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Workshop Objectives

Workshop Objectives

Workshop Objectives

¢ Welcome to TI MCU Day - Internet of Things 2013

¢ The objectives of this training are to:
¢ Become familiar with current TI MCU roadmaps

¢ Install an MSP430 or Tiva LaunchPad board, and run the out-
of-box application

¢ Run a WiFi application based on CC3000 BoosterPack and
Tiva LaunchPad

¢ Build, run, and debug a Blink LED project using Code
Composer Studio

¢ Understand the benefits of TI-RTOS

¢ Demo the SensorHub BoosterPack, use the SensorHub
library

¢ Learn about Bluetooth/BLE, demo SensorTag

¢ Run a Sub 1-GHz Low-Power Wireless application
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Workshop Agenda

Workshop Agenda

Agenda

+ TIMCU Introduction

+ MCU Roadmaps
+ Tl Software and Development Tools
+ LaunchPads and BoosterPacks

+ SimpleLink™ Wi-Fi® CC3000

+ Code Composer Studio

+ Introductionto TI-RTOS

+ Tiva™ SensorHub BoosterPack
+ Bluetooth® Wireless

+ Sub-1 GHz Low-PowerRF

#3 Texas INSTRUMENTS
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TI MCU Introduction

Introduction

This chapter is an introduction to the broad range of TI MCUs which include four familes:
MSP430™ Ultra-Low Power 16-bit MCUS, C2000™ 32-bit Real-Time Control MCUs, Tiva™ C
Series ARM® Cortex™-M4 MCUs, and Hercules™ Safety ARM MCUs.

The Tl LaunchPad MCU Evaluation Kits are also introduced, along with some of the companion
BoosterPack modules.

The first lab is to run the user experience application on the new MSP430F5529 LaunchPad. The
second lab is to run the quickstart application on the new Tiva C Series LaunchPad.

Learning Objectives

Agenda

¢ TIMCU Introduction

+ MCU Roadmaps
+ 11 Software and Development Tools
+ LaunchPads and BoosterPacks

+ SimpleLink™ Wi-Fi® CC3000

+ Code Composer Studio

+ Introductionto TI-RTOS

+ Tiva™ SensorHub BoosterPack
+ Bluetooth® Wireless

+ Sub-1GHz Low-PowerRF

#3 Texas INSTRUMENTS
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Texas Instruments Embedded Processor Portfolio

Texas Instruments Embedded Processor Portfolio

Microcontrollers (MCU)

MSP430

16-bit
Ultra Low

Power & Cost

MSP430
ULP RISC
Mcu

C2000 Tiva Hercules
32-bit 32-bit 32-bit
Real-time All-around Safet
MCU y

* Real-time
C28x MCU Cortex-M3

* ARM M3+C28 | Cortex-M4F | Cortex-R4

Application (MPU)

Sitara DSP
32-bit 16/32-bit
Linux All-around

Android DSP

ARM
Cortex-A8

Multicore

32-bit
Massive
Performance
+C66 + C66
*A15 + C66
*A8 + C64

* Low Pwr Mode
=0.1 pA
= 0.5 yA(RTC)
* Analog I/F
* RF430

TI-RTOS

Flash: 512K
FRAM: 64K
25 MHz

$0.25 to
$9.00

« Motor Control * EZ-btitgl\c/Jatt . IE)OCIT step y
o «Nested Vector  Dual-core
Digital POWer G (NVIC) . e
* Precision « Ethemet (Selsy
TimersPWM  *EIOIIEL - SIL3 Certfed
TI-RTOS TI-RTOS Several RTOSs
512K 512K 256K to 3M
Flash Flash Flash
300 MHz 80 MHz 220 MHz
$1.85to $1.00 to $5.00 to
$20.00 $8.00 $30.00

Cortex-A9

* $5 Linux CPU  « C5000 Low
« 3D Graphics Power DSP

« PRU-ICSS « 32-bit fix/float
industrial subsys C6000 DSP

Linux, Android, C5x: DSP/BIOS

SYS/BIOS  C6x: SYS/BIOS
L1:32Kx2 L1:32Kx 2
L2: 256K L2: 256K
1.35 GHz 800 MHz
$5.00 to $2.00 to
$25.00 $25.00

* ARM9 + C674

« Fix or Float

*Up to 12 cores
4 A15 + 8 C66x

* DSP MMAC’s:
352,000

Linux
SYS/BIOS

L1: 32K x 2
L2: 1M + 4M

1.4 GHz

$30.00 to
$225.00
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MCU Roadmaps

MCU Roadmaps

MSP430 Device Roadmap

MSP430FR6xx — LCD
Pin Compatible Derivatives

MSP430FR69x
Scan Interface, AES, LCD
ADC12, Up to 128k FRAM

MSP430FR5xx — Non LCD
Pin Compatible Derivatives

MSP430FR57x MSP430FR59x
16KB FRAM AES, ADC12
Up to 64k FRAM

MSP430FR5/6x

MSP430F6779
7 Class 0.1 SD24
512k FLASH

MSP430F6659
DAC, ADC12, USB
512k FLASH

MSP430F5/6x

MSP430F5x/6x MSP430F5229 MSP430F5259
Up to 512K Flash 1.8V 10, 128k FLAS| 1.8V 10, 128k FLASH
8k RAM 32k RAM

MSP430i2040 MSP430G6xx Value-Line Future
Up to 32kB Flash Up to 16KB FRAM

Up to 4 SD24 + PGA| With LCD, ADC, Comp)

MSP430G2xx4/5
Up to 56KB Flash
ADC, Comparator

MSP430G2xx3

Up to 16KB Flash
Cap Touch I/O

MSP Value

C2000™ 32-bit MCU Roadmap

A . Drives and ) Power
MIPS Concerto Next Automation ~ E-Metering - Analysis
(144Pins) ¢, ivity and BT N
$<7- 321{ Performance @
300 P
™ High End High End Auto
Delfino . Drives Solar Power Radar
Floating Pt
150 (176-256 Pins) ~ Performance
F2823x $9-$16
100%- F281x Low End

13 S
2 5 ™ i Drives
= s Piccolo l/eoArossssor
800 . Options uss
g (38-100 Pins) F2806Xx —
£ $<2-98
(=] . .
b3 Fixed Pt w/Co- Motor Lighting
o Processor, Control
Integrated OpAmps & PLC
60 .
W Fixed Pt w/Co- b
Processor Options
Appliances DC/DC EV
Production Development fﬁ'ﬂ;ﬁ, P O
40 o -
-
o [8h
>
100+ Code Compatible Devices All pricing is to be considered budgetary and subject to change. Pricing is 1KU SRP -40 to 105°C. o
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MCU Roadmaps

- - - ®
What is Tiva C Series®?
TI's 32-bit ARM® MCU family for home, building, and industrial applications

Software Hardware
Integration Tiva C Series Integration
« Peripheral Drivers « TI's ARM Cortex-M solution * Floating Point Processing
+ USB Drivers « Rich & flexible software libraries + Embedded Flash
* Graphics Libraries - A platform for rapid application + On-chip Analog
+ In-system Programming development « Connectivity
-W « Scalability
* Industry-leading software * Broad Portfolio
— Free license & royalty free — 50+ Cortex-M4F devices
— Software libraries provided in ROM — Up to 256KB Flash, 32KB SRAM
— Supported on 5 separate IDEs — 64-LQFP, 100-LQFP, 144-LQFP, 157-BGA
- — Roadmap to 1MB Flash, 256KB SRAM,
» Advanced Integration Ethernet
— 1 MSPS 12-bit ADCs )
— USB Host / Device / On-The-G, CAN * Time to Market
— The most SPI, UART and 12C in the market ~ — Get started in 10 min or less

— Tiva LaunchPad is only $12.99!

Tiva-C Roadmap

Ethernet

USB

General

. Production i Sampling i Development i Concept
2013 2014+

TM4C12x — 120MHz M4F
>256KB Flash, >32KB RAM

ENET w/ PHY, CAN
TM4Cx next

More memory/cost
options

TM4C12x - 80MHz M4F TM4C12x— 120MHz M4F
256KB Flash, 32KB SRAM >256KB Flash, >32KB RAM

Dual CAN, USB OTG, 18 Serial HS USB PHY, CAN

TM4C12x - 80MHz M4F
256KB Flash, 32KB SRAM

44 PWM, QEI Key Differentiation

== Ethemet +PHY  JUL  Motion PWM

SH  Sensor Hub ®—  Security

*i3 Texas INSTRUMENTS
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MCU Roadmaps

Tl Hercules™ MCU Platform

ARM® Cortex™ Based Microcontrollers

1 |
* Industrial Applications
Industrial and Medical + Medical Applications
Safety MCUs + -40 to 105°C Operation
! « ENET, USB, CAN & UART
» Developed to Safety Standards
+IEC 61508 SIL-3
* Cortex-R — over 350 DMIPs
« Transportation Applications
f » Automotive Q100 Qualification
Transportation and - 40 to 125°C Operation
Hercules ™ Safety MCUs « FlexRay, ENET, CAN, LIN/UART
- L ot Sy S
Safety MCU m k 5 + IEC 61508 SIL-3
P|atf0rm o S « Cortex-R — over 280 DMIPs
« Transportation Applications
Value Line Transportation « Automotive Q100 Qualification
& Safety MCUs « -40 to 125°C Operation
- * CAN, LIN/UART Connectivity
SDaef;“n""pack o e = « Supports Safety for
Do kg m — - IEC 61508 Systems
\ Y « Cortex-M — to 100 DMIPS

3
o
|

Hercules™ RM Cortex™-R Roadmap

2012 2013 2014
RM48L9xX — 220MHz R4F Features:
sweriisoze @ 8 L, [ Jocrmwn o cvena

RM48L5x — 200MHz R4F
2MB Flash, 192kB RAM
SafeTlISO & IEC

i Production
i Sampling
i Development

Next Gen High
SafeTIISO & IEC

CAN CAN o USB

I

8)

1SO IS0 13849  IEC IEC61508 /I SafeTl

RM46L8x — 220MHz R4F
1.25MB Flash, 192kB RAM
SafeTlISO & IEC

RM46L4x — 200MHz R4F
1MB Flash, 128kB RAM
SafeTIISO & IEC

Next Gen Mid
SafeTlISO & IEC

Production Oct 2013

Next Gen Low

RM z SafeTI1SO & IEC

384kB Flash, 32kB RAM

SafeTIISO & IEC

Production Oct 2013
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MCU Roadmaps

Hercules™ TMS570 Roadmap

2012 2013 2014

TMS570LS31x ~ 180MHz R4F [N =T (1] (-CH
3MB Flash, 256kB RAM

SafeTlISO & IEC 0. % ﬂ k‘:::“se:;ﬁm [ _|aEPlePWM —E Ethernet Next Gen High
TMS570LS21x — 180MHz R4F 2 -~ o SafeTlISO & IEC
2MB Flash, 192kB RAM &"‘V FlexRay @
SafeTIISOEIES 0 o 1SO IS0 26262  IEC IEC61508 /I\ SafeTl

TMS570LS12x— 180MHz R4F
1.25MB Flash, 192kB RAM .
SafeTI1SO & IEC Next Gen Mid

SafeTIISO & IEC

TMS570LS11x — 180MHz R4F
1MB Flash, 128kB RAM
SafeTIISO & IEC

6]

Production 4Q13

TMS570LS04x — 80MHz R4

Next Gen Low
. 384kB Flash, 32kB RAM SafeTIISO & IEC
g [ Production SafeTI SO & IEC o
= | | B sampiing TMS570LS03x — 80MHz R4

256kB Flash, 24kB RAM
i Development SafeTlISO & IEC

Production 4Q13
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Tl Software and Development Tools

Tl Software and Development Tools

Tl Software and Tools Ecosystem

Run-Time Software

Development

Tools
+ CCStudio™ Integrated

« High-level OS support and
TI-RTOS Development Environment (IDE)

and other IDEs
« OS Independent support and

TI-Wares software packages « Optimizing compilers

+ Design Kits & Evaluation Modules

Support & ,

Community

» Tl Design Network: off-the-shelf
software, tools and services

» Forums & Wikis

* In-person and online training

Run-Time Software

Tl Wares: minimizes programming TI-RTOS: provides an optimized real-time
complexity w/ optimized drivers & kernel at no charge that works with Tl

0S independent support for Tl Wares

solutions « Real-time kernel optimized for Tl devices:

« Schedulin
Low-level driver libraries 9

Peripheral programming interface Utiliti
. . M Hities
Tool-chain agnostic C code « Foundational software packages (Tl Wares)

Available today « Libraries and examples
« TI RTOS available today

» Memory management

TI-RTOS

* File systems

LU + B +
Kernel

* Network stack
+ USB

SDK
Software Development Kit
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Tl Software and Development Tools

MSP430 Development Tools

MSP430 IDEs

Unparalleled integration into CCS
- Featuring MSP430Ware

- Grace

. - ULP Advisor

- More...

