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Introduction

1 Introduction to the Rapid Development Kit

ThisQuickStart provides:

e genera information on the PHYTEC phyCORE-AT91M55800A
Single Board Computer (SBC),

* anoverview of Keil's ARM7/uVision3 software development tool
chain evaluation version, and

e instructions on how to run example programs on the
phyCORE-AT91M55800A , mounted on the PHYTEC phyCORE
Development Board HD200, in conjunction with the Keil ULINK
and software tools

Please refer to thphyCORE-AT91M55800A Hardware Manutdr
specific information on such board-level features jasnper
configuration memory mappin@ndpin layout Selecting the links on

the electronic version of this document links to the applicable section
of the phyCORE-AT91M55800A Hardware Manual.

1.1 Rapid Development Kit Documentation

This "Rapid Development Kit" (RDK) includes the following
electronic documentation on the enclosed "PHYTEC Spectrum
CD-ROM™:

* the PHYTECphyCORE-AT91M55800A Hardware Manual

» controllerUser's Manuals and Data Sheets

» this QuickStart Instruction with general "Rapid Development Kit"
description, software installation hints and three example programs
enabling quick  out-of-the box start-up of the
phyCORE-AT91M55800A in conjunction with the Kaell
ARM7/uVision3 software development tool chain
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1.2 Overview of thisQuickStart Instruction

This QuickStart Instruction gives a general "Rapid Development Kit"
description, as well as software installation hints and three example
programs enabling quick out-of-the box start-up of the
phyCORE-AT91M55800A in conjunction with the Keil ULINK and
ARM7/uVision3 software tools. It is structured as follows:

1)

2)

3)

The" Getting Started” section uses two example programs:

Blinky andHello to demonstrate the download of user code to
the Flash device using the Keil ULINK and ARM7/uVision3
software tools

The "Getting More Involved" section provides step-by-step
instructions on how to modify both examples, create and build
new projects and generate and download output files to the
phyCORE-AT91M55800A using the Keil tools.

The "Debugging” section provides a third example
program - "Debug" - to demonstrate simple debug functions
using the Keil pVision3 debug environment.

In addition to dedicated data for this Rapid Development Kit, the
PHYTEC Spectrum CD-ROM contains supplemental information on
embedded microcontroller design and development.
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1.3 System Requirements

Use of this"Rapid Development Kit" requires:

the PHY TEC phyCORE-AT91M55800A

the phyCORE Development Board HD200 with the included DB-9
serial cable and AC adapter supplying 5 VDC /min. 500 mA

the Keil ULINK JTAG-USB adapter, not included in the standard
Rapid Development Kit version?

the PHY TEC Spectrum CD for ARM7

an IBM-compatible host-PC (486 or higher running at least
Windows95/NT)

For more information and example updates, please refer to the
following sources:

R EG

http://www.phytec.com - or - http://www.phytec.de
support@phytec.com - or - support@phytec.de

D> K EIL

SOFTWARE

http://www.keil.com
support@keil.com

1.

The Keil ULINK is included in the Rapid Development Kit version with the part humber

KPCM-014-SK-Keil.
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1.4 The PHYTEC phyCORE-AT91M 55800A

The phyCORE-AT91M55800A represents an affordable yet highly
functional Single Board Computer (SBC) solution in sub-miniature
dimensions (60 x 53 mm). The standard module is populated with an
Atmel AT91IM55800A controller.

All applicable data/address lines and signals extend from the
underlying logic devices to two high-density Molex SMT pin header
connectors (pin width is 0.635 mm/25 mil) lining the circuit board
edges. This enables the phyCORE-AT91M55800A to be plugged like
a"big chip" into target hardware.

The standard module runs at a 32 MHz internal clock speed
(delivering 31.25 ns instruction cycle) and offers 512 kByte (up to
8 MByte) SRAM and 1 MByte (up to 16 MByte) Flash on-board for
DATA and CODE storage.

The module communicates by means of three RS-232 transceivers,
two CAN bus interfaces, and a CS8900A 10Base-T Ethernet
controller which enables implementation of the module in embedded
Internet applications. The phyCORE-AT91M55800A operates within
a standard temperature range of 0 to +70°C and requires only a
220 mA power source.

The Keil ARM/uVision3 software tools, in conjunction with the Keil
ULINK adapter, enables easy on-board download of user programs.

4 © PHYTEC Messtechnik GmbH 2005 L-642e 3
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The phyCORE-AT91M55800A offersthe following features:

subminiature Single Board Computer (60 x 53 mm) achieved
through modern SMD technology

populated with the Atmel AT91M55800A microcontroller (BGA-

176 package)

improved interference safety achieved through multi-layer PCB
technology and dedicated Ground pins

controller signals and ports extend to two 100-pin high-density
(0.635 mm) Molex connectors aligning two sides of the board,
enabling it to be plugged like a “big chip” into target application
16-bit, de-multiplexed bus mode

32 MHz clock frequency (31.25 ns instruction cycle)

128 MByte address space

1 MByte (up to 16 MByte) on-board Flash

on-board Flash programming, no dedicated Flash programming
voltage required through use of 3.3 V Flash devices

512 kByte (up to 8 MByte) RAM on-board, max. 2 MByte at
0 wait states

RS-232 transceiver for three serial interfaces

CS8900A Ethernet controller with EEPROM

2 kByte (up to 8 kByte) SPI-EEPRGM

up to 6 free Chip Select signals for easy connection of peripherals
one operating voltage for core & peripherals, 3.3V, typ. <150 mA

1.

Please contact PHY TEC for more information about additional module configurations.

© PHYTEC Messtechnik GmbH 2005 L-642e_ 3 5



phyCORE-AT91M55800A QuickStart Instructions

The phyCORE Development Board HD200, in EURO-card
dimensions (160 x 100 mm) is fully equipped with all mechanical and
electrical components necessary for the speedy and secure insertion
and subsequent programming of most PHYTEC phyCORE high-
density series Single Board Computers. Simple jumper configuration
readies the Development Board's connection to the
phyCORE-AT91M55800A, which plugs into the receptacle contact
strips mounted on the Devel opment Board HD200.

phyCORE Development Board HD200 Technical Highlights

» |low voltage socket for supply with regulated input voltage 5 VDC
» additional supply voltages 3.3 VDC or 25VDC
» two DB-9 sockets (P1A, P1B) configurable as RS-232 interfaces

 two additional DB-9 plugs (P2A, P2B) configurable as
CAN interfaces

e smple jumper configuration alowing use of the
phyCORE Development Board HD200 with various PHYTEC
phyCORE high-density SBC'’s

» socket for RM5 Ethernet transformer module
» onecontrol LED D3 for quick testing of user software

e 2 x 160-pin Molex connector (X2) enabling easy connectivity to
expansion boards (e.g. PHY TEC GPIO Expansion Board)
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1.5 TheKel ARM7/uVision3 Softwar e Development T ool
Chain

Keil Software development tools for the ARM7 TDMI Architecture
support every level of developer from the professional applications
engineer to the student just learning about embedded software
development. The Kell ARM7 compiler supports al ARM7-
compatible devices including the Atmel AT91xxxx devices. For a
complete list of supported ARM7 derivatives go to:

http://www.keil.com/dd/arm7chips.asp

nVision3, the latest version of Keil's popular IDE, combines project
management, source code editing, program debugging, and Flash
programming in a single, powerful environment. This QuickStart
provides an overview of the most commonly used pVision3 features
including:

* Project management, device setup, and tool configuration

» Integrates Keil ARM development tools in a single graphical user
interface (GUI)

» Editor facilities for creating, modifying, and correcting programs
» JTAG/target debugging or CPU & peripheral simulation

Once installed, the default destination location for all ARM7 tools;
executables; include, header and example files; as well as online help
and documentation is th&\Keil\Arm folder, while the pVision3 IDE

is located aC:\Keil\Uv3. You can start Keil pVision3 by selecting it
from thePrograms menu using the Window&art button. The Keill
nVision3 icon will also be placed on your desktop for easy startup of
the development tools.

© PHYTEC Messtechnik GmbH 2005 L-642e_ 3 7
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The new pVision3 editor offers many standard and advanced software
editing features like:

* Incremental Find positions the cursor while you type the search
phrase.

» Active Brace Checking shows nesting and highlights mismatches
while entering parentheses, braces, or brackets.

 Text Block Functions that comment, indent, uppercase, tabify,
and remove whitespace from text blocks.

» Document-Selective Settings for tab spacing and syntax coloring
in Assembler, C, and other file types.

» Detailed Syntax Highlighting that allows you to define a user
keyword list. Colors are used in printed output.

* DocumentOutlining that provides a quick overview of complex
source files.

The ARM7 evaluation version, as provided on the PHYTEC
Spectrum CD, has the following limitations:

* The pVision Debugger is limited to 16 kBytes.

e You may not use the Evaluation Version of the pVision
IDE/Debugger to create commercial products.

« The GNU ARM tools (compiler, assembler, and so on) that are
provided are not limited or restricted in any way.

The full DKARM Developer's Kit can be purchased through
PHYTEC. Please contact our sales representatives for a quote.

