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Read This First

About This Manual

This manual describes TI-RTOS. The version number as of the publication of this manual is v1.20.

Notational Conventions

This document uses the following conventions:

Program listings, program examples, and interactive displays are shown in a special typeface.
Examples use a bold version of the special typeface for emphasis.

Here is a sample program listing:

#include <xdc/runtime/System.h>

Int main (Void)

{
System printf ("Hello World!\n");
return (0) ;

}

Square brackets ([ and ]) identify an optional parameter. If you use an optional parameter, you
specify the information within the brackets. Unless the square brackets are in a bold typeface, do not
enter the brackets themselves.

Trademarks

Registered trademarks of Texas Instruments include Stellaris and StellarisWare. Trademarks of Texas
Instruments include: the Texas Instruments logo, Texas Instruments, Tl, TI.COM, C2000, C5000, C6000,
Code Composer, Code Composer Studio, Concerto, controlSUITE, DSP/BIOS, SPOX, Tiva, Tivaware,
TMS320, TMS320C5000, TMS320C6000 and TMS320C2000.

ARM is a registered trademark, and Cortex is a trademark of ARM Limited.

Windows is a registered trademark of Microsoft Corporation.

Linux is a registered trademark of Linus Torvalds.

IAR Systems and IAR Embedded Workbench are registered trademarks of IAR Systems AB:

All other brand or product names are trademarks or registered trademarks of their respective companies
or organizations.
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SPRUHD3F—November 2013 Read This First 4
Submit Documentation Feedback



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUHD3F

11

I

TEXAS
INSTRUMENTS

This chapter provides an overview of TI-RTOS.

Chapter 1
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About TI-RTOS

Topic Page
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What is TI-RTOS?

TI-RTOS is a scalable, one-stop embedded tools ecosystem
for Tl devices. TI-RTOS makes it easier to develop
embedded applications that run on Tl devices.

TI-RTOS contains several software components and
examples that use these components together. It provides an
OS kernel, communications support, drivers, and more. It is
tightly integrated with TI's Code Composer Studio (CCS)
development environment. In addition, examples
demonstrate how to use each supported device and driver.
These can be used as a starting point for your own projects.

4§83 TL-RTOS

@) Release Notes

@) TI-RTOS Getting Started Guide
@ TI-RTOS User Guide

@ C APIReference (doxygen)

. & ARM

F ]

& 2000

&F M5P430

a &F MSP430x5 Family

a &F MSP430F5529
4 B8 MSP-EXP430F5529LP

. %4 FatFS Examples
. B4 GPIO Examples
. B% 2C Baamples
. B4 UART Exarnples
. %4 USE Examples
. B4 Watchdog Examples
. B4 WiFi Examples
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1.2

What are the TI-RTOS Components?

TI-RTOS contains its own source files, pre-compiled libraries (both

instrumented and non-instrumented), and examples. Additionally, TI-

4 tirtos 1_20 00 =z

RTOS contains a number of components within its "products" ; docs
subdirectory as shown here. -l eclipse
The components in the "products" subdirectory are: Etc

SYS/BIOS. SYS/BIOS is a scalable real-time kernel. It is designed 4 packages
to be used by applications that require real-time scheduling and - examples
synchronization or real-time instrumentation. It provides preemptive
multi-threading, hardware abstraction, real-time analysis, and
configuration tools. SYS/BIOS is designed to minimize memory and A products

CPU requirements on the target. The FatFs module used by several f : bios 6 _37_#% 2% \
examples is part of SYS/BIOS. J ipe3.10 82 22

ti

IPC. This is a component containing packages that are designed to : MSPA30Ware 1 60 22 #
allow communication between processors in a multi-processor T T

environment and communication to peripherals. This MWare_v20%

communication includes message passing, streams, and linked e ndk_2 20 #8 &

lists. These work transparently in both uni-processor and multi- . b TivaWare C Series-2 2

processor configurations. \ . o )
; uia_l 04 ## &2

MSP430Ware. This software is an extensive suite of drivers, code
examples, and design resources designed to simplify and speed
development of MSP430 microcontroller applications. This component is customized and built as a
library to support MSP430F5xx_6xx devices with TI-RTOS.!

MWare. The M3 portion of controlSUITE. It includes low level drivers and examples.2

FESOUrCes

NDK. The Network Developer's Kit (NDK) is a platform for development and demonstration of
network enabled applications on TlI embedded processors, currently limited to the TMS320C6000
family and ARM processors.

TivaWare. This software is an extensive suite of software designed to simplify and speed
development of Tiva-based microcontroller applications. (TivaWare was previously called
StellarisWare.) This component is rebuilt to include only the portions required by TI-RTOS.2

UIA. The Unified Instrumentation Architecture provides target content that aids in the creation and
gathering of instrumentation data (for example, Log data).

XDCtools. This component provides the underlying tooling for configuring and building SYS/BIOS,
IPC, NDK, and UIA. TI-RTOS installs XDCtools only if the version needed by TI-RTOS has not
already been installed as part of a CCS or SYS/BIOS installation. If TI-RTOS installs XDCtools, it
places it in the top-level CCS directory (for example, c:\ti), not the TI-RTOS products directory.

To see the release notes for each component, you can select a component in the Tl Resource Explorer
under TI-RTOS > Products.

TI-RTOS installs versions of these components that have been reduced in size by removing files that
apply only to device families not supported by TI-RTOS.

1. Customization details for MSP430Ware and instructions for building MSP430Ware's driverlib libraries for MSP430F5xx6xx families are pro-
vided in the TI-RTOS.README in the top-level directory of the MSP430Ware component.

2. The MWare and TivaWare libraries distributed with TI-RTOS have been rebuilt with the following compiler option: --define=USE_RTOS.
See the TI-RTOS.README file in the top-level folders of the MWare and TivaWare components of TI-RTOS for details.

6
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1.3

1.4

What Boards and Devices Have TI-RTOS Examples?

Currently, TI-RTOS provides examples for the following boards:

Family Device on Board Board

Concerto (ARM M3 + DSP 28x) F28M35H52C1 TMDXDOCKH52C1 Experimenter Kit
Concerto (ARM M3 + DSP 28x) F28M36P63C2 TMDXDOCK28M36 Experimenter Kit
ARM (Tiva) TM4C123GH6PM EK-TM4C123GXL LaunchPad

ARM (Stellaris) LM4F120H5QR EK-LM4F120XL LaunchPad
(earlier version of EK-TM4C123GXL LaunchPad)

ARM (Tiva) TM4C123GH6PGE DK-TM4C123G Evaluation Kit

ARM (Stellaris) LM4F232H5QD EKS-LM4F232 Evaluation Kit
(earlier version of DK-TM4C123G Evaluation Kit)

ARM (Tiva) TM4C129XNCZAD DK-TM4C129X Evaluation Kit
MSP430F5xx/6xx MSP430F5529 MSP-EXP430F5529LP LaunchPad

Both M3 and 28x sides of Concerto boards are supported.

If you want to use any of these components with other device families, you will need to download and
install the complete component separately. For example, if you want to use SYS/BIOS with a C64x+
device, you will need to download and install the full SYS/BIOS product.

Examples are provided specifically for the supported boards, but libraries are provided for each of these
device families, so that you can port the examples to similar boards. Porting information for TI-RTOS is
provided on the Texas Instruments Wiki, including a topic on Creating TI-RTOS Projects for Other
MSP430 Devices.

For MSP430 devices, TI-RTOS drivers are prebuilt only for MSP430F5529 devices. TI-RTOS drivers for
other MSP430 devices in the MSP430F5xx and MSP430F6xx families must be added into the TI-RTOS
build system. See "Rebuilding MSP430Ware's driverlib for TI-RTOS and Its Drivers" in the TI-RTOS
User’s Guide (SPRUHDA4) for details.

What Drivers Does TI-RTOS Include?

TI-RTOS includes drivers for the following peripherals. These drivers are in the
<install dirs>/packages/ti/drivers directory. TI-RTOS examples show how to use these drivers.
Note that all of these drivers are built on top of MWare, MSP430Ware, and TivaWare.

® EMAC. Ethernet driver used by the networking stack (NDK) and not intended to be called directly.
* |2C. API set intended to be used directly by the application or middleware.

® GPIO. API set intended to be used directly by the application or middleware to manage the GPIO
interrupts, pins, and ports.

® SPI. API set intended to be used directly by the application or middleware to communicate with the
Serial Peripheral Interface (SPI) bus. SPI is sometimes called SSI (Synchronous Serial Interface).

® SDSPI. Driver for SD cards using a SPI (SSI) bus. This driver is used by the FatFS and not intended
to be called directly by the application.

® UART. API set intended to be used directly by the application to communicate with the UART.

® USBMSCHFatFs. USB MSC Host under FatFS (for Flash drives). This driver is used by FatFS and
is not intended to be called directly by the application.
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® Other USB functionality. See the USB examples for reference modules that provide support for the
Human Interface Device (HID) class (mouse and keyboard) and Communications Device Class
(CDC). This code is provided as part of the examples, not as a separate driver.

® Watchdog. API set intended to be used directly by the application or middleware to manage the
watchdog timer.