Continued collaboration with IAR

©IAR ; )
SYSTEMS ) Integrating MSP430Ware content into IAR

Up-to-date device support

Increased support for MSPGCC

- Free, Open Source & community-supported

- Up-to-date device support

- Coming soon — code examples, projects &
other resources

I

intuitive & sleek GUI.

\

+ Featuring Brand New Driver Library

* C Code Examples e

+ Grace templates | M@Y\—i

+ Datasheets \ wspa®(

+ User Guides \ \

* HW Design Files \ \ .
vt

MSP430Ware — A collection of MSP430 resources

Everything you need to become an MSP430 expert delivered in an

Find documentation & software resources quickly & easily:

Software Tools for

ULP Advisor™ uLpP
- Checks your code against a “ULP Checklist” Advisor
- Currently 15 ULP Rules, with a growing backlog of new rules
- Highlights areas of improvement and points to helpful
resources such as code examples, documentation & more

EnergyTrace™

- During debug, EnergyTrace
reports back current status of the
CPU, peripherals & timers.

- Allows developers to correlate
power-relevant information to the
MCU program code

Other MSP430 Software Tools

Grace™ Code Generation Tool for enabling

Gro ce & configuring GPIO and peripherals
=n - Other software packages include:
= « Capacitive touch library
[ . « Energy Library (AFE2xx)
== L « USB Developer’s Package

RTOS +  RF software resources

- Coming Soon...

See the complete portfolio of MSP430 Software Tools

@ ti.com/msp430software

Development Tools for MSP430

@IAR omnoser - Open
SYSIEMS, g i Energia Source
Evaluation 0 32KB code-size | o Full function
License or 30-day limit | -, JTAG limited N/A N/A
0 Upgradeable after 90-days
Compiler IAR C/C++ TI C/C++ MSPGCC’ MSPGCC’
Debugger E :;::;ded g Zizoétﬁzi Energia IDE MSPDEBUG
and IDE Workbench (Eclipse-based) (Arduino port) (gdb proxy)
U p';l:lal de $2700 $445 Free Free
JTAG J-Link MSP-FET430UIF a S'i(:i;g:iﬁtf() MSP-FET430UIF
Debugger $299 $99 5 L0 ca $99
MSPGCC': RedHat GCC compiler in development
ULP...
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Tl Software and Development Tools

TivaWare™ for C Series Features

Peripheral Driver Library

¢ High-level API interface to complete peripheral set P‘
# License & royalty free use for Tl Cortex-M parts ‘

¢ Available as object library and as source code )

¢ Programmed into the on-chip ROM

USB Stacks and Examples Extras
# Wireless protocols

¢ 1Q math examples
# Device, Host, OTG and Windows-side examples « Bootloaders
¢ Free VID/PID sharing program + Windows side applications

Ethernet T
+ Iwip and uip stacks with 1588 PTP modifications “

¢ Extensive examples
Sensor Library
¢ An interrugt driven I12C master driver for
handling I°C transfers

¢ USB Device and Embedded Host compliant

Graphics Library
¢ Graphics primitive and widgets

¢ 153 fonts plus Asian and Cyrillic .
¢ Aset of drivers for I2C connected sensors

¢ Graphics utility tools

¢ Aset of routines for common sensor operations

¢ Three layers: Transport, Sensor and
Processing

Development Tools for Tiva C Series

GIAR AW -comnoser
embedded SYSTEMS ARM DEKWE:!L Ecﬂlllllgltﬁﬁ!
Evaluati o 30-day full 0 32KB code-size | 0 32KB code-size | 0 Full function
‘Ii,a uation |- function or 30-day limit limited o JTAG limited
icense 0 Upgradeable 0 Upgradeable 0 Upgradeable after 90-days
Compiler GNU C/C++ IAR C/C++ RealView C/C++ TI C/C++
Debuaaer o GDB o C-SPY 0 Tlor GDB
Al De | Eclipse 0 Embedded pVision o CCStudio
Workbench (Eclipse-based)
Full 0 $99 (Personal) §2700 MDK-Basic (256 KB) $445
Upgrade |o $2800  (Full) €2000 / $2895
JTAG J-Link U-Link XDS100v2
Debugger $299 $199 $79
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Tl Software and Development Tools

Tl Wiki: http://processors.wiki.ti.com

@ TEXAS INSTRUMENTS  Products  Applications  Tools & Software  Support & Community  Sample & Buy  About Tl ii

Texas Instruments Wiki

- ¢
Welcome to the Texas Instruments Wiki b

3

Searching 3
| Custom Search ‘[ Search ] ;

O B2 107 VIR CHanges oo i
= Check out the FAQ section, GSG category for Getting Started Guides or Training homepage for online training material. ‘b

Embedded Processors {
Microcontrollers ARM Based Processors Digital Signal Proceg)

16-bit ultra low 2-bit Real-time 32-bit ARM 32-bit ARM MPU
32-bit ARM MCU DSP & DSP + ARM|| Multi DSP
power MCU MCUs ! || Safety MCU Performance - | uiticore

Stellaris Hercules Sitara Cortex- C6000 5000
Cortex-M Cortex-R4 A8 and ARM9 Single Core ore

Software & Development Tools

“‘r Development Tools
s Code Composer Studio”" IDE Integrated development enviranment for Tl embedded processors.
« Code Generation Tools Compiler, assembler, linker and associated tools.

o Emulation XDS JTAG emulators

+ C6000 Ease of Developmsgi Tools - P o

Technical Training Organization (TTO)

Welcome to the Texas Instruments Wiki

Searching and RSS Feed

» G Search for an article here:

| Custom Search ‘I Search l

. RSS feed for Wiki changes &.
o Check out the FAQ section, GSG category for Getting Started Guides omepage for online trai

Embedded Processors

Microcontrollers || ARM Based Processors

32-bit ARM MPU
Performance

32-bit ARM
Safety MCU

32-bit Real-time
MCUs

16-bit ultra low
power MCU

32-bit ARM MCU ||

Sitara Cortex-
A8 and ARM9

Hercules
Cortex-R4

Stellaris
Cortex-M

TI MCU Day - Internet of Things 2013 - TI MCU Introduction



Tl Software and Development Tools

Engineer-2-Engineer Forums

¢MMMM Products  Applcations  Tools & Software  Support & Community  Sample &Buy  About Tl 7

TI E2E™ Community ﬂﬂ Join | Sign In with my.Tl Login

engineer io engineer, solving problems

Blogs Group!

T Home » T1 E2E Community

Find out if your question has already been answered

Search through 1,055,110 questions and answers in TI E2ZE Community ] ﬁ Advanced Search »

Choose a support forum to post a new question

ARM®-based Processors Amplifiers DLP® & MEMS Applications
4
Digital Signal Processors Broadband RF/IF & Digital Radio Interface Tools & Software
4
Microcontrollers Clocks & Timers Logic ‘Wireless Connectivity
OMAP™ Applications Processors Data Converters Power Management See all support forums here » r
Recent Forum Activity @ Tl E2E Top Contributors @ b
| Top Contributors Top Ti Contributors
swati arora replied to writing a simple application using cc2540 in Low Power RF Bluetooth® Low Energy & ANT
Forum l a3 &%
& ew Secol 0 . aaa =
“Gaagmi gl S oces )

http://e2e.ti.com
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LaunchPads and BoosterPacks

LaunchPads and BoosterPacks

Tl LaunchPad MCU Evaluation Kits

¢ Everything you need to get started

¢ Embedded emulation via USB cable

¢ BoosterPack connector enables plug-in modules to add
functionality

¢ Low-cost ($10-20)

¢ We will use MSP-EXP430F5529LP and EK-TM4C123GXL
LaunchPad in this workshop

MSP430 C200 Tiva C Series Hercules

¢ Original Format (MSP430)
- VCC and Ground
14 GPIO
Emulator Reset and Test
Crystal inputs or 2 more GPIO

¢ XL Format is a superset of the
original, adding two rows of pins
with:
USB Vgys and Ground
18 additional GPIO

Available Boosterpacks...
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LaunchPads and BoosterPacks

Some of the Available BoosterPacks

BE

Solar Energy RF Mdule l

al
=

TMP006 IR

Harvestin LCD Olimex
] 8x8 LED Matrix gzr;gg{at“re
Energy Inductive

- i Sub-1GHz RF
Haestlng Charging Wireless 5000 Audio

Capacitive Touch

TPL0401 SPI  TPL0501 SPI
Digital Pot. Digital Pot.

Proto
Board

Some of the Available BoosterPacks

LCD Controller MOD Board Click Board
Development Package ~Adapter Adapter
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Lab 1(a) — MSP4305529 LaunchPad User Experience

Lab 1(a) - MSP4305529 LaunchPad User Experience
Lab 1(a) - MSP430F5529 LaunchPad

USB Emulation Connection

¢ Connect the LaunchPad board
¢ Run the User Experience Application
¢ Time: 15 minutes

1. Examine the MSP-EXP430F5529LP LaunchPad kit contents
» Open up your MSP430F5529 LaunchPad box. You should find the following:
e The MSP-EXP430F5529LP LaunchPad Board
e USB cable (A-male to micro-B-male)
o “Meet the MSP430F5529 Launchpad Evaluation Kit” card

2. |Initial Board Set-Up

» Using the included USB cable, connect the USB emulation
connector on your evaluation board to a free USB port on your
PC.

A PC’s USB port is capable of sourcing up to 500 mA for each
attached device, which is sufficient for the evaluation board. If
connecting the board through a USB hub, it must be a
powered hub. The drivers should install automatically.

3. Run the User Experience Application

Your LaunchPad Board came preprogrammed with a User
Experience application. This software enumerates as a
composite USB device (defined in \USB_config)

HID (Human Interface device): an emulated keyboard

MSC (Mass Storage class): an emulated hard drive with
FAT volume

The contents of the hard drive can be viewed with a file

TI MCU Day - Internet of Things 2013 - TI MCU Introduction 1-15



Lab 1(a) — MSP4305529 LaunchPad User Experience

browser such as Windows Explorer.

View the contents of the emulated hard drive
» Open Windows Explorer and browse to the emulated hard drive.
You should see four files there:

Buttonl.txt —the contents of this file are "typed out" to the PC, using the emulated
keyboard when you press button S1

Button2.txt —the contents of this file are "typed out" to the PC, using the emulated
keyboard when you press button S2

MSP430 USB LaunchPad.url —when you double-click, your browser launches the MSP-
EXP430F5529LP home page

README . txt — a text file that describes this example

Use S1 and S2 buttons to send ASCII strings to the PC

The LaunchPad's buttons S1 and S2 can be used to send ASCII strings to the PC as if they
came from a keyboard. These strings that are sent are stored in the files Buttonl. txt and
Button2. txt, respectively; and these files can be modified to change the strings. The text
string is limited to 2048 characters, so even though you can make the file contents longer, be
aware that the string will be truncated to 2048.

» Open Notepad. In the start menu, type “Run”, then type “Notepad”.

» To send the strings to Notepad, press S1. What do you see? Now press S2. What
happens now?

The default ASCII strings stored in the two text files are are:
Buttonl.txt: "Hello world"
Button2.txt: an ASCIl-art picture of the LaunchPad rocket

For the rocket picture, please note that the display can be affected by settings of the
application receiving the typed characters. On Windows, the basic Notepad.exe is
recommended.

TI MCU Day - Internet of Things 2013 - TI MCU Introduction



Lab 1(b) — Tiva C Series LaunchPad QuickStart

Lab 1(b) — Tiva C Series LaunchPad QuickStart
Lab 1(b) — Tiva C Series LaunchPad

USB Emulation Connection

T00 101 EXT TX0 RXD
DBC.

I www..com/launchpad 2
oevice e

PR EKTMACIZIGKL REV A
5 s v [ w42

O s e o2 o0 BB T

o "
¥

¢ Connect the LaunchPad board : - 3 :j::;:;;\.

¢ Run the QuickStart Application St & |
¢ Time: 15 minutes :

W
@ Tiva~CSeries <

unchPad ™o o™ “,

6. Examine the TM4C123GXL LaunchPad kit contents
» Open up your TM4C123GXL LaunchPad box. You should find the following:
e The TM4C123GXL LaunchPad Board
e USB cable (A-male to micro-B-male)
¢ README First card

7. Initial Board Set-Up

» Using the included USB cable, connect the USB emulation connector on your evaluation
board (marked DEBUG) to a free USB port on your PC.

A PC’s USB port is capable of sourcing up to 500 mA for
each attached device, which is sufficient for the
evaluation board. If connecting the board through a USB
hub, it must be a powered hub. The drivers should install
automatically.

The TM4C123GXL LaunchPad Board ICDI USB port

(marked DEBUG and shown in the picture below) is a - TR Tor T oo o T 0
composite USB port and consists of three connections: b o R T R
l A ‘u‘ wl —-—\/:: EKY‘MIC;:'%KL “v, !R“"
e Stellaris ICDI JTAG/SWD Interface — debugger e e I T
L ‘4rnscw_ b -':‘l PF3 PB2 \.
connection R e ORI ke %
@ ™ Pe e 2 PC4 PFO “}

#2 §* res P02 FCS RST ¢ ‘ ]

e Stellaris ICDI DFU Device — firmware update
connection

e Stellaris Virtual Serial Port — a serial data connection
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Lab 1(b) — Tiva C Series LaunchPad QuickStart

8.