For more information on Keil ARM7/uVision3 tools visit their
website at:

http://www.keil.com/arm/

8 © PHYTEC Messtechnik GmbH 2005 L-642e 3
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Getting Started

2 Getting Started

What you will learn with this Getting Started exampl e:

» instaling Rapid Development Kit software

* interfacing the phyCORE-AT91M55800A, mounted on the
Development Board, to a host-PC using the Keil ULINK

» downloading example machine readable user code from a host-PC
to the external Flash memory using ARM7/uVision3 tools

2.1 Installing Rapid Development Kit Software

When you insert the PHYTEC Spectrum CD into the CD-ROM drive
of your host-PC, the PHYTEC Spectrum CD should automatically
launch a setup program that installs the software required for the
Rapid Development Kit as specified by the user. Otherwise the setup
programstart.exe can be manually executed from the root directory of
the PHYTEC Spectrum CD.

© PHYTEC Messtechnik GmbH 2005 L-642e_ 3 9
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The following window appears:

S pc ctru m ..;

All you need for Rapid DevelSpment

trygslall Basic Product Files

Install Extended roduct Files

Install Détu She

Mure.lnfnrmatlnn

[ ma—]

» Choose Install Basic Product Files Button.

» After accepting the Welcome window and license agreement select
the destination location for installation of Rapid Development Kit
software and documentation.

The default destination location is C:\PHYBasic. All path and file
statements within this QuickStart Instruction are based on the
assumption that you accept the default install paths and drives. If you
decide to individually choose different paths and/or drives you must
consider thisfor all further file and path statements.

We recommend that you accept the default destination location.

10 © PHYTEC Messtechnik GmbH 2005  L-642e 3
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Choose Destination Location

Setup will install the PHYTEC Products in the follawing folder.

Toingtall to a different folder, click browse and select another

falder.

MOTE: *We suggest that you install PHYTEC Products using the
default lacation [which will result in at least 5 directary levels].

If wou wizh to install to anather location, the path length

ghould not exceed 8 directon levelz, & path of maore

than & directony lewvels may not work,

Changes of the default folder must be considered when fallowing
the CuickStart [nstructions |

" Destination Folder

C:\PHYB asic Browsze. .. |

< Back

Cancel |

* In the next window select your Rapid Development Kit of choice
fromthelist of available products.

Select PHYTEC products |

Select the PHYTEL products wou want to install, clear the
productz you do not want ta install

Compaonents

|| phpCORE-LPCZ234

— Description

Inztallz the components for the ch
phyCORE-AT 91 BR800

Space Required: AEZ2 K
Space Available: 2894208 K

< Back | Hest > | Cancel |

All Kit-specific content will be installed to a Kit-specific subdirectory
of the Rapid Development Kit root directory that you have specified
at the beginning of the installation process.
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All software and tools for this phyCORE-AT91M55800A RDK will
be installed to the \PHYBasic directory on your hard-drive.

* In the next dialog you must choose whether to copy the selected
documentation as *.pdf files to your hard drive or to install a link
to the file on the Spectrum CD.

Inztall |

Do you want toingtall the selected documentation
az .pdf-files to your hard-drive ¢

Othensize pou will need the PHYTEC
Spectrum CO-FOM to read the docurmentation,

If you decide not to copy the documentation to your hard-drive you
will need the PHYTEC Spectrum CD-ROM each time you want to
access these documents. The installed links will refer to your
CD-ROM drivein this case.
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If you decide to copy the electronic documentation to your hard-drive,
the documentation for this phyCORE-AT91M55800A Kit will also be
installed to the Kit-specific subdirectory.

e Setup will now add program icons to the program folder, named
PHYTEC.

* In the next window, choose the Keil ARM7/uVision3 Software
Development Tool Chain.

Select Compiler x|

Setup has detected that the Keil ARM Software Evaluation Development Tool Chain
is required to carry out QuickStart Instructions for the installed Rapid
Development Kits.

NOTE: In order to succeed when carrying out the QuickStart Instructions from this
CD-ROM you must also install the appropriate Tool Chain included on this CD-ROM.

Do you want to install the Keil EK-ARM Software Evaluation Development Tool Chain
from this CD-ROM ?

¥ Keil DK-ARM

The applicable Keil tool chain must be installed to ensure successful
completion of this QuickStart Instruction. Failure to install the proper
software could lead to possible version conflicts, resulting in
functional problems.

We recommend that you install the Keil ARM7 tools resp. pVision3
from the Spectrum CD-ROM even if other versions of pVision3 are
already installed on your system. These QuickStart Instructions and
the demo software included on the CD-ROM have been specifically
tailored for use with one another

1. Note: If you have afull version of the Keil ARM7 tools already installed on your host-PC we
recommend installing this evaluation version on a different desktop or laptop computer. If this
is not possible we recommend to use the same version of the Keil ARM7 tools that we usein
this QuickStart manual. PHYTEC can not guarantee successful completion of these
QuickStart instructions if a different version of the Kell ARM7 toolsis used.
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» After accepting the Welcome window and license agreement select
the destination location for installation of the Development Tool
Chain.

The applicable Keil ARM7/uVision3 evaluation development tool
chain will be installed to your hard-drive. Additional software, such
as Adobe Acrobat Reader, will also be offered for installation.

« Decide if you want to begin the QuickStart Instruction
immediately by selecting the appropriate checkbox and click on
Finishto complete the installation.

Setup Complete

Setup has finizhed instaling PHYTEC products on pour
commputer.

You can immediately begin the QuickStart Instructions for the
PHYTEL praducts.

¥ es, | want to begin DuickStart Instructions.

Click Finizh to complete Setup.

< Bach I Finizh I
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2.2 Interfacing the phyCORE-AT91M 55800A to a Host-PC

Connecting the phyCORE-AT91M55800A, mounted on the
phyCORE Development Board HD200, to your computer is simple.

* Ensure proper jumper settings on the phyCORE Development
Board as shown in Figure 1.

JP19

TR ‘
[} o
TR

60 I
#m
omm S

[§)
JP37 @ o|
JP38 (O]
JP9
JP36
JP16

gP12Y

JP4p 0 0 0

X6

k2t

DT
o o
DT

Phytec Messtechmik GmbH - 1179.5
Dev.-Board phyCORE HD28B 5V

Figurel:  Default Jumper Settings of the phyCORE Devel opment Board
HD200 with phyCORE-AT91M55800A

e The ULINK JTAG adapter comes with various flat-band cables. In
order to connect this device to the phyCORE-AT91M55800A
module you need to connect the flat-band cable with a 2.0 mm
connector. If such acableis not already connected to your ULINK,
open the enclosure and connect the correct 2.0 mm cable to the
applicable header connector inside the ULINK. Make sure that
pin #1 on the cable (black wire) matches pin #1 on the connector.
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» Connect the other 2.0 mm cable connector onto pin header rows
X2 on the phyCORE module. Make sure that pin #1 on the ULINK
cable (black wire) is correctly connected to pin#1 on the JTAG
connector X2 (located on the connector side of the PCB) of the
phyCORE-AT91M55800A (refer to Figure 2).

C N
/ ' /
'-:I = ml.*
ﬁ':'m%
0
B L)
5= 0 00
n =y

= o
o | [ ﬁ
KO
. =l = 4 C = .
— |:|.JEF1HHHHHU |
— = an==_- s
| -

JTAG-Connector X2

Figure2:  JTAG Connector X2 on the phyCORE-AT91M55800A (Bottom View)

* Mount the phyCORE module onto the Development Board's
receptacle footprint (X6) as shown in Figure 3 below. Ensure that
pin 1 of the module, designated by the hash stencil mark, matches
pin 1 of the receptacle on the Development Board.

Ensure that there is a solid connection between the module’s pins and
the Development Board receptacle. Also take precautions not to
damage the connectors when the phyCORE is removed from and
inserted onto the Devel opment Board.
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|
B

"
= &

ARSI

Figure3:  ULINK and JA-002 Connected to the phyCORE Module

e Connect the USB end of the ULINK JTAG adapter to the USB
port of your host-PC using the included USB cable.

* Connect the RS-232 interface of your computer to the DB-9
RS232 inteface on the phyCORE Development
Board HD200 (P1A = bottom) using the included serial cable.

* Using the included 5V DC power adapter, connect the power
socket X1 on the phyCORE module to a power supply (refer to
Figure 4 for the correct polarity).

Polarity: -- +

x +5VDC Centelrlggit%_ ) B
[ T sooma 3 mm] 35 mm

GND

Figure4:  Power Connector
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* The red power LED D2, located next to the power socket at X1,
should light. This indicates that proper voltage is supplied to the
phyCORE Development Board combination (which is also
referred to as "target hardware" within this document).

* The phyCORE-AT91M55800A should now be properly connected
via the Development Board and ULINK to a host-PC and power
supply. You are now ready to use the Kell ARM7/uVision3 tools
to establish communication between the host-PC and target
hardware.

2.3 Downloading Example Code with pVision3

The pVision3 evauation software development tool chain should
have been installed during the install of the PHYTEC Rapid
Development Kit Software from the Spectrum CD, as described in
section 2.1.

