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Introduction

1 Introduction to the Rapid Development Kit

The nanoMODUL-STM32F103 module is designed to be plugged into a PHYTEC Carrier Board. The
PHYTEC Carrier Board contains the I/O connectors as well as any other interface circuitry not
provided on the hanoMODUL module itself. The nanoMODUL module, combined with the PHYTEC
Carrier Board, provides a platform to jump start embedded designs and propel concept to prototype
and finished product.

Each PHYTEC Rapid Development Kit contains an nanoMODUL-STM32F103 module mounted on an
applicable Carrier Board, cables, power supply, printed schematics, applicable evaluation software
development tool CDs, and the PHYTEC Kit CD. The PHYTEC Kit CD-ROM provides this QuickStart
guide, complete electronic documentation and demo programs.

1.1 Rapid Development Kit Documentation

This Rapid Development Kit (RDK) includes the following documentation on the enclosed PHYTEC
Kit CD:

e the PHYTEC nanoMODUL-STM32F103 Hardware Manual

e controller User's Manuals and Data Sheets

e this QuickStart Instruction

1.2 Overview of this QuickStart Instruction

This QuickStart Instruction provides a general kit description, as well as software installation hints and
example programs. It is structured as follows:

1. The "Getting Started" section describes how to interface the nanoMODUL-STM32F103 target
hardware to a host PC and uses the Blinky example project to demonstrate the download of
user code to the internal Flash using the Keil ULINK and Keil RealView Microcontroller
Development Tools.

2. The "Debugging" section introduces the main debugging features using a new target within
the Blinky example project and uses the Blinky example project to demonstrate the
download of user code to the external SDRAM using the Keil ULINK and Keil Microcontroller
Development Tools.

3. The "Getting More Involved" section provides instructions for creating a new project with the
Blinky project as a template.
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2 System Description

2.1 Hardware Description

The following PHYTEC hardware components are included in the nanoMODUL-STM32F103 Keil
Rapid Development Kit (part number KNM-103-KEIL) and are necessary for completing the
instructions in this QuickStart instruction:

e the PHYTEC nanoMODUL-STM32F103 (NM-103)

e the nanoMODUL-STM32F103 Carrier Board (NM-999)

e AC adapter supplying 12V

e Serial cable

e USB Standard A to B cable

e Hard copy schematics

e Keil ULINK2 JTAG-USB adapterl

e PHYTECKIitCD

e Keil Microcontroller Development Tools Evaluation CD

2.2 Host System Requirements

e This QuickStart guide will require the installation of Keil ARM/pVision3 software development tool
chain

e Operating System: Windows 2000, Windows XP or Windows Vista

e CPU architecture: Any x86 32-hit or 64-bit (x64: AMD64 or Intel EM64T) processor

e 60 MB Free Hard Disk Space

e 128 MB of RAM

1. The Keil ULINK2 is included in the Rapid Development Kit version with the part number KPCM-044-KEIL.
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System Description

2.3 The PHYTEC nanoMODUL-STM32F103

The nanoMODUL-STM32F103 is an CORTEX M3 based, small form factor, OEMable module
populated with the ST-Microelectronics STM32F103ZE controller. Rich peripherals such as USB
Client, make this module the ideal candidate for embedded applications requiring high performance
and low power consumption. Other chip-level features include 3 x 12-bit ADCs with up to 16
channels, 2 channels 12-bit DAC, 2 UART's, SPI, 12C, a real-time clock with a separate power
domain, and NAND Flash. These features make the devices particularly suitable for automotive and
industrial control applications as well as medical systems.

Please refer to the nanoMODUL-STM32F103 Hardware Manual for specific information on board-
level features, jumper configuration, memory mapping, pin layout, and Carrier Board features.