10.

Run the QuickStart Application

Your LaunchPad Board came preprogrammed with a quickstart application. Once you have
powered the board, this application runs automatically. You probably already noticed it

running as you installed the drivers. WR SELECT W24

» Make sure that the power switch in the upper left hand corner of -, :H

your board is in the right-hand DEBUG position as shown: l’u,‘ : |:| l‘_ '
4

The software on the TM4C123GH6PM uses the timers as pulse-width u u “ R16
modulators (PWMs) to vary the intensity of all three colors on the RGB DEYICE .DEBUC w
LED (red, green, and blue) individually. By doing so, your eye will per- e
ceive many different colors created by combining those primary colors.

The two pushbuttons at the bottom of your board are marked SW1 (the left one) and SW2
(the right one). » Press or press and hold SW1to move towards the red-end of the color
spectrum. » Press or press and hold SW2 to move towards the violet-end of the color spec-
trum.

If no button is pressed for 5 seconds, the software returns to automatically changing the color
display.

Enter Hibernate Mode
» Press and hold both SW1 and SW2 for 3 seconds to enter hibernate mode.

In this mode the last color will blink on the LEDs for 2 second every 3 seconds. Between the
blinks, the device is in the VDD3ON hibernate mode with the real-time-clock (RTC) running.

» Press SW2 at any time to wake the device and return to automatically changing the color
display.

Communicate with the board through the UART

We can communicate with the board through the UART. The UART is connected as a virtual
serial port through the emulator USB connection. The following steps will show how to open a
connection to the board using HyperTerminal (in WinXP) and PuTTY (in Windows 7 or 8).

We need to find the COM port number of the Stellaris Virtual Serial Port in the Device
Manager. Skip to the next page if you are using Windows 7 or 8.

For Windows XP Users Only:

» Click on the Windows Start button. » Right-click on My Computer and select Properties
from the drop-down menu.

In the System Properties window, » click the Hardware tab.

» Click the Device Manager button.

The Device Manager window displays a list of hardware devices installed on your computer
and allows you to set the properties for each device.

TI MCU Day - Internet of Things 2013 - TI MCU Introduction



Lab 1(b) — Tiva C Series LaunchPad QuickStart

Expand the Ports heading and write the number for the Stellaris Virtual Serial Port here:

COM

File Action View Help
- = 8 &
= o

CNAD192895
Batteries
Computer
H8 Controlvault Device
&g Disk drives
§ Display adapters
2L, DVD/CD-ROM drives
{38 Human Interface Devices
=) IDE ATA/ATAPI controllers
& IEEE 1394 Bus host controllers
38 Imaging devices
& Keyboards
) Mice and other pointing devices
Modems
% Monitors
HE Network adapters
A Ports (COM &LPT)
i ,’__\yi Dell Wireless 5620 (EV-DC-HSPA) Mobile Broadband Mini-Card Diagnostics (COM3)
0__\'} Dell Wireless 5620 (Ev-DO-HSPA) Mobile Broadband Mini-Card NMEA (COMS)
4 ECP Printer Part (LPTY)
- RIM virtual Serial Port v2 (COM7)
,l__\.y’ RIM Virtual Serial Port v2 (COMS)
O_}gi Stellaris Virtual Serial Port {COM30)
|58 Processors
]-g 5CSI and RAID contrallers
2l Smart card readers
o @), Sound, videa and game contrallers
= § Stellaris In-Circuit Debug Interface
g Stellaris ICDI DFU Device

B

[*
[
£
[

Stellaris ICDI JTAG/SWD Interface
[+] <ge Storage volumes

[#1- 1 System devices
[+ -2 Universal Serial Bus contrallers

TI MCU Day - Internet of Things 2013 - TI MCU Introduction 1-19



Lab 1(b) — Tiva C Series LaunchPad QuickStart

For Windows 7 or Windows 8 Users Only:

» Click on the Windows Start button. » Right-click on Computer and select Properties from
the drop-down menu.

» Click on Device Manager on the left of the dialog.

The Device Manager window displays a list of hardware devices installed on your computer
and allows you to set the properties for each device.

File Action View Help
&= | o0 HE || B RS
4 = Scott-PC

:z :ﬁ Batteries

» .M Computer

=g Disk drives

I

‘B Display adapters

ey DVD/CD-ROM drives

E‘l‘“ﬁ‘, Human Interface Devices

o gy IDE ATASATAPI controllers
’—g Irmaging devices

R

C

B

f Infrared devices

"

'

I Keyboards

> --ﬂ Mice and other pointing devices

b I- Manitors

b -EF Network adapters

b JE Portable Devices

475 Ports (COM & LPT)

P ? Communications Port (COML)
? Stellaris Virtual Serial Port (COME)

- Processors

b .ﬁ" Sound, video and game controllers
A"ﬁ Stellaris In-Circuit Debug Interface

- .My Stellaris ICDI DFU Device

{ i lg, Stellaris ICDTJTAG/SWD Interface
i M Systemn devices

- v Universal Serial Bus controllers

» Expand the Ports heading and write number for the Stellaris Virtual Serial Port here:

COM
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Lab 1(b) — Tiva C Series LaunchPad QuickStart

11. Windows XP Users Only — Open HyperTerminal

» Clicking Start > Run..., then type hypertrm in the Open: box and click OK. Pick any
name you like for your connection and click OK. In the next dialog box, change the Connect
using: selection to COM##, where ## is the COM port number you noted earlier. Click OK.
Make the selections shown below and click OK.

COM48 Properties

Port Settings |
EBits per second: |115233 v|
Data bits: |2 v|
Parity: |None v|
Stop bits: |1 v|
Flow cortrol: |
[ ok J[ cenesl | 2ot |

When the terminal window opens, press Enter once and the LaunchPad board will respond
with a > indicating that communication is open. Skip the next step.

12. Windows 7 or Windows 8 Users Only — Open Putty

» Double click on putty.exe. Make the settings shown below and then click Open. Your
COM port number will be the one you noted earlier

i PuTTY Configuration

Category:
[=) Session Basic options for your PUTTY session
Logging Specify the destination you want to connect to
= Teminal Serial I Shesd
Keyboard erial line pee
Bell [com4s [[115200 |
Features Connection type:
= Windaow O Raw O Telnet O Rlogin O 55H ( (& Serial
.ﬂpea@nce Load, save or delete a stored session
Behaviour
Translation Saved Sessions
Selection | |
Colours Load
= Connection today
Promy
Rlogin
SSH
Seral Close window on exit:
O Aways O Never (&) Only on clean exit
About I Open ] [ Cancel ]

When the terminal window opens, press Enter once and the LaunchPad board will respond
with a > indicating that communication is open.
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Lab 1(b) — Tiva C Series LaunchPad QuickStart

13. You can communicate by » typing the following commands and pressing enter:
help: will generate a list of commands and information
hib: will place the device into hibernation mode. Pressing SW2 will wake the device.
rand: will start a pseudo-random sequence of colors

intensity: adjust the LED brightness between 0 to 100 percent. For instance
intensity 100 will change the LED to maximum brightness.

rgb: follow with a 6 hex character value to set the intensity of all three LEDs. For

instance: rgb FF00OQO lights the red LED, rgb 00FFO0O lights the blue LED and rgb 0000FF
lights the green LED.

14. » Close your terminal program.

You're done.
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SimpleLink™ Wi-Fi® CC3000

Introduction

The SimpleLink™ CC3000 WiFi BoosterPack is a great way to add Wi-Fi network processor to a
TI MCU. This module minimizes host MCU software requirements making it the ideal solution for
embedded applications using any low-cost and low-power MCU.

This BoosterPack aids in the evaluation and development of CC3000 solutions and contains the
CC3000 module, power supply, and standard BoosterPack headers to connect to MSP430™,
Tiva™ C Series, and future TI MCU LaunchPad evaluation kits. Additionally, this complete
platform solution includes software drivers, sample applications, API guide, user documentation
and a world-class support community.

Agenda

Agenda
+ TIMCU Introduction

+ SimpleLink™ Wi-Fi® CC3000

+ CC3000Hardware
+ CC3000 Software
+ CC3000 Smart Config™

+ Code Composer Studio
+ Introductionto TI-RTOS
+ Tiva™ SensorHub BoosterPack

+ Bluetooth® Wireless
+ Sub-1 GHz Low-PowerRF

J,';'ul- TEXAS [NSTRUMENTS
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CC3000 Overview
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CC3000 Overview

CC3000 Overview

The industry’s broadest wireless connectivity portfolio

Supported standards
3.4KHz [13.56MH4]  Sub 1GHz 2.4GHz to 5GHz Satellite

Bluetooth®
SimpliciTI SimpliciTI ZigBee® technology
1SO14443A/B B6LOWPAN PurePath B6LOWPAN Bluetooth® low

i energy
1SO15693 Wireless RF4CE e

Example applications

Product line up

TMS37157 CC1110 CC2500 CC2530 CC2560/4 WL1271/3 CC4000
TRF796x gg:]gf CC2543/44/45  CC2530ZNP CC2540/1 WL 18vy
TRF7970 a0 CC2590/91 CC2531 cC25701 < cc3000 »

cC112X €C8520/21 CC2533 ' '

CO120X CC2530/31 CC2520

cc1180

Red = SimpleLink family

Enabling the loT

Monitor and control
CC3000-enabled products
from a mobile device,
in your home local network
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CC3000 Overview

Enabling the loT

Monitor and control
CC3000-enabled products gl
from a mobile device, Internet
through the cloud

SimpleLink™ Wi-Fi® CC3000
Same great SimpleLink features for Internet Connectivity

Self-Contained Solution Low MIPS / CPU Overhead
Very Simple API Low Memory Footprint

Coming soon with software enhancements
SmartConfig™ Technology Flexible Memory Size

Simplest Wi-Fi configuration scheme Pair with low cost, low MIPS, small size MCUs
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CC3000 Hardware

CC3000 Hardware

CC3000 Tl Module

CC3000 Module

Wireless Network Processor
IEEE 802.11 b/g

Embedded IPv4 TCP/IP Stack, Supplicant
Front ; Connections: 4 Sockets (UDP or TCP)
End

Module Radio Performance

Tx Power: +18dBm @11CCK

CC3000 . 26MHz Crystal Rx Sensitivity: -88dBm @11CCK

32 768KHz Clock For system use in active mode, & ]

shutdown (<5uA) mode

Wi-Fi
e DCIDC % Allow operation within a 3.5V system }
Processor

Level Shlfter

Stores Device’s configurations,
WLAN config, IP address, Radio
EEPROM param, user’s file, flashed code, etc...

http://processors.wiki.ti.com/index.php/CC3000 Wi-Fi EM

Platforms: CC3000 Wi-Fi for MCU

Brings Wi-Fi to MSP430 and ARM® Cortex™ platforms

[ MSP430™ ultra-low power ) Tiva™ C Series ARM
microcontroller microcontroller
100s of different MSP430 50 different Tiva C Series
devices can work with the devices can work with the
CC3000 SimpleLink™ CC3000

CC3000
MSP430

Uttra-Low-Power MCU

{P Texas
INSTRUMENTS

# Texas
INSTRUMENTS

" S TS
KR

« Deep portfolio: Ultra-low power  Packed with connectivity

and ultra low cost MCU’s + TivaWare™ software makes

» On-chip Analog and RF development easy

peripherals » Coming soon more MHz, more

* New memory (FRAM) memory and lower power

Porting to other platforms is feasible. For a guide, please refer to the
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CC3000 Hardware

CC3000 kits and bundles

» CC3000 now offered as a BoosterPack

» Working with both the MSP430™ and Tiva™ C Series microcontroller (MCU)
LaunchPad evaluation kits

- Kit Name & Price Kit Contents Focus Market Areas

CC3000EM
$35

CC3000BOOST
$35
See Board Tour Video

MSP-EXP430G2-
CC3000BOOST
$40.99

EK-TM4C123GXL-
CC3000BOOST
$43.99 (coming soon)

*1 TI CC3000 Evaluation Module

» Compatible Experimenter Boards (sold
separately) - MSP-EXP430F5529,
MSP-EXPF430FR5739, TM4C123G
(EK-LM4F232)

+ 1 T1 CC3000 BoosterPack

+ Compatible LaunchPads (sold
separately) - MSP-EXP430G2, EK-
TM4C123GX

* Soft bundle
+ 1 CC3000 BoosterPack
* 1 MSP-EXP430G2 Launchpad

* Soft bundle
+ 1 CC3000 BoosterPack
* 1 EK-TM4C123GXL Launchpad

Soft Bundle

MSP430 Applications:

Ultra-low-power and
portable applications

Tiva C Applications:
Connectivity
applications within the
home, building
commercial, and
industrial markets