You can also manually install the ARM7/uVision3 tools by executing
KARM220.EXE from within the \Software\Keil\Arm directory of
your PHYTEC Spectrum CD. Follow the instructions displayed by the
setup program for manual installation.

Note:

It is recommended to use the Keil tool chain provided on the
accompanying Spectrum CD in order to complete this QuickStart
Instruction successfully. Use of a different version could lead to
possible version conflicts, resulting in functional problems

Start the tool chain by selecting KailVision3 from within the
programs groupSart\Programs\Keil tVision3 or by double-clicking
on the KeiluVision3 icon on your desktop.

1. Note: If you have afull version of the Keil ARM7 tools already installed on your host-PC we
recommend installing this evaluation version on a different desktop or laptop computer. If this
is not possible we recommend to use the same version of the Keil DK-ARM tools that we use
in this QuickStart manual. PHYTEC can not guarantee successful completion of these
QuickStart instructions if a different version of the Keill DK-ARM toolsis used.
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After you start pVision3, the window shown below appears. From
this window you can create projects, edit files, configure tools,
assemble, link and start the debugger. Close all projects that might be
open by selecting Project / Close Project.

£ nvision3 O] =
%Eile Edit “iew Project Debug Flash Perpherals Toolz SWCS Window Help

Y \/ DZ KEIL

- SOFTWARE

|P ject Waorkspace

IDE for Microcontrollers

Copyright € 1997-2008 Heil Software, Inc. Al rights reserved.
This program is protected by US and international 1aws.

(%%
x -
H
I
=
i v
S ([T e uitd A Comman d }, Findin Files /. K] 3

R I I 30 A

2.3.1 "Blinky"

The "Blinky" example downloads a program to external Flash that,
when executed, manipulates the LED D3 on the phyCORE
Development Board HD200.

* Open the Blinky project from the pVision3 menu Project / Open
Project.

* Browseto C:\PHYBasic\pC-AT91M55800A\Demos\Keil\Blinky.
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» Select the Blinky project.

Select Project File

Laak i I I Blinky

x| & B cF E-

2 x|

IEXFIash

File name:

|Blinky

Files of type: | Project Files [*.uv2)

~

=
Cancel |

Open

Z

e Click Open.

* In the Select Target pull

down menu be sure that the

phyCORE-AT91M55800A XFlash target is selected.

kZBlinky - pvision3 - [C:\PHYbasic, pC-AT91M558004" Demos',

I, Blinky', Blinky.c]

@Eile Edit View Project Debug Flash Peripherals Took SWCS Window Help

Gz & BB =

Si

=101

A % % o Gy |NDEBUG g o8| S @ BE o e P @

1% §% i%[phyCORE-ATIIMES800A XF - & &=

=18] x|

[Praject Workspace - x|

BE phyCORE-ATO1MS58004 XFlash
=45 Startup Code
Startup_pC-AT91MSS200A.5
=23 Source Code

Blirky.c

01 5] # # # s sb ob ob ok b oF o ok sk sk sk ok ok ob o oF ok ok ok ok ok oh of of oF oF 5F oF 3k 2k sk st ok ob o oF oh ok ok ok ok ok ob of oF oF oF o6 ok 3k 3k ot ok ok o o oh ok ok ok o ob o of of —
-

0z |/
03| s
04| s

BLINKY.C: LED Flasher

07 | #include <91M55800.H>
0g -
03jwoid delay (woid) |
10 unsigned long x;

3ok sk sk sk sk sk s sk o sk sk ok sk st st ok s sEoE ok sk sk sk ok sk ok o o kb sk ok sk sk st ok o bk ok sk sk ok ok ok o sk b sk sk sk ok sk st ok ok ok s ok ok ok o

Ll

s

AT2IMES5E004 Definitions

Delay Function */

12 for (x = 0; x <« 100000; =x++); /#* only to delay for LED £,
131}
14 =
1ECint main (void) |
16
17 PICA PER = 1; A4 Epnable PA0 #/
18 PICA OER = 1; /#* Set PAD as Output #*/
19
20 while (1) | /#* Loop forever */
21 PIOA_CODR = 1; A* Turn LED On  (PAD = 0) -
22 delay(); /#* Delsp #*/
23 PIOA SODR = 1; /* Turn LED OFf (pa0 = 1) :
24 delayi); F#+ Delay #/
25 3 —
%]
27 d
[« | _’l_l
Br. | & |@e. |[*r. @ | Binks |
: -
i
|
2
=
E -
2 [T TN Buitd £ Command }, Find in Files ([ —
s ciE ] RiW 4
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Build the Project

» Build the target by either selecting the Build Target icon on
the build toolbar or in the main menu bar select Project / Build
target.

» |f any source file of the project contains any errors, they will be
shown in the Output Window - Build tab. Use the editor to
correct the error(s) in the source code, save the file and repeat the
build.

» |f there are no erorrs, the code is ready to be downloaded into the
external Flash memory.

*I|Build target 'phyCORE-AT91M558002 XFlash' fj
‘lassembling Startup pC-AT91MS5800A.s. ..

complling Blinkv.c. ..

linking...

§ Program 3ize: data=1200 const=16 code=512

£|" . ~¥Flash~Blinky" - 0 Error(s), 0 Warning(s).

3 -

3 il I 4 I PI NI'\ Build A Cammand }\ Find in Files ',r |I 4 I_PI_I
L:15 C:31 4

Download to Flash

* Download the code into Flash memory by either selecting the
Download to Flash Memory icon £% on the build toolbar or in the
main menu bar select Flash / Download.

e The individua steps of the Flash download procedure can be
viewed at the bottom of the pVision3 Output Window - Build
tab.

e Wait until the programming is complete. This is indicated by the
"Verify OK" message. The download utility will perform a reset
and the code will execute without further user interaction.

Successful execution of the program will flash the LED D3 with equal
on and off duration.

Erase Flash

» Erase Flash by selecting Flash / Erase in the main uVision menu
bar.
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2.3.2 "Hello"

The "Hello" example downloads a program to the external Flash that,
when executed, sends a character string from the target hardware back
to the host-PC. The character string can be viewed with a terminal
emulation program. This example program provides a review of the
Flash download procedure using the Keil ULINK and pVision3.

Monitoring the execution of the Hello demo requires use of aterminal
program, such as the HyperTerminal program included within
Windows.

o Stat the HyperTerminal program within the Programs
/Accessories/Communications bar.

 The Connection Description window will now appear. Enter
"COM Direct" in the Name text field.
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* Next click on OK. This creates a new HyperTerminal session
named "COM Direct” and advances you to the next
HyperTerminal window. Specify COM1 under the Connect Using
pull-down menu (be sure to indicate the correct COM setting for
your system).

& COM Direct

Enter detailz for the phone number that you want to dial;

Cauntry/region: IUnited States 1] j

Area code: I

Phone number: I

Copnect using: BTN - |
oK I Cancel |

* Click OK to advance to the next window (COM1 Properties).
* Then set the following COM parameters. Bits per second = 9,600;
Data bits = 8; Parity = None; Stop Bits= 1; Flow Control = None.

COM1 Properties
Fort Settings |
Bitz per second: ISBDD j
Drata bits: IS j
Parity: INone j
Stop bits: |1 j
Flows contral:

Advanced... | Bestare Defaults |
QK I Cancel | A I
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» Selecting OK advances you to the COM Direct—HyperTerminal
monitoring window. Notice the connection status report in the

lower left corner of the window.

#g COM Direct - HyperT erminal
Fle Edit “iew LCall Transfer Help
D|=| 58| D5
]
| | 3
Disconnec ted |Auto detect Auto detect SCROLL |D’\F’S NUR |Capture |F‘rin &t

» Ensure that the target hardware is properly connected to the
host-PC viathe ULINK and serial cable aswell as a power supply.
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KZHello - pvision3 - [C:\PHYbasici pG-AT91M558004Y Demos',Keil' Hellol Hello.c] =0l ]
ElEle Edit View Project Debug Flash Peripherals Tools SWCS Window Help =& x|

AEHE @ oo s anml 0000 Slead| e S a|[QE e e @

Open the Hello project from the pVision3 menu Project / Open
Project.

Browse to the «correct drive and path for the
phyCORE-AT91M55800A demo folder (default location
C:\PHYBasic\pC-AT91M55800A\Demos\Keil\Hello\)

and click Open.

| Project Wiorkspace | R T T ey j
=3 phyCORE-AT91MS5800A XFlash 0z |/ *
B9 Startup Code 03| /* Hello.C: Simple Hello World Demo o+
Startup_pC-ATI1MS58004.5 04| s Eva
=-£3 Source Code (05 | oot ot ot o ohat ok ohat ok oot ok ook ok ok o Ao o A o A o A o o A o A o o Ao A A o A o Ak o Ak o Ao o
Hello.c 06| #include <stdin.h> J* Standard TS0 . h-fils *f
Serlal.c 07 | #include <S1M55800.H» /# AT9IMES55004 definitions s
02
09| A#4# Bxtermal Fumctiom w*Hhks bbb shbsh sk s b sk obshobsh ook shobsh ok shobsh b shob shobob ok ob sb sk ok shobsh b shob shob ok
10 | extern void init serial (void); /% Imitiaiize serial interface 0
1
12
e
14 int main(veid)
158 {
16 APMC_PCER = (1<<U30_ID); A% Enabls peripheral clock for
17 serial interface US0 *f
18
19 init_serial(); /* Inmitialize serial interface *
20
21 printf ("\nHello Worldlin"); S* Send a string over USO */
22
23 while(1); /* enless loop 0
241}
25
26 -
[« | LI_I

B.E W [far [T Helo |

x

3
g
=
H -
3 I<|1| >|>| |\ Build_ji Command )\ Find in Files p’ | [l »
L1cz [ Ium [ Rw s
[ ]

In the Select Target pull down menu be sure that the
phyCORE-AT91M55800A XFlash target is selected.
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Build the Project

« Click on the Build Target icon ) on the build toolbar to build

the target.