® WiFi. Driver used by a Wi-Fi device's host driver to exchange commands, data, and events between
the host MCU and the wireless network processor. Not intended to be called directly.

In addition, TI-RTOS provides the following MessageQ transport:

® SPIMessageQTransport. MessageQ transport for the SPI driver for use in multicore applications
that use the IPC component.

1.5 What Examples Are Available?
A number of examples are provided with TI-RTOS. These use sub-components provided with TI-RTOS.
The examples are listed in the TI-RTOS Getting Started Guide (SPRUHD3).
There is a separate <example_name>_readme file for each of the examples. These files are added to
your CCS project when you use the Tl Resource Explorer to create a project. You can open the
<example_name>_readme file within CCS.
The examples share the following features:
® Most examples use the SysMin System Support module. See the readme files in the individual
example projects for detalils.
® The empty, demo, and most UART examples use the ti.uia.sysbios.LoggingSetup module with stop
mode data collection. The UART Console example uses run-time data collection during Idle thread
processing. For more details on data collection, see Chapter 2 of the TI-RTOS User’s Guide
(SPRUHDA4).
® All examples have the same <board>.c and <board>.h files. These files perform board-specific
configuration of the drivers provided by TI-RTOS. For more details, see Chapter 4 of the TI-RTOS
User’s Guide (SPRUHDA4).
1.6  For More Information
To learn more about TI-RTOS and the software components used with it, refer to the following
documentation. In addition, you can select a component in the Tl Resource Explorer under TI-RTOS >
Products to see the release notes for that component.
® TI-RTOS
— TI-RTOS User’s Guide (SPRUHDA4)
— TI-RTOS on the Texas Instruments Wiki
— TI-RTOS forum on TI's E2ZE Community
— TI-RTOS Porting Guide
— Embedded Software Download Page
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® Code Composer Studio (CCS)

— CCS online help

— CCSv5 on the Texas Instruments Wiki

— Code Composer forum on TI's E2E Community
® SYS/BIOS

— SYS/BIOS 6 Getting Started Guide at
<tirtos_install>/products/bios_# ## ## ##/docs/Bios_Getting_Started_Guide.pdf

— SYS/BIOS User’s Guide (SPRUEXS3)

— SYS/BIOS online reference (also called "CDOC").
Open from CCS help or run <tirtos_install>/products/bios_# ## ## ##/docs/cdoc/index.html.

— SYS/BIOS on the Texas Instruments Wiki
— TI-RTOS forum on TI's E2E Community
— SYS/BIOS 6.x Product Folder
¢ XDCtools
— XDCtools online reference. Open from CCS help or run <xdc_install>/docs/xdctools.chm.
— RTSC-Pedia Wiki
— TI-RTOS forum on TI's E2E Community
* IPC
— IPC User’s Guide (SPRUGO®6)

— IPC online API reference. Run
<tirtos_install>/products/ipc_# ## ## ##/docs/doxygen/index.html.

— IPC online configuration reference. Open from CCS help or run
<tirtos_install>/products/ipc_# ## ## ##/docs/cdoc/index.html.

® NDK
— NDK User’s Guide (SPRU523)
— NDK Programmer’s Reference Guide (SPRU524)

— NDK online API reference. Run
<tirtos_install>/products/ndk_# ## ## ##/docs/doxygen/html/index.html.

— NDK online configuration reference. Open from CCS help or run
<tirtos_install>/products/ndk_# ## ## ##/docs/cdoc/index.html.

— NDK on the Texas Instruments Wiki
— TI-RTOS forum on TI's E2E Community

* UIA
— System Analyzer User’s Guide (SPRUH43)
— UIA online reference. Open from CCS help or run
<tirtos_install>/products/uia_# ## ## ##/docs/cdoc/index.html.
— System Analyzer on the Texas Instruments Wiki
SPRUHD3F—November 2013 About TI-RTOS 9
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MWare and controlSUITE

— Documents in <tirtos_install>/products/MWare_## ## ## ##/doc
— controlSUITE on the Texas Instruments Wiki

— controlSUITE Product Folder

MSP430Ware

— Documents in <tirtos_install>/products/MSP430Ware_##/doc

— MSP430Ware Product Folder

TivaWare

— Documents in <tirtos_install>/products/TivaWare_C_Series-#.#/docs
— TivaWare Product Folder

— Online StellarisWare Workshop

FatFS API

— Open source documentation

— FatFS for SYS/BIOS wiki page

— SYS/BIOS online reference (also called "CDOC").
Open from CCS help or run <tirtos_install>/products/bios_# ## ## ##/docs/cdoc/index.html.
Navigate to the ti.sysbios.fatfs.FatFS module topic in the SYS/BIOS API reference
documentation.

General microcontroller information

— Microcontrollers forum on TI's E2E Community
Concerto boards and devices

— Concerto F28M35x Technical Reference Manual

— Concerto F28M36x Technical Reference Manual

— (2000 on the Texas Instruments Wiki

— Concerto on the Texas Instruments Wiki

— Concerto Product Folder

— H52C1 Concerto Experimenter Kit

— F28M35H52C Concerto Microcontroller datasheets
— H63C2 Concerto Experimenter Kit

— F28M36P63C2 Concerto Microcontroller datasheets
MSP430 boards and devices

— MSP-EXP430F5529LP LaunchPad Evaluation Kit
— MSP430 USB Developers Package (which includes the USB Descriptor Tool)
— MSP430F5529 Microcontroller

10
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® Tivaboards and devices
— Tiva C Series TM4C123G LaunchPad Evaluation Kit
— TMA4C123GH6PM Tiva C Series Microcontroller
— EKS-LM4F232 Evaluation Kit
— TMA4C123GH6PGE Tiva C Series Microcontroller
® BoosterPacks
— EM Adapter BoosterPack
— RF430CL330H NFC Dynamic Tag Target Board
— SD Card BoosterPack
— TMPO0O06 BoosterPack
— 12C TPLO401EVM BoosterPack

® SD Cards

— Specification
* IC

— Specification
®  WiFi

— SimpleLink Wi-Fi CC3000 Wiki
— CC3000 Product Folder
— SimpleLink Wi-Fi SmartConfig Apps
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This chapter covers the required steps needed to install and build TI-RTOS.
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2.1 System Requirements

The Windows version of TI-RTOS can be installed on systems running Windows 7, Windows Vista, or
Windows XP (SP2 or SP3).

A Linux version of TI-RTOS is also available.

In order to install TI-RTOS, you must have at least 2 GB of free disk space. (If you have not yet installed
Code Composer Studio, you will also need at least 2 GB of disk space for that installation.)

2.2 Installing Code Composer Studio

TI-RTOS is used in conjunction with Code Composer Studio 5.5 or higher. (TI-RTOS can also be used
with the IAR Embedded Workbench IDE. See page 15 for more information.)

We strongly recommend that you install CCS in the default installation directory of c:\ti. If you install in
c:\Program Files (or c:\Program Files (x86) with Windows 7), you are likely to run into problems related
to Windows security permissions.

Note: Do not install CCS in a location that contains any spaces in the full path. For example,
CCS should not be installed in c:\\Program Files. Makefiles may not function correctly
with directory paths that include spaces.

To install CCS 5.5, go to the product page at http://www.ti.com/tool/ccstudio and follow a link to download
the software for your license type.

Run the executable installer, and answer the prompts as appropriate. We strongly recommend that you
install CCS in the default installation directory of c:\ti.

When you are prompted for the type of Setup, select "Complete Feature Set".

Note: TI-RTOS installs versions of SYS/BIOS and XDCtools that may be newer than the
versions installed by CCS. For TI-RTOS to work properly, you should use the software
versions delivered with TI-RTOS.
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2.3 Installing TI-RTOS

TI-RTOS product comes delivered as an installer that needs to be installed in Code Composer Studio's
installation directory. See the Embedded Software Download Page to download the latest installers.

23.1

Installing TI-RTOS on Windows for Use in Code Composer Studio

To install TI-RTOS on a Windows host, follow these steps:

1.
2.
3.

2.3.2

Exit from CCS if it is currently open.
Download the installer for TI-RTOS. For example, tirtos_setupwin32_1 ## ## ##.exe.

Run the downloaded file to install the full TI-RTOS product in the directory where CCS 5.5 is installed.
By default, this is c: \ti. This is the recommended location for installing TI-RTOS.

Note: TI-RTOS installs XDCtools only if the version needed by TI-RTOS has not already been
installed as part of a CCS or SYS/BIOS installation. If TI-RTOS installs XDCtools, it places it in the
top-level CCS directory (for example, c:\ti), not the TI-RTOS products subdirectory. Note that this
version has been reduced in size by removing support for target families not supported by TI-RTOS.

Start CCS 5.5 or higher.

Wait for CCS to scan for newly installed products and display the Extension Sites window to notify
you of the products that have been discovered. You should see the TI-RTOS installation directory
listed (for example, c:\ti\tirtos 1 ## ## ## by default). Leave the TI-RTOS item checked, and
click Finish to add it to CCS.

You will see a window that asks if you want to restart CCS now. Click Yes.

If TI-RTOS is Installed Outside CCS on Windows

If you have installed TI-RTOS in a directory outside the Code Composer Studio installation and do not
want to reinstall TI-RTOS in the correct location, you can follow these steps to make CCS use TI-RTOS
correctly.