CC3000EM 1 MSP-EXP430FR5739

' MSP-EXP430FR5739- . 1CC3000 EM board
BT experimenter board

Tl SimpleLink™ Certified Wi-Fi® Module

* Certified for United

States
[ o |

* Tests reports
recognized by other
Industry
Canada

C€

* Reduces time to market

* Guarantees performance
and test reports complies
with participating countries

v

« Reduces certification costs
* FCC/IC Certified

» ETSI Tested & CE Radio
compliant

* Certified for Canada
» Accepts FCC test
reports for filing
certifications

v

» CE Radio Approval
* ETSI testing is
recognized by 40+
countries for filing
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CC3000 Software

CC3000 Software

CC3000 software block diagram

MPU Applications
Current Wi-Fi solutions
DNS || Security (including TP's WL1271)
DHCP Client Supplicant are designed for powerful
. = Apps Processors like
TCP/IP Stack
RX P . Significant SW residing in
Wi-Fi Management rocessing HLOS (like Linux) on the
host
Wi-Fi Chipset Driver
SDIO Driver
MPU
MCU Applications
e ——- - DNS Security Radio Control CC3000 moves nearly all
1 CC3000 API " Supplicant functions required for Wi-Fi
DHCP Client PP - off the processor
CC3000 Driver TCP/IP Stack TX Processing
SPI — - Easier integration, lower-
SPI Driver Wi-Fi Management RX Processing cost MCU and less Wi-Fi
= < < expertise
MCU

Flexible Memory Size for CC3000

¢ CC3000’s has flexible memory compile options
¢ Default: Full Options
¢ Tiny driver: Lowest footprint, limited capabilities
e.g: Non secured connection
¢ Final code size depends on actual APIs used
¢ RAM size depends on the largest packet sent and received

»

1500 Bytes Packets - Full

APIs used

Packet Size

251 Bytes 360 Bytes L & Bytes Packets 5.3KB | Minimal
TINY_DRIVER  pefault TINY_DRIVER  Default
RAM Size RAM Size Flash Size Flash Size
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CC3000 Software

User APIs

WLAN APIs

Wian_init()
Wilan_start()
Wilan_connect()

Wilan_disconnect()
Wilan_stop()

\

CC3000 User APIs

BSD Socket APIs Network

Application APIs
Socket()
Bind()
Listen()
Accept()
Connect()

Netap_dhcp()
Netapp_ping_send

Netapp_ping_stop

...get_mac_address
.._read_sp_version

NVMEM APIs

Nvmem_read

.._create_entry

Y,

/[

VA

WLAN APIs,
interact with the
entity responsible
for 802.11 protocol
implementation

Network stacks APIs
interact with the
embedded network
stack. Berkeley Socket
APIs for internet /
Ethernet connection

\

Network application APIs
interact with the embedded
networking application. It
Includes basic networking

apps for the user to leverage

Nonvolatile memory
(NVMEM) APIs
configure or read from
the external CC3000’s
EEPROM

(e.g: Ping & DNS)

Doxygen A

PI

SimpleLink™ Wi-Fi CC3000

S | o (D] soean | somticom

Main Page | Modules | Data Structures. .|

Development Tools _
a

¥ SimpleLink API Reference Manual = —
¥ Hodules

» Netapp_api

» Nvmem_api

» Socket_api
wian_init
wlan_start
wian_stop

void

void
wlan_connect

wian_disconnect
wian_add_profile long
wian_ioctl_del_profile
wian_set_event_mask
wian_ioctl_statusget
wian_octl_set_connection_policy
wian_ioctl_get_scan_results
wian_ioctl_set_scan_params

long

long

wlan_smart_config_start
wlan_smart_config_stop

wian_smart_config_set_prefix

Files | ch

wlan_init (tWianGB sWianCB. FWPatches, tDri sDriverPatches. =

tBootL sBootLoaderPatches, ptPin, El
rable. piDisable.

tWriteWlanPin sWriteWianPin)

Initialize wian driver.

wlan_start (unsigned short usPatchesAvailableAtHost)

Start WLAN device. This function asserts the enable pin of the device (WLAN_EN), starting the HW
nitialization process. The function blocked until device Initialization is completed. Function also
configure patches (FW, driver or bootioader) and calls appropriate device callbacks.

wlan_step (void)

Stop WLAN device by putting it into reset state

wlan_cennect (unsigned long uiSecType, char *ssid, long ssid_len. unsigned char *bssid, unsigned
char *key, long key_len)

Connect to AP.

wlan_disconnect (void)

Disconnect connection from AP.

wlan_add_profile (unsigned long uiSecType. unsigned char *ucSsid, unsigned long ulSsidLen,
unsigned char *ucBssid, unsigned long ulPriority. unsigned long uPainiiseCipher_Or_Key. unsigned
long IGroupCipher_TxKeyLen, unsigned long ulkeylgmt, unsigned char *ucPf_Orkey. unsigned
long ulPassPhraseLen)

When auto start is enabled, the device connects to station from the profiles table. Up to 7 profiles
are supported. If several profiles configured the device choose the highest priority profile, within

wian_smart_config_pracess

i ——— B

‘Generated an Wed ey 22 2013 11:38:34 for SirpeLink 4P Reference Wanual by QP IVITYSIT) 152

* Go to the StartingOut [z | Informaton [z | Releases [ | System Test el | Forums el
: » 05 « Reease llies  FF Sygte Test ol i VA Foum §
¢ Download the g | o
. "rrm\n:‘, L Ransocket Debug Tols et
¢ Open the file \...\swrc266\html R [ Y
. « s Cang pes » Froduct Cerfficaton LE
’ Open Index'html' Reference Design  [:ci] | Host Guides [l
« Find/Search the API you need. el
o Seriz Port rerface
Software API e
SimpleLink API Reference Manual 11 R
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CC3000 Software

Typical Commands/Events Flow

1. Initialization

— Initialize the SPI driver & CC3000 driver nit_ept N
— Start WLAN wlan_start();

2. Setting IP address configuration
— Use DHCP for dynamic IP or configure
netapp_dhcp (..) ;
static IP manually

3. Association to an AP & IP address configuration
— Use an existing profile stored in CC3000 done automatically!
— MCU code to configure manually, or program

wlan_connect (..);
a new profile

— Use FirstTimeConfig procedure to add wlan smart config set prefix();
wlan smart config start();
a new profile wlan smart config stop();

Typical Commands/Events Flow

4. Create connection with another networked device

— Open socket socket (); bind();
— Connect or accept socket connect () ; accept();
listen{();
5. Start MCU application
— Send/receive data send(); read(socket..);
— Handle connections / sockets close () ;
6. Close WLAN connection
— Disconnect connection from AP wlan_disconnect () ;

— Stop WLAN device by putting it into reset state wlan_stop();
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CC3000 Software

Now supported by SimpleLink™

Wi-Fi® CC3000

.
- e ¢
.
CC3000 sample applications
Download all examples in Single SDK - Click Here_
Now available for Windows & Linux environments
Application / Demo |Platform Supported Description Version|Guide/Dc tion
*FRAM - MSP430FR5739 pludsle sl ey
MSP430FR5739
*MSP430F5529 . . .
.MSP430 Launchpad - MSP- Thls_appllcatlon gives the usera sample *MSP430 Launchpad
Basic Wi-Fi Aoplication [EXP430G2 application to evaluate basic commands 111 MSP430G2553
PP .Tiva C Series - and build upon or change as their custom . *MSP430F5529
application needs *Tiva C Series
Miva € LP EIC TMHACT230XL [IMACI23CHEPGE,)
Vi -Tiva C LP(EK-TM4C123GXL)
. . MSP430 FRAM (MSP430 [This demo shows how to use the CC3000 to (CC3000 Email Demo
Simple Email send an email 1.11

FR5739)

ia the Simple Mail Transfer Protocol (SMTP)

\Application

Simple HTTP Server

MSP430F5529

IThis demo shows how CC3000 module can
be used as an HTTP server.

It allows users to easily communicate with the
device

1.11

ICC3000 HTTP Web Server
(Guide

ISNTP Simple Network

Tiva C Series

IThis protocol implementation is added on top
of the basic Wi-Fi application demo;

Time Protocol (TM4C123GH6PGE) ISNTP is used to retrieve the accurate time 111 [SNTP Guide
from multiple servers
IThis demo shows how CC3000 module can
Home Automation MSP430 FRAM be used to secure the house 111 Home Automation Application
g " ) : pp
(Android only) (MSP430FR5739) land control appliances using an android

application

Multithread - TI

Tiva C LP (EK-TM4C123GXL)

IThis demos shows multithread application with
three concurrent TCP sessions (1 Tx, 2 Rx).
Can work with any RTOS, sample supports Tl

RTOS

Multithread Guide
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CC3000 Software

Patch Programmer

» The service pack is used to distribute new features and fixes to

CC3000 CC3000 SimpleLink device
Updates » Patch Programmer utility burns TI's released Service Pack into the
CC3000 EEPROM using CC3000 Host Driver API's.

» Without IDEs: Using the Patch Programmer Utility / Installer
* Most common way to flash a new service pack, it uses the host driver's APIs
Methods )

» With IDEs: IAR Embedded Workbench v5.51.4 (MSP430) / v6.50.1
(Tiva C Series). or CCSv5.3

» An update of the Service Pack is divided into two parts
« Step 1: Driver Patch Programmer
» Step 2: Firmware Patch Programmer

Steps
« Flashing the network stack patches and the WLAN low level activities patches is separated
into two utilities due to limited memory on most MSP430 platforms. On the LM4F232H5QD

platform these two flashing steps are united into one.

For detailed instructions on how to use the patch programmer utility for the different platforms
Refer to the following wiki page:
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CC3000 Smart Config™

CC3000 Smart Config™

Simple provisioning with
SmartConfig™ apps

Overview SimpleLink™ Wi-Fi® CC3000
- . . . . SmartConfig™ app for:
Create a great user experience for loT applications « Android +i0S + Java applet
while setting up a headless device onto the Wi-Fi *
network Get started in e
3 easy steps! [x} ~
Tl has a revolutionary provisioning method based © Click to download now! @ B2
. . 1 |
on a proprietary algorithm - SmartConfig technology

@ TEXAS INSTRUMENTS

Key Points
» The market is confirming this feature as a true differentiator

» ODMs/OEMSs can customize their application using the TI SmartConfig library
for iOS, Android or Java

» Only one step is needed compared to multiple steps required by other methods
» Multiple devices can be provisioned at the same time
» The configuration protocol is secured with AES-128 encryption

Three ways to use SmartConfig™ technology

® os | £ vava |

Smart Config

(]

« Using iPhone, iPod and » Using Android phones and « Using a web browser in
iPad tablets PCs and laptops

« Sample App available on » Sample App, library and * Locally Installed or
iTunes sample code available on embedded in web site

« Library and sample code ti.com + Sample code and library
available on ti.com available on ti.com
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CC3000 Smart Config™

Secured Provisioning with SmartConfig™

¢ SmartConfig encrypts the SSID and the Password before they
are sent over the air with an AES-128 cipher

¢ The key used in the encryption is a 128 bit long private secret
between the CC3000 end point and the configuration
application

F)f]or]e }\F)p C:C:3()()0 E;VV

SSID &
Password

SSID &
Password

AES-128 | { Encrypted Message | .. AES-128

Al = ® Ke
Key Q== Q== fe&y

Service Discovery with CC3000

¢ CC3000 supports service discovery using industry
standard protocols: Bonjour .

¢ Integrated with SmartConfig™ to give a great first
time provisioning experience

¢ Once provisioned on the network,

¢ The CC3000-enabled device can advertise itself within a
local link network such as a home network

¢ Shows up as a new service on a Phone, a Tablet or a PC
allowing the application to connect quickly and easily to the
device

¢ Allow easy access to any registered Phone or PC within the
home network

¢ Access to the device can be protected by password
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CC3000 Smart Config™

MDNS: Self - Advertisement

¢ Client are connected to an access point

¢ Clients advertise their service, via multicast packets
Providing its own information
¢ Device name
¢ IP address
¢ Vendor
¢ Port number

¢ Any listening device

_ ‘ P o
can connect to these clients (0
FrontDoor /ﬁ
1 BedsideLight

StudyPlug

» CC3000 supports service discovery using industry standard protocols: Bonjour

mDNS: Service Discovery

» Enhance your app experience with easy access to SimpleLink devices
» Easily discover embedded Wi-Fi devices, available on your network

a

‘ // A\

il “
,im\ ‘/

coe.

FrontD
rontboor BedsideLight

StudyPIL;g
mDNS + Smart Config > Great first time provisioning experience

mDNS multicast Service discovery
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Lab 2 — TCP Echo for CC3000 Example

Lab 2 — TCP Echo for CC3000 Example

Objectives

Lab 2 — TCP Echo for CC3000 Example

I
’ \

¢ Run the TCP Echo for CC3000 TI-RTOS
Example on a Tiva LaunchPad board and
CC3000 BoosterPack

¢ Connect the CC3000 to an access point using
SmartConfig

¢ Send/Receive echoed TCP packets between
CC3000/LaunchPad and your computer

¢ Time: 30 minutes
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Lab 2 — TCP Echo for CC3000 Example

Lab Procedure

1.

Connect the CC3000 BoosterPack to the Tiva LaunchPad board.
Make sure the LaunchPad board is disconnected from the USB cable and/or unpowered.