» If any source file of the project contains any errors, they will be
shown in the Output Window - Build tab. Use the editor to
correct the error(s) in the source code, save the file and repeat the
build.

» If there are no erorrs, the code is ready to be downloaded into the
Flash memory.

Download to Flash

* Click on the Download to Flash Memory icon £3 in the build
toolbar to download the code into Flash memory.

e Wait until the programming is complete. This is indicated by the
"Verify OK" message. The download utility will perform a reset
and the code will execute without further user interaction.

» Successful program execution will send the character string "Hello
World" from the target hardware to the HyperTerminal window.

e |If no output appears in the HyperTerminal window check the
power supply, the COM parameters and the RS-232 connection.

The code within the demo application Hello initializes the seria port
of your phyCORE-AT91M55800A to 9600 baud. The initialization
values are based on the assumption that the microcontroller runs at a
32 MHz internal clock frequency. If your phyCORE-AT91M55800A
Is equipped with a different speed oscillator, the demo application
might transmit using another baud rate. This may lead to incoherent
characters appearing in the HyperTerminal window following
execution of code.

« Click the disconnecticon 3l in HyperTermina toolbar and exit
HyperTerminal.
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3 Getting Morelnvolved

What you will learn with this example:

* how to configure the pVision3 IDE (Integrated Development
Environment)

* how to modify the source code from our examples, create a new
project and build and download a machine readable file to the
target hardware

3.1 Creating a New Project and Adding an Existing Source
File

e To create a new project file select from the pVision3 menu
Project|New Project....This opens a standard Windows dialog
that asks you for the new project file name.

 Change to the project directory created by the installation
procedure (default location
C:\PHYBasic\pC-AT91M55800A\Demos\Keil\Blinky2

* In the text field 'File name, enter the file name of the project as
Blinky2.uv2and click on Save.

2| x|
Save in: I ) Blinky2 j a 5 ER-
|0 #Flash

File name: IBIinkyZi Save I
Save as bype: IF'r-:uieu:t Files [*.uv2) j Cancel |
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* The Select Devicefor Target 'Targetl’ will automatically appear.
Select Atmel as manufacturer for the CPU. The
phyCORE-AT91M55800A is populated with an AT91M55800A
CPU. Choose the controller type from the list as shown below.
This selection sets necessary tool options for the AT91M55800A
device and simplifiesin this way the tool configuration.

cPu |

Vendor  Atmel

Device:  ATI1MEERE004

Farmily:  ARM

Data baze Drescription:
----- £ ATECHI22 ;I ARMTTDMI bazed High-perfarmance 32-bit RISC Microcontroller with Thu;l
..... £ ATIIF40416 extensions, Fully Programmable External Bus Interface,
..... £ ATIIF40516 up to 128MB Address Space, 8 Chip Selects, 8K Bytes Internal BAM,

58 Programmable |/0 Lines, &-level Priority, Individually Maskable,

""" €1 ATHIFR0IEZ Wectared Interupt Contraller, ¥ External interupts, including a

----- £1 ATIIFR4042 High-priority Low-latency [nterupt Request, B-channel 16-bit Timer/Counte

..... £ ATIIFR4081 _I & Extemal Clock Inputs, 2 Multi-purpoze 1/0 Ping per Chan.,

_____ £ AT91M40400 IUSART:, Master/Slave SPI Interface, Programmable Y atchdog Timer,
£ ATS1M40800 B-channel Peripheral Data Contraller for USART s and 5F1s,

""" 8-channel 10-bit ADC, 2-channel 10-bit DAC,

Clock Generator with PLL, Beal-time Clock with On-chip 32kHz Qzcillatar,
Advanced Power banagement Contraller

----- £3 ATHIME200 —
il LT -
4 | _|‘| =

ar. I Cancel |

» Click on OK to save the settings.

* The uVision3 dialog box "Copy Atmel AT91xxxx Sartup Code to
Project Folder and Add File to Project?" will appear.

X

@ Copy Atrnel AT9Lxax Startup Code to Project Folder and &dd File to Project 2

» Click on No to not include this default startup code! The default
startup code provided by Kell does not match the
phyCORE-AT91M55800A hardware properties. The correct
startup file startup pC-AT91IM55800A.s will be added to the
project later.
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3.1.1 Configurethe Project Components

» To configure the target click on the ® jcon in the build toolbar or
right-click on the target, 'Target 1' in the Project Workspace
window and select Manage Components.

-lslx]

;Eile Edit Wiew Project Debug Flash Peripherals Toaols 3WCS Window Help

RS HG| R (| EE e i R N [t ][R L
e

Select Device for Target 'Target 1'
Options for Target ‘Target 1°

Open File

|ﬂ| Rebuild target

L&) Build target F7
Translate Fils

Stop build

#Add Files to Group. ..
[ Manage Companents
Remaove [tem

Include Dependencies

Bslaw|® |

= -
v

Culput Windew

Ll o

Setup File Extensions, Books and Environment [ [NUM Riw

« The Components, Environments, and Books window will
appear.
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* Inthe Project Components tab, double-click on Target 1. Change
the name of the target to phyCORE-AT91M55800A XFLASH.

Components, Environment and Books X

Project Components |FOIdersIE:-:tensi0ns| Booksl

|-Er0iectTalgets: B S S |-5r0ups: B R |-Eiles: PG AR &
phyCORE-ATI1MAE8008 XFLASH | [aRis=Y el el

Set az Current Target | Add Files |
(0] I Canhcel | [ efaults | Help |

* Double-click on Source Group 1, in the Groups window, and
change the name of the group to Sartup Code.

Components, Environment and Books x|

Projest Components |FOIders£Extensions| Books |

|Qr0ups: e S SR 2 |Eiles: I r |+
Starbup Code |

Set as Current Target | Add Files |
Ok I Cancel [ efaults | Help |
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» Add another group by selecting the New(Insert) icon
Groups window. Name the new group Source Code.

Components, Environment and Books X

Project Components |FOIders£Extensions| Booksl

Project Targets:

21X | 4| | |Groups: [ X[ 4| ] [Fies: x|+ +

hCORE -AT 31MA68 | StartuE Code

Set az Current T arget | Add Files |
(0] 4 I Caticel | [ efaults | Help |

» Select the Folder YExtensions tab.
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» Besurethat Use Settings from TOOLSINI is checked and the path
for the Tool Based Folder is C:\Kel\ARM\

* Be sure that the Use Keil ARM Tools ARM Development Tools is
selected.

Components, Environment and Books 2 x|

Project Components  Folders/E xtensions | Bouksl

— Development Tool Folders r— Diefault File Estenzions:

W ize Settings from TOOLS.INI

-
C Source: |-©

Tool Base Folder: IEZ WeilhaR kY
BIN: |C:\Keil‘-AF|M\EIN\

C++ Source: |*-cpp

Asm Source; |*87 e A

e el e

IMC: | Object; |".obi
LIB: I Library: |*lib
Redfile: I Document; |"tE "h; ".inc

— Select ARM Development Tools
V¥ Lze Keil ARM Tools

[ Falder: |C:4Cygnush
[ Usge GNU Tools 2HNUE T oider _

Eeil Foot Folder: |5 4Felbamhdy

Realiew Falder: |C:\Frogram®.
I~ Use ARM Taals S R .

Keil Root Folder; |C:4Failhambd,

Ok I Cancel | [Defaults I

e Click OK. This brings you back to the Project Workspace
window.

* You are now ready to add source files to the project. Make sure the
filesin the Project Workspace window are expanded. Right-click
on Sartup Code and select Add Files to Group ‘Startup Code’
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3.1.2 Adding Source Filesto the Project

* In the Project Workspace window - Files tab right-click on
Sartup Code and select Add Files to Group ‘Startup Code’

Options for Group 'Startup Code’

|Project Wiorkspace - X |
Eﬁ phyCORE-ATI1MSSE004 ¥FLASH ‘
"~ g

------ 7 Source Coc

[#4 Rebuild target
(5] Buid target F7

%

| Add Files to Group 'Startup Code’
ﬁ Manage Components
Remove Group 'Startup Code' and it's Files

Include Dependencies

Br.] = | (@ | *3F. S |

* IntheFile of typepull-down menu, select: "Asm Sourcefile (*.s*;
*.src*; .a*)". Browseto
C:\PHYBasi c\pC-AT91M55800A\Demos\Keil\Blinky2 and select
Startup_pC-AT91M55800A.s.