© N o g ~ w N PR

In CCS, choose Window > Preferences from the menus.

Select the Code Composer Studio > RTSC > Products category in the left pane.
Click the Add button next to the Tool discovery path.

Select the folder where you installed TI-RTOS and click OK.

Restart CCS.

In CCS, choose Window > Preferences from the menus again.

Select the Code Composer Studio > RTSC category in the left pane.

In the Products and Repositories tab, expand the TI-RTOS item and check the box next to the
version of TI-RTOS you installed. Click OK.

Choose View > Tl Resource Explorer from the CCS menus.
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2.3.3 Installing TI-RTOS on Linux for Use in Code Composer Studio

To install TI-RTOS on a Linux host, follow these steps:

1. Exit CCSifitis currently open.

2. Download the installer for TI-RTOS. For example, tirtos_setuplinux_1_## ##_##.bin.

3. You may want to log in as root before performing the installation. It is also possible to run the
installation from your user account.

4. Run the downloaded file to install the full TI-RTOS product. Accept the defaults from the Linux

installer. (The installer detects whether you are running it as user or root.)
Note: TI-RTOS installs XDCtools only if the version needed by TI-RTOS has not already been
installed as part of a CCS or SYS/BIOS installation. If TI-RTOS installs XDCtools, it places it in the
top-level CCS directory, not the TI-RTOS products subdirectory. Note that this version has been
reduced in size by removing support for target families not supported by TI-RTOS.

5. Start CCS 5.5 or higher.

6. Wait for CCS to scan for newly installed products and display the Extension Sites window to notify
you of the products that have been discovered. You should see the TI-RTOS installation directory
listed. Leave the TI-RTOS item checked, and click Finish to add it to CCS.

2.3.4 Installing TI-RTOS for Use in IAR Embedded Workbench

You can also install TI-RTOS for use with the IAR Embedded Workbench IDE. TI-RTOS provides support

for both the ARM and MSP430 versions of IAR.

1. Install the IAR version for Texas Instruments ARM or MSP430 devices.

2. Download the Windows installer for TI-RTOS. For example, tirtos_setupwin32_1_ ## ## ##.exe.

3. Run the downloaded file to install the full TI-RTOS product. You can install TI-RTOS in a standalone
directory or the directory where CCS 5.5 is installed (if you have both CCS and IAR). Installing in a
directory path that contains spaces (such as C:\Program Files (x86) iS notrecommended.)
Note: TI-RTOS also installs the XDCtools component if you have not already installed the version
needed by TI-RTOS as part of a CCS or SYS/BIOS installation. TI-RTOS places XDCtools in a
separate directory at the same level where you install TI-RTOS. For example, if the TI-RTOS
installation directory is C:\mysoftware\tirtos 1 20 ## ##, the XDCtools directory will be
C:\mysoftware\xdctools 3 25 ## ##.

Follow the instructions in Section 3.2 to complete the installation of the TI-RTOS examples, build the

examples with the IAR compiler, and load and run the examples with IAR Embedded Workbench.
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TI-RTOS comes with a number of examples that illustrate on how to use the individual components. This

chapter explains how to create and use these examples.
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3.1 Creating an Example Project Using the Tl Resource Explorer

TI-RTOS uses Tl Resource Explorer within CCS to let you quickly create example projects and open
documentation. Follow these steps to use Tl Resource Explorer to create and use TI-RTOS examples:

1. Ifthe TI Resource Explorer tab in CCS is closed, choose View > Tl Resource Explorer to open it.

(/) T1 Resource Explorer &% =0
. | '

enter search keyword Address: -

- 3 SYS/BIOS - -

- 3 Systemn Analyzer (ULA Target) 2 _
P E}'I'T—RTOS " ’ i | 1 Demo [M3]

@ Release Motes
@ TI-RTOS Getting Started Guide

@ TI-RTOS User Guide Demo showcasing SYS/BIOS, Networking, IPC
@ C API Reference (doxygen) and UIA. Uses UART, USB, 12C, SDSPf, EMAC
4 ‘ ARM an‘d GPFO.

m

a4 &F 28M35x Concerto
a & F2aM35H52C1
4 0 TMDXDOCKH52C1 Experimenter Kit These are the steps to import the project,

4 % Demo Projects build the project, and debug the project.
E Demo [M3]
[ IPC SPI Master ] ]
I IPC SPISlave Step 10w Import the example projectinto CCS |
> ®4 Fthernet Examples E
. B4 FatFs Bxamples Click on the link above fo import the project.
. & GPIO Examples The imported project is available in the Project

Explorer view, expand the project node o
browse the imported source files. To modify
source code, double clicks on the source file

s #4120 Examples
s ®4 SPI Examples

> % UART Examples withir the project to open the source file editor.
- ®4 USBE Exarnples
> ¥ Watchdog Examples Step 2: & Build the imported project

. F 28M36x Concerto

» ‘ Stellaris Cortex LMAFL2x TD Chal'-lge -Dl'.,l'l:llﬂ DIGEI:DI"IS_. r.’ghi_’ CIII:GII-(.- an fll-lE'

' .f Stellaris Cortex LM4F23x ,qufecf and select Pmperrfes from the context
> & Tiva C Series menu. To build the project, select the link il
- 4F C2000 » . B :
. & MsPA30 =

2. Expand the TI-RTOS item in the tree to show the projects available for your board.

3. Select an example to create. See Section 3.3, Example Overview and the readme files provided in
the example projects for information about each example.
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4. Click the Step 1 link in the right pane of the Tl Resource Explorer to Import the example project
into CCS. This adds a new project to your Project Explorer view. A green checkmark is placed next
to each step you have completed for the selected example.

Step 1: B30 Import the example project into CCS J

Click on the link above to import the project. The imported project is
available in the Project Explorer view, expand the profect node to browse
the imported source files. To modify source code, double clicks on the
source file within the project to open the source file editor.

The project created will have a hame with the format <example>_<device>.You can expand the
project to view or change the source code and configuration file.

5. Click the Step 2 link when you are ready to build the project. If you want to change any build options,
right click on the project and select Properties from the context menu. For example, you can change
compiler, linker, and RTSC (XDCtools) options.

Step2- 9, Build the imported project ¢

To change build options, right click on the project and select Properties
from the context menu. To build the project, select the link above, or select
the Build toolbar button, or select the Project | Build Project menu item.

6. When you are ready to debug the example, click the Step 3 link to create a target configuration to
connect with the board.

Step 3: T, Debugger Configuration J

Connection: Blackhawk LAN560 Emulator
Click on the link above to change the device connection. Additionally, this
option is also available in the project properties.

7. You will see the Debugger Configuration dialog. Choose an emulator from the list. For the F28M3x
devices, choose the Texas Instruments XDS 100v2 USB Emulator. For Tiva devices, choose the
Stellaris In-Circuit Debug Interface. For MSP430 devices, choose the TI MSP430 USB1.

Py B

Connections: ’E'I'E:{as Instrurments XD5100v2 USE Emulator v]

| ok || cencel |

18 Examples for TI-RTOS SPRUHD3F—November 2013
Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUHD3F
http://www.ti.com

i3 TEXAS
INSTRUMENTS

www.ti.com

Creating an Example Project Using the Tl Resource Explorer

8. Click the Step 4 link to launch a debug session for the project and switch to the CCS Debug
Perspective.

Step 4:

%5 Debug the imported project Qf

Click on the link above to launch a debug session for the Demo [M3]
project and switch to the CCS Debug Perspective. Additionally, these are
other methods to start & project debug session. Select the project in the
FProject Explorer view and click on the bug toolbar button. To relaunch a
previous debug session, click on the small amrmow beside the bug toolbar
button and select one of the debug session from the history.

3.1.1 Creating an Empty TI-RTOS Project

This example provides a blank project you can use as a starting point in creating a project that utilizes
TI-RTOS. It contains some common code excerpts that enable different TI-RTOS components. It is
usually easier to start with a more full-featured TI-RTOS example that already uses some of the
components and modules your application will need. But, the "empty" projects are available in case you
would like to start with a template that has few features.

Empty projects are not created with the Tl Resource Explorer. Instead, create empty projects as follows:

1. Choose the Project > New CCS Project menu command. (This has the same effect as using the
File > New > CCS Project menu command.)

2. Name the project.

3. Select a device for which TI-RTOS provides examples.

Device

Eamily:  |ARM - |
Variant: F28M36 * |F2EM3BPE3C2 vl
Connection: ’Texas Instruments XD5100v2 USE Emulator v]

4. Inthe Connection field, choose the Texas Instruments XDS 100v2 USB Emulator for F28M3x
devices. For Tiva devices, choose the Stellaris In-Circuit Debug Interface. For MSP430 devices,
choose the TI MSP430 USB1.
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5. Inthe Project templates and examples list, expand the TI-RTOS category and select the Empty
Project item. If TI-RTOS is not in the list, no examples are provided for the device you selected.

w Project termplates and examples

type filter text An empty TI-RTOS project

»

> [=] Empty Projects
>[5 Basic Examples
. [Z] svs/BIOS
> [=] System Analyzer (ULA)
4 [2 TI-RTOS
4 E MSP-EXP430F5529LP
a E Exarnple Projects
| Empty Project| i

6. Click Next. The next page of the new project wizard shows only the TI-RTOS product selected. The
SYS/BIOS, IPC, and UIA components do not need to be selected, because they are components that

are included with TI-RTOS.