» Gently connect the CC3000 BoosterPack to the J1 and J2 connector pins on the Tiva
LaunchPad.

Note the proper orientation, with the CC3000 power supply jack at the “bottom” of the
LaunchPad where the two user pushbuttons are located (CC3000 J9 goes to Tiva J1, J10
goes to J2).

Check the power supply jumper J13 on CC3000 BoosterPack to power from the
LaunchPad board

» Place the jumper at J13 (on the right side of the CC3000 board) at position 1-2 (the top
two pins). This will power the board from the USB power supplied by the LaunchPad board. If
you want to power the CC3000 with an external supply, this jumper should be at position 2-3
(the lower two pins).

Note: In the picture shown here, the J13 jumper is at postions 2-3. If you see this, make
sure to move the jumper to the top two pins 1-2.

)
=
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» Connect the USB debug port on the LaunchPad board to your laptop.

3. » Connect your laptop WiFl to SSID “TTOWiFi”.

If your laptop is already connected to a WiFi router, you may need to disconnect, and then
connect to “TTOWIFi”. If you're using Windows 7, you will likely select “Do not connect
automatically”. When prompted for “Setup Network?” skip this step. Then choose “Home
Network” which is the least restrictive settings for this connection. Once connected, you'll see
the connection in the task tray, but it will show “No Internet Access” since this router is not
connected to anything, it’s just being used to establish connections between your laptop and

your CC3000.
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Install SmartConfig on your phone or tablet
4. Installing SmartConfig on an iOS device (skip this if using Android device).
The iOS application can be installed from the Apple App Store. Search for SmartConfig.

5. Installing on an Android Device (skip this if using iOS device).

» Download and install the SmartConfig tool for Android on your PC from
http://www.ti.com/tool/smartconfig.

» Connect your device to your laptop as a USB Mass Storage Device.
» Create a folder on your SD card named SmartConfig.

» Copy SmartConfigCC3X.apk located in C:\TNCC3000AndroidApp\SmartConfigCC3X\bin
on your PC to the new SmartConfig folder on your SD card.

» Disconnect your Android device from your PC.

» On your Android device, open the Play Store and find and install the APK Installer of your
choice. The following steps are for Easy Installer.

» Run your APK Installer. It should scan your SD card and find SmartConfigCC3C.
» Search manually if necessary.

» Select and install SmartConfig to your phone. You may need to change your security
settings to allow installation of non-Market apps. You will now be able to find the SmartConfig
application on your device.

Open CCS and Select a Workspace and License
6. Launch CCS.

When the “Select a workspace” dialog appears, »select Browse and pick the workspace
located at c: \MCUDay\workspace.

Do not check the box “Use this as the default and do not ask again”. If at some point you
accidentally check this box, it can be changed in CCS.

» Click OK.
7. Selecta CCS License

If you haven'’t already licensed Code Composer, you may be asked to do so in the next few
installation steps. You can do this step manually from the CCS Help menu.

» Click on Help — Code Composer Studio Licensing Information.
» Select the “Upgrade” tab.

» Select the “Free” license. As long as your PC is connected to the Tiva LaunchPad board,
CCS will have full functionality, free of charge.
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Run the TI-RTOS CC3000 Patcher Project

8.

Use Tl Resource Explorer to run the TI-RTOS CC3000 Patcher
If you don’t see the Tl Resource Explorer window:
» Click on the CCS View menu, then click on the top item, T/ Resource Explorer.

» In the left-hand pane, expand TI-RTOS, then ARM, Tiva C Series, Tiva TM4C123GH6PM,
Example Projects. Then click on CC3000 Patcher. You should see this:

(/) TIResource Explorer 52 =g

enter search keyword Address: -

# Welcome o
>} Hercules Tools =
i MSPe30were | CC3000 Patcher
> H3 StellarisWare L
. f SYS/BIOS
. System Analyzer (ULA Target) An example that uses the WiFi driver to patch the CC3000 device with the recommended service pack
4 3 TI-RTOS
@ Release Notes
@ TI-RTOS Getting Started Guide These are the steps to import the project, build the project, and debug the project.
@) TI-RTOS User Guide
@ C APIReference (doxygen)
s & ARM Step 1 zw Import the example projectinto CCS %ﬂ
. F 28M35x Concerto
. F 28M36x Concerto
4 F Tiva C Series
» o Tiva TM4C123GHEPGE
a4 & Tiva TMAC123GHEPM
a ®% Example Projects
|55 CC3000 Patcher
|5 GPIO Interrupt
| 5PI Loopback
| TCP Echo for CC3000
[ UART Console
[ UART Eche
[ UART Logging P ) ; o
[ UDP Echo for CC3000 onnection: Stellaris in-Circuit Debug Interface
1k above to change the device connection. Additionally, this option is alse available in the
1es.

the Project Explorer
rce code, double clicks

Step 2:

v

m

the context menu. To build
t the Project | Build

Step 3:

|5 USB Keyboard Device
|5 USB Mouse Device

[ USB Serial Device Step 4: Debug the imported project
|5 Watchdog P :ﬁ‘ . : o

> &F C2000

Click on the link above

In the right-hand pane, there are four steps to running this project.
» Click on the link in Step 1 to import the project into CCS. When this completes,
» Click on the link in Step 2 to build the project. When this completes,

» Click on the link in Step 3 to select the debugger configuration. From the drop-down menu,
select Stellaris In-Circuit Debug Interface. This is the JTAG debug interface used on the Tiva
LaunchPad board.

» Click on the link in Step 4 to launch the debugger.
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You should see CCS switch from Edit Perspective to Debug Perspective. To run this
example, just click on the “R@me” button,

<3000patcher.c - Code Composer Studic ‘ = | B |

#ripts  Window Help

| IBID .IT'Z‘ - Q;l @ 7 = O || 9= Variables 3 |G Expressions| Wi Registers st B | & | il

¥+ CCS Debug - cc3000patcher_TivaTM4C123GH6R

File Edit View Project Teols Ru

N #C123GHEPM [Code Composer Studio - Device Debugging] | Mame Ty pe Value Location
4 ¢ Stellaris In-Circuit Debug Interface/CORTEX_M4_0 (Suspended - HW Breakpoint
= main() at cc3000patcher.c:243 0x0000663C
= _c_int00() at boot.asm:254 0x00007E50 (_c_int00 does not contain frame info
< n (3K . +
[TJT[REmur(E Explorer [c] cc3000patcher.c &2 =g EE Qutline &2 = laz L] ‘.sf’ e ¥ ¥ 7O
. - o xdc/stdh -

R W xde/cfg/global.h
B xdc/runtime/System.h

main(Void)

l stringh E
/* Call board init functions. */ o tifsysbios/BIOS.h
Board_initGeneral(); = tifsysbios/knl/Task.h
Board_initGPIO(); ol ti/drivers/GPIO.h
Board_initWiFi(); o ti/drivers/WiFi.h
System_printf(“Starting the Simplelink Wi-Fi CC388@ Patcher example\n” o ti/drivers/wifi/cc3000/heih
"System provider is set to SysMin. Halt the target and use " Bl tifdrivers/wififcc3000/nvmerm.h
"ROV to view output.\n\n"); - 0 tifdrivers/wifi/ cc3000/wlan.h
:l G W Boardh 2
&l Console 2 | 1 Available Products| Bl RTOS Object View (ROV) = O || 2 problems &2 ¥ =08
cc3000patcher_TivaTM4C123GHEPM o u;‘ =B~ 0 items .
CORTEX_M4_@: GEL Output: » || Description Resource Path Loc

Memory Map Initialization Complete

- || « [0 »

0 ® Licensed LE ‘Writable Smart Insert 243:1

The blue LED should flash while the project runs and updates the EEPROM on the CC3000
device. When complete, the Console window should show this:

El Console &3 IIQE|‘}E'L=:>':E|
cc3000patcher_TivaTM4C123GHEPM:CIO
Starting the Simplelink Wi-Fi CC3888 Patcher example -

System provider is set to SysMin. Halt the target and use ROV to view ocutput.

Patching process complete!

4 [}

If you restart, and run the program again, you should see this:

B Console & HQE|=’§E'L=3':E|
cc3000patcher_TivaTM4C123GHEPM:CIO
Starting the Simplelink Wi-Fi CC3@@@ Patcher example &

System provider is set to SysMin. Halt the target and use ROV to view output.

You are using service pack version 1.14 already. No need to patch the CC3@ee.

m

which indicates you’ve already patched the CC3000.

9. Terminate the debug session.
» Click the red Terminate button:

This closes the debug session (and Debug Perspective). CCS will switch back to the Edit
perspective. You are now completely disconnected from the target.

TI MCU Day - Internet of Things 2013 - SimpleLink™ Wi-Fi® CC3000 2-19




Lab 2 — TCP Echo for CC3000 Example

Run the TI-RTOS TCP Echo for CC3000 Example

10.

1.

Use Tl Resource Explorer to run the TI-RTOS TCP Echo for CC3000 Example.

Click on the Tl Resource Explorer tab to open it again. For this project, navigate to the same
Example Projects folder you used in the previous steps.

» Select TCP Echo for CC3000

» Go through steps 1, 2, 3, and 4 in the left-pane to import, build, set the debugger
connection, and go to the Debugger.

Note: If the Resume button is greyed-out, that means something happened in code
execution before main() was reached. You may see some errors in the Console like
the following:

ti.sysbios.family.arm.m3.Hwi: line 938: E_hardFault: FORCED

ti.sysbios.family.arm.m3.Hwi: line 1050: E_usageFault: UNDEFINSTR: Undefined instruction
Exception occurred in background thread at PC = 0x000084d8.

Core 0: Exception occurred in ThreadType_Task.

If this happens, click the Pause button. Then in the CCS Menu, click
Run-Reset-System Reset.
You should then be able to use the Resume button

» Click the Resume button to run your program

» To enter “SmartConfig” mode, it's now time to press the SW1 button on the bottom right
side on the LaunchPad board. You should see the blue LED start blinking. The CC3000 is
waiting for you to connect it to the access point.

Use SmartConfig to connect the CC3000 to the wireless router with SSID “TTOWiFi”.

If you don’t have an iOS device or Android device, don’t worry. It is highly likely that at least
one person attending the workshop will be able to run this from their phone/tablet. Actually,
multiple CC3000s can be connected using only one SmartConfig application:

e Each CC3000 in the workshop will be assigned a different address by the router,
e The IP address will be stored in the EEPROM of the CC3000 for subsequent connections

» Run the SmartConfig application. You'll see a screen like the following:

wi ATET 2 10:16 AM

Configuration

ssiD TTOWIFi
Password
Gateway IP Address 10.227.1.251

Key

Device Name CC3000
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Note that the SSID “TTOWIFi” is entered automatically, and the device name is CC3000. The
Gateway IP Address is also “discovered” as the last gateway used by the device. The
TTOWiFi router does not have a password or key so you can leave these blank.

» On your iPhone or Android device, click the Start button on the SmartConfig application.
When the CC3000 finds the access point, the console window will display the IP address:

B Console &3 II.';'.E|=’>E'.=L":'E
tcpEchoCC3000_TivaTM4C123GHEPM:CIO

Starting the TCP Echo example for the CC3@08 -
System provider is set to SysMin. Halt the target and use ROV to view output.

m

CC3@88 has connected to AP and acquired an IP address.
IP Address: 192.168.8.168

After connecting, the blue LED on the LaunchPad should be ON (stops blinking)..
At this point, your laptop and CC3000 are now both connected to TTOWiFi.

» Make a note of the CC3000 IP address (it is displayed in the console window).
(it should be of the form 192.168.0.xxx)

12. Send a TCP packets to the CC3000 and have them echoed back to your computer.

The TI-RTOS example has a Windows (and Linux) command line utility that allows you to
Send and Receive packets to/from the CC3000 device. This utility, tcpSendReceive.exe,
sends a 1024-byte packet to the CC3000 which is echoed back. The utility verifies the first
and last bytes in the echoed packet for the correct value. The utility also prints a status line
every 1000 packets. This must be run from a CMD window.

» Click on the Windows Start menu, and enter CMD into the text box to open a command
window.

» Change the directory using the following CD command (you may copy and paste this by
selecting the following line in this .pdf file, do a Ctrl-V (Copy), and in the command window,
right-click and select Paste:

cd c:\ti\tirtos 1 10 00 23\packages\examples\tools
If you have a newer version of TI-RTOS, the pathname may be slightly different.
You should now be in the directory where the utility is located.

» Type the command line as follows, but use the IP address that is assigned to your
CC3000 from the step above:

tcpSendReceive 192.168.0.100 1000 1
The arguments are: IPv4 or IPv6 address of CC3000, TCP port number, id

We're using port 1000, and id=1. You could send/receive packets from another id number if
you have multiple instances of the utility, so it's used to identify which executable the packets
came from).

You should then see the utility start printing a line for every 1000 packets:

[id 1] count = 1000, time = 11
[id 1] count = 2000, time = 22
[ ]
[ ]

id 1] count 3000, time = 33
id 1] count = 4000, time = 44

You’re done. » Click the red Terminate button: |:|
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(blank page)
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Code Composer Studio

Introduction

This chapter will introduce you to Code Composer Studio (CCS).

