAA4hY Bx2B656854 Bx6e696152 0x2 8626920 Bx69617 853 The Rain in Spai

BxhBEBBLCY 000000086 0x 0003 0002 0x 00000006 0x 000080007 Mo eeeiiccaannn

Axho0a8hdh

00000004

8z 80000005

Bxaa00a001

000000008

Bx4B80804e

fx08000808

Bz 000000080

Bz 000060088

Gz 08080808

B4 00084 F L

Gx006008000

8x 8000006060

Bxddb69d29

Bx573ad2d8

Ax4 008080504

Bx7dch1F85

Bxdatadihc

Bx2ach5asb

Bx8cab84ba

Ax4B080514

Bx7b73dhae

BxB8adB1416

BxbZbBe?7a

Bx7a13bBdc

Bx48080524

0xb2b255b7

Bxal21cbu2

BxcH6995chH5

Bx7b2148F2

Bx4 8088534

Bx4ebB9F a7

Bx 47620862

BxaeZdfbfé

Bxa54f1289

-..Nb.bG..-

...0.

x4 000085 44

Bxdab99bff

Bx4e4958db

Bx8fbf721c

BxE348F170

Bx48080554

Bx76b1F9b 9

Bxed11c111

Bx5fe?a898

Bxda1f719c

A4 0008564

Bx283fF6e55

8x80338fed

Bx24FFhUc 3

Bx30811ecaa

Un?(..3..L.%...0

1 | »

Click on the “Addresses” pull-down menu and then select “Preferences.” This will
allow you to change to a byte-display. If you're confused, remember that the byte
display doesn’t show the effect of “little endian” memory organization.

Addresses
Address |O><400004b4| i—] Targetis LITTLE endian
a 1 2 3 4 5 6 7 8 9 A B C D E F ASCII

Bx480084bY | 054 | Bx68 | Bx65 | Bx28 | Bx52 | Bx61 | Bx69 | Bx6e | Bx20 | Ox69 | Ox6e | Bx20 | 653 | X708 | Bx61 | Bx69 | The Rain in Spai
Bx480004ch | Bx6e | Bx00 | Bx 00 | Bx 80 | 6xB62 | Gx 00 | Bx83 | Bx 60 | Bx06 | Ox 00 | 6x00 | Bx 00 | 607 | 6200 | Bx00 | Ox080 |n. ... ... .. .....
Bx4000B4dL | 0204 | Ox00 | DX A0 | 600 | Ox 05 | Gx 00 | Bx00 | B 00 | P91 | X 00 | 6x 00 | Bx 00 | 600 | 0200 | BxA0 | Ox00 | ... ... ... .......
Bx400004eL | 0200 | 0x00 | Bx 00 | D00 | Ox00 | Bx 00 | Bx00 | B 00 | P00 | X 00 | 6x 00 | Bx 00 | 600 | B200 | Bx 00 | Bx00 | ... ... ... .. .....
Bx400004FYL | 0200 | 0x00 | D00 | D00 | Oz 00 | Gx 00 | BxA0 | B 00 | Bx29 | Bx9d | Bxb6 | Bxdd | BxdB | Bxd2 | Bx3a | Bx57 | ... .. ... YiddadiM
Bx 400005 B4 | 085 | Bx1F | Bxcb | Bx7d | Bx4c | Bx01 | Bx1a | Bxda | Bx5b | Bx5a | Bxch | Bx%a | Bxba | Bx84 | Bxal@ | Bx8c | ... }L...[2......
Bx 400008514 | Oxae | Oxd4 | Bx73 | Bx7h | Bx16 | 014 | Bx00 | Bx0a | Bx7a | Bxe2 | GxbB | Bxb2 | Bxdc | BxbB | Bx13 | Bx7a e z
Bx480008524 | 0xb7 | 855 | Bxb2 | Bxb2 | Bx42 | Bxcb | Bx21 | Bxal | Bx65 | BX5C | Bx99 | Bxchd | BRF2 | B248 | Bx21 | Bx7b | .U. .B_*.e\ H?{
Bx 400008534 | 0207 | 9X9F | Bxb0 | Bxh4e | Bx62 | B 08 | BX62 | BXU7 | B F6 | BxFb | Bx2d | Bxae | BxB9 | 812 | Bx4F | Bxab Hb_bG..-...0
Bx 40000544 | O2FF | Bx9h | Bxb9 | Bxda | Bxd6 | BX58 | Bx49 | Bxh4e | Bx1c | BX72 | OXDF | Bx8F | Bx70 | O2F1 | Bx48 | Bx88 | .. ... XIM.r..p.H.
Bx 488008554 | 02b9 | BxXF? | Bxb1 | 876 | 611 | Bxc1 | Bx11 | Bxe6 | Bx 98 | Bxa8 | Oxe? | Bx5F | Bx9c | B71 | Bx1F | Bxda | .. .V....... _=Q..
Bx40000564 | Bx55 | Bx6e | BR3F | BX28 | Bxed | BRBF | Dx33 | Ox80 | BxF3 | Bx4c | OxFF | Bx24 | Bxaa | Bkec | Bx11 | B30 (Un?(..3..L.5...0
1| | »