2.4 Keil RealView Microcontroller Development Kit

The Keil RealView Microcontroller Development Tools for ARM7, ARM9, and Cortex-M3
microcontrollers are easy to learn and use, yet powerful enough for the most demanding embedded
applications. The RealView C/C++ compiler supports all ARM-compatible devices including the ST-
Microelectronics STM32F103 device. For a complete list of supported ARM derivatives go to:

http://www.keil.com/arm/chips.asp
pVision3, 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. For more information on Keil
ARM/pVision3 tools visit their website at:

http://lwww.keil.com/arm/

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

PRV IEG

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

> &5 AR

http://www.keil.com
support@keil.com
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3 Getting Started

What you will learn with this Getting Started example:

¢ installing Rapid Development Kit software

e interfacing the nanoMODUL-STM32F103, mounted on the Carrier Board, to a host-PC using the
Keil ULINK2

e downloading example user code to the nanoMODUL-STM32F103 internal flash.

3.1 Installing Rapid Development Kit Software

3.1.1 Installing Documentation from PHYTEC Kit CD

The PHYTEC Kit CD installs documentation, datasheets, and demo files for the nanoMODUL-
STM32F103. When you insert the PHYTEC Kit CD into the CD-ROM drive of your host-PC, the CD
should automatically launch a setup program. Otherwise the setup program (setup.exe) can be
manually executed from the root of the CD.

1. Insert the PHYTEC Kit CD.

2. On the Welcome to the nanoMODUL-STM32F103 Product CD Setup window, select Next to
continue.

Keep C:\PHYTEC\nanoMODUL-STM32F103 as the installation path and select Next to continue.
4. Keep nanoMODUL-STM32F103 as the Program Folder and select Next to install.

After the installation process is complete, select Finish.

The PHYTEC Kit CD installation path is C:\PHYTEC\nanoMODUL-STM32F103 and the following five
subfolders are located within the nanoMODUL-STM32F103 directory:

AppNotes — This folder is empty.

Datasheets — This folder contains product related datasheets.

extended Files — This folder contains the STMicroelectronics STM32 Function Library.

Keil-Kit — This folder contains this Quickstart Manual and the demo software.

Manual — This folder contains the hardware manual.
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3.1.2 Installing Keil Microcontroller Development Tools

When you insert the Keil Microcontroller Development Tools CD into the CD-ROM drive of your host-
PC, the CD should automatically launch a setup program that installs the required software.
Otherwise the setup program (.exe) can be manually executed from the root folder of the CD.

e Install the Keil ARM Evaluation tools, from the enclosed Keil Microcontroller Development Tools
CD, following the steps indicated in the install procedure.

e Alternately, the Keil ARM Evaluation tools can be installed from:

https://www.keil.com/demo/eval/arm.htm

© PHYTEC Messtechnik GmbH, Germany 2009 L-739e_2 5
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3.2 Interfacing the nanoMODUL-STM32F103 to a Host-PC

Connecting the nanoMODUL-STM32F103, mounted on the nanoMODUL-STM32F103 Carrier Board,
to your computer is simple.

e Ensure proper jumper settings on the nanoMODUL-STM32F103 Carrier Board as indicated in the
nanoMODUL-STM32F103 Hardware Manual.

e Connect the 2.54 mm pitch ribbon cable from the Keil ULINK2 JTAG adapter to the JTAG
connector on the nanoMODUL Carrier Board.

. oooo.oooo
2 4 g 3 O o oooog ——
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2 e - N O PHYTEC
E ,,,— i 0 o
P ==
) e o
el s ]y Ooooooo g
RS232 uss CAN  XAOUTB XAOUT!  XOUTB XOUTt XOUT2 XOUT3 XOUT4 XOUTS XOUTE X! 0UT7  XOUTE XOUTS XOUT1@ XOUT1l XOUTL2 XOUT13 MOIO® MDIOt MDIOZ MDIO3 MDIO4
’/ ‘ 1 1 | [ 1 [ r \ [ [ \
[ | | | | | | | | \ | |
I