Add Files to Group 'Startup Code® 2] x|
Lok jni | 3l Blinky2 <] « =k E-

|_1%Flash
[Flistartun_nC-AT91MSSS004 5

File name:  [Startup_pC-ATS1ME5E004 Add

Files of bpe: |Asm Source file [%.3% * 31 .57 j ﬂl

2

« Click on the Addbutton and then click Close
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* Inthe Project Workspace window right-click on the Source Code
group.

» Select Add Filesto Group 'Source Code'.

* Browse to C:\PHYBasic\pC-AT91M55800A\Demos\Keil\Blinky2
and select Blinky2.c.

Add Files to Group ‘Source Code® 2]
Loak jn: Ia Blirky2 j - Iff( -

¥Flash

File name: IBIink}l2 Add
Files of type: II: Source file [.c) j ﬂl

4

e Click on the Add button and then click Close.

34 © PHYTEC Messtechnik GmbH 2005  L-642e 3



Getting More Involved

* The Project Workspace window should appear as follows:

|F‘roject Warkspace - ox |
EIE phyCORE-ATO1MSS2004 ¥FLASH
=5 Startup Code
L Startup_pC-AT91MS580048.5
=55 Source Code
Fo Blinky2.c
Bf.| E. |@s. [*3r. [T |

At this point you have created a project called Blinky2.uv2 and added
an existing C source file called Blinky2.c and an existing assembly
source file called Startup pC-AT91M55800A.s. The next step is to
modify the C source file before building your project. This includes
compiling, linking, locating and creating the machine-readable file.

Note:

Always use the Startup pC-AT91M55800A.s file provided by
PHYTEC in your application project. This startup file contains the
correct controller setting for access to external memory and other
on-board components. Using other startup code, e.g. the default Keil
startup code that is offered when creating a new project will lead to
functional problems and may cause your application code to not
execute as desired.
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3.2 Modifying the Source Code

* Double-click on Blinky2.c in the Project Workspace window to
open the file in the source code editor.

KZBlinky2 - pvision3 - [C:\PHYbasic,pC-AT91M558004} Demos', Keil\ Blinky2\, Blinky2.c] =lol x|
ElFle Edit Wiew Project Debug Flash Petipherals Tools SVCS Window Help =lex]

DEHG| BB oo EE % %% af Claad |« &l a [E[E @ e o
& E $% #X[phyCORE-ATI1MS58004 XF | & &

[Project Workspace B T kA HE AR AR A KA ART AR AR AR A A AT AR AR A AR
=423 phyCORE-ATD1MSS8004 XFLASH 02/ *
=+E3 Startup Code 03| /*+ BLINKYZ.C: LED Flasher */

Startup_pC-AT91MIS2002. 5 o s #
E-£5 Source Code Q5 |/ ohsk ook ok sk ok sk ok ok stk ok ok ok sk sk o Sk sk ok sk sk of sk ok sk ok ok sk ok sk sk ok sk Sk oF sk ko sk ok sk sk ok sh sk ok sk ok sk o ok 7
- & Blinky2.c 06
07  #include <%1M55800.H= J* ATSIM558004 Definitions */
og =
MEvoid delay (void) | /# Delay Function */

10 unsigned long x;
1
o for (x = 0; x= < 50000; x++); A only to delay for LED flashes */
13411}

14
15Hint main (void) {
16

17 PIOA PER = 1; /* Enable PAD #*/

18 PIOA_OER = 1; 44 Sst PAD as Output */

19

2 while (1) { J#* Loop forever */

21 PIOA& CODR = 1; /* Turn LED on  (PAR = 0] */

22 delayi); F# Delay #+/

23 PIOA SODR = 1; J* Turn LED OFF (PAD = 1] #*f |
24 delayi(); F* Delay #/

25 1

2 1 hd
a 3 I | PR ol

B.[=2 (@ [t = Bink2 |

f 7

Cutput tindow

II;I—ILILI
[ Lic2 [ o [T Rw

Locate the following code section and modify the delay for LED
Flashes from the original 50000 to 200000.

for (x = 0; x < 50000; x++); /* only to delay for LED Fl ashes */

» Savethe modified file by choosing File/ Save or by clicking the
floppy disk icon.
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3.3 Setting Optionsfor Flash Target

Keil includes a Make utility that can control compiling and linking
source files in severa programming languages. Before building your
project you must configure the target options. Most of the options are
set when specifying the target device for the project.

Enter the changes as indicated below and leave all other options set to
their default values. pVision3 allows you to set various options with
mouse clicks and these are all saved in your project *.opt file.

» Configure options for target by selecting the Options for Target
icon & on the build toolbar or right-click on the
phyCORE-AT91IM55800A XFLASH target in the Project
Workspace window and select Options for Target
‘PhyCORE-AT91M55800A XFLASH'.
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Configurethe Target Options

* Inthe Target tab be sure that the Xtal is set to 16 MHz and Use
One-chip RAM(0x0-Ox1FFF) is not checked. Set the External
Memory #1 to ROM and #2 to RAM and set the Start and Sze as
follows:

ROM: 0x0100 0000 (Start)  Ox0040 0000 (Size)
RAM: 0x0400 0000 (Start)  0x0020 0000 (Size)

Options for Target ‘phyCORE-AT91M558004 XFLASH' |
Device Target | Dutputl Listingl C I Azm I L}'—‘«Miscl L}'—‘«Lacatel Debugl Utilitiesl
Atrnel 4T 9104 552004,
Operating spstem: |Mone ﬂ I Use On-chip Fiésk (00 - 0x1FFF)
— Extemnal Memory
Start; Size: Start: Size:
#: IHDM | |numnnuuun |nunn4uunnn #e: ||:;AM j| |
#2. [Ram | |0x04000000  |0:00200000 #5 [Rem ] | |
#3: [Ram =] | | 6 [Fam = | |
] I Cancel | Defaults | Help |
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Configurethe Output Options

 In the Output tab be sure that Create Executable, Debug
I nformation and Beep When Compl ete options are selected.

Options for Target 'phyCORE-AT91M558004 XFLASH' x|

Devicel Target  Output IListingI C I Asm I LAMiSu:I LALocatel Debugl Utilitiesl

¢ Gelect Folder for Objects. . Name of Exscutable: |Blinky2

{* Create Executable: \Blinky2
¥ Debug Information ¥ Browse lrfommation

I~ Create HEX File  HEX Format: |HEx-386 | Stat: | End: |

Offzet: I

[ Create Batch File

" Create Library: ABlinky2 LIE

—&fter Make

¥ Beep'when Complate ™ Start Debugging

[ Fiun User Program #1; I Browse... |
[ Run User Program HZ: I Browse. .. |

] 8 | Cancel | Defaults | Help |

» Click on the Select Folder for Objects button.
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* Browseto thefolder:
C:\PHYBasic\pC-AT91M55800A\Demos\Keil\Blinky2\XFlash.

Browse for Folder 2 x|
Folder: | XFlash | & & et E-

Path: C:APHYbasichpC-AT 31M558008\Demas\KeilhB
(1]4 |

&

» Click Ok. Thistakes you back to the Options for Target window.
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Configurethe Listing Options
* IntheListing tab, leave the default settings as follows.

Options for Target ‘phyCORE-AT91M558004 XFLASH' x|

Devicel Targetl Output  Listing | C I Azm I L}'—‘«Miscl L}'—‘«Lacatel Debugl Utilitiesl

i Select Folder for Listings. I Page Width: |12EI _I? Pane Length: IEE _I?

¥ C Compiler Listing: .\ st
¥ Conditional [~ Symbols [" #include Files [~ &ssembly Code

™ [ Preprocessor Listing: A

v Azsembler Listing: 5= lst

¥ Conditional ¥ Symbals I acros: IFinaI expansion only j [" Cross Reference

V¥ Linker Listing: .%Blinky2. map

v Memomy Map [v' Public Symbals v Line Mumbers [ Cross Beference
v Local Syrbiols v Comment Records v Generated Symbols
[™ Linker Code Listing: .5Blinky2. cod v Library Symbols

] | Cancel | Defaults | Help |

e Click on the Select Folder for Listing button.

 Browseto thefolder:
C:\PHYBasic\pC-AT91M55800A\Demos\Keil\Blinky2\XFlash.

Browse for Folder 2=l
Folder: ISXHESH j ] £5 B~
Path: CAPHYbaszichpC-AT 91 MEBE00ANDemog K eilhB
0k |
A

* Click OK. Thistakes you back to the Options for Target window.
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Configurethe Utilities Options

» Select the Utilities tab.
» Select the Use Target Driver for Flash Programming option.
* Inthe pull-down menu select ULINK ARM Debugger.

