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Stellaris™ Microcontrollers
using Keil's ARM® RealView®
Microcontroller Development Kit

Introduction

Before You Begin

This Getting Started Guide explains how to use Keil's
(http://www keil.com/)  ARM  RealView  Microcontroller
Development Kit to create a multitasking Salvo application for
Luminary Micro's Stellaris™ Cortex-M3-based microcontrollers.

We will show you how to build the standard Salvo demo
application tut5. A complete project to build tuts is included in
every Salvo distribution.

Building your own applications will be substantially similar.

For more information on how to write a Salvo application, please
see the Salvo User Manual.

If you have not already done so, install the Keil ARM RealView
MDK tools. With the included pVision IDE you will be able to run
and debug this application on real hardware (e.g. a Stellaris
Development Kit).

Related Documents

The following Salvo documents should be used in conjunction
with this manual when building Salvo applications for Stellaris™

created by Andrew E. Kalman on May 15, 2006 updated on Jul 17, 2006
All trademarks mentioned herein are properties of their respective companies.
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MCUs using Keil's ARM RealView Microntroller Development
Kit:

Salvo User Manual
Salvo Compiler Reference Manual
RM-STELLARIS-ARMRV

Creating and Configuring a New Project

Create a new pVision project using Project — New Project. In
the Create New Project window, navigate to your working

directory (we'll use \Pumpkin\Salvo\Examples\ARM\
Luminary LM3S1XX\Luminary DK-LM3S1XX\RVMDK\Tut\Tut5\

Lite) and enter a name for the project (we'll use tut5) in the File

Name field:
Create New Project e 2|
Savein: |3 Lite j & @ =f B
File name: ItutE Save
Save as type IPrDJEL‘J Files (*uvz) j Cancel
2|

Figure 1: Creating the New Project

Click on Save to continue. The Select Devices for Target
"Target 1' window appears. Under the CPU tab select and expand
Luminary Micro:
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@ Infincan

B nnowaSIC

2 Intel

@ 133l

£ Luminary Micra

£ LM3s101

w1 LM3s102

& Main

=8 Megawin

& Menior Graphics Co

& Micronas

@ M

& Mvson Technoloay | L]
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Figure 2: yVision Device Selection Window with
Luminary Micro LM3S101 Selected

Select LM3S101 and click on OK to continue. You'll be prompted
to copy and add target-specific startup code to the project. Select
Yes to continue:

@ Copy Luminary Startup Code to Project Folder and add File to Project 7

Ses | Mo |

Figure 3: Confirming Addition of Startup Code to Project

The file startup.s will be added to the project.

C/C++ Options

Now let's setup the project's options for Salvo's pathnames, etc.
Choose Project — Options for Target 'Target 1' — C/C++ and
define any symbols you may need for your project in the
Preprocessor Symbols — Define area. In the Include Paths,
add c:\pPumpkin\Salvo\Inc. Next, add a path to the current
directory (.\) — Salvo needs this to find its project-specific
configuration file salvocfg.h (see below). Lastly, add any other
include paths your project may require (e.g. to find board-specific
header files — in this example, . .\..\..\..):
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Figure 4: C/C++ Options for Target

Assembler Options

If your project's assembly code requires any defined symbols, add
them under the Asm tab:'

T

[ Th

L]

Figure 5: Asm Options for Target

Linker Options

Under the Linker tab be sure to select Use Memory Layout from
Target Dialog if the checkbox is available.” Add --entry
Reset Handler to the Misc controls box to ensure proper startup
at runtime:
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Options far Target "tut5le-LM3S1X<) L x|

Device | Targetl Outpu(l L\stingl C/'C++| Asm  Linker |Debug| Util\tiesl

¥ Use Merrory Layvout from Target Dislog

™ Make BW¥ Sections Position Independent FY0 Base 000000000
I™ Make RO Sections Position Independent s IW

I™ Don't Search Standard Libraries

¥ Repert 'might fail' Conditions as Errars dee e I

Scatter [\0bj\utsle so J Eclit...
File

ae —entry Reset_Handler ;I
controls El
Linker [*o—strict —scatter "\Objyfutsle.sa" i’
contral
string  |—entry Reset Handler —map —xref —callgraph —symhbals =

CK | Cancel | De‘aults | Help
Figure 6: Linker Options for Target

Debug Options

You'll need to select the appropriate debugger. Luminary Micro's
Stellaris Development Board provides the ability to debug on real
hardware over a JTAG port. Under the Debug tab select the LMI
Stellaris Debugger from the drop-down list and ensure it's
selected via the Use radio button:

Options for Target “tut5lite-LM351 XX x|
Device I Target I Olutput I Lizting I CAC++ I Aszm I Linker Debug | Utilities I
" Usze Sirnulator Settings | i Uzer ILMI Stellaris D ebugger j Settings |
[ Limit Speed to Feal-Time
¥ Load Application at Startup ¥ Fiun ta mainf) [ Load &pplication at Startup ™ Run ta mainf)
Initialization File: Initialization File:
| i = et |
Restore Debug Session Settings—————————————————— Restore Debug Session Settings———————————————————
¥ Breakpoints V¥ Toolbox ¥ Breakpaints ¥ Toolbox
[V “wWatchpoints & P& IV “watchpaints
[V Memary Display vV Memary Display
CPU DLL: Parameter: Crriver DLL: Parameter:
|SAHMCM3.DLL | |SAHMCM3.DLL|
Dialog DLL: Parameter: Dialog DLL: Parameter:
IDLM.DLL I-pLM381D1 ITLM.DLL I-pLM381D1
QK. I Cancel | Defaults | Help |

Figure 7: Debug Options for Target
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Utilities Options

Under the Utilities tab select Use Target Driver for Flash
Programming pull-down. Selecting Update Target before
Debugging will streamline your debugging sessions:

Options for Target "tut5lite-LM351 X% x|

Devicel Targetl Dutputl Listingl E£E++| Azm I Linkerl Debug  Utilities |

— Configure Flash tenu Command

& |lse Target Driver for Flash Programming

ILMI Stellariz Debugger j Settings ¥ Update Target before Debugging
It Fie: | Ede |
™ |lse External Toal for Flash Programming
Eommand:l |

Arguments: I

= Bur Independent

QK. I Cancel | Defaults | Help |

Figure 8: Utilities Options for Target

Click on OK to finish configuring your project.

Groups

In order to manage your project effectively, we recommend that
you create a set of groups for your project. They are:

Header Files

Sources

Board Driver Library

Salvo Help Files

Salvo Configuration File

Salvo Source Files

Salvo Target-Specific Source Files
Salvo Library Files

Listings

For each group, choose Project — Components, Environment
and Books, and under Project Components — Groups add and
(re-)order the new group names”, and select OK. When finished,
your project window should look like this:
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Board Oriver Library

Selvo Help Files

Selvo Configuration File

Zelvo Source Files

Salvo Target-Specific Source Files
Salva Library Files

Figure 9: Project Window with Groups

Compiler Selection

Lastly, you'll need to configure this project for use with Keil's
ARM RealView C compiler. Choose Project — Components,
Environment and Books, and under Folders/Extensions —
Select ARM Development Tools select Use RealView
Compiler:

Bl

CAK gl ARM! | .|

Figure 10: Selecting the RealView C Compiler

Click on OK to finish configuring your project.
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Adding your Source File(s) to the Project

Now it's time to add files to your project. Choose Project —
Components, Environment and Books, and under Project
Components — Groups select Sources. Click on Add Files,
navigate to your project's directory, select the files your application
requires, and Add, then Close. Your Project Files window should
look like this:

Components, Environment and Books | i : x|

Project Companents l Folders/Extensions | Books |

|Project Targets 2%+ | Groups 1%+ |+ |Files: X1 |
Target 1 Header Files Startup.s

tuth.c

Board Driver Librany tirmer.c

Salvo Help Files

Salvo Configuration File

Salvo Source Files

Selvo Target-Specific Source Files
Selvo Library Files

Listings

Setas Current Target | Add Files |
CK | Cancel | [DEEulE | Help
Figure 11: Adding Source Files to the Project

When finished, select OK.

Note In an attempt to minimize the unnecessary duplication of
source files, those that are shared across multiple Salvo projects
are often located in higher-level (parent) directories above the
project directories. Therefore when adding source files to a group
like the Sources group, you may need to navigate to multiple
folders to select the desired files.

In the above example, the Sources files in Figure 11 are located in
the parent directory of the project directory.

Adding Salvo-specific Files to the Project

Now it's time to add the Salvo files your project needs. Salvo
applications can be built by linking to precompiled Salvo libraries
(Salvo Lite, LE and Pro), or with the Salvo source code files
(Salvo Pro only) as nodes in your project.