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

e Connect the included 12V power adapter to the power sockets X24V and X24VIO and be shure
you take the right polarity as marked with + and — on the carrier board.

e Several red LEDs should light. This indicates that proper voltage is supplied to the nanoMODUL
and Carrier Board.

e The nanoMODUL and Carrier Board should now be properly connected to a host PC via the Keil
ULINK. You are now ready to use the Keil Development Tools to establish communication
between the host-PC and target hardware.
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3.3 Downloading Blinky Example Code with pVision3

The uVision3 evaluation software development tool chain should have been installed as described in
section 3.1.2.

e Start the tool chain by selecting Keil uVision3 from within the programs group: Start \ Programs \
Keil wVision3 or by double-clicking on the Keil uVision3 icon on your desktop.

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.

2 uvision3 B [=] B
%E\\e Edit “iew Project Debug Flash Peripherals Tools SVCS Window Help

B K] [

D KEIL
SOFTWARE

IDE for Microcontrollers

d

Copyright & 1387-2008 Keil Software, Inc. I rights reserve
This program is protected by U and international |aws

alslulw =
: 3

Gutput Window

o

[ [ [ [ [owRM™ 4

The Blinky project, when executed, manipulates a user LED on the nanoMODUL. The Blinky
example contains one target:

- nanoModul-STM32F103: configured for on-chip flash

Open Blinky project by selecing Project / Open Project from the pVision3 menu and browse to
C:\PHYTEC\nanoMODUL-STM32F103\Keil-Kit\Quickstart\Demos\Blinky
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Select the Blinky.Uv2 projectfile and click Open.
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If the Blinky.c source file is not already visible in the editor window you can open it by double-clicking
on its file name in the project workspace:

Cloe g s gromc
lacagime ocire snanal Auml-=n s oEE2erm
F5 0 X T o neneModal ST 101 aﬁ\l

S S

Lalglx]
alsix

[

AN main reLa)

Bec_con

WVIS_Cont Lgurationi) i

SEENERN NN RN NN

| : 416_com th ;':J

B = (0 . ™ [F |
I:. j
E 8t | Gomd J, i | Le 1o
T Ll ot Dot (=0 L

8 © PHYTEC Messtechnik GmbH, Germany 2009 L-739%e_2



Getting Started

3.3.1 Build the Project

¢ Build the target by either selecting the Build Target icon
Project / Build target in the main menu bar.

on the build toolbar or by selecting

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

e |If there are no errors, the code is ready to be downloaded into the internal RAM.

Build target 'nanolODUL-STN3ZF103' =
"lcompiling Blinky.c...
compiling Stm3ZE10%_gpio.c...
compiling stm3zfilx_it.c...
compiling stm3Zf10x_flash.c...
compiling Stm3zIi0x_nvie.c...
E|compiling stm3zriox_rec.c...
compiling nenoModul-STN3ZF103_Config.c...
Slazaeublipn stmA2fi0x vecror.a.
uild Find in Flles

B o

3.3.2 Start the Debugger and Download to nanoMODUL

e To start the pVision3 debug environment, click the debugger icon |@ | on the pVision3 toolbar or
select Debug / Start/Stop Debug Session from the main menu bar.

e While using the pVision3 Evaluation Tools, the following warning will appear. Please select OK
and continue.

x
EVALUATION MODE
. Running with Code Size Limit: 32K

e 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 "No JTAG Devices
Found" error should occur, make sure the target hardware is properly connected to a power supply
and the host-PC using the Keil ULINK device (refer to section 3.2).

If the data transfer was successful, a screen similar to the one shown below will appear. The Project
Workspace window changes to the Register page. The debug toolbar is also displayed. In the lower
part of the debug screen you will see the Command window.
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You may need to open, resize and /or move some windows to make your screen look similar to the
screen capture. You can open inactive windows by choosing the desired window from the View pull
down menu.

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 R15 (PC) within the Project
Window — Register page showing the start address of the 'main’ function.

e Clickonthe Run =* icon and the program will run.