In the lab, we will build our first project using CCS and then experiment with some useful
debugging features. Even if you have some experience with CCS, this lab is a good review and
you will likely learn some new things you don’t know.

Learning Objectives

Agenda
+ TIMCU Introduction

+ SimpleLink™Wi-Fi® CC3000

+ Code Composer Studio

+ CCS5Functional Overview
+ Projects and Workspaces
+ Portable Projects

+ Introductionto TI-RTOS

+ Tiva™ SensorHub BoosterPack
+ Bluetooth® Wireless

+ Sub-1GHz Low-PowerRF

#3 Texas INSTRUMENTS
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Chapter Topics

Lo T L= 00T 4 0] e o T=T=Y g3 {1 T | o 31
CCS FUNCHONAl QVEIVIEW ...ttt 3-3
Projects @and WOIKSPDACES ........c.ocuueee ettt 3-4
POMADBIE PrOJECTS ...ttt 3-6
Lab 2 - Code COMPOSEE STUIO ...........eeeeeeeeeeeee e e 3-9

0= o 0 o To7= o [ 1 = PSRRI 3-10
Useful Debugging TooIS iN CCS ...t 3-18
[Optional] LM Flash Programmer......... ... e e e e e 3-21
[Optional] Creating a bin File for the Flash Programmer .............cooiiiiiis 3-23
[Optional] Build, Load, Run Step-by-Step Method ..., 3-24
[Optional] Add Path and Build Variables Manually to a Project.............ccccooiiiiiiinenees 3-27

3-2 TI MCU Day - Internet of Things 2013 - Code Composer Studio



CCS Functional Overview

CCS Functional Overview

Code Composer Studio Functional Overview

TI-RTOS
Config

(-cfg)

| User.cmd : -map .gel | | .| Stand-Alone

Sorget] rros] | e |
andard | | TI.RTQOS |
I Runtime | | "o oo
| Libraries | | |

o
ng g
o =Q
a

¢ Integrated Development Environment (IDE) based on Eclipse

& Contains all development tools — compilers, assembler, linker,
debugger, and includes one target — the Simulator

@ GEL files initialize the debugger so that it understands where
memory, peripherals, etc. are

Target configuration a

LaunchPad

5
T

Emulator/

Emulator

4

Targ Board

nd Emulators...

Target |
Config FiIe:
-]

Stand-Alone
Emulator

Emulator/
LaunchPad

4

Targ Board

Target Configuration and Emulators

¢ The Target Configuration File specifies:

* Connection to the target (Simulator or Emulator type)

* Target device
* GELfile (if applicable) for hardware se

tup

7, EK-TM4C123GKL.coml &3
Basic

General Setup
This section describes the general configuration about the target.

Connection [ Stellaris In-Circuit Debug Interface

Board or Device type filter text

Tiva TM4C123GHGPM
[[] Tiva TM4C123GHEPZ
] Tiva TM4C123GHGZRE

-\"..‘

¢ Emulator (Connection) Options

¢ Built-in and external emulators from Tl, Blackhawk,

Spectrum Digital and others
+ XDS100v1/v2, 200, 510, 560, 560v2

Projects and Workspaces ...
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Projects and Workspaces

Projects and Workspaces (viewed in CCS)

3

Source H

1
[ Project Explarer i3 &%~ =0 \

1]

4 |[— lab2 [Active - Debug]|
> gff Binaries
> [a Includes
» = Debug
» (= targetConfigs >

[£] main.c

[£] startup_ccs.c
» | g trmdcl23ghbpm.cmd

B driverlib.lib /

PRENELE
> [a Includes
» = targetConfigs
» [€ main.c
" @ startup_ccs.c

» | g tmdcl23ghbpm.cmd

PROJECT

WORKSPACE

Projects and Workspaces ...

Workspace A
* Project 1
* Project 2
* Project 3

* Settings/preferences

Projects and Workspaces

/

Source Files
¢ Code and Data

[ Project \etink_

* Source Files Link Header Files
* Header Files * Declarations

o e Link Library Files

* Build/tool settings « Code and Data

¢ WORKSPACE folder contains:
* |IDE settings and preferences .

* Projects can reside in the workspace
folder or be linked from elsewhere .

* When importing projects into the
workspace, linking is recommended .

* Deleting a project within the Project
Explorer only deletes the link

>

& PROJECT folder contains:

Build and tool settings (for use
in managed MAKE projects)

Files can be linked to or
reside in the project folder

Deleting a linked file within the
Project Explorer only deletes
the link

Creating a New Project ...
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Creating a New Project

¥ New CCS Project =] B

. - |Fi1e—>New—> CCS Project
CCS Project —8*
Create a new CCS Project. @ (in Edit perspective...)

Project name:  blink_Tiva

Cutput type: [Exectabie -] ||® Project Location
7] Use default location ° Default - Workspace

Location: CAMCUDay\labs\Tiva\lab2\project | Browse. |
— * Manual = anywhere you like
Family:  |[ARM - .
Variant: 1236 ~ [Tiva TMAC123GHEPM - L 2 Connection
Connection|[Stellaris In-Circuit Debug Interface - o If target is Speciﬁed, user can
b AT choose “connection” (i.e. the
+ Project templates and exarmples target configuration file)
type filter text Creates an empty project fully initialized -

for the selected device.

4 [EEmp

7 ¢ Project templates

B e eprao sy * Empty

o Eey S Preject I * Empty but with a main.c
* Assembly only

* others

4 [= Basic Bamples
[ Hello World i .

@ < Back Next »

Adding Files to a Project ...

Adding Files to a Project

4 Users can ADD (copy or link) files into their project
* SOURCE files are typically COPIED
* LIBRARY files are typically LINKED (referenced)

@ Right-click on project and select: @ Select file(s) to add to the project:
[ .
4 = lab2 [Active - Debug]
s f;? Binaries = hw_tmpUUE.h
> el Includes || iZem_dre.c
by Add Files... o 2cm._drh
@ Select “Copy” or “Link” & COPY
] * Copies file from original location
Select how files should be imported into the project: to projectfolder (tWO copies)
@ Copy files
) Link to files ¢ LINK
Croste Ik Iocations relative  References (points to) source
reate link locations relative to: | PROJECT_LOC flle in the originalfo/der

o i, e :
* Can select a “reference” point —

typically PROJECT_LOC

Making a Project Portable ...
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Portable Projects

Portable Projects

¢ Why make your projects “portable”?
* Simplifies project sharing
* You can easily re-locate your projects
* Allow simple changes to link to new releases of software libraries

|.—|\j Project Explorer % = <f{> =

4[155 tab2 [Active - Debug] Copied files are not a problem (they
+ 4P Binaries move with the project folder)
> (el Includes Linked files may be an issue. They
> = Debug

are located outside the project
folder via a:

» [ targetConfigs

> [8 startup_ccs.c - absolute path, or
| g tmdcdl23ghbpr.cmd

(= diverlib.iib - relative path
h . gl e

o
& File Operation e

Select how files should be imported inte the project:

This is the Path Variable
for a relative path. This
can be specified for every
linked file.

) Copy files

@) Link to files

Create link locations relative b
A,

PROJECT_LOC b

Path and Build Variables ...

Path Variables and Build Variables

¢ Path Variables
* Used by CCS (Eclipse) to store the base path for relative linked files
* Example: PROJECT_LOC is set to the path of your project, say "
c:/Tiva LaunchPad Workshop/lab2/project
* Used as a reference point for relative paths, e.g.
${PROJECT_LOC}/../files/main.c -

4 Build Variables

* Used by CCS (Eclipse) to store base path for build libraries or files

* Example: CG_TOOL_ROQT is set to the path for the code
generation tools (compiler/linker)

* Used to find #include .h files, or object libraries, e.g.
${CG_TOOL_ROOT}/include Of ${CG_TOOL ROOT}/lib

¢ How are they defined?
- PROJECT_LOC is created when you create the project
- CG_TOOL_ROQT is created when you install CCS
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Why not use PROJECT_LOC?

¢ Relative pathnames work fine using PROJECT_LOC at first, BUT...
What if you move the project to a different location in the file system?
What if you zip the project and send it to a peer?
The project won’t be able to locate the linked file, so...

¢ SOLUTION:
Use a library specific “anchor point” for relative paths
Define your own Path and Build variables that will be relative to:
TivaWare or MSP430Ware installation locations
Now you can move your project anywhere in the file system

Adding Variables ...

Creating Path and Build Variables

# Create Path and Build Variables by importing from ini files
¢ Name of ini file determines its scope

vars.ini or macros.ini

MSP430WARE_INSTALL = c:\ti\ccsv5\ccsbase\msp430\MSP430ware 1 40 _01_19
TIVAWARE INSTALL = c:\ti\TivaWare C_Series-1.0

Variable’s Import
Scope Filename
Project macros.ini

Workspace vars.ini
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CCSv5 - For More Information

Category:CCS Training Modules Library
The goal of the modules library is to provide trainin:
Category.CCS Training to facilitate customization and translation of the mat

particular device but the training focuses on the fe

This page provides a collection of training mater| Module Video

Pl

P

Contents [hide]
1 Getting Started Guides
2 Workshops
2.1 CCS Specific Workshops Target Configuration

Materials

MSP430

Materials

Portable Projects

2.1.1 Fundamentals Workshops

2.1.2 Advanced Workshops ey
2.2 Device Specific Workshops

2.2.1 MSP430

2.2.2 C2000 Video Training

2.2 3 Stellaris (ARM Cortex-Ix) B ) o . .
22 4 Sitara (ARM Cortex-AB) e CCSvh Getting Started (Video) &9 This demo goes through a basic projec

25 5 Davinci / ARM Cortex-Ag = CCSvh Video Tutorials: Collection of short video tutorials (with audio) on va
396 CE000 e CCS Quick Tips: Collection of short quick video captures (no audio) to de
e Introduction to CCSvA e An in-depth video {with audio) introducing the CCY

and (of course) informative way. The version of CCS shown is v but many™
« C2000 Piccolo Control Law Accelerator Debug with CCS - This video wil
C2000 Real-Time Features & This video tutorial covers two ve

dacoa.n q s

3 Video Training
4 Miscellaneous Presentations
5 Modules Library

gful feg

‘ http://processors.wiki.ti.com/index.php/Category:CCS_Training ‘

CCSvs5 Licensing and Pricing

& Licensing
* Wide variety of options (node locked, floating, time based)
« All versions (full, DSK, free tools) use the same image
* Updates readily available online THMDSCCS-ALLNO1 -

Code Composer Studio
IDE - Platinum Node
Locked Single User

& Pricing S:;’DD

* Includes FREE options noted below Texas Instruments

* Annual subscription - $99 (5159 for floating license)
Item Description Price Annual
Platinum Eval Tools Full tools with 90 day limit (all EMU) | FREE
Platinum Bundle XDS100 use (EVM or simulator) FREE *
Platinum Node Lock Full tools tied to a machine $495/$445 ** $99
Platinum Floating Full tools shared across machines $795 $159
MSP430 Code-Limited | MSP430 (16KB code limit) FREE

* recommended option: purchase Development Kit, use XDS100v1-2, & Free CCSv5
** $495 includes DVD, $445 is download only
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Lab 3 - Code Composer Studio

In this lab, we will create a project that contains one simple source file, main.c, which has the
necessary code to blink an LED on Tlva LaunchPad board. It simply makes a few calls to a few

library functions to set up the pins and then toggle them.

Lab 3 — Code Composer Studio

USB Emulation Connection

TCK TWS 100 T07 EXT T30 R0 g

Rz Q
www.ticom/launchpad B2
P ETMACIZIGNL REV A
i 83t
4 00C

¢ Create a new CCS project for Tiva .
LaunchPad Conioin

¢ Optional: Re-program the flash to run :( :
the Quickstart Application ‘ &3 TEXAS INSTRUMENTS

¢ Time: 45 minutes 2

PCS PB7 43 ¢

# Experiment with some CCS features o Qo=
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Lab Procedure

Folder Structure for the Labs

1.

Browse the directory structure for the workshop labs
» Using Windows Explorer, locate the following folder:
c:\MCUDay\labs\Tiva

In this folder, you will find all the lab folders for the workshop. If you don’t see this folder on
your c: \ drive, check to make sure you have installed the workshop lab files. Expand the
c:\MCUDay\labs\Tiva folder and you’ll notice that there are sub-folders for each of the
labs. The \ files folder contains the “starter files” you may need to create each project. The
\project folder will contain your project files.

Note: When you create a project, you have a choice to use the “default location” which is
the CCS workspace or to select another location. In this workshop, we will not be
using the workspace for the project files, rather, we’ll use the folder where you
installed the lab files, c: \MCUDay\ labs. The workspace will only contain CCS
settings, and links to the projects we create or import.

Open CCS
2. Launch CCS

» Launch CCS. When the “Select a workspace” dialog appears, select Browse and pick the
workspace located at:

c:\MCUDay\workspace

Do not check the box “Use this as the default and do not ask again”. If at some point you
accidentally check this box, it can be changed in CCS.