8 GSG-STELLARIS-KRVMDK-ARM Building a Salvo Application for Stellaris™ Microcontrollers using
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Adding a Salvo Library

For a library build — e.g. what you would do when evaluating
Salvo via Salvo Lite — the Salvo freeware library for the Luminary
Micro LM3Sxxx is salvofarmrvem3-t.1lib.* Choose Project —
Components, Environment and Books, and under Project
Components — Groups select Salvo Library Files. Click on
Add Files, navigate to the \ Pumpkin\Salvo\Lib\ARMRV directory,
select salvofarmrvem3-t.lib and Add, then Close. Your
Project Files window should look like this:

Components, Environment and Books | - : x|

Praoject Components l Folders{Extensions | Bonks |

|ErmectTa'get5 E oSl sl 4 ‘Qruupa Eleadle SRS |E|Ies. X7+
Header Files salvofarmncm3-tlib

Sources

Board Driver Librany

Salvo Help Files

Salvo Configuration File

Saho Source Files

Salvo Target-Specific Source Files

Listings

Setas Current Target | Add Files |
CK | Cancel | [DEEulE | Help
Figure 12: Adding Salvo Libraries to the Project

When finished, select OK.

Note When browsing to add files to a group via the Add Files
button, use the Files of type setting to see files other than source
(*.c) files.

You can find more information on Salvo libraries in the Salvo

User Manual and in the Salvo Compiler Reference Manual
RM-STELLARIS-ARMRV.

Adding Salvo's salvomem.c

Every Salvo project requires Salvo's salvomem.c source file.
Choose Project — Components, Environment and Books, and
under Project Components — Groups select Salvo Source
Flles. Click on Add Files, navigate to the \Pumpkin\Salvo\Src
directory, select salvomem.c and Add, then Close. Your Project
Components window should look like this:
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Components, Environment and Books x|
Project Components | Folders/Extensions | Books |

|Emjer:tTa‘gets ¥ |4+ | Groups: 2%+ ¥ [Files: x|+ |

Header Files salvomem.c
Sources
Board Oriver Library
Selvo Help Files
Salvo Configuration File
= 5 e Files
S get-Specific Source Files
Salva Library Files
Listings

Setas Current Target | Add Files |

CK | Cancel | [DEmuts | Help

Figure 13: Adding Salvo Source Files to the Project

Adding Target-specific Salvo Source Files

Additionally, your project will require target-specific source files.
These include the files for user hooks to target-specific hardware.
The files in \Pumpkin\Salvo\Src\ARMRV provide pre-defined user
hooks and the Salvo context switcher’ for Keil's ARM RealView
compiler:

salvohook interrupt cm3.c

To add these files to your project, choose Project —
Components, Environment and Books, and under Project
Components — Groups select Salvo Target-Specific Source
Files. Click on Add Files, navigate to the
\Pumpkin\Salvo\Src\ARMRV directory, select the ~.c files listed
above and Add, then Close. Your Project Components window
should look like this:
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Companents, Environment and Bo; 3 | x|

Project Components | Folders/Extensions | Books |

|Em]ev:tTa'gets' X |+ | Groups: 3% |+ #| Files: X+ #|
Header Files salvohook_interrupt_cm3.c

Sources
Board Driver Library
Salvo Help Files

Salvo Configuration File
Salvo Source Files
TR

Sl &l
Salvo Library Files
Listings

Setas Current Target Add Files
CK | Cancel | [Pl | Help

Figure 14: Adding Salvo Target-specific Source Files to
the Project

When finished, select OK.

The salvocfg.h Header File

A salvocfg.h header file is required for every Salvo project. You
can create your own salvocfg.h Or copy an existing one and
modify it accordingly. Place it in the project's directory (part of the
project's include paths — see C/C++ Options).

The salvocfg.h for this project contains only:

#define OSUSE_LIBRARY TRUE
#define OSLIBRARY TYPE OSF
#define OSLIBRARY CONFIG 0ST
#define OSEVENTS 1
#define OSEVENT FLAGS 0
#define OSMESSAGE QUEUES 0
#define OSTASKS 4

Listing 1: Example salvocfg.h for a Salvo Lite Library
Build

Note The settings above are for this particular example project.
The settings for your projects will vary depending on which
libraries you use, how many tasks and events are in your
application, etc.