N. Inspecting the Stack Frame

| ran the application with a breakpoint set inside the feed() routine.

main.c - Source Window

File Run Wiew Control Preferences Help

A0 DO SAEHM-TD | ez & al
[main.c =] [feed =] [source =
= 126 PLLCON=0%3; -
- 127 feed();
128
129 // Enabling MAM and setting number of clocks used for Flash memory fetch (4 cclks in this case)
- 138 HAMCGR=8x2;
- 1 HAMT IM=8x4;
132
133 /* Initialize MEMAP - re-map vector table to RAM */
134 //HEHHAP = BxB2;
135
136 // Setting peripheral Clock {pclk) to System Clock (cclk)
- 137 UPBDIV=8x1;
- 138 3
139
148
141 void feed{void)
- 142 {
143 PLLFEED=8xAA;
- 1un PLLFEED=8x55 ;
- 145 3
146
147
148
149
158
151
152 /+ Stubs for various interrupts (may be replaced later) =/
153 /= =/
154
- 155 void IRQ_Routine {void) {
- 156 while (1} ; m
157 3
158
- 159 vyoid FIQ_Routine (void) ¢
- 168 while (1) ;
161 % hd
| |+
“Programisrumnmg. "0000438| 143

Click on the “Stack Window” toolbar button to inspect the call stack.

The Stack Window shows that main() called Initialize(). Initialize() then called feed().




O. Inspecting Local Variables

In addition to just maneuvering the cursor over a variable name to see its value, you can
also bring up the “Local Variables” display box by clicking on the “Local Variables”
toolbar button:

Remember that Local Variables are your “stack-based” variables defined within a
function. There is no window for Global Variables; you’ll have to create Watch Windows
for them.

Local Variables |._||E|rg|
= ({int) 5000000

= (int) @

= (int) @

{int) A

{char) 8 "\@°

= (int) 1

= (long int) 5

= {char) 4 "\O88%'

= {int) 7

- T

P. Inspecting Breakpoints

You probably know that breakpoints are set by clicking on the little dashes to the far left
of the Insight Source Window (click again and the breakpoints are removed).

Insight also has a breakpoint summary window which can be accessed by clicking the
“Breakpoints” button on the Insight toolbar.

=




The “Breakpoints” window shows every breakpoint you've created.

Breakpoints

<

<]

<]

<

Breakpoint  Global

O

Address File |Line|Functiun|
4888834¢c main.c 37  main
408883bc  main.c 52 main
40888408 main.c 61 main
488884280 main.c 63 main

Using the pull-down menus and the right-click menu, you can easily disable any or all
breakpoints, remove them completely, etc.

Q. Watch Window

The Watch Window allows you to create a display of all your favorite variables that will
be displayed whenever the application has stopped.

There are several ways to add a variable to the Watch Window. The most convenient
method is to hover over a variable with the cursor, right-click and select “Add to

”
Watch.
main.c - Source Window
File Run Wiew Control Preferences Help
e RURTRURG SRR A W YR - [V STH — g at
[main.c ~| |main | [sourcE  ~
36 [
- 37 int main {void) {
38
39 int
LT static int // static uninitiali
'3 static char // static un
42 static int // static initialize
43 static long 3 p——iekieisdiinbilediiniieleiiei—
hy static char
u5 static int Here we placed the
[ ] b6 const char Set Breakpoint at = .n Spain"; cursor over the Variable
:; /7 Initializ Open Another 5ource Window — Her i o .
- u9 Initialize() Open Source in external editor X and rlght-C“Cked
Y]
51 /f set io pins for led PA.7
52 IODIR |= 6x80880886888; // pin PB.7 is an output, everything else “
- 53 IDSET = Bx00808088; // led off We then SeIeCted Add
- Y IOCLR = Bx88806680; // led on ”
- x to Watch”.
b
57 /# endless loop to toggle the red LED PB.7
58 while {1} {
Lo
- (1] for (j = 8; j < 58008008; j++ ); // wait 508 msec
u 61 IDSET = ©8x00000080; Ff red led off
- 62 for (j = 8; j < 5800080; j++ ); // wait 588 msec
u 63 IOCLR = ©8x00000080; Ff red led on
- 64 H
65 }
i1}
67
68
69 /
7a Initialize
71 7 j
< | ]|
IProgram IS running. [+00002a8| 46




The Watch Window itself can be displayed by clicking on the “Watch Expressions”

toolbar button.

