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Introduction

This Getting Started Guide explans how to use Kaell's
(http://www.keil.com/)  ARM RealView  Microcontroller
Development Kit to create a multitasking Salvo application for
Luminary Micro's Stellaris™ Cortex-M 3-based microcontrollers.

We will show you how to build the standard Salvo demo
application t ut 5. A complete project to build t ut 5 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.

Before You Begin

If you have not already done so, instal the Kell ARM ReaView
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’
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MCUs using Keil's ARM ReaView Microntroller Development
Kit:

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

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 (well use  \ Punpki n\ Sal vo\ Exanpl es\ ARM
Lum nary_LMS1XX\ Lumi nary_DK- LM3S1XX\ RVMVDK\ Tut \ Tut 5\

Li t e) and enter a name for the project (we'll uset ut 5) in the File

Name field:
Sawve in: Ia Lite j & £ B
File name ItutE Save
Save as type: IPmJe:t Files (*.uv2) j Cancel
|

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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C/C++ Options

Select Device for Target ! i x|
CrPU

Yendor:  Luminany Micro
Device LM3s1m
Toolset  ARM

Data hase contents: Description:

Q Honeywell ;I Conex-h3 bazed Microcontroller, 8KE Flash ROM, ZKB SRAM, ﬂ
@ Hynix Semiconductor 1UART, 551, 2 Analog Comparatars, 2 Timers, 1 Piwhd

Q Hyundai

@ Infineon

R InnavasIC

R intel

@ 551

= Q Luminary Micro

© L L3S0t

! £ LM3st0z

@ Maxim

@ tMegawin

@ Mentor Graphics Co
Q kicronas

@ T

# & Myvson Technolooy | I-]

OK | Cancel | Help

Figure 2: pVision 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

Yes | Mo |

Figure 3: Confirming Addition of Startup Code to Project

Thefilest art up. s will be added to the project.

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 a path to the current directory (.\) — Salvo needs this to find
its project-specific configuration file sal vocfg. h (see below).
Next, add the path to Savos include directory
(C:\ Punpki n\ Sal vo\ I nc is the default location). Lastly, add any
other include paths your project may require (e.g. to find board-
specific header files—inthisexample, . .\..\..\..):
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[repectees o]

=t Ede)

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:*

i i i S

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 _Handl er to the Misc controls box to ensure proper startup
at runtime:
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Figure 6: Linker Options for Target

Debug Options

You'll need to select the appropriate debugger. Keil's ULINK
debugger provides the ability to debug on rea hardware over a
JTAG port. Under the Debug tab select the ULINK Cortex-M3
Debugger from the drop-down list and ensure it's selected via the
Use radio button:

_ ok | consl [ oot | _ e |
Figure 7: Debug Options for Target
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Utilities Options

Groups

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 '-h_.'ft'ﬁ,rt.ef s x|
Device | Targetl Outputl L|5t|ng| Cp‘CHl Asm | Lmkerl Debug Utilities |
i~ Configure Flash Menu Command
@ IUse Target Driver for Flash Programming
IUUNK Cortex-t3 Debugger j Seftings ¥ Update Target before Debugging
Init Fl\e'l J Edit..
 lUge External Tool for Flash Programming
Cnmmand'l
Arguments'l
= B lndegendent
OK | Cancel | Defaults | Help

Figure 8: Utilities Options for Target

Click on OK to finish configuring your project.

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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Target1 Header Files

Board Driver Librany

Salvo Help Files

Salvo Configuration File

Salvo Source Files

Salvo Target-Specific Source Files
Salvo Library Files

Listings

Figure 9: Project Window with Groups

Compiler Selection

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

] N S 1 2

.
]

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. Y our Project Files window should
look like this:

Components, Envirﬂ'n:ﬁi:.e_"_,:é.k x|

Project Companents | Folders/Extensions | Books |

|Em|ectTargets' X+ |anups' x|+ | ¥ |Eiles x|+ ¥
Header Files Slartup.s
tuts.c
Board Driver Librany timer.c

Salvo Help Files

Salvo Configuration File

Salvo Source Files

Salvo Target-Specific Source Files
Salvo Library Files

Listings

Setas Current Target Add Files
OK | Cancel | Detauliz | 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
foldersto select the desired files.