-l N
i Newces rject || o= s
I| RTSC Configuration Settings '
Select the RTSC Cenfiguration project settings.
XD Ctools version: ’3.5.4.88 v] ’ Mare... ]
=i Products and Repositories |<}4} Order
> [ = Grace (MSP430) Add...
- [T = MSP430ware =
. 7] = SYS/BIOS ==
> [] = Systern Analyzer (ULA Target) Remove
e
= 120022 Select All
- [ el XDAIS Deselect All

7. Click Finish. The files in the empty project example include:

— Key C files: empty.c, <board>.c/.h
— Key configuration files: empty.cfg
— Linker command file: <board>.cmd

8. Add to the example as needed to implement your application.

Note: Additional configuration might be needed as you add to the example. For example, if
you add networking, you will likely need to increase the heap sizes.
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3.2

3.21

3.2.2

Using Examples with IAR Embedded Workbench

After you have installed IAR Embedded Workbench and TI-RTOS as described in Section 2.3.4, you can
follow the steps in this section to use the examples that come with TI-RTOS.

Preparing the TI-RTOS Examples for Use in IAR Embedded Workbench

Before using any of the TI-RTOS examples, you must generate the necessary example files, make files,
and project files needed to build the examples with IAR tools. Follow these steps after you perform the
TI-RTOS installation. You only need to perform these steps once.

1. Ifyouinstalled TI-RTOS in a location other than the default location of C:\ti, edit the tirtos.mak file
in the TI-RTOS installation directory. Modify the following variables as needed to make them point to
the correct locations, and save your changes.

— TIRTOS_INSTALLATION_DIR: Full path to the TI-RTOS installation
— XDCTOOLS_INSTALLATION_DIR: Full path to the XDCtools installation

2. Run the following commands from the command line. (If you installed TI-RTOS in a protected
directory, you should run the command window as the administrator.)

> cd <tirtos install>
> ..\xdctools 3 25 04 88\gmake -f tirtos.mak examplesgen DEST="YOURPATH"

For the destination path, use a UNIX-style path. That is, use forward slashes (/) instead of
backslashes (\). For example, DEST="C: /myfiles".

The output from this command is atirtos_1 20 ## ## examples directory tree containing folders for
the supported boards. Each board folder contains folders for all the examples available for that board.

Building TI-RTOS Examples with IAR Embedded Workbench

Currently, you must build TI-RTOS examples using the provided makefiles outside the IAR Embedded
Workbench IDE. The executable files you build will have a *.out file extension. To build an example
project, follow these steps:

1. Move to the board-level directory of the destination you specified for the examplesgen command.
For example, if you built the examples tree in C:\myfiles and you are using the MSP-EXP430F5529
board, move to the c:\myfiles\tirtos 1 20 ## ## examples\IAR\MSP EXP430F5529 directory.

2. Use a text editor to edit the makede£s file in that directory.

3. Modify the CODEGEN_INSTALLATION_DIR variable in the makedefs file as needed to make it point
to the location of the IAR compiler. For example:

CODEGEN_INSTALLATION_DIR

CODEGEN_INSTALLATION DIR

C:/Program Files (x86)/IAR Systems/Embedded Workbench 6.5/430
or
C:/Program Files (x86)/IAR Systems/Embedded Workbench 6.5/arm

4. To build all the examples for a particular board, navigate to that board's directory and run the
following command, where <xdctools_dir> is the location of the XDCtools component that was
installed with TI-RTOS. For example, C:\myfiles\xdctools 3 25 #i# ##.

> <xdctools dir>\gmake all

5. To build only one example, go to that example’s directory and run the same gmake all command.
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3.2.3 Loading and Running TI-RTOS Examples with IAR Embedded Workbench

After you have built a TI-RTOS example outside of IAR, follow these steps to use IAR to load the

externally-built executable onto the target and debug the application:

1. Choose Project > Create New Project from the IAR menus.

2. Select the Tool chain, and choose the Externally built executable template. Click OK.

3. Browse to the location where you want to save this project, and type a hame for the project file
(*.ewp). Click Save.

4. Delete any readme.txt file that is added to the project.

5. Choose File > Save Workspace from the IAR menus.

6. Browse to the location where you want to save this workspace, and type a file name for the
workspace file (*.eww). Click Save.

7. Choose Project > Options.

8. Inthe General Options category of the Options dialog, go to the Target tab and select your specific
Device.

9. Inthe Debugger category of the Options dialog, replace the default Simulator driver with the
appropriate Tl debugger. Choose the FET Debugger for MSP430 and the Tl Stellaris debugger for a
Tiva or Stellaris board. Click OK.

10. Choose Project > Add Files. Change the file types filter to show All Files (*.*).

11. Browse to the location of the executable file you built. Select the <examplename>.out executable file
and click Open.

12. Choose Project > Download and Debug to load the executable onto the target hardware.

13. Use the debugging features in IAR to debug the application.

3.24 Managing Program Stack Sizes for TI-RTOS Examples for IAR

For IAR, the program stack size for each device is set in its linker command file. The Program.stack line

in an example’s configuration file is not recognized by the IAR environment, so the value you specify is

not the actual stack size for your example.

For the MSP430F5529 board, the following lines in the linker command file (the *.xcl file in the generated

examples folder) set the stack size for your example:

//Uncomment for command line use (Modified for TI-RTOS examples)

-D_STACK SIZE=768

-D_DATAl6 HEAP SIZE=0

-D_DATA20 HEAP SIZE=0
For ARM boards, the *.icf linker command file has lines like the following to set the program stack size:
/*-Sizes-*/

define symbol _ ICFEDIT size cstack__ = 0x1000;

define symbol _ ICFEDIT size heap = 0x2000;

Note: The default stack sizes provided are sufficient for the TI-RTOS examples.

SYS/BIOS manages its own heap via the BIOS.heapSize configuration parameter. Therefore, the IAR

heap can be set to 0.
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3.3 Example Overview

The components and hardware used by the TI-RTOS examples are shown in the following table. Details
about these examples are provided in the readme files in the example projects.

There are three categories of examples. The "Empty Project" is configured to make TI-RTOS available
but does not contain any specific code that uses TI-RTOS. The Demo examples demonstrate the use of
several peripherals working together. The remaining examples show how to use a specific peripheral.

Table 3-1. Components Used by TI-RTOS Examples

SD Card / SDSPI
USB MSC Host
USB HID

USB CDC

SPI

Watchdog Timer
WiFi

UART

NDK / EMAC
IPC

Example

Empty Project
Demo [M3] / Demo [C28]

x
x
x
x

IPC SPI Master / Slave Demo

x| x| x| x| uia

Graphic Library Demo

TCP Echo (IPv4 and IPv6)

TCP Echo for CC3000

CC3000 Patcher

UDP Echo (IPv4 and IPv6)

UDP Echo for CC3000

SPI Loopback

FatSD: File Copy

x

FatSD Raw: File Copy & FatFs APIs

FatSD USB Copy: SD Card & USB Drive

GPIO Interrupt

12C EEPROM

I2C RF430CL330 Load (with BoosterPack)

12C TMP006(with BoosterPack)

X | X| X| X

12c TPLO401EVM(with BoosterPack)

UART Console

x
x

UART Echo

UART Logging

USB Keyboard Device

USB Keyboard Host

USB Mouse Device

X | X[ X| X

USB Mouse Host

USB Serial Device

USB CDC Mouse Device

X x| x| x| x| x| x| x| x| x| x| x|x]|x|x|x|x|x|x|x|x|x|x|x|x|x|x|x|sysnBos
<

X
X
XXX X X| X[ X| X| X[ X[ X| X| X| X|X|X|X|X]|X|X|X| X| X| X] X| X| X] X| GPIO

Watchdog
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The boards for which TI-RTOS examples are provided are shown in the following table.
Table 3-2. Example Availability by Board
) :
o8 |2, - 5
z & | 8% | 88 | 3 o
S S | 89S | 88 | 8 2
9 o | 8% | 9% | ¢ <
5 |8 B3 |3 | B | &
Example E E ﬁ ﬁ é ﬁ é g
Empty TI-RTOS Project X X X X X X
Demo [M3] / Demo [C28] X X
IPC SPI Master / Slave X
Graphic Library Demo X
TCP Echo X X X
TCP Echo for CC3000 1 X X X
CC3000 Patcher * X X X
UDP Echo X X X
UDP Echo for CC3000 * X X X
SPI Loopback X X X X X
FatSD: FatFs File Copy X X X2 X X X2
FatSD Raw: FatFs File Copy using FatFs APIs X X X2 X X X2
FatSD USB Copy: (SD Card and USB Drive) X X X X
GPIO Interrupt X X X X X X
I°C EEPROM X
12C RF430CL330 Load ° X X X
12C TMPOO6 4 X X X
12C TPLO401EVM® X X X
UART Console X X X X X X
UART Echo X X X X X X
UART Logging X X X X X X
USB Keyboard Device X X X X X X
USB Keyboard Host X X X X
USB Mouse Device X X X X X X
USB Mouse Host X X X X
USB Serial Device X X X X X X
USB CDC Mouse Device X X X X X X
Watchdog X X X X X X
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IThis example requires either a CC3000 EM board or CC3000 BoosterPack.
2This example requires an SD Card reader BoosterPack.