&0

Another easy way to enter variables into the Watch Window is to just type the variable
name into the text box at the bottom. When you hit the “enter” key, it will appear in the

list of watched variables. Here | typed in the variable name “w”.

£ = (
W= (

long int) 5
int) 1

Add Watch

WARNING

Do not close the watch
window using the @

You will loose your setup.

Just minimize it using E

You can also type expressions into the Watch Window. For example, you could type in

x +w and this will be displayed.

- =
oo

(long int) 5
{(int) 1
(int) 3687732

#+w = (long) &

o+

B(=1Eg

Add Watch

Structured variables will have + symbols that can be clicked on to expand the structure

so you can see all the inner bits.

Remember that the Watch Window only updates when the Insight Debugger hits a

breakpoint or stops.




R. Entering GDB Commands

For those who know the original text-only GDB debugger well, you can open a “GDB
Console” and start typing.

For example, to ask GDB to display the variable ] in the function main(); type the
following command into the Console” window.

Console Window

{gdb) p "main.c"::j
$1 = 6 "\006"

{gdb} |

S. Some Insight Observations
To restart the application from the beginning, | recommend downloading and hitting
the “Run” button again. It will not ask you for the connection detalils.

Click the “close” button at the top right when you're finished debugging. This will
terminate and remove Insight and also terminate OCDremote.

If you crash, you'll probably have to use the Windows Task Manager (ctrl-alt-del) to
stop OCDremote.



23 The Author Sounds Off

This tutorial was designed for students and hobbyists; those with limited funds. It
described in great detail how to download and install all the component parts of a
complete ARM software development system and gave two simple code examples to try
out. Of course, the beauty of this is that it's completely free.

If you are a professional engineer attempting to build an ARM development system with
these techniques, you have a fool for a chief engineer. The professional compilers such
as IAR, Rowley, and Keil etc. are more efficient, generally bug free and interface
seamlessly with debuggers. They allow debugging with either ram or flash executables
and flash programming is usually accomplished with a single click. You also have
telephone support with these systems. These professional packages save your
company time and money in the long run.

This tutorial was written for students and grown up “kids at heart”; its purpose is to
foster their interest in computer science and electrical engineering. It's a shame that the
big players like Microsoft, Kiel, Borland and others don’t develop a “student/hobbyist”
version of their software development packages, priced at a give-away point that a third
world high school student could afford. Bill Gates has criticized my country’s school
system for not developing enough computer scientists and engineers; why not provide a
“non-commercial” version of his Visual Studio for students (and provide code targeting
for every popular microprocessor being sold today)?

| am not happy with the debugger | described in the tutorial. The Wiggler/Insight
combination works only for RAM-based applications and thus limits software to less
than 64K. It's extremely slow and a bit unreliable. Professional USB or Ethernet-based
debuggers are very expensive and out of the price range of hobbyists.

A better solution might be an Olimex LPC-P2106 board outfitted with one of those Spark
Fun CP2106 USB-to-Serial converters to accept GDB debugger serial protocol from the
PC and convert it into ARM JTAG signals. The JTAG signals are documented at the
ARM web site and the GDB serial protocol is fully specified at the GNU web site. The
LPC2106 could be programmed to know the device ID of the LPC2000 series
microcontroller it is fitted to and convert any download files into flash programming
commands if needed. Even software breakpoints can be handled by reading an 8k
block of code, changing one word and flash programming it back into the target. Just
using parts from Olimex and Spark Fun, this could cost less than $100. The software
programming job would be rather extensive. Still, it'd make a very nice open-source
project. I'm thinking about it.