Options for Target ‘phyCORE-AT91M558004 XFLASH' x|

Devicel Targetl Dutputl Listingl C I BAzm I L}'—‘«Miscl L Locate | Debug  Utilities I

— Configure Flash Menu Command
+ Use Target Diiver for Flash Programming

K ARM Debugge Seftings [ Update Target before Debugging
it File: J Edit.. |

" Use External Tool for Flash Programming

Eommand:l _l

Arguments:l

I™ | Bunndependent

] I Cancel Defaults Help |

» Click the Settings button.
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* Inthe Flash Download Setup window be sure that the following
Download Function options are selected: Erase Sectors, Program,
Verify, and the Reset and Run. Checking the Reset and Run box
will execute the downloaded Blinky2 code at the end of the Flash
programming sequence without having to push the Reset button
(S_2) on the Development Board.

Flash Download Setup x|

— Diownload Function Rk for Algarithm

LOAD " Erase Ful Chip ¥ Program

_Fi ' EraseSectors W Werify Start: ID:-:EIEIEIEIDDDD Size: |0x0200

" DonotErase W Heset and Fun

— Programming Algarithn

Dezcription | Device Type | Device Size | Addrezz Bange

Skart: I Size: I
Add | Femove | (] | Cancel |

» Click on Add to add a Programming Algorithm.
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* In the Add Programming Algorithm window, select
AM29F320DT Flash and click Add. The AM29F320DT device is
the external Flash memory populating the
phyCORE-AT91M55800A module.

x|

D ezcription Device Type | Device Size | -
ADUCTOZ Flazh On-chip Flazh B2k

A 29F1E00T Flazh Ext. Flazh 16-bit 2hd

Al 29F 3200 T Flazh Ext. Flazh 16-bit Ay

Ak 299300BT Flash Ext. Flazh 16-bit Th

A 2943008 T Dual Flash Ext. Flagh 32-bit 2k

AT 2341024 Flash Ext. Flagh 16-bit 128k

AT 49407 Budt, Flazh Ext. Flazh 16-bit 2hd

AT SAMTS 32 Flash On-chip Flash A2k (I
AT 5AMTSES Flazh On-chip Flash Bk

LPC2000 |4P2 128kE Flazh On-chip Flash 128k
LPC2000 |4P2 256kE Flash On-chip Flash 256k
LPC2000 I4P2 512kE Flazh On-chip Flash B0k,
LPC2000 |4P2 E4kE Flazh On-chip Flash Bl

LPC2000 I4P 128kE Flazh On-chip Flash 120k
LPC2000 I4P 25EKE Flazh On-chip Flash 248k

bt 28/ 320CE Flazh Ext. Flazh 16-bit 4hd LI

sod | Cancel |

» Click Add.
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* In the RAM for Algorithm section, set the Sart address to
0x00000000 and address Sze to 0x0800 as shown below.

* In the Programming Algorithm window click on the
AM29F320DT Flash device and set the Sart address to
0x01000000 and Sze to 0x00400000 as shown below and click
OK.

Flash Download Setup x|
— Download Function Rak for Algorithm
LOaD " Erase Full Chip W Pragram
_Fi * Erase Sectors W Werify Start:IDHDDDDDDDD Size: 00300
" DonotErase | Reset and Run

— Programming Algarithm

Dezcription | Device Type | Device Size | Addrezs Range |
/ 000000 - 013FFFFFH

Start: |0x01000000  Size: |0x00400000

Add | Rermowve | (1] | Cancel |

 Back in the Utilities tab, select the browse button J in the Init
File: lineto add the Flash initialization file.
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* Inthe Select Flash Initialization File pop-up window browse to
C:\PHYBasic\pC-AT91M55800A\Demos\Keil\Blinky2 and select
the XFlash.ini file.

Select Flash Initialization File 2| x]
Look in: | 3 Blinky2 <] « @ o E-

¥Flash

File name:  [%Flash Open |
Files of type: [ Ini Files [~ini I Cancel_ |

[~ Open as read-only

A

» Click the Open button.
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* The Utilities tab should appear as follows:

Options for Target 'phyCORE-AT91M558004 XFLASH' x|

Devicel Targetl Dutputl Listingl C I Asm I LAMiSu:I L& Locate | Debug  Utilities

— Configure Flagh Menu Command

¢ Lze Target Diiver for Flash Programming

f ULINK ARM Debugger v|  Seftings

It File: I.\XFIaSh.ini

™ Use External Tool for Flash Programming

Eommand:l _l

Alguments:l

I | Bun Independent

] 8 Cancel Defaults Help |

e Click OK.
* Inthemain pVision3 menu select File/ Save All.

3.4 Building the Project

You are now ready to run the compiler and linker using the Make
utility.

« Build the desired target by either selecting the build icon X1 on
the build toolbar or in the main menu select Project / Build target.

If any source file of the project contains any errors, they will be
shown in the Output Window - Build tab. Use the editor to correct
the error(s) in the source code and save the file and repeat the build.

If there are no errors, the code is ready to be downloaded into the
Flash memory.
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3.5 Downloading Codeinto Flash Memory

* In the Select Target pull down menu be sure that the
phyCORE-AT91M55800A XFLASH target is selected.

* Download the code into Flash memory by either selecting the
Download to Flash Memory icon £% on the build toolbar or in the
main menu select Flash / Download.

» Wait until the programming is complete. This is indicated by the
"Verify OK" message. The download utility will perform a reset
and the code will execute without further user interaction.

Successful execution of the program will flash the LED D3 with equal
on and off duration but with longer cycles compared to the original
Blinky demo.

Y ou have now modified source code, recompiled the code, created a
downloadable file, and successfully executed this modified code.

* |If you wish to erase the external Flash select Flash /Erase in the
main pVision3 menu:

k4 Blinky? - p¥ision3 - [C: PHYbasichpC-AT91M55800A" Demos', K
Eile Edit Wiew Project Debug FIa_shiF'eLipheraIs Tools SWCS ¥

TR ; £ Download
I%E? @ﬂﬁ,_uwnua
4 Erase |
S (4 4 % | 4 A [phyCoR
[Praject workspace Configure Flash Tools. ..
EE phyCORE-AT91MS5800A ¥FLASH 02 fl’*’
-3 Startup Code 03| /* BLINKYZ
- - [#] Startup_pC-AT91MSS8004. 5 M| oo
=-£3 Source Code 05 | 7 hsbstobohsbsbobobat
o [#] Blinky2.c 06
07 | iinclude =9
0g =

» The Flash erase status will be displayed at the bottom of the
HVision3 window and take a few seconds.
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4 Debugging

This Debugging section provides a basic introduction to the debug
functions included in the Kell ARM7/uVision3 evaluation tool chain.
Using an existing example, the more important features are described.
For a more detailed description of the debugging featylease

refer to the appropriate manuals provided by Keil.

The pVision3 Debugger offers two operating modes that can be
selected in the Project|Options for Target
phyCORE-AT91M55800A dialog:

 TheSimulator allows PC-based simulation of most features of the
AT91M55800A microcontroller without actually having target
hardware. You can test and debug your embedded application
before the hardware is ready. pVision3 simulates a wide variety of
peripherals, including external I/O and timers. The peripheral set is
configured when you select a CPU from the device database for
your target.

 USB-JTAG debugging interface adapters like el ULINK,
allow target-based debugging. With the ULINK interface you may
connect directly to the target hardware using the JTAG interface.
Debugging on the target hardware also enables testing peripheral
components of the application and real-time program execution.

The following examples utilize thdJLINK ARM Debugger
environment.
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4.1 Creating a Debug Project and Preparing the Debugger

4.1.1 Creating a New Project

o Start the Keil pVision3 environment and close all projects that
might be open.

e Open the Project menu and create a New Project called
Debug.uv2 within the existing project directory
C:\PHYBasi c\pC-AT91M55800A\Demos\Keil\Debug
(default location) on your hard drive. Select the Atme
AT91M55800A in the CPU vendor data base list.

» Rename the target of your project within the Project Workspace
window - Filestab into phyCORE-AT91M55800A XRAM.

* Rename the file group Source Group 1 as Sartup Code and add
one additional file group named Source Code.

* Add Startup_pC-AT91M55800A.s to the file group Sartup Code,
and the files Debug.c and Serial.c to the file group Source Code
from within the Pr oject Wor kspace.

* Your project should now appear as follows:

[Project Workspace - x|
EE phyCORE-ATO1MSSS004 ¥RAM

=5 Startup Code

L Startup_pC-AT91MSSE004,5

=55 Source Code
o Debug.c
o Seridl.c

Br.| . |@s. [*Br. [T |
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» Go to Project / Components, Environment, Books.. from the

menu or select the @ jcon on the toolbar. Select the
Folders/Extensionstab and be sure that Use Keil ARM Tools
under Select ARM Devel opment Tools box is selected.

e Savethe project.

» Double-click on the Debug.c file to open the source code window.

At this point you have created a project called Debug.uv2, consisting
of the C source files called Debug.c and Serial.c and the assembler
file Startup_pC-AT91M55800A.s.

4.1.2 Setting Options for Target

* In the Select Target pull down menu make sure the
phyCORE-AT91M55800A XRAM target is selected.