3This example requires a RF430CL330 NFC transponder module and the Wireless Connectivity Adaptor.
See Section 3.10.3.

4This example requires a TMP006 BoosterPack. See Section 3.10.2.
SThis example requires a TPLO401EVM BoosterPack. See Section 3.10.4.

There is a separate <example_name>_readme file for each of the examples. These files are added to
your CCS project when you use the Tl Resource Explorer to create a project.

The <example_name>_readme files contain the following types of information:

® Actions performed by functions in the example.

® Hardware-specific descriptions of buttons, LEDs, etc...

® Which external components are (or may be) needed to run with particular examples.

The sections that follow list settings required to run the TI-RTOS examples on the supported boards.
They also list the hardware resources that TI-RTOS and its dependent components use by default. Some

of these resources offer flexible options, whereas others are fixed in the current design or
implementation.
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3.4 Concerto TMDXDOCKH52C1 Settings and Resources

The TMDXDOCKH52C1 Experimenter Kit has a Concerto F28M35H52C1 device.

Concerto TMDXDOCKH52C1 connections:

Ethernet Micro-AB USB for USB

microSD card
/ host or device examples

r—
[F28M35xx 1O controlCARD R295 a i ¥ v
RELEASE 10 e R f ! e
o« b : 8
R298 o o

:
m U7 w R297

_ .
w7
2

MAC address sticker

Mini-B USB
for emulation
and UART

Board_LED1 (TMDXDOCKH52C1_LD3)
Board_LED2: same as Board_LED1

Board_LEDO (TMDXDOCKH52C1_LD2)

Power (USB)

GPIO12: Some examples use this pin as an button input.
Shorting this pin to ground (GND) simulates a button
press of Board_BUTTONO (TMDXDOCKH52C1_BUTTON).
Board_BUTTONL1 is the same as Board_BUTTONO.

The USB connector for devices can accept a Micro-B cable for USB Device examples and a Micro-A
dongle for USB Host examples.

Jumper settings:
® J01-J15: B-C position (Ethernet)
® J20-J21: B-C position (12C EEPROM)
— J6: 2-3 position (I2C EEPROM Write protection off)
® J22-J25: B-C position (SPI/SSI SD Card slot)
® J30-J31: B-C position (USB Host and Device)
— A board modification is required for the USB host examples (see Section 3.4.2)

Switch settings:

® SW1: Open all 4 switches by bringing them into the "down" position. This allows the M3 (master
subsystem) to boot out of Flash memory.

® GPIO12: Some examples use this pin as an input. When shorting this pin to ground (GND), it will
simulate a button press.
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Concerto TMDXDOCKH52C1 Settings and Resources

SPI Loopback example pin connections: When wiring for
SPI loopback, pins on a single board are wired to other pins

on the same board. ' SPI Loopback

Master SPI Pin (Function) Slave SPI Pin (Function)

02 (SPIOCLK) ———m» 24 (SPILCLK)

03 (SPIOFSS) —— = 25 (SPILFSS) LSRL T

GND Gnp GND
04 (SPIORX) ——— > 27 (SPI1TX)
05 (SPIOTX) ———— > 26 (SPI1RX) %

SPI IPC Master/Slave example pin connections: When wiring for the IPC SPI Master/Slave example,
two boards are used:

Master Slave
TMDXDOCKH52C1 TMDXDOCKH52CA1
SPI Master SPI Slave
SSI0C1lk P2 —— 24| 557101k
SSIOFss (23 25 55T1Fss
SSIORx P4 28l 5ST11Rx
ss10Tx (05 I 27 ss11TX
GND GND GND| cxp

Resources Used:

The following list shows which TMDXDOCKH52C1 resources are used by TI-RTOS examples that make
use of a particular component or peripheral.

® SYS/BIOS. Uses the first general-purpose timer available and that timer’s associated interrupts.
Generally, this will be Timer 0. SYS/BIOS manages the Interrupt Vector Table.

® |IPC. Uses the IPC registers including their associated interrupts.
®* TI-RTOS.

Ethernet. Uses the EMAC driver and its associated interrupts with NDK to support networking.

SD Card. Uses FatFs and the SDSPI driver on SSIO without interrupts to read and write to files
on an SD Card.

EEPROM. Uses the I12C driver on 12C0 with its associated interrupts to read and write to the
onboard EEPROM.

GPIOs. The GPIO driver is used on 2 onboard LEDs: LD2 (PC6_GPIO70) and LD3
(PC7_GPIO71) as output pins and one pin as an input pin PB4_GPI012.

Serial. The UART driver uses UARTO which is attached to the FTDI USB chip to facilitate serial
communications.

SPI. The SPI driver uses SPI0 for Board SPI0O and SPI1 for Board SPI1.

SPIMessageQTransport. The master SSI peripheral uses SPI0, and the slave SSI peripheral
uses SPI1.

USB. The USB reference examples use the USB library and the USB controller with its
associated interrupts.

Watchdog. The Watchdog driver example uses Watchdog Timer 0 and its associated interrupt.
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341 Setting the MAC Address

If you are using the NDK and the EMAC peripheral, you will need to edit the MAC address in the board-
specific C file (for example, TMDXDOCKH52C1.c) in the examples. Modify the following definition in the
file to match the MAC address printed on your board.

* EMAC configuration structure

* Set user/company specific MAC octates. The following sets the address
* to ff-ff-ff-ff-ff-ff. Users need to change this to make the label on
* their boards.

UInt8 macAddress[6] = {0xff, Oxff, Oxff, Oxff, Oxff, Oxff};

For example, the following would set the MAC address to A8-63-F2-00-05-1A:

UInt8 macAddress[6] = {0xA8, 0x63, 0xF2, 0x00, 0x05, Ox1A};

3.4.2 USB Host Mode Board Modification

Using the USB controller in host mode on the TMDXDOCKH52C1 requires a hardware modification to
the control card. This modification is not required, but can be performed without causing problems, when
using the USB controller in device mode.

Remove and short resistor R230 on the control card.

This modification allows the USB_VBUS pin to correctly detect the VBUS voltage level; preventing a false
VBUS_ERR from being generated by the USB controller.
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3.5 Concerto TMDXDOCK28M36 Settings and Resources

The TMDXDOCK28M36 Experimenter Kit has a Concerto F28M36P63C2 device.

Concerto TMDXDOCK28M36 connections:

Board_LEDO (TMDXDOCK28M36_D1)
) Board_LED1 (TMDXDOCK?28M36_D2)
Micro-AB for USB host Board LED2 is the same as Board_LED1

Mini-B USB or device examples microSD card
S

for emulation

and UART g g

Ethernet

Power (5V)

Power seleck

Power (USB)

MAC address sticker
(on reverse side)

AR RN

S
| TERRS mSTRIMEW

The USB connector for devices can accept a Micro-B cable for USB Device examples and a Micro-A
dongle for USB Host examples.

Jumper settings:
® J2-J7: 1-2 position (USB Host and Device)

Switch settings:
® A:SWI: Both switches should be in the ON position
® SWa1: Place all switches in the 1 (up) position to allow the M3 to boot out of Flash memaory.

® GPIO 58: Some examples use pin 58 as it is labeled on the docking station as an input. Shorting this
pin to ground (GND) will simulate a button press.
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SPI Loopback example pin connections:

When wiring for SPI loopback, pins on a single board are
wired to other pins on the same board.

SPI Loopback

Master SPI Pin (Function) Slave SPI Pin (Function)

71 (SPIOCLK) ————p» 75 (SPI1CLK)

I]II

73 (SPIOFSS) — 77 (SPILFSS)

GND [GNE

69 (SPIORX) —— = 81 (SPI1TX)

67 (SPIOTX) ——— = 79 (SPI1RX) P4

Resources Used:

The following list shows which TMDXDOCK28M36 resources are used by TI-RTOS examples that make
use of a particular component or peripheral.

® SYS/BIOS. Uses the first general-purpose timer available and that timer’s associated interrupts.
Generally, this will be Timer 0. SYS/BIOS manages the Interrupt Vector Table.

® |IPC. Uses the IPC registers including their associated interrupts.
® TI-RTOS.
— Ethernet. Uses the EMAC driver and its associated interrupts with the NDK for networking.
— SD Card. Uses FatFs and the SDSPI driver on SSI3 without interrupts to read and write to files.

— GPIOs. The GPIO driver is used on 2 onboard LEDs: D1 (PE7_GPIO31) and D2 (PF2_GP1034)
as output pins and one pin as an input pin PB4_GPIO12, pin 58 on the docking station.

— Serial. The UART driver uses UARTO, which is attached to the FTDI USB chip.
— SPI. The SPI driver uses SPIO for Board SPI10 and SPI1 for Board SPI1.

— USB. The USB reference examples use the USB library and the USB controller with its
associated interrupts.