For your convenience, you'll want your project's salvocfg.h to
be easily accessible. Choose Project — Components,
Environment and Books, and under Project Components —

GSG-STELLARIS-KRVMDK-ARM Building a Salvo Application for Stellaris™ Microcontrollers using 11
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Groups select Salvo Configuration File. Click on Add Files,
navigate to your project's directory, select salvocfg.h and Add,
then Close. Your Project Components window should look like
this:

Components, Environment and Books | _ < x|

Project Components | Folders/Extensions | Books |

|Emjer:tTa‘gets ¥ |4+ | Groups: 2%+ ¥ [Files: x|+ |
Header Files salvacigh
Sources
Board Oriver Library
Salvo Help Files
Salvo Configuration File
Selvo Source Files
Salvo Target-Specific Source Files
Salvo Library Files
Listings
Setas Current Target | Add Files |
Ck | Cancel | [IEEultE | Helg

Figure 15: Adding the Configuration File to the Project

When finished, select OK.

Lastly, you'll need to add any board driver files your application
requires to the Board Driver Library folder. These files are
usually provided as part of Keil's ARM RealView MDK or with
your target hardware. In this example, pdc.c and its header file
pdc.h are provided by Luminary Micro for the Stellaris
Development Kit and are located in the Salvo Examples tree
several levels up from the project directory — hence the

\..\..\.. include path (see C/C++ Options). The DriverLib.lib
library is part of Keil's ARM RealView MDK installation.

12 GSG-STELLARIS-KRVMDK-ARM Building a Salvo Application for Stellaris™ Microcontrollers using
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Y our project window should now look like this:

LA T =4
| Project tlorkspace x|
=8 s

 Header Files

EI 5 Source

-4 Startup s

@ [#] tutSe

- [F] timer.c

E| 3 Board Driver Librery

- =[] pdec

[#] DriverLib lib

EE Salvo Help Files

[ readme ta

i ] newforSalvod. b

EE Salvo Configuration File

[ salocfgh

E| 3 Salvo Source Files

- [#] salvomem.c

E| 5 Salvo Target-Specific Source Files

| = [H] salvohook_interrupt_cmd.c

E| 3 Salvo Librany Files

| [E] salvofarmrvemd-tlib

"j Listings

 EFiles | Srers | [eooks | ¥ funcions | B Terplees |

Figure 16: Project Window for a Library Build

Tip The advantage of placing the various project files in the
groups shown above is that you can quickly navigate to them and
open them for editing, etc. Additional often-used files like header
or listing files can be added to their appropriate groups.

Modifying the Startup.s file

The default startup code in startup.s is populated primarily with
default handlers that will trap errant vectors.

Nearly all Salvo applications will make use of Salvo's time
services (e.g. 0S Delay()), normally via an IRQ handler.
Therefore you must modify the vector table in Startup.s to

invoke your application's interrupt handlers so that oSTimer () is
called.

In this example, the IRQ handler (SysTick irg handler(), in
the project's timer.c) is used to call Salvo's osTimer () at a fixed
rate of 100Hz. Therefore you must edit your project's startup.s
file to add the SysTick handler vector. E.g. replace

DCD Default Handler ; PendSV Handler
DCD Default Handler ; SysTick Handler
DCD Default Handler ; GPIO Port A
with
GSG-STELLARIS-KRVMDK-ARM Building a Salvo Application for Stellaris™ Microcontrollers using 13
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DCD Default Handler ; PendSV Handler
EXTERN SysTick irg handler

DCD SysTick irqg handler ; SysTick Handler
DCD Default Handler ; GPIO Port A

in startup.s. Repeat this procedure for every IRQ handler in your
application.

Building the Project

With everything in place, you can now build the project using
Project — Build Target or Project — Rebuild all target files.
The build results can be seen in the Output window:

[ Files | & ress | @Books ‘ 3 Functions | B Ternplates ‘ I readmem|

*|Build target 'tuth’' j’
assembling Startup.s...

compiling tutS.c...

compiling timer.e...

compiling pde.c. ..

compiling salvomem.c. ..

compiling salveohoak_interrupt_cm3.c...

linking...

"oNObjstutS.azf" - 0 Error(s), 0 Warning(s).

Gutput Windome

H I 4 I Fl NI\BuiId K command )\ Find in Files f “1 >|
ULINK Cortex-i 7

Figure 17: Build Results for a Library Build

Note The pVision projects supplied in the Salvo for Stellaris
distributions contain additional help files in each project's Salvo
Help Files group.