» Click OK.

Close Tl Resource Explorer and/or Grace

When the “Tl Resource Explorer” and/or “Grace” windows appear, close these windows using
the “X” (Close) icon. We won't need these windows during this lab.
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Add Workspace Variables

4. Import the file vars.ini to set Path Variable and Build Variable

» Select File 2 Import, then expand the Code Composer Studio category, click on Build
Variables (as shown):

. = General
s = CfC++
4 [= Code Composer Studio
o, Build Variables

» Click Next and browse to the location of vars.ini:
c:\MCUDay\labs\Tiva\vars.ini
» Click Open, then click Finish.

5. Verify that the path and build variables were set.

» Select Window 2 Preferences. When the dialogue appears, » type “linked” into the filter
field as shown — then click on Linked Resources:

linked

a General
a Editors
4 Text Editors
Linked Mode
4 Workspace

Linked Resources

This displays all of your WORKSPACE level path variables. You should see the Path variable
for TIVAWARE INSTALL.

» Type “build” into the filter area and click on Build Variables as shown:

a4 C/C++
4 Build
Build Variables

Here is where you can find your WORKSPACE level build variables. You should see the
Build variable for TTVAWARE INSTALL.

» Click Cancel.

Note: Any project in this workspace can now use these variables. If you change
workspaces, you will have to re-import vars.ini to setthese variables again. If
your tools installation changes, you’ll have to edit vars.ini and re-import. So be
careful.
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Create a New Project
6. To create a new project,

» select Project — New CCS Project:

>

[Prﬂject] Run Scripts Wi

4§  MNew CCS Project

e \
<+ New CCS Project [_I_I—JEI i

CCS Project — =
Create a new CC5 Project.
Project name:  blink_Tiva
Output type: | Executable v]

[7] Use default location

Location: CAMCUDay\labs\Tiva\lab3\project

Device

Family:  [ARM -
Variant: 123G ~ | Tiva TM4C123GHEPM ']
Connecticn: [Stellarisln-Circuit Debug Interface v]

» Advanced settings

= Project templates and examples

type filter text Creates an empty project fully initialized =
for the selected device,

4 | =| Empty Projects -
|y Empty Project
\s5r Empty Project (with main.c)
55y Empty Assembly-only Project
|5 Empty DSP/BIOS v5.x Project
ls5r Empty RTSC Project n
4 |=| Basic Examples
|5y Hello World o L

@ < Back Next » Finish || Cancel

» For the project name, type blink_Tiva

» Uncheck the box “Use default location” click Browse... button to select the folder:
c:\MCUDay\labs\Tiva\lab3\project

» Device family: ARM

» Variant: type 723G in the filter text field, then select Tiva » For Connection: choose
Stellaris In-Circuit Debug Interface

» Choose Empty Project and then click Finish.
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Your project should look something like this.

[ Project Explorer £2 5%~ =0

4 (= blink_Tiva [Active - Debug]
> [t Includes
4 [= targetConfigs
readme. bt
[# Tiva TMACI23GHEPM. coxml [Active/Def
|z tmdcl23ghbGpm.cmd

Add files to your project

7. Add (copy) the C file(s)

» Select Project — Add Files... » Navigate to the folder:
c:\MCUDay\labs\Tiva\lab3\files

Select the main.c and startup ccs.c files and click Open. Then select Copy Files and

click OK.

% Add files to blink Tiva =5
@le ;% labs » Tiva » lab3 » files v|‘f|| Search files ,Dl
Organize + Mew folder =+ [ |@|

/ MCUDay m Mame . Date mor {t: it

(H
ydec o m——— ————- -
) || main.c 6/21/200: _____
J installers ; 2 —————
) || gs-rgb.bin 1/23/201:
, installlammer 2 A
|| startup_ccs.c 415201 —===-
flabs | | =" ‘-
| Tiva ‘E‘ R
. lab3 .
| files __C
 project |77
. labd -
/
. lab5 Proje
I - Wl | IE
File name: "main.c” "startup_ccs.c” - l*-" Y]
[ Open ] ’ Cancel ]

v+ File Operation @

Select how files should be imported into the project:

@ Copy files
() Link to files

Create link locations relative to: | PROJECT_LOC

Configure Drag and Drop Settings...

@j [ QK ] ’ Cancel
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Link the TivaWare driverlib.lib file to your project
P Select Project-Add Files... » Navigate to select:
C:\TI\TivaWare C Series-1.0\driverlib\ccs\Debug\driverlib.lib

Use the TIVAWARE_INSTALL path variable you created earlier. This means that the LINK
(or reference to the library) file will be RELATIVE to the location of the TivaWare installation.
If you hand this project to someone else, they can install the project anywhere in the file
system and this link will still work. If you choose PROJECT_LOC, you would get a path that is
relative to the location of your project and it would require the project to be installed at the
same “level” in the directory structure. Another advantage of this approach is that if you
wanted to link to a new version, say TivaWare_C_Series-1.1, all you have to do is modify the
variable to the new folder name.

<+ File Qperation lé]
Select how files should be imported into the project:
() Copy files
@ Link to files
Create link locations relative to: [WAWARE_INSTALL Y]

Configure Drag and Drop Settings...

|@:’| [ OK l [ Cancel ]

Your project should now look something like this:

L5 Project Explorer &3 == =
2 [= blink_Tiva [Active - Debug]

» [a Includes

» = targetConfigs

. |£] main.c

> @ startup_ccs.c

> | g trmdcl23ghbpm.cmd

By, driverlib.lib
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9. Add INCLUDE search paths for the header files

» Open your main. c file by double-clicking on the filename. You may see “?” warnings in
the left margin which indicate “unresolved inclusion”. Until now, you haven't told the project
where to find these .h header files.

(£ main.c &2

1 #include "stdint.h”

2 #include "stdbool.h”

3 #include "inc/hw_types.h”

4 #include "inc/hw _memmap.h”

5 #include "driverlib/sysctl.h”
6 #include "driverlib/gpic.h”
7 int main(wvoid)

» Right-click on your project and select Properties.

» Click on Build — Compiler — Include Options (as shown):

4 Build
4 ARM Compiler
Processor Options
Optimization
Debug Options

Include Options
MISRA-C:2004

So, which variable knows where your include files are? The build variable
TIVAWARE INSTALL

» In the lower-right panel, click the “+” sign next to Add dir #include search path and add the
following path using the build variable you created earlier. Place the variable name inside
braces, after the $ as shown. To prevent errors, you may simply copy the following line (Ctrl-
C), and paste (Ctrl-V) into the include search path:

S{TIVAWARE INSTALL}

» Click Ok.
<+ Properties for lab2 E] [
type filter text Include Options (=g v -
> Resource
-
General
4 Build
a ARM Compiler Specify a preinclude file (--preinclude) &
Processor Options
Optimization

Debug Options
Include Options
MISRA-C:2004
> Advanced Options
» ARM Linker
Debug

m

Add dir to #include search path (--include_path, -T) 2a 85
"${CG_TOOL_ROOTYinclude”

"S{TIVAWARE INSTALL}"

» Click Ok, and now you should see those “?” in main.c disappear. You've solved the
problem.
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Explore the Blink LED Code

10. Explore code in main.c.

In this lab, we are using a simple blink LED program — the famous “hello world” for MCUs.
The goal in this workshop is to keep the code very simple and focus on concepts where you
will be able to learn valuable skills without huge/complex code getting in the way.

» Openmain.c for editing and peruse the whole file. You will see the header files,
prototypes and global variables used.

void main(void)

1
hardware_init(); J// init hardware via Xware
while(1) /i forever loop
ledToggle(); /f toggle LED
delay(); J/ create a delay of ~1/2sec
i16ToggleCount += 1; /i keep track of #toggles

First we perform some setup for the hardware to blink the LED by calling hardware_init(). In
the while(1) loop, we have three steps:

e Toggle the LED
¢ Delay function

e Increment i16ToggleCount global variable (we’ll use this in a few ways later
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Build and Run Your Project

11. Build your project using the Build button and check for errors.

At this point, it is a good time to build your code to check for any errors before moving on.

> Click the Build button: 2

If you have any errors, try to fix them. Ask your instructor for help if you cannot get your

project to build successfully.

12. Start the Debugger, connect to your target, program the flash, and run to main().

» Click the Debug button: v

You will see the CCS perspective switch to the Debug Perspective and the flash memory on

the device will be programmed with the .out file you created. To run your program,

13. Run your program.

Now, it’s finally time to run your code. » Click the Resume button:

(=

The LED on your target board should blink. If not, attempt to solve the problem yourself for a

few minutes ... then, ask your instructor for help.

To stop your program running, » click the Suspend button:

ull

Hint: Suspend button is different than Terminate button !!! |E|

If you click the Terminate button, the debugger — and your connection to the target — will
be closed. If you're debugging and just want to view a variable or memory, you will have
to start all over again. Yes, this is very irritating. Remember to pause and think, before

you halting your program.

Do you end up with a file that cannot be displayed?

L€ main.c [c | 0xd88a 52

l‘«lu:u source available for "0xd88a"

| View Disassembly...

This error occurs because the source file for the
library or object has not been added to our project.
This is entirely acceptable since we really don’t want
to see inside the delay routine.
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Useful Debugging Tools in CCS

Breakpoints and Single-Stepping
14. Add a breakpoint in your code.

Breakpoints are very useful debug tools. Besides helping us to halt execution within a specific
source file (to solve our previous problem), they also allow us to halt in a location where we
may want to view a variable’s value.

Note: Breakpoints can only be added while the target is suspended. You can set them
while the target processor is running.

Let's add breakpoint and then run to it.
» Click into the main. c file, if you're not already halted there.

In the column next to the increment of toggleCount, » double-click to add a breakpoint:

il6ToggleCount += 1;

» Click the Resume button. The PC should stop at this line. This should happen each time
you hit Resume button.

15. Single-step your program.

Breakpoints are handy, but sometimes you want to view code execution after every line of
code — doing this with breakpoints would be very tedious. This is where single-stepping a
program comes in handy.

With the program halted, click the Step Over (F6) toolbar button (or tap the F6 key):

Resume Suspend Terminate Step Into Step Over  Step Return  Refresh

o \%m\vﬁ‘m\,\ﬁhlﬁ 5 M @ P E

Notice how one line of code is executed each time you click Step Over; in fact, this action
treats functions calls as a single point of execution — that is, it steps over them. On the other
hand Step Into will execute a function call step-by-step — go into it. Step Return helps to jump
back out of any function call you’re executing.
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Watch Expressions, Memory Browser, and Registers

16. Hover over a variable to view it’s information & value.

» Hover over the varible i16ToggleCount in main(). After a few seconds, you should see an
information box pop up and show the value.

What is the value?

17. View/Watch variables.
» Double-click on i16ToggleCount in main() to select the variable. t=1;

» Right-click on the selected variable and choose:

\‘x?':.-' Add Watch Expression... }'

» Click Ok. Do you see i16ToggleCount in the list? What is the value?
Is it the same as the previous step?

Hint: If the variable is not selected when you right-click and choose “Add Watch
Expression...”, you will have to type the name into the dialog — which is not as easy
as selecting the variable first.

Note that you can add any expression to a Watch entry. For example, this means we
could have the watch window show the value of: i16ToggleCount * 3

18. Viewing memory...

Does i16ToggleCount live somewhere in memory? Yes. You can see the actual address in
the expressions view. But let's go see it in a Memory Browser window.

» Select View — Memory Browser:

@ Memory Browser *

» Type “&i16ToggleCount’ into the memory window to display i16ToggleCount in memory:

[J Memory Browser &2 #E -
What does the “&” mean?

2il6ToggleCount
0:20000214 - 16ToggleCount <Mermory Rendering 1+
|16-Bit Hex - TIStyle v
@x28088214 116ToggleCount
S4E3 D52A 7FF6 77E7
Gx2eaea22A FDEC 1E9A CABl 1586 1ABE 3AEG

@x2@p0a248 A352 6607 263A CAAB 3231 oBdy
B @Raa 25 @ 8570 9315 9258 BA6B2 B2B6

What happens if you forget to
use it? (Yes, you see it's
address, rather than it's value.)

» Try changing the memory
windows format from:

“16-bit Hex — T Style”

What changes when you do
this?
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19. Viewing CPU registers...

» Select View — Registers and notice you can see the contents of all of the registers in your
target’s architecture. Sometimes quite handy when debugging.

Note: You can only view Tiva registers for peripherals that have been enabled.

(9= Variables | " Expressions | 4! Registers £33

Mame

#a Core Registers
. B8 WATCHDOGO
. %% WATCHDOGL
. &8 GPIO_PORTA
. & GPIO_PORTB
. &4 GPIO_PORTC
&% GPIO_PORTD

Terminate

20. Terminate the debug session.

OK, this time we really want to terminate our debug session. (This way, we can start up the
debugger again ... the easy way.)

» Click the red Terminate button:

This closes the debug session (and Debug Perspective). CCS will switch back to the Edit
perspective. You are now completely disconnected from the target.