— Watchdog. The Watchdog driver example uses Watchdog Timer 0 and its associated interrupt.

351 Setting the MAC Address

If you are using the NDK and the EMAC peripheral, you will need to edit the MAC address in the board-
specific C file (for example, TMDXDOCK28M36.c) in the examples. See Section 3.4.1 for details.
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3.6 Tiva EK-TM4C123GXL Settings and Resources

The EK-TM4C123GXL LaunchPad contains a Tiva TM4C123GH6PM device. This board is the newer
version of the EK-LM4F120XL LaunchPad, which contains a Stellaris LM4F120H50QR device. TI-RTOS
provides separate examples for both versions of the board for convenience.

Stellaris EK-LM4F120XL LaunchPad connections (EK-TM4C123GXL is similar):
Micro-B USB for power,

emulation, and UART \

Micro-B USB for devices
(such as USB examples)

Board_LEDO (EK_LM4F120XL_LED_BLUE),
Board_LED1(EK_LM4F120XL_LED_GREEN),
Board_LED2 (EK_LM4F120XL_LED_RED)
This is a Micro-AB
connector on the Tiva
EK-TM4C123GXLboard

POE PA%

2 1 -
RS RO .+ PDT-PAY

PF_lI, Lt

B Texas INSTRUMENTS/ i Board_BUTTON1

e (EK_LMA4F120XL_SW2)
e

The Micro-B connector on the Stellaris EK-LM4F120XL LaunchPad can be used for USB Device
connections only. The Micro-AB connector on the Tiva EK-TM4C123GXL LaunchPad can be used for
both USB Device and USB Host connections.

Board BUTTONO
(EK_LM4F120XL_SW1)

Jumper settings:

Examples that use the WiFi driver—for example, the TCP Echo and UDP Echo examples for CC3000—
require the CC3000 BoosterPack. This BoosterPack fits over J1 and J2.

Switch settings:
® SW1: Some examples use PF4 as an input.

® SW2: Some examples use PFO as an input
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SPI Loopback example pin connections:

When wiring for SPI loopback, pins on a single board are
wired to other pins on the same board.

SPI Loopback

Master SPI Pin (Function) Slave SPI Pin (Function)

PA2 (SPIOCLK) ——— = PDO (SPI3CLK)

I]II

PA3 (SPIOFSS) — = PD1 (SPI3FSS)

GND [GNE

PA4 (SPIORX) —— = PD3 (SPI3TX)

PA5 (SPIOTX) —— = PD2 (SPI3RX) P4

Resources Used:

The following list shows which EK-TM4C123GXL resources are used by TI-RTOS examples that make
use of a particular component or peripheral.

® SYS/BIOS. Uses the first general-purpose timer available and that timer’s associated interrupts.
Generally, this will be Timer 0. SYS/BIOS manages the Interrupt Vector Table.

® TI-RTOS.

— GPIOs. The GPIO driver uses 3 output pins for the onboard RGB LED (R:PF1 G:FP3 B:PF2) and
2 input pins for switches SW1 (PF4) and SW2 (PFO).

— 12C. The I2C driver is configured on 12C3 to support with various BoosterPacks.

— Serial. The UART driver uses UARTO which is attached to the FTDI USB chip to facilitate serial
communications.

— SPI. The SPI driver uses SPI0 for Board SPI0 and SPI3 for Board SPI1.

— USB. The USB reference examples use the USB library and the USB controller with its
associated interrupts. These boards only support USB in device mode. (The EK-TM4C123GXL
LaunchPad can be made to support USB Host, but only with hardware modifications.) USB Host
examples are not provided for either of these boards.

— Watchdog. The Watchdog driver example uses Watchdog Timer 0 and its associated interrupt.

— WiFi. The WiFi examples for use with the CC3000 use GPIO pins PB2, PB5, and PEO as well as
the GPIO interrupt for port B. They also use the SPI driver on SSI2 with interrupts and the
associated uDMA channels.
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3.7 Tiva DK-TM4C123G Settings and Resources

The DK-TM4C123G Evaluation Kit contains a Tiva TM4C123GH6PGE device. This board is the newer
version of the EKS-LM4F232 Evaluation Kit, which contains a Stellaris LM4F232H5QD device. The TI-
RTOS examples function equivalently on both versions of this board. Separate examples are provided
for both versions of the board to prevent confusion for legacy users.

Stellaris EKS-LM4F232 Evaluation Kit connections (DK-TM4C123G is similar):

LCD for demo project Board_LEDO (DK_TM4C123G_LED)
Board_LED1 & 2 are the same as Board_LEDO

Mini-B USB
for power,
emulation,
and UART

m.n e~

res/annOaz
P4 /ana O ay
PEs/ame O ax 4 i

= INSTRUMENTS ,

| RESET

Board_BUTTON1

(DK_TM4C123G_SW4) .
Board BUTTONO Micro-AB USB for USB microSD card

(DK_TM4C123G_SW3) Device and USB Host

The USB connector for devices can accept a Micro-B cable for USB Device examples and a Micro-A
dongle for USB Host examples.

Jumper settings: N/A

Examples that use the WiFi driver—for example, the TCP Echo and UDP Echo examples for CC3000
and the CC3000 Patcher example—require a CC3000 evaluation board with EM headers. The
corresponding EM headers for the EKS-LM4F232 go on the bottom of the board at J9 and J10. They may
not be populated on the evaluation board already.

Switch settings:
® SWa3: Some examples use PM2 as an input

® SW4: Some examples use PM3 as an input
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SPI Loopback example pin connections:

When wiring for SPI loopback, pins on a single board are
wired to other pins on the same board.

SPI Loopback

Master SPI Pin (Function) Slave SPI Pin (Function)

PF2 (SPI1CLK) ——— = PKO (SPI3CLK)

I]II

PF3 (SPILFSS) — g PK1 (SPI3FSS)

GND [GNE

PFO (SPIIRX) —— —p» PK3 (SPI3TX)

PF1 (SPIITX) —— = PK2 (SPI3RX) P4

Resources Used:

The following list shows which DK-TM4C123G resources are used by TI-RTOS examples that make use
of a particular component or peripheral.

® SYS/BIOS. Uses the first general-purpose timer available and that timer's associated interrupts.
Generally, this will be Timer 0. SYS/BIOS manages the Interrupt Vector Table.

®* TI-RTOS.
— SD Card. Uses FatFs and the SDSPI driver on SSI0 without interrupts to read and write to files.

— GPIOs. The GPIO driver is used on the onboard User LED (PG2) as an output pin and on 5 input
pins SW1-SW5 (PM0-4).

— Serial. The UART driver uses UARTO which is attached to the FTDI USB chip to facilitate serial
communications.

— SPI. The SPI driver uses SPI1 for Board SPIO and SPI3 for Board SPI1.

— USB. The USB reference examples use the USB library and the USB controller with its
associated interrupts.

— Watchdog. The Watchdog driver example uses Watchdog Timer 0 and its associated interrupt.

— WiFi. The WiFi examples for use with the CC3000 use GPIO pins PC7, PH1, and PC6 as well
as the GPIO interrupt for port C. It also uses the SPI driver on SSI3 with interrupts and the
associated uDMA channels.

USB connection and ports:

Connect the power/CDI USB connector on the board to a USB port on your host PC. This connection is
used for both emulation and the serial output. If you would also like to see instrumentation (UIA), also
connect the Host/Device/OTG USB connector on the board to your host PC. See the Stellaris LM4F232
Evaluation Board User’s Manual (SPMU272) for details about USB connectors.
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After you connect both USB ports, you can make sure the Stellaris drivers are installed correctly by

opening the Windows Device Manager. To do this, right-click on Computer in Windows Explorer and
select Properties. Choose the Device Manager. You should see a device list similar to the following:

| — _

Eile

Action  View Help

4 é C4DA0TE3914 |

1M Computer

: < Dhisk drives

A Display adapters

% Hurnan Interface Devices
g IDE ATAATAPT controllers
-2 Keyboards

--ﬂ Mice and other pointing devices
A Monitors

-EF Network adapters

."? Ports (COM & LPT)

L-v-v-v-v-v-v-v-v

o Stellaris In-Circuit Debug Interface
"E Stellaris ICDT DFU Device
... B Stellaris ICDI JTAG/SWD Interface

..... 1 ology - SOL (COM3)
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The virtual serial port (in the previous figure, COM4) will be used for serial output. You will need to set up
a terminal emulator to see the console output from the TI-RTOS UART Console example. Use a serial

connection to the Virtual Serial Port of your device, with 115200 bps, 8 data bits, 1 stop bit, and no parity.
For example, if you had the Virtual Serial Port, COM4, using the PUTTY terminal emulator, you would set

it up as follows:

-
@ PuTTY Cenfiguration

N ™ [

Categony:

=~ Sgssiun

[=J- Terminal

- Keyboard
- Bell

- Features
[=- Window

| - fppearance
- Behaviour
- Tranglation
- Selection
- Colours

[=- Connection

- Data

- Proxy

- Telnet

- Blogin

Options cortroling local senal lines
Select a seral line

Senal line to connect to Com4

Corfigure the sedal line

Speed (baud) 115200

Data bits ]

Stop bits 1

Parity [Nnne v]

Flow cortrol [XDN,-"}{DFF v]
Open ] [ Cancel
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3.8 Tiva DK-TM4C129X Settings and Resources

The DK-TM4C129X Evaluation Kit contains a Tiva TM4C129XNCZAD device.