» Configure options for target by selecting the Options for Target
icon &% on the build toolbar or right-click on the
phyCORE-AT91M55800A XRAM target in the Project Workspace
window and select Options for Target 'phyCORE-AT91M55800A
XRAM’,
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Configurethe Target Options

Options for Target 'phyCORE-AT21M558004 XRAM' x|
Device Target | Dutputl Listingl C I Az I LAMiSu:I LALocatel Debugl Utilitiesl
Atrnel AT 915580024,
wtal [MHz] I-IE_D [~ Big Endian
Operating systen: |Mane ﬂ [~ Use On-chip Fidk (020 - 01 FFF]
— External Memory
Start: Size: Start: Size:
#1: [ROM x| |nxn4nnuum ID:-:DD1EIEIEIEID #4: [RaM j| |
#2- |HgM =] |nxn41nuuun ID:-:DD1DDDDE| #5 |HAM j| |
#3 [Rem | | | 46 [Rem ] | |
] 8 I Cancel | Defaults | Help |

In the Target tab be sure that Xtal is set to 16 MHz and
Use On-chip RAM(0x0-0x1FFF) is not checked. Set the External
Memory #1 to ROM and #2 to RAM and set the Start and Sze as
follows:

ROM: 0x0400 0000 (Start)  0x0010 0000 (Size)
RAM: 0x0410 0000 (Start)  0x0010 0000 (Size)

It is necessary to configure the External Memory Sart and Sze
settings so that the combined user code and data does not exceed the
physical size of the RAM. The phyCORE"-AT91M55800A standard
version features 2 MByte of external SRAM.
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Configurethe Output Options

In the Output tab be sure that Create Executable, Debug
I nformation and Beep When Compl ete options are selected.

Options for Target "phyCORE-AT91M558004 XRAM' 2| x|

Devicel Target Output | Listingl C | Asm | LAMiscI LALDc:atel Debugl Utilitiesl

| Select Folder for Objects.,. I Mame of Executable: IDBbUQ

&+ Cieate Executable: \XRab4\Debug

v Debug Information ™ Browse Informaticn

[T Create HEX File  HEX Format: IHE><-3EE j Start: I End: I

Offzet: I

" Create Librany: \=<RakM\Debug LIB [ Create Batch File

&fter Make

Iv Beepwhen Complete I Start Debugging

™ Rur User Program #1; I Browse...

[~ Fun User Pragram #2: I Browse...

i

Ok, | Cancel | Defaultz |

» Click on the Slect Folder for Objects button.
* Browseto thefolder:

C:\PHYBasic\pC-AT91M55800A\Demos\Keil\Debug\XRAM.

Browse for Folder 21X
Folder: IEXH-&M j = £¥ E-
Path: C:APHYbasichpC-4T 31 ME58008\DemoshkeilhD
ok |
v

* Click OK.
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Configurethe Listing Options

* IntheListing tab, leave the default settings are set.
» Click on the Select Folder for Listing button.

» Browseto thefolder:
C:\PHYBasic\pC-AT91M55800A\Demos\Keil\Debug\XRAM.

Browse for Folder 21 ]

Folder: | {3 ¥Rk x| « & cf B

Path: C:APHYbasichpC-4T 31 ME58008\DemoshkeilhD
ok |

A

* Click OK.
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* ThelListing tab should appear as follows:

Options for Target ‘phyCORE-AT91M55800A XRAM" x|

Devicel Targetl Output  Listing |E I Azm I L.-’-‘-.Mi$c| L&anatel Debugl thilitiesl
Select Folder for Listings. . I Page Width: |12U _|:;' Page Length: IBE _I:

¥ L Compiler Listing: <P e lst
¥ Condiional [~ Symbals

[™ #include Files

[~ Assembly Code

[ CPreprocessor Listing: \RAMA

¥ assembler Listing: | \=Babdy st

v Conditional v Symbalz Macros: IFinaI expanszion anly

ﬂ [~ Cross Reference

Iv Linker Listing: %<FaMAD ebug.map
v emory Map ¥ Public Symbols

v Local Symbols
[ Linker Code Listing: .5<FaM4Debug.cod

¥ Line Numbers

¥ Comment Fecords

[" Cross Reference

v Generated Symbols
Iv Librar Symbols

ok |

Cancel | Diefaulks |

Help |
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Configurethe Asm Options

* Change to the Asm tab. In the Conditional assembly control
Symbols, Set field, type:  REMAPPED . This will make sure the
correct code base address is used when compiling and linking the
project.

Options for Target ‘phyCORE-AT91M558004 XRAM' x|

Devicel Targetl Dutputl Listingl C Azm |L}'—‘«h~1isc| L}'—‘«Lacatel Debugl Utilitiesl

— Conditional azzembly contral Symbolz

Set |_HEMAF‘PED_

Rezet: I

— Macro processor
v Standard ¥ Case senzitive symboks

ek | -

Mizc I
Controls
&zzembler |SET [ REMAPPED ) DEBUG PRIMT[ \<Rabds* lzt] EP ﬂ
cohtrol
ztring ;I

] I Cancel Defaults Help |

56 © PHYTEC Messtechnik GmbH 2005  L-642e 3



Debugging

Configurethe Debug Options

* Inthe Debug tab, check the Use: ULINK ARM Debugger option.
» Configure the ARM Target Driver Setup by clicking the Settings

button. The ARM Target Driver Setup settings should be as
follows:

ARM Target Driver Setup x|
— LIME JSE - JTAG Adapter —JTaGE Device Chain
Serinl No: [0744557E = IDCODE | Device Mame | IR len | e
TDO | @ 0xIFOFOFOF  ARM7TOMI Core 4 Up |
LILIME ersion: IVE.DD |
Ol ot
Drevice Family: I.t’-'«FlMF"
&% Automatic Detection 10 EOME: I
" Manual Configuration Device Mame; |
Max JTAG Clock: [TMHz =] add | [Dete | [Updae]|  Rler |
—Debug
Cache Optiong——— 1 Download Options—————————————— Mizc Options
¥ Cache Code v Verify Code Download gl st el S T
¥ Cache Meman [~ Download ko Flash
Cancel |

» Click OK to return to the Options for Target window.

* Be sure that the Load Application at Sartup, under the ULINK
ARM Debugger setting, is NOT checked. Loading the application
code and the go till main function are executed by the XRAM.ini
file (see below).

» Add the correct Initialization File by clicking the browse button

) and select XRAM.ni.
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The Debug tab should now appear as follows:

Options for Target 'phyCORE-AT21M558004 XRAM' x|
Devicel Targetl Dutputl Listingl C I Az I LAMiSu:I LA Locate  Debug I Utilitiesl
™ Use Simulatar Seftings | { IULINK.&HM Debugger j Settings |
v Load &pplication at Startup v G till main] " Load &pplication at Startup [T G il main]

|mitialization File:

| [ [

Festare Debug Sezsion Settings

Initialization File:

|.\><F=AM.ini

Restare Debug Session Settings
¥ Breakpoints v Toolbox ¥ Breakpoints ¥ Toolbox
W “watchpoints & P, [ watchpoints
v Memary Display v Memory Display
CPU DLL: Parameter: Diriver DLL: Parameter:
ISAHM.DLL I-c.-’-'«TEI‘IMEE IS.&HM.DLL |-ema1m55
Dialog DLL: Parameter: Dialog DLL: Fararneter:

IDAHMAT.DLL |-p91M5580m

ITAHMAT.DLL |-p91M5580m

o ]

Cancel |

Defaults |

Help |

* Click OK to save dll the settings.
* Inthemain pVision3 menu select File/ Save All.
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You are now ready to run the compiler and linker using the Make
utility.

toolbar or in the main menu select Project / Build target.

If there are no errors, the code is ready to be downloaded into the
external SRAM for further debugging steps. Before starting the
debugger first open HyperTerminal again using the same settings as
described in section 2.3.2. This allows you to monitor the pri nt f

outputs over the serial RS-232 port.

4.2 Starting the Debugger

 To start the ARM7/uVision3 debug environment, click on the
debugger icol@ | on thepVision3 toolbar.

* You will see a blue status bar from left to right at the bottom of
your screen indicating the download process of the debug
program.