I’'m not finished writing tutorials. My next tutorial will involve using ARM interrupts and
how to design and implement 12C port expanders to interface to LCD displays and
keypads. Later tutorials will go into motion control, free real-time operating systems and
other hardware projects. Stay tuned, just like you, I'm just getting started!
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24 Some Books That May Be Helpful

The following is a short compendium of books that I've found helpful on the subject of ARM
microprocessors and the GNU tool chain. I've reproduced the Amazon.com data on them.

GCC: The Complete Reference
by’ Arthur Griffith "The GHU Sompiler Collection (GCC) is the rmost imporkant piece of open source software in the world,.." (more)
§IPs: instruction scheduling pararneters, builtin apply, execute the confiqure seript, release eges, call insn (rmore)

List Price: #5352
Price: $39.59 and this item ships for FREE with Super Saver Shipping. See details

You Save: §20.40 (34%)
Availability: Usually ships within 24 hours. Ships from and sold by Amazon.com.

Only & left in stock--order soon {more on the way).

57 used & new available from §3.70
Edition: Paperback

An Introduction to GCC

b\," Brian 1. Gough, Richard M. Stalliman (FDFEWOI’E’) "The purpose of this book is to explain the use of the GHU € and €4+ compilers, gec and

g++..." (marel
5IPs: void hello, math library libm, default gec, object file containing, options gec (more)

q_ﬂlﬂ‘l INSIDE, List Price: $19-05
. Price: $13.57 and eligible for FREE Super Saver Shipping on orders owver $25. See details

You Save: $6.35 (32%)
Availability: Ususlly ships within 24 hours, Ships from and sold by Amazon.com.

14 used & new available from $13.16
Edition: Paperback

ARM Architecture Reference Manual (2nd Edition)

by David Seal
List Price: 5755
Price: $40.24 and this item ships for FREE with Super Saver Shipping. See details
You Save: $17.75 (31%)
Awvailability: Usually ships within 24 hours. Ships from and sold by Amazon.com.
r!.“i AR(..'EIgl'['E.CJ'URL-}
EFERENCE . .
Want it delivered Tuesday, June 217 Order it in the next 44 hours and 57 minutes, and choose

MANUAL
¥ e One-Day Shipping at checkout, See details

} "? m 39 used & new available from $23.00
& Ml @ Edition: Paperback

ARM System-on-Chip Architecture {2nd Edition)
by Steve Furber

WSlDgy List Price: $44:93
i Price: $29.39 and this item ships for FREE with Super Saver Shipping. See details

You Save: $15.60 (35%)
Availability: Usually ships within 24 hours, Ships from and sold by Amazon.com.

Want it delivered Tuesday, June 217 Order it in the next 41 hours and 55 minutes, and choose
One-Day Shipping at checkout. See details

64 used & new available from §20.00
Edition: Paperback

lmalk inzida thiz heal



Embedded System Design on a Shoestring (Embedded Technology Series)
by Lewin Edwards "There exist a large body of literature focused on teaching both general embedded systerns principles and design techniques,

and tips and tricks for specific microcontrollers..." (mare)
5IPs: current output section, bss end, gdb stubs, sourcecode files, cear bss (more)

List Price: £49.95
Price: $49.95 and this item ships for FREE with Super Saver Shipping. See details
" ) Availability: Usually ships within 24 hours, Ships from and sold by Amazon.com,
Embedded Susiem Design
It & Yhsesting

11 used & new available from $47.97
Edition: Paperback
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The ARM documentation can be downloaded free from the ARM web site.

http://www.arm.com/documentation/

The Philips Corporation has extensive documentation on the LPC2000 series here:

http://www.semiconductors.philips.com/pip/LPC2106.html

All the GNU documentation, in PDF format, is maintained by, among others, the University of
South Wales in Sidney, Australia. | found the GNU assembler and linker manuals very readable;
the GNU C compiler manuals are very difficult.

http://dsl.ee.unsw.edu.au/dsl-cdrom/gnutools/doc/

Of course, the bookstore is full of Eclipse books but they are all about the JAVA toolkit. So far,
no one has published anything on the CDT plugin.

Finally, avail yourself of the many discussion groups on the web:

www.yahoo.com GNUARM group

LPC2000 group
www.sparkfun.com tech support forum
WWW.Nnewmicros.com tech support forum
www.eclipse.org C/C++ Development Tools User Forum

HAVE FUN, EVERYBODY!


http://www.arm.com/documentation/
http://www.semiconductors.philips.com/pip/LPC2106.html
http://dsl.ee.unsw.edu.au/dsl-cdrom/gnutools/doc/
http://www.eclipse.org/newsportal/thread.php?group=eclipse.tools.cdt
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