Tiva DK-TM4C129X Evaluation Kit connections:
J7 Micro-B USB

~a emulation (and

power if desired)

microSD card

oy Oy | ] Micro-AB USB

T g o LR ® for USB Device
i w Devalol sm‘ll\?ﬁlrd o R Tl -
/ B 1 A | . L'm m‘i : Ll rrTY and USB Host
"W ot 1 5

5V power
(can use ICDI instead)

ok n oo 4 Ethernet

e I ) BoOSTER PACK ) P
PER L3

NSTREUMENTS ™| * ' :
o Tiva C Seres e | o= |

ARM MCU i

QVGA: LCD i'r_]

e \
I37 \

Board BUTTON1 /

(DK_TM4C129X_BUTTON_UP)

" 8 ' 2
/. \ b
Board_BUTTONZ Board_LEDO (DK_TM4C129X_LED_G), Board_BUTTONO
(DK_TM4C129X_BUTTON_DOWN) Board_LED1 (DK_TM4C129X_LED_B), (DK_TM4C129X_BUTTON_SELECT)

Board_LED2 (DK_TM4C129X_LED_R)

_.

@)

Jumper settings:
* JT
— To use SPI/SSI SD Card slot: Close SD_CS, SPI_CLK, SPI_DATO, SPI_DAT1
— To run SPI loopback example: Open SD_CS, SPI_CLK, SPI_DATO, SPI_DAT1
® J37: Close SEL, DOWN, UP (enables Switches)
® J36: Close GREEN, BLUE, RED (enables LEDS)
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SPI Loopback example pin connections:

When wiring for SPI loopback, pins on a single board are
wired to other pins on the same board.

SPI Loopback

Master Pin (Function) Slave Pin (Function)

PFO (SPI3DAT1 (RX)) ———m» PG5 (SPI2DATO (TX))

PQ2 (SPI3DATO (TX)) ——— = PG4 (SPI2DAT1 (RX)) P4

PQO (SPI3CLK) ———p» PD3 (SPI2CLK)

I]II

PQ1 (SPI3FSS) — = PD2 (SPI2FSS)

GND [GNE

Resources Used:

The following list shows which DK-TM4C129Xperipheral resources are used by TI-RTOS applications on
that platform. TI-RTOS examples control which peripherals (and which ports) are used

® SYS/BIOS. Uses the first general-purpose timer available and that timer's associated interrupts.
Generally, this will be Timer 0. SYS/BIOS manages the Interrupt Vector Table.

® TI-RTOS.

SD Card. Uses FatFs and the SDSPI driver on QSSI3 without interrupts to read and write to files.

GPIOs. The GPIO driver is used on the onboard user LEDs LEDO-2 (PK4, PK6, and PF1) as
output pins and on three input switches UP, DOWN, and SEL (PN3, PE5, and PP1).

12C. The I2C driver is configured on 12C3 to support with various BoosterPacks.

Serial. The UART driver uses UARTO which is attached to the FTDI USB chip to facilitate serial
communications.

SPI. The SPI driver uses QSSI3 for Board SPIO and QSSI2 for Board SPI1.

USB. The USB reference examples use the USB library and the USB controller with its
associated interrupts.

Watchdog. The Watchdog driver example uses Watchdog Timer 0 and its associated interrupt.
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3.9 MSP430 MSP-EXP430F5529LP Settings and Resources

The MSP-EXP430F5529LP board contains an MSP430 MSP430F5529 device
MSP-EXP430F5529LP connections:

Micro-B USB for
i \ -
power, emulation, 1 949¢
UART examples, g
and USB examples

430@F5529LP

Rev 1.4+

required for all
booster-packs

fo, 5
MSP-EXP

Revi

i . P28
] GND . " S, p2.a4 L
1pé.0 { C

1%

N
Q@ =
N Z
0(:‘

{ 189 —2522
) Pé.1 E pl 4+ L JP7.4
: ¥ Qa BK _{QST

K

7.,p

is TEXAS
»w.x
INSTRUMENTS “g.2 L i

Board_BUTTONO

Board_BUTTONL1
(MSP_EXP430F5529LP_S1)

(MSP_EXP430F5529LP_S2)
Board_LEDO

(MSP_EXP430F5529LP_LED1) Board_LED1

(MSP_EXP430F5529LP_LED?)
Jumper settings:
[

Set RXD << and TXD >> to provide UART communications via the onboard USB debugger
SPI Loopback example pin connections:

The SPI loopback example is not supported on MSP430F5529
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Resources Used:

The following list shows which MSP_EXP430F5529LP resources are used by TI-RTOS applications on
that platform. TI-RTOS examples control which peripherals (and which ports) are used.

® SYS/BIOS. Uses the first general-purpose timer available and that timer's associated interrupts.
Generally, this will be Timer0_A0. SYS/BIOS manages the interrupt controller statically without an
interrupt dispatcher.

® TI-RTOS.

— SD Card. Uses FatFs and the SDSPI driver on USCI_BO without interrupts to read and write to
files.

— 12C. The I2C driver is configured on USCI_BO to support various BoosterPacks.

— GPIOs. The GPIO driver is used on 2 onboard LEDs: LED1 (P1.0) and LED2 (P4.7) as output
pins and 2 switches SW1 P2.1 and SW2 P1.1 as inputs.

— Serial. The UART driver uses USCI_A1, which is attached to the onboard EZ-FET MSP430 USB
chip to facilitate serial communications.

— SPI. The SPI driver is configured to use USCI_B1 and USCI_BO for SPI communications. Each
instance requires 2 DMA channels; therefore, only one SPI instance can be used at a time.

— USB. The USB reference examples use the USB library and the USB controller with its
associated interrupts.

— Watchdog. The Watchdog driver example uses Watchdog Timer A.

— WIiFi. The WiFi examples for use with the CC3000 use GPIO pins P2.0, P2.2, and P6.5 as well
as the GPIO interrupt for port 2. In addition, it uses P3.0 and P3.2 for SPI communications.

For MSP430, USB drivers are stored in the USB_config folder in TI-RTOS USB examples in CCS. The
USB reference modules for MSP430 use a set of descriptor files that were generated with the MSP430
USB Descriptor Tool.

3.10 BoosterPacks
Several BoosterPack boards are used with the TI-RTOS example. This section described those boards
and provides any special notes about installing the board.

3.10.1 SD Card BoosterPack
An SD Card BoosterPack should be used with examples that require an SD Card reader on target boards
that do not include an SD Card reader. This board may be used with the EK-TM4C123GXL, EK-
LM4F120XL, and MSP-EXP430F5529LP.

3.10.2 TMPOO06 BoosterPack
The 12C TMP006 example uses the TMP006 BoosterPack to connect the TMPOO6EVM circuit board to
the LaunchPad. The TMP006 BoosterPack kit, which includes a TMPOO6EVM circuit board, is available
online. This board may be used with the EK-TM4C123GXL, EK-LM4F120XL, DK-TM4C129X, and MSP-
EXP430F5529LP.
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3.10.3 RF430CL330 NFC Transponder Module

The 1°C RF430CL330 Load example uses the 12C driver to communicate with a RF430CL330 NFC
transponder module. This board may be used with the EK-TM4C123GXL, EK-LM4F120XL, DK-
TM4C129X, and MSP-EXP430F5529LP.

A Wireless Connectivity Adaptor board is also required in order to use the NFC Transponder Module with
a LaunchPad board.

Hardware Modification Note: In order to use the RF430CL330 module with a Wireless Connectivity
Adapter board, you need to remove R12 from the RF430CL330H board.
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3.10.4

3.11

TPLO401EVM Board

The I12C TPLO401EVM example requires an attached TPLO401EVM board. This board may be used with
the EK-TM4C123GXL, EK-LM4F120XL, DK-TM4C129X, and MSP-EXP430F5529LP.

A wire like the one shown in the following figure should be added to provide power to the TPLO401EVM
board. This figure shows the wire on an MSP-EXP430F5529LP board. Similar wiring is required to
connect the TPLO401EVM board to other boards supported by this example. A 5V power supply is
recommended to provide sufficient LED brightness.

+5V

D @ :‘féﬁs{%&g @
Y IREERRRE)

Installing USB Drivers for the USB Device Examples

The USB examples build upon the examples provided with Tivaware, MWare, and MSP430Ware.
Because the examples mimic the same functionality, you can use the same drivers delivered with
standalone installations of TivaWare, controlSUITE (MWare), and MSP430Ware.

Windows USB drivers for Tiva and MWare are located in the
<tirtos_installs/products/TivaWare C Series-1.#/windows drivers and
<tirtos_installs/products/MWare v20##/MWare/windows drivers directories, respectively. USB
drivers for MSP430 are located in each example's UsB_config folder.