If a problem occurs during data transfer, an error message will be
displayed. If this should occur, make sure the target hardware is
properly connected to a power supply and the host-PC using the Keil
ULINK device (efer to section 2.2).
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If the data transfer was successful, a screen similar to the one shown
below will appear. The Project window changed to the Register page
and the main page has changed to the Disassembly. The debug
toolbar is aso displayed. In the lower part of the debug screen you
will see the Command and Watch windows.

k£ Debug - pision3 - [Disassembly] =13l x|
@,E\Ie Edit VWiew Project Debug Flash Petipherals Tools SWCS Window Help -18] x|

EHG@| s BER| Dm0 %SNS e #| e =2 & |@EE] 0@
wlEReomprre e @EvsEER »

Project Workspace | S0: int main (void) ;I
Register Va\uel‘ 51: {
= Curren! t 52: unsigned long i: <% Delay wvar *
RO 040, 53:
R 040, c>0x04000234 BS0D0 PUSH 1
R2 0x0. 54: APMC_PCER = (1<<PIOA_ID) | (1<<US0_ID);: ~* Enable peripheral clock for
R3 0:0. 55: parallel I-0 controller PIOA
R4 Oxd. Sh: and serial interface U30 *
RS 045 a7:
RE 046, 0x04000236 4923 LDR R1, [PC,#02008C]
R7 07, 0x04000238 4823 LDR RO, [PC,#02008C]
R 00, 0x04000234& 6001 STR R1, [RO,#0200]
) 0x0. 58: PIOA_PER = 0zx00000001: % Enable PAD pin of port A *7
R0 0. 0x0400023C 2101 MOV R1,#0201
Rl 00, 0x0400023E 4823 LDR RO, [PC,#02008C]
Rz 00, 0x04000240 6001 STR R1, [RO,#0200]
F13(5F) 0x0. 59: PIOA_OER = 0zx00000001: % Set PAD portpin as Output *7
Fil4[LF] 0. — 60:
RISFC 040 0x04000242 2101 MOV R1,#0201
- CPSR Oud. 0x04000244 4822 LDR RO, [PC,#020088]
- 5peR e 0x04000246 6001 STR R1, [RO,#0200]
B User/System Bl: init_serial(): <% Initialize serial
) Fast Interupt _B2r o ) T =
- Intenupt - iﬂ r
E s = | Debug (&) Disassembly |
*|_sleep_(10); /7 Wait for stable Main Oscillater +| [*| Name WValue |
| _WDWORD (0xFFFF4020, 0x002F4002); </ BPMC_CGME: Switeh to Main Oseill )
Setup(): </ Setup for Download
LOAD XR&M“Debuy INCREMENTAL < Download
g main
2
‘EE >
4|ASSIGN BreakDisable BreakEnable BreakKill BreakList BreakSet d _.&f
S [T r [T, Buid }, commans d A Findin Files [ | EXNE | % A TF T Locals 4 wratch 1 wiaich #2 J, Call stack. {
Reachy [ | UM RiW s

You may need to open, resize and /or move some windows to make
your screen look similar to the screen capture. Y ou can open inactive
windows by choosing the desired window from the View pull-down
menul.

 Change to the Debug.c source window by clicking on the
corresponding tab.

The debugger will run to the 'main’ function and stop automatically.
Notice the yellow arrow pointing to the first command in the 'main’
function. Also notice the program counter (PC $) within the Project
Window — Register page showing the start address of the 'main’
function.
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4.3 Keil pVision3 Debug Features

 The Debugger window toolbar gives access to the following
debug commands: Reset, Run, Stop, Step Into, Sep Over, Step Out
and Run to Cursor line.

Reset

Run

‘ I_ Stop
[ERIEN < Re Rty
Step Into J \

Step Over

Step Out
Runto Cursor line

» The first button on the debugger toolbar is the Reset &
button.

The Reset command sets the program counter to O.

» The button to the right of the Reset button starts the Run
command.

Clicking this button runs the program without active debug
functions. To stop program execution a a desired point, a
breakpoint can be placed before the Run button is pushed.

* The next button on the debugger toolbar isthe Sop e button.

The Sop button interrupts and stops the running program at an
undetermined location.
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 Thefirst button allowing exact control of the program execution is
the Sep Into ® button.

The Step Into command performs the execution of the command
line to which the Current-Satement Arrow -»- points. This can
be a C command line or a single assembler line, depending on the
current display mode. If the command line is a function call, Step
Into jumps to the C function or subroutine, enabling you to explore
the code contained in the accessed subroutine.

« The Sep Over @ button is next on the debugger toolbar.

The Sep Over command executes the command line, to which the
Current-Satement Arrow -#- points. This can be a C command
line or a single assembler line, depending on the current display
mode. If the command line is a function call, the function will be
executed without single stepping into the function.

 Thenext button isthe Sep Out & button..

Sep Out isused to exit afunction you are currently in. Step Out is
very useful if you find yourself in afunction you are not interested
in and need to return quickly to your intended function.

« The last button v on the debugger toolbar performs the Run to
Cursor line command.

The Run to Cursor line command executes the program to the
current cursor position within the code window. This allows use of
the cursor line as atemporary breakpoint.
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4.4 Using the Keil pVision3 Debug Features

4.4.1 Breakpoints

» Activate the Debug.c file by clicking on the Debug tab.

e Clickinthelinefor (i = 0; i < rhythnfblink]; i++)

e Click on Insert/Remove Breakpoint © to set a breakpoint here.
The red marker on the left-hand side of the selected line indicates
the breakpoint. You can also set a breakpoint by double-clicking
in the desired code line.

{=]a} j

&7 while (1) A* A cpu never sleeps ;-) =/ =

&8 {

{=1=] LED_w3et (ON) ; A% Turn LED on =/

70 printf (" LED: CN ‘4n"):

71
72 for (i = 0; i < rhycthm[blink]: i++) /% Delay Ffor x amount of counts =

Fic {

74 wait () A# ©all wait Ffunction =/

75 3

=} J

7T LED_w3et (OFF) ; A% Turn LED off L7

78 printf (" LED: COFF 4Yn"):

7a -
l«__| _’|J
Debug.c |@ Disassembly |

e Click on the Run icon and the program will run and stop at
the breakpoint.

* Notice that the LED (D3) on the Development Board now
i[luminates.

» Also notice the output message in HyperTerminal that comes from
thepri ntf statement inline# 63 and #70.
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_(0f x|
File Edit Wew Call Transfer Help
-l
PHYTEC Debug Demo
LED: ON
—
4| | _’lJ
(Connected 0:00:46 BST 9600 8-N-1 [SCROLL [CAPS  [NuM  [Capture [ 4

 Click again on Insert/Remove Breakpoint & to remove the
breakpoint.
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4.4.2 Single Stepping and Watch Window

« Click on the Step Into ® icon to enter thef or {} loop.
 The Watch window —L ocals tab automatically shows the value
of the local variable. Change the number base from hexadecimal

to decimal by right-clicking on the variable.

A4 M] Locals 4 tiwatch #1 3 atch #2

L7 it | [ratie | | [Py

| | wiatches

» Click Step Over several times and watthe value of count up.

* As you can see in the source code,ftoe{} loop will end ifi
becomes equal to the first element of the constant fretdhn ]
which has the value 0640,000. To leave thewait function,
change the value aofby typing F639996 in the command line
and pressing <Enter>. Now repeat clickingSbep Over until you
leave the wait function.

*|[#%* Hestricted Version with 40970 Byte Code 3ize Limit =]
Y[*x* Currently used: 26292 Bytes (64%)

g, main
2
E >1=6359996
3||[<C-style expression: wariable = {expression> tj
] 44 [p1] Build A Command 4 Findin Files / ||‘ I _il
S

o

eady

* Click in the source code lingdink++ and choos&un to Cursor
line from the debug toolbar. Your program will be executed until
it reaches this line.

* Notice that the LED D3 on the Development Board is off now and
the output message appearing in the HyperTerminal window
indicates LED: OFF.
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» Asalast example, the constant "rhythm[]" will be evaluated. Go
to the source code line where the constant "rhythm([]" is declared.
Right-click on "rhythm[]" and choose the "ADD rhythm to
watch window" -> #1 option. Select the "Watch #1" tab at the
bottom of the watch window. The constant is shown with its
address and a small [+]sign in front which indicates that
"rhythm[]" is an array with a group of array elements. Click the

[+] Sign to expand the view and to see all array elements of
"rhythm[]".

": Marme
0041000027 ... ]

....... [D] DHDDDHE4DD

....... [-I ] 0=0004E 200

....... [2] O=000445C0

....... [3] O=00027100

....... [4] 0=00071 3330 b
_E - [5] O=0000EARD - |
Z [P T5 T, Cocals }, watch #1 { wiatch #2 J, Call Stack. 7
| Liz7 Ciz3 b [T Ry

4.5 Running, Stopping and Resetting

e To run your program without stopping at any time, delete all
breakpoints by clicking on the #® button.
e Click the Run button.

The LED now blinks at changing on/off intervals.

You can use of the Stop @ button to stop program execution at any
time.
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4.6 Changing Target Settingsfor the" Executable Version"

After successfully debugging the program, next change the project
and the target settings in order to create an executable file that can
then be downloaded to and executed out of the Flash memory on the
phyCORE- AT91M55800A.

o Exit the current debug session by selecting Debug|Start|Stop
Debug Session.

* We recommend adding a new target to the debug project. This
allows you to use the same C source files but different target
settings to be used for debugging (XRAM) and Flash download
(XFLASH).

« Click onthe @ icon in the build toolbar.

« Add another target by selecting the New(Insert) icon =il in the
Project targets window. Name the new  target
phyCORE-AT91M55800A XFLASH.

» Click OK to return to the pVision3 window.

e In the Select Target pull down menu select
phyCORE-AT91M55800A XFLASH.

» Configure options for target by selecting tBptions for Target

icon &% on the build toolbar.

» Set all target options as describedsaation 3.3 and build the
project.

* Download the create®ebug file to the external Flash memory.
For general download procedure information refesettion 3.5.

» Start the HyperTerminal program as describesbation 2.3.2.

« The Debug code will start automatically at the end of the
download.

Now you can watch your final debug example execute. The
HyperTerminal will display the status of the LED.
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