In the above example, the Sources filesin 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.
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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 sal vof arnrvens-t . 1 i b.* Choose Project —
Components, Environment and Books, and under Project
Components — Groups select Salvo Library Files. Click on
Add Files, navigate to the\ Punpki n\ Sal vo\ Li b\ ARMVRV directory,
select salvofarnrven8-t.lib and Add, then Close. Your
Project Files window should look like this:

Components, Envirﬂ'n:ﬁi:._”““ and x|

Project Companents | Folders/Extensions | Books |

|Em|ectTargets' i X || ¥ |Groups: x|+ | ¥ |Eiles x|+ ¥
Header Files salvofarmrvem3-tlib

Sources

Board Driver Librany

Salvo Help Files

Salvo Configuration File

Salvo Source Files

Salvo Target-Specific Source Files

Salvo Library Files
Listings

Setas Current Target Add Files
OK | Cancel | Detauliz | 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 sal vorem ¢ source file.
Choose Project — Components, Environment and Books, and
under Project Components — Groups select Salvo Source
Flles. Click on Add Files, navigate to the \ Punpki n\ Sal vo\ Src
directory, select sal vonem ¢ and Add, then Close. Your Project
Components window should look like this:
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Components, Environment e x|

Project Components | Falders/Extensions | Books |

|Emje:tTargets: P e AR 2 |§roups: Sl SIE AR 2 |E\\es Pk AR 2
Heade Files salvomem.c
Sources
Board Driver Librany
Salvo Help Files
Salvio Confiuration File
Si Source Files
5 Target-Specific Source Files
Salvo Library Files
Listings
Setas Current Target Add Files
OK | Cancel | [Detaulis | 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.
Thefilesin\ Punpki n\ Sal vo\ Sr c\ ARMRV provide pre-defined user
hooks and the Salvo context switcher® for Keil's ARM RealView
compiler:

sal vohook i nterrupt_cnB.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, navigae to the
\ Punpki n\ Sal vo\ Src\ ARMVRV directory, select the *. ¢ files listed
above and Add, then Close. Your Project Components window
should look like this:
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Components, Environment i i x|

Project Companents | FDIders,fExtenswonsI Books |

‘ErojedTargets S R 2 ‘Qmups Sk R 2 ‘Eiles: |+
Header Files salvohook_interupt_cm3.c

Sources

Board Driver Librany
Saho Help Files

Sahso Configuration File

Listings

Setas Current Target Add Files
Ok | Cancel | Wefamlts | Help

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

When finished, select OK.

The salvocfg.h Header File

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

Thesal vocf g. h for this project contains only:

#def i ne OSUSE_LI BRARY TRUE
#def i ne OSLI BRARY_TYPE OSF
#def i ne OSLI BRARY_CONFI G OoST
#def i ne OSEVENTS 1
#def i ne OSEVENT_FLAGS 0
#def i ne OSMESSAGE_QUEUES 0
#def i ne 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 sal vocfg. h to
be easily accessible. Choose Project — Components,
Environment and Books, and under Project Components —
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Groups sdlect Salvo Configuration File. Click on Add Files,
navigate to your project's directory, select sal vocfg. h and Add,

then Close. Your Project Components window should look like
this:

Components, Environme i e ]

Project Companents | Folders/Extensions | Books |

|Em|ectTargets' i X || ¥ |Groups: x|+ | ¥ |Eiles x|+ ¥
Header Files salvodgh

Sources

Board Driver Librany
Salvo Help Files

Salvo Configuration File

Salvo Source Files

Salvo Target-Specific Source Files
Salvo Library Files

Listings

Setas Current Target Add Files

OK | Cancel | Detauliz | Help
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. ¢ 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.
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Y our project window should now look like this:

< e | At =]d
|Project Workspace v x|
SR SR
- Header Files
-3 Source

timer.c
=+ Board Driver Library
pelc.o
8 DriverLib.lib
=~ Salvo Help Files
L] readme tet
"] newforSalad td
=9 Salvo Configuration File
] sabvoefg.h
=+ Salvo Source Files
sahlamem.c
=9 Salvo Target-Specific Source Files
-[#] sahvohook_interrupt_cm3.c
=5 Salvo Library Files
sahafarmrem3-. lib
4 Listings

B Files | = e | [eoks | ™3 Functions | T Termplates |

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 St ar t up. 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. OS Delay()), normaly via an IRQ handler.
Therefore you must modify the vector table in Startup.s to
invoke your application’s interrupt handlers so that OSTi ner () is
called.

In this example, the IRQ handler (SysTick_irqg_handler(), in
the project's timer. c) isused to cal Salvo's osTi mer () at afixed
rate of 100Hz. Therefore you must edit your project's Start up. s
file to add the SysTick handler vector. E.g. replace

DCD Def aul t _Handl er ; PendSV Handl er
DCD Def aul t _Handl er ; SysTi ck Handl er
DCD Def aul t _Handl er ; GPIO Port A
with
GSG-STELLARIS-KRVMDK-ARM Building a Salvo Application for Stellaris™ Microcontrollers using 13
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DCD Def aul t _Handl er ; PendSV Handl er
EXTERN SysTi ck_irq_handl er

DCD SysTi ck_irq_handl er ; SysTi ck Handl er
DCD Def aul t _Handl er ; GPIO Port A

inStartup.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 | = regs | QJBooks |’{} Functions |§Templates | | readmem|

*|Build target 'tutS' jl
‘lassembling Startup.s...

compiling tutS.c...

compiling timer.c...

compiling pde.c...

compiling salvomem.c. ..

x compiling salwvohook_interrupt_cm3.c...
G|linking. ..
=" . ~Obj~tutS.axf" - 0 Error(s). 0 Warningis

2 ).