The Windows menus and dialogs you see may be slightly different from those shown here, depending
on your version of Windows.
To install the USB driver, follow these steps:

1. Loadandruna USB device reference example—USB Keyboard Device, USB Mouse Device, or USB
CDC Mouse Device.

2.  While the example is running, connect the device to the Windows PC via a USB cable. At this point,
Windows will detect the device and attempt to enumerate it.
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3. Open the Windows Device Manager by right-clicking on the My Computer desktop icon or
Computer in the Start Menu and selecting Manage.

Music

Computer

Control Panel
Devices and Printers
Default Programs

Help and Support

Open
Manage

Map network drive...
hsconnect network drive...

Show on Desktop

Rename

Properties

4. If you are prompted by a security warning in Windows 7, click Yes.

5. Select the Device Manager category in the left pane.

In the center pane, select the unknown driver that you are trying to install. For example, the device

shown here is for the USB CDC driver.

File

&= *E HE

Action  View Help

e

(A Computer Management (Local
4 '[[’U!- Systern Tools
5 @ Task Scheduler
s @ Event Viewer
» g Shared Folders
» &% Local Users and Groups
. (B3

g=F Disk Management
- T Services and Applications

4 = LTADZT3433

s -ﬁ Batteries

p g Bluetooth Radics

b M Computer

b ¥ ControlVault Device

b = Disk drives

- B Display adapters

> i) DVD/CD-ROM drives

b Et{, Hurnan Interface Devices

b g IDE ATASATAPT contrallers
p - a IEEE 1394 Bus host controllers
b !ﬁ Imaging devices
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s ,ﬁ, Mice and other pointing devices
- & Monitors
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Right-click on the device, and select Update Driver Software.

8. Select Browse my computer for driver software and browse to the location of the Windows USB
drivers, <tirtos installs/products/TivaWare C_Series-1.#/windows drivers. Make sure
the box to Include subfolders is checked.

9. Click Next to run the installation wizard. If you see a Window Security prompt, click Install.

10. After the driver is installed, you can determine the COM port number for the CDC (Virtual COM Port)
device.
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Configuring TI-RTOS

This chapter describes how to configure how TI-RTOS and its components will be used by your

application.
Topic Page
4.1  Starting the Configuration Tool . ................ ... ... ....... 46
4.2  Configuring TI-RTOS. ... ... . e e 47
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4.1
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Starting the Configuration Tool

Note: The graphical configuration tool is not available within IAR Embedded Workbench. If
you are using IAR, edit the project’s *.cfg file within IAR as a text-based source file. See

the Texas Instruments Wiki for more about using IAR with TI-RTOS.

To use CCS to open the graphical tool for editing configuration files (XGCONF), follow these steps:

1.

Make sure you are in the C/C++ perspective of CCS. If you are
not in that perspective, click the C/C++ icon to switch back.

¥ | B CCS Edit |*5; CCS Debug

Double-click on the *.cfg configuration file for a TI-RTOS
example project in the Project Explorer tree. (See Section 3.1 if
you need to create an example project.) While XGCONF is
opening, the CCS status bar shows that the configuration is
being processed and validated.

When XGCONF opens, you see the Welcome sheet for TI-RTOS. This sheet provides links to TI-
RTOS documentation resources.

Click the System Overview button to see a handy overview of the components available through the
TI-RTOS. The green check marks indicate which modules are being used by the application.

» TI-RTOS - System Overview ! R O]
Welcome

Instrumentation Communication

Logging UART Monitor : TCPIP

1@ : PG :

L= File System
g SYS/BIOS | FatFs ;
i & i@ |
A A = T T e T e T e T e T e T e T e ST e T Y H e U Ut e U At g By | W e G T S T e
DI TS e
 Standard Drivers .. FafSDiwvers
i : i s i
i EMAC _ GPIO e g SPI | | msC Host : SDSPI i
b < & P @ &
{1|  UART Watchdog VWIFi
' & : |

I e e A e 0 e S A 0 S 0 0 S 0 e S A e S 0 e S A e S 0 e S A e S A e i i

TI-RTOS | Source |
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5. Click a blue box in the System Overview to go to the Welcome sheet for that component or the
configuration page for a driver.

Note: If the configuration is shown in a text editor instead of XGCONF, close the text editor
window. Then, right-click on the .cfg file and choose Open With > XGCONF. If you are
comfortable editing configuration scripts with a text editor, you can do that. However,
you should not have the file open in both types of editor at the same time.

For details about how to use XGCONF, see Chapter 2 of the SYS/BIOS User’s Guide (SPRUEX3).

4.2  Configuring TI-RTOS

When you open a configuration file in XGCONF, you see a list of

Available Products. The components listed here are the same 1= Available Products 22— O

components that were checked in the RTSC Configuration Settings .

page when you created a new CCS project using one of the TI-RTOS | typefilter text

project templates. 4 3% TI-RTOS

Under the TI-RTOS item, you can select one of the modules listed to 4 TIE‘TOS

configure it. Most of these modules are peripheral drivers. For each 4 £ Drivers

driver, you can select to use either the instrumented or non- i EMAC

instrumented libraries when linking. The instrumented libraries % GPIO

process Log events while the non-instrumented libraries do not. See i 12C

the section on "Using Instrumented or Non-Instrumented Libraries" in 3 SDSPI

the TI-RTOS User’s Guide (SPRUHDA4) for more information. The &y SpI

following drivers and transports can be configured: & UART

® EMAC. Driver for Ethernet with the NDK. See Section 3.4.1 for 3 USBMSCHFatFs
how to set the MAC address. % Watchdog

® GPIO. Driver for the GPIO pins (and therefore the LEDS). % WiFi

- B System Providers

® |2C. Driver for the 12C peripheral. -
perip a Manitors

® SDSPI. Driver for the SD card using a SPI (SSI) bus and the UARTMoan
FatFsS. P @ Products
® SPI. Driver for the Serial Peripheral Interface (SPI) bus. - 333 SYSBIOS
® SPIMessageQTransport. MessageQ transport for the SPI driver ' fﬁ NDK
for use in multicore applications. iy UIA

- 333 XDCtools

o . .
UART. Driver for the UART peripheral. 1% Other Products

® USBMSCHFatFs. Driver for the USB MSC Host controller.
® Watchdog. Driver for the watchdog timer.
® WiFi. Driver to communicate with Tl Wi-Fi device such as a SimpleLink Wi-Fi CC3000.

The SysCallback module lets you configure the functions that handle System output—for example,
System_printf() and System_abort(). This module handles transmissions to System output only; it does
not handle responses received. See the chapter on "TI-RTOS Utilities" in the TI-RTOS User’s Guide
(SPRUHD4) for more about the SysCallback module.
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4.3

Other SystemSupport implementations are provided with XDCtools.

® SysMin stores System_printf() strings in an internal buffer in RAM. SysMin requires RAM, so it not
ideal for devices with minimal RAM.

® SysStd writes System_printf() strings to STDOUT (the CCS Console window). By default, SysStd
allows System_printf() to be called from Tasks only (not Swis or hardware interrupts); it can be
modified to allow calls from Swis and Hwis, but this impacts real-time performance.

Configuring Individual Sub-Components

For information about configuring individual sub-components of TI-RTOS, see the documentation for that
component. Chapter 2 of the SYS/BIOS User’s Guide (SPRUEX3) provides information about using
XGCONF.

Within XGCONF, you can see the full file path to the version of the component being used by hovering
your mouse cursor over a component in the "Other Products" list in the Available Products area.

The CCS online help lets you access the CDOC reference help for various components. For information
about properties you can configure and instances you can create, scroll down in CDOC to see the
sections with red outlines. (You can use the XDCscript link at the top of each page to skip to the
configuration information.)
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Revision History

Table A-1 lists the changes made since the previous version of this document.

Table A—1. Revision History

Chapter Location Additions/Modifications/Deletions
Preface Current software version number is v1.20.
About Section 1.2 MSP430Ware component added.
Section 1.3 Several new boards added, including an MSP430 board. Also added information
about building drivers for MSP430 boards other than MSP430F5529.
Section 1.5 New section added to give an overview of the examples. Information about
hardware resources previously in this section has been moved to Chapter 3.
Section 1.6 Links to information about MSP430Ware, MSP430 boards, and BoosterPacks
added.
Installing Section 2.1 Code Composer Studio 5.5 or higher is now required. Using TI-RTOS with IAR
Embedded Workbench is also now supported.
Section 2.3.2 New section added on how to fix installation if TI-RTOS is installed outside CCS.
Section 2.3.4 New section added on how to install TI-RTOS for use with IAR Embedded
Workbench.
Examples Section 3.1.1 Moved this section to the TI-RTOS Getting Started Guide from the TI-RTOS

User’s Guide.

Section 3.2 through

New sections added on using examples with IAR Embedded Workbench.

Section 3.2.4
Table 3-1 New examples added for I2C BoosterPacks. Fewer examples use UIA.
Table 3-2 Several new boards added. Also added footnotes about BoosterPacks.

Section 3.4 through
Section 3.9

Made sections about boards higher-level headings. Added photos of boards with
callouts for connections. Moved information from Chapter 1 about hardware
resource requirements into these sections.

Section 3.10 through
Section 3.10.4

New sections added about the BoosterPacks that can be used for various
examples.
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standards and requirements. Nonetheless, such components are subject to these terms.
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