Testing the Application

You can test and debug this application using the USB cable
plugged into the Stellaris Development Board. After building the
project, select Flash — Download. This will erase, program and
then verify your application on the target.® Select Flash —
Start/Stop Debugging Session. This will begin your debugging
session, where you can run your application, set and clear
breakpoints, watch variables, etc:
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Keil's ARM® RealView® Microcontroller Development Kit



PUMPKIN

REAL-TIME SOFTWARE

Getting Started Guide

Example Projects

=laix|

N2 tutslite - pVisiond i DRI
File Edit ¥iew Project Debug Flash Peripherals Tools SYCS MWindow Help
AEHS PR o 4T T e A - o s @RE e o

FEe sernloE yEE =mm >

Project Workspace =]
_Register [ vatue [=]
" Core
R0 0x00000000
Rl Ot
Rz x20000000
3 020000244 SSour
R4 100000000 sauth 279 break;
RE 000000000 srevii| 21 1
RE 00000000 Spate| 272
r7 100000000 273 if (i-- == 0}
R8 1x00000000 rrrell 274 {
Rg 000000000 (o5 if (status.updatelCD)
R10 1x00000000 satvol 270
S}; g:ggggg?gg i 2;; if {status.runTaskCount == 0)
|Fisee)  voomozy Rea1v| 72 T ——
~ RIE(PC)  Ox000003CE = Notes | 280 }
PR R OE1000000 ek else
Banked 1) 1n|| 282 {
System by diless WriteZLinestoLCD (str[12], str([l41);
1) Intemal 5 Y O \
Biries | ERegs | [Dbooks | % Functions | ® Templates | ) readme.od | Disasse e |
x[Load "C:w“Pumpkin- Salvo~Examples\<ARML 2] | %[Nome [vaie T=] % address [eonnor o0 H
‘B main, 1 iR i
WS 1. "TaskGlobal t;z:g‘j;’:ffnm g:::;g 0201312D64: 09 48 00 68 40 1C
S 0x01312D6&: 08 49 D8 60 08 48
*xx error 34: undefined identifier idleCounter(x0A i 0x01312D70: 00 78 FF 28 05 DA
W3 1, ‘couuler 0x01J12D76: 06 40 00 70 40 1C
4 [0 structtch { ..} 0x01312D7C: 04 49 08 70 01 EO
) structteb { ..} 0x01312D82: 01 20 70 47 00 20
=N structich { .} 0x01312088: FC E7 00 00 28 00
o gt D301312094; 2D £3 Fo 4F 42 46
i [+ 2.4 H
; S‘;ue ;::;;Bégg;g” ¥ 0x01312D94: 13 49 OB 60 13 48
: 0x01312D40: 00 68 01 68 09 OC
pihy P 0+0000023D 0x01312DA6: SB 1A 9D 46 01 46
- ® savedARMRegs | x200000ACT ] 0:01312DAC: 08 31 91 EB FO OF
i Eru union <notag> { 0x01312DB2: 41 68 08 47 00 BF
= union notag>{... __| || |0x01312DB8: 0C 48 DO 68 71 46
15 : & nextDlyTchP Ox00000000 UxU131ZD0B8E: 41 bU Ul 46 UH 31
Z|aSSIN BreakDisable BreakEnahle BreakKill E’ ey unton cnoteg> {1 ggigigiggg: Eé ES Eg QE Sé 32 :
= EDI Buw\ju_l o = [T T [ tocals ) watch #1 { wakh #2 } ca 5[ [ [ vemory #1

|ULINK Cartex-M3 Debugger t1: 0.00000000 sec  |L:275 C:1 | E s | RV

Figure 18: Single-stepping with the debugger

Example Salvo projects for use with the Stellaris Development
Board, Keil's ARM RealView compiler and Keil's pVision3 IDE
can be found in the

C:\Pumpkin\Salvo\Examples\ARM\Luminary LM3S1XX\
Luminary DK-LM3S1XX\RVMDK

directories of every Salvo for Stellaris family distribution. Salvo
Lite and LE example projects are built using Salvo libraries. Salvo
Pro example projects are built using Salvo libraries and the Salvo
source code.

! Enable Arm/Thumb interworking is a bug in pVision and will be fixed in a
future release. Stellaris Cortex-M3 parts run only in Thumb2 mode and
therefore have no need for an ARM interworking veneer.

2 This option is greyed out in the evaluation version of the Keil RealView MDK
toolset.

3 Groups can be renamed in this window.

4 This Salvo Lite library contains all of Salvo's basic functionality. The
corresponding Salvo LE and Pro libraries are salvolarmrvem3/[-|i]t.lib.

5 Salvo Pro only.

6 Once your target is successfully programmed you can start program execution
immediately without entering the pVision debugger, e.g. by pressing the
Stellaris Development Kit's reset button.
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