Successful execution of the program will blink LED D1 on the nanoMODUL.

P E—

it

| |
t =
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4 Debugging

What you will learn with this example:

o familiarizing yourself with simple debug functions provided by the Keil uVision3 debug
environment

¢ downloading example user code in the nanoMODUL

This Debugging section provides a basic introduction to the debug functions included in the Keil
ARM/uVision3 evaluation tool chain. For a more detailed description of the debugging features,
please refer to the appropriate manuals provided by Keil.

4.1 Keil uVision3 Debug Features

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

Reset
Run

|_ Stop
s @® @0
Step Into —| \
Step Over
Step Out
Run to Cursor line

O
e The first button on the debugger toolbar is the Reset | button. The Reset command sets the
program counter to 0.

e The button to the right of the Reset button starts the Run =l command. Clicking this button runs
the program without active debug functions. To stop program execution at a desired point, a
breakpoint can be placed before the Run button is pushed.

e The next button on the debugger toolbar is the Stop button. The Stop @ button interrupts and
stops the running program at an undetermined location.

© PHYTEC Messtechnik GmbH, Germany 2009 L-739e 2 11
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-,
The first button allowing exact control of the program execution is the Step Into & button.

The Step Into command performs the execution of the command line to which the Current-
Statement 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 Step Over b button is next on the debugger toolbar.

The Step Over command executes the command line, to which the Current-Statement 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.

g
The next button is the Step Out i button.

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

a Y

The last button 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 a temporary breakpoint.

12
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4.2 Debugging Modes

If You have still Debug Session active, please stop it by clicking again the debugger icon |@ | on the
uVision3 toolbar or selecting again Debug / Start/Stop Debug Session from the main menu bar. Be
sure that nanoMODUL-STM32F103 is selected in Project Workspace:

/[ Project Workspace v x|

EIE nanoMoDLL-5

E‘E Source Files
Blinky .
{27 Library Files
#-(77 System Files

The pVision3 Debugger offers two operating modes that can be selected in the Project / Options for
Target ‘nanoMODUL-STM32F103’ dialog under Tab ‘Debug’:

x
Device | Target | Output | Lizting | User I C/C++ I Asm I Linker Debug | Utilities |
" Use Simulator Settings | i* Use: II_ILINK Cortex Debugger j Seftings |
[~ Limit Speed to Real-Time
V¥ Load &pplication at Startup ¥ Run to mainf] [~ Load &pplication at Startup ™ Rt main(]
Initialization File: Initiglization File:
I J Edit... | I.\nanoModuI-STM32F‘I 03ini J Edit... |
Restore Debug Session Settings—————————————————— Restore Debug Session Settings——————————————————
¥ Breakpoints v Toolbox [+ Breakpoints ¥ Toolbox
v Wwiatchpoints & PA v “watchpaintz
¥ temory Display [+ Memom Display
CPU DLL: Parameter: Driver DLL: Parameter:
ISAHMEMS.DLL | ISAHMEMB.DLLI
Dialog DLL: FParameter: Dialog DILL: Pararmeter:
IDAHMSTM.DL I-pSTM32F1 042E ITAHMSTM.DLL I-pSTM32F1 kw3
0] 4 I Cancel | Diefaults | Help |

e The Simulator allows PC-based simulation of most features of the STM32F103 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
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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 such as the Keil 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 the testing of peripheral components of
the application and real-time program execution.

The Blinky demo in this section utilizes the ULINK Cortex Debugger environment.