21. Close the Project.

You're done. Please let your instructor know that
you have completed the main part of this lab.
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[Optional] LM Flash Programmer

LM Flash Programmer is a standalone programming GUI that allows you to program the flash
of a Tiva device through multiple ports. Creating the files required for this is a separate build
step in Code Composer that it shown on the next page. If you have not done so already,
install the LM Flash Programmer onto your PC.

Make sure that Code Composer Studio is not actively running code in the CCS Debug
perspective... otherwise CCS and the Flash Programmer may conflict for control of the USB

port.
22. Open LM Flash Programmer Q‘
4
There should be a shortcut to the LM Flash Programmer on your desktop, gFEEE)
double-click it to open the tool. If the shortcut does not appear, go to Start S8 =l

= All Programs =2 Texas Instruments 2 Stellaris 2 LM Flash Programmer
and click on LM Flash Programmer.

Your evaluation board should currently be running the lab3 application. If the User LED isn’t
blinking, press the RESET button on the board. We're going to program the original
application back into the TM4C123GHG6PM.

» Click the Configuration tab. Select the LM4F120 LaunchPad from the Quick Set pull-down
menu under the Configuration tab. See the user’s guide for information on how to manually
configure the tool for targets that are not evaluation boards.

i N
£7) LM Flash Programmer - Build 1543 ESEEN

Canfiguration | Program | Flash Utiities | Other Utilties | Help
Quick Set
LM4F 120 LaunchPad -
Interface
Paort: [ITAG
ICOI (Eval Board) ~|

SFIEEd {HZ} : 2000000

Clock Source

{+ 15 MHz
i 6000000

Wi TEXAS INSTRUMENTS

Idle
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23. Click the Program Tab, then click the Browse button and navigate to:
c:\TI\TivaWare C Series-1.0\examples\boards\ek-tm4cl23gxl\
gs-rgb\ccs\Debug\gs-rgb.bin

This is the application that was programmed into the flash memory of the TM4C123GH6PM
during the evaluation board assembly process.

Note that there are applications here which have been built with each supported IDE. Make
sure that the following checkboxes are selected:

QOptions
Erase Method:
(¥ Frase Entire Flash - (faster)
" FErase Mecessary Pages - (slower)

[+ Verify After Program
[+ Reset MCU After Program

Program Address Offset: 0x |0

24. Click the Program button

You should see the programming and verification status at the bottom of the window. After
these steps are complete, the quickstart application should be running on your evaluation kit.

25. Close the LM Flash Programmer
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[Optional] Creating a bin File for the Flash
Programmer

If you want to create a . bin file for use by the stand-alone programmer in any of the Tiva
labs in this workshop or in your own project, use these steps below. Remember that the
project will have to be open before you can change its properties.

26. Set Post-Build step to call “tiobj2bin” utility

» In CCS Project Explorer, right-click on your project and select Properties. On the left, click
Build and then the Steps tab. Paste the following commands into the Post-build steps
Command box.

Note: The following four “lines” should be entered as a single line in the Command box. To
make it easier, we included a .txt file you can copy-paste. Navigate to
c:\MCUDay\labs\Tiva\postbuild.txt to find the complete command line.

"s {CCS_INSTALL ROOT} /utils/tiobj2bin/tiobj2bin"
"S{BuildArtifactFileName}" "${BuildArtifactFileBaseName}.bin"
"${CG_TOOL ROOT}/bin/armofd" "${CG_TOOL ROOT}/bin/armhex"
"${CCS_INSTALL ROOT}/utils/tiobj2bin/mkhex4bin"

27. Rebuild your project

This post-build step will run after your project builds and the .bin file will be in the
c:\MCUDay\labs\Tiva\labx\project\debug folder. You can access this .bin in the
CCS Project Explorer in your project by expanding the Debug folder.

If you try to re-build and you receive a message “gmake: Nothing to be done for
‘all’ . this indicates that no files have changed in your project since the last time you built
it. You can force the project to build by first right-clicking the project and then select Clean
Project. Now you should be able to re-build your project which will run the post-build step to
create the .bin file.
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[Optional] Build, Load, Run Step-by-Step Method

There are five steps required to run code within CCS:
e Build (Compile, Assembile, Link) your code.
e Launch the debugger.
e Connect to your target board.
e Load your program.
e Click the Resume button.

Launching the Debugger step-by-step

28. Build your project and fix any errors.

» Build your project by using Project — Build All or Ctrl-B:

Project | Run  Scripts  Window  Help
& Mew CCS Project
CCS Example Projects

arg  Build All

» Or, by clicking Build:

& -

» Fix any errors that occur.

29. LAUNCH a debug session.

» Select View — Target Configurations. Expand the Projects folder, expand the project
name, e.g. blink_Tiva, expand targetConfigs and you'll see the target configuration file
(.ccxml).

» Right-click on this target config file and select:

«« Launch Selected Configuration

Your perspective will change to the Debug perspective and a few lines may be sent to the
Console window.
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30. CONNECT to your target board.

» Connect to the Target via Run — Connect Target:

» Or via the Connect Target button: l-ni

Run | Scripts  Window H
B Connect Target

If your TargetConfig specifies a GEL file, this is when it runs — so you may see a few more
comment lines in the Console window. If the error “cannot connect to target’ appears, the
problem is most likely due to:

wrong board/target config file or both — i.e. board does not match the target config file
wrong target bad/wrong GEL file (rare, but it can happen)
bad USB cable

Windows USB driver is incorrect — or just didn’t get enumerated correctly

Hint:

If you’re using the “easy one button” approach to loading your program, if see an
error, we recommend going back and launching the debugger using these three
discrete steps. It can often help you deduce when/where the problem occurred.

31. Load your program.

» Load your program via Run — Load — Load Program or via the Download button: TR

When the dialog appears, » select Browse Project and navigate to the

\project\Debug\blink Tiva.out file.

¥# Select a program S, S
4 = blink_Tiva
4 (= Debug
a4 blink_Tiva.out
'(?:' QK ] | Cancel

Hint:

The reason to use Browse Project is that the default . out file that appears is often
NOT the .out file you want.

If you get into the habit of using Browse Project, it will default to the active project
which is usually what you want.

P Select your .out file and click Ok twice. Your program will now download to the target
board and the PC will auto-run tomain () and stop.
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32. Run your program.
» Click the Resume button: [

The LED on your target board should blink. If not, attempt to solve the problem yourself for a
few minutes ... then, ask your instructor for help.

To stop your program running, » click the Suspend button: LI

Hint: Suspend is different than Terminate !!!

If you click the Terminate button, the debugger — and your connection to the target — will
be closed. If you're debugging and just want to view a variable or memory, you will have
to start all over again. Yes, this is very irritating. Remember to pause and think, before
you halting your program.

Terminate

33. Terminate the debug session.

OK, this time we really want to terminate our debug session. (This way, we can start up the
debugger again ... the easy way.)

» Click the red Terminate button: =

This closes the debug session (and Debug Perspective). CCS will switch back to the Edit
perspective. You are now completely disconnected from the target.
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[Optional] Add Path and Build Variables Manually
to a Project

If you recall the lecture, these variables are used for:

e Path variable — when you ADD (link) a file to your project, you can specify a “relative to”
path. The default is PROJECT _LOC which means that your linked resource (likea .1ib
file) will be linked relative to your project directory.

e Build variable — used for items such as the search path for include files associated with a
library —i.e. it is used when you build your project.

Variables can either have a PROJECT scope or a WORKSPACE scope.

In the earlier part of this lab, we defined these variables by importing the vars. ini file. This
is the easiest way to define WORKSPACE level variables that apply to every project in the
workspace. Using the steps below, we can define PROJECT level variables.

34. Adding a Path Variable

To add a path variable, » Right-click on your project and select Properties. » Expand the
Resource list in the upper left-hand corner as shown and click on Linked Resources:

4 Resource

Linked Resources

Rezource Filters

You will see two tabs on the right side — Path Variables and Linked Resources:

3

Linked Resources

Path Variables | Linked Resources

In the Path Variables tab, notice that PROJECT _LOC is one of them and will display as the
default path variable for linked resources in your project.

We want to add a New variable to specify exactly where you installed TivaWare.
» Click New
» For the Name, type TIVAWARE INSTALL

» For the Location, click the Folder... button and navigate to either the TivaWare folder.

c:\ti\TivaWare C Series-1.0
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35.

wr New Variable l = dhJ

Define a New Path Variable

Enter a new variable name and its associated location.

Mame: TIVAWARE_INSTALL

Location: CATITivaWare_C_Series-1.0 File... ] [ Folder... ] ’ Variable...

Resolved Location: CATI\TivaWare_C_Series-1.0

@j [ OK ] [ Cancel ]

» Click Ok. When finished, you should see your new path variable listed.

Adding a Build Variable

Now let's add a build variable that we will use in the include search path for the INCLUDE
files associated with the TivaWare driver libraries.

» Right-click on your project, select Properties. » Click on Build and then the Variables tab:

4 | Build
4 ARM Compiler
Processor Options

Optimization

L] g [y

» Click the Add button. When the dialogue appears, specify the SAME variable name as
before, TIVAWARE INSTALL

» Select Type: Directory so the Browse button pops up and then browse to your correct
installation directory:

& Define 3 New Build Variable [

Yariable name: | TIVAWARE INSTALL =

Apply to all configurations
Value: CATITivaWare_C_Series-1.0

’ oK ] ’ Cancel ]

.

» Make sure Apply to all configurations is checked (that way, if you change the build
configuration from Debug to Release, you can use this variable). » Click Ok.

You should now see your new build variable in the list:
» Click Ok.
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Introduction

This chapter provides an introduction to the basic concepts of TI-RTOS, a real-time operating
system for TI MCUSs. The focus is on the scheduling kernel, known as TI-RTOS Kernel. A case is
made for WHY an RTOS is needed and how it can help users develop system code and perform
common tasks using services provided.

Learning Objectives

Agenda
+ TIMCU Introduction

+ SimpleLink™Wi-Fi® CC3000
+ Code Composer Studio

+ Introductionto TI-RTOS

| ¢ TI-RTOS Configuration Tools

+ Why use TI-RTOS Scheduler?

+ TI-RTOS Debugging Tools

+ Getting Started with a TI-RTOS Application

+ Tiva™ SensorHub BoosterPack
+ Bluetooth® Wireless
+ Sub-1 GHz Low-PowerRF
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Introduction to TI-RTOS

What is TI-RTOS?

* Real-time OS
» Scalable, small User applications
footprint(3Kb ool i
kernel), up to
complete network Stand, cross-platform APIs
support
» Completely free,
no runtime USB . IPC
; FAT File
royalties TCP/IP  Host, Device Multicore
. MSC, HID, CDC System . mmunication

» All source code
provided

» Developed and
supported by TI,
mature code base

Real-time
TI-RTOS Kernel

Debug and instrumentation

(o3
o
n
f
i
)
u
r
a
t
i
o
n

Drivers

Tl Device

TI-RTOS Device Drivers

Ethernet Used by TCP/IP stack

WiFi Used by socket interface

SD Card Used by FAT File System (uses SPI interface)

USB Host MSC to USB | Used by combination of FAT file system, USB Host stack, and
Flash Card MSC class driver

USB HID Working example code that will likely be modified by user
USB CDC Working example code that will likely be modified by user
UART Intended for direct use by application

SPI Intended for direct use by application

Watchdog Intended for direct use by application

I2C Intended for direct use by application

GPIO Intended for direct use by application
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Introduction to TI-RTOS

TCP/IP Stack

TCP/IP Key Features

v" Supports both IPv4 and IPv6

v" DHCP Client and Server

v HTTP Server

v Standard BSD Sockets interface

v Zero-copy sockets interface available

v Highly configurable to meet footprint
constraints

Hardware Adaptation Layer ¢ v" Example on how to create daemon task
required by TCP/IP stacks

Ethernet Serial Timer
Packet Port Driver
Driver  Driver Driver 4

Hardware

USB Stack

USB Key Features

v Uses TivaWare USBLIB unmodified
v" MSC Host Class Driver

v" HID Host & Device Class Drivers

v" CDC Device Class Driver

v" Examples for each class driver

Hardware Adaptation Layer

v" Example of using MSC Host Driver
1) IR eI DMA USB under FAT file system

UABT’ Driver Driver
Drivers

Hardware

4-4 TI MCU Day - Internet of Things 2013 - Introduction to TI-RTOS



TI-RTOS Configuration Tools

TI-RTOS Configuration Tools

TI-RTOS - System Overview

& CCS Edit - topEcho_F28M35H52C1_CortexM/topEcho.cfg - Code Composer Studio =10l x|
Fle Edt View Mavigate Project Run Saipts Window Help
Ter [ &< |35 - =@ [ 15[ cosear |
[ Project Explorer tepEcho.cf 5% Outline =
B = =0 wpech P = O || 8= outine 52 (m]
P = e
=L % 7 b TLRTOS - System Overview * A I -
== topEche_F28M35H52C1_CortexM Welcome. |
3 ndudes Welcome. = [eve fiter text
B Board