5 -

§|| WA, puitld ,‘Cummand )\Flrld in Files ,f ‘ 4 »
ULINK Cortex-M 2

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 optional ULINK
JTAG interface. 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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Example Projects

k£ tutslite - pVision3 .
Eil= Edit Yiew Project Debug Flash Peripherals Tosls SYCS Window Help

mHenrd0 @ He AR sEERE

P Sl e g@ER o eo @

SHE PBE oo

Project Unork space - x
! 2 IS CPumpkinSalva\E xample VAR Griinary, MBS (oL uminary DR-LMIST
Register [ value [=] 7
Core h i~ annrC onn _— -
RO 400000000 E?Pymg M2 Disassembly "
lcensor
Al 0 { 775 Sf (=tatis uodatel O

Rz 0x20000000 B C:\Pumpkin\Salvo\Examples\ARM\Luminary LM38 DOOLuminary. DK

3 0x20000244 350ur: -

2] 0x00000000 Shuth 270 break:

PG 0x00000000 srRevil 71 J

2 0X00000000 Spate| 272
- R7 0X00000000 273 if (i-- =0

- R3 Dx00000000 annnn | 274 {

Ra 0x00000000 M5 if (status.updatelCD)

R0 0x00000000 . [

o 000000000 Jalve 277 if (status.runTaskCount == 0)
R12 020000160 LM351 s .

S RIS 0x20000244 Realy . .
R14{LR)  0x000002e5 279 WriteZLinestoLCD(str[12], str[13]);
RIS(PC)  0x000003cE i Notes | 280 t
xPSR 0x61000000 261 else

Banked 1) In| 282 {

Systarr b | e WriteZLinestoLCD(str[12], str[l14]):

v di:
|2 Intemal - a0 }
Elries | SrRegs | DBooks | *0 Funcions | TR Tempiaes | B readma b [ Disasse S ‘
*[Load "C:\\Pumpkin\\Salve\Ezxamplaes “ARMNLA | %[ Name [value = %1 Addrass: 20000100 H
BS main. 1 “counter, ixA 684712
WS 1, “TaskGlobal A it 0x01312064: 09 46 00 68 40 i€
A - 0x01312D6A: 08 49 08 60 08 48
*xx error 34: undefined identifier idleCaunter.0x0A 0 i, 0x01312D70: 00 76 FF 28 05 DA
WS 1, “counter o 0x01312D76: 06 48 00 78 40 1C
1] stuctich { .} 0x01312D7C: 04 49 08 70 01 EQ
)] stuctich{ .. } 0x013127082: 01 20 70 47 00 20
=] sttuctich { } 0x01312D88: FC E7 00 00 28 0O
= [ uion tnotagh { 0x01312D8E: 00 20 2C 00 00 20
bits stuct cnotag> {3 0201312094 2D E9 FO 4F 6B 46
Svalue 000080022
P 00000230 SB 1x 9D 16 D1 46
savedARMRegs | 0x200000AC[...] 0:x01312DAC: 08 31 91 EG FO OF
u2 union ¢natag> { 0x01312DE2: 41 68 08 47 00 EF
ul union <noteg> { .. __| || [0x01312DB6: 0C 48 00 66 71 46
. nextDyTehP 000000000 0x01312DBE: 41 60 01 46 08 31
Z|aSSIGN BreakDisable BreakEnable BreakKill |z| HiE R wnion entag> {.... | fTED30 20047 AL BE PO OF BT 4% o
P I e 2 | 2Ty [T tocak J watch #1 { Wath 72 ca | 2 [ [ ¥ [ fimemory #1
JULINK Cortex-M3 Debugger t1: 0.00000000 sec L2756 C:1 \\ | [ R

Figure 18: Single-stepping with ULINK

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: \ Punmpki n\ Sal vo\ Exanpl es\ ARM Lum nary_LM3S1XX\
Lum nary_DK- LM3S1XX\ RVVDK

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 al of Savo's basic functionality. The
corresponding Salvo LE and Pro libraries are salvolarmrvem3[-fi]t.lib.

5 Salvo Pro only.
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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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