The ULINK Cortex Debugger settings can be viewed by selecting the Settings button:

Cortex-M Target Driver Setup il

Debug | Trace | Flash Download |

— ULIME USE - JTAGASW Adapter—  —JTAG Device Chain

Serial Mo | E IDCODE | Device Mame | IR len | e
700 0x3BAN0477  ARM CoreSight JTAG-DP 4

UILIMK Version: [ULINK2 ® o SrEgn s A il
0064140417 Unknown JTAG device A

Device Family: IEDrte:-:-M TDI Downl

Firmware Wersion: I"-f1.3? & Automatic Detection 0 CODE: I—

|- F'Dlt:I.JTAE 'l " Manual Configuration Deyice Mame: |
MaxClock: [1MHz  »| add | [Delete | | Updsiz|  IRler |
—Debug
Connect & Reszet Options Cache Options Download Ophions
Connect; INnrmaI j Reset: IAutcu:Ietect j v Cache Code [ Werify Code Download

¥ Beset after Connect W Cache Memary [ Dowrload ta Flash

0k I Cancel Help |

14
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4.3 Starting the Debugger

e Open the Blinky project as described in section 3.3

In the Select Target pull-down menu select the nanoMODUL-STM32F103 target.

E Blinky - p¥ision3 - [D:__Products,PCM\PCM-044 nanoMODUL-STM3ZF 1034 Manuals', Quickstart DemosBlinky’ Blinky.c]

Eile Edit Yiew Project Debug Flash Peripherals Tools S¥CS Window Help

lasEO|tme|na|l=s o2 nml ZdM# -0 @a8la

& 2 2% A [nanoMODUL-STM32F103 -] & & =
[Project Workspace
Eﬁ nanoMODUL-STM3ZF103
-5 Source Files
: Elinky.c
[ Library Files
-7 System Files

te Ffunction prototyvpes
roid Delay(vu3Z nCount) ;

/* Private Ffunctions

S AR A A AR AR AAAAAAAAAAA AR AR A A A A A Attt

* Function Name ! main
% Mansminkian

© W= wamees o

e To start the ARM/uVision3 debug environment, click on the debugger icon |@ | on the pVision3
toolbar.

e Clickonthe Run =% icon and the program will run.

Successful execution of the program will blink LED D1 on the nanoMODUL.
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5 Internal Flash Programming

What you will learn with this example:

downloading example user code to internal Flash memory using ARM/uVision3 tools

5.1 Loading the Blinky Application to internal Flash

This section shows how to download the Blinky executable into internal Flash of nanoMODUL

e Open the Blinky project as described in section 3.3
e In the Select Target pull-down menu be sure that the nanoMODUL-STM32F103 target is
selected.
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e Download the code into Flash memory by either selecting the Download to Flash Memory icon
LOAD
#% 0n the build toolbar or in the main menu bar select Flash / Download.
e The individual steps of the Flash download procedure can be viewed at the bottom of the
uVision3 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 code will execute without further user interaction.
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Successful execution of the program will blink LED D1 on nanoMODUL.
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Getting More Involved

6 Getting More Involved

What you will learn within this example:

e how to create a new project with the Blinky project as template

6.1 Creating a New Project

For ease of creating a new project for the nanoMODUL-STM32F103 it is recommended that the given
Blinky project is used as a template. The Blinky project already has the target, linker, compiler,
debugger, and startup code correctly configured for the nanoMODUL-STM32F103 target. Here are
some suggestions for getting started:

e Create a new directory for your project and copy the contents of Blinky into the new directory.

e From the Project Workspace you can manage components of your project and add or remove
source files, add code libraries, etc... For example, add source code from the Project
Workspace window by right-clicking on the Source Code folder and selecting Add Files to Group
‘Source Code'.
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e Advanced users can modify the target, compiler and linker settings from the Options for Target

area by selecting the Options for Target icon N on the build toolbar or from the main toolbar
menu select Project / Options for the Target 'nanoMODUL-STM32F103'".
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Suggestions for Improvement

Document:

nanoMODUL-STM32F103 QuickStart Instructions Keil

Document number: L-739e_2, August 2009

How would you improve this manual?

Did you find any mistakes in this manual? page
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PHYTEC Technologie Holding AG
Robert-Koch-Str. 39
55129 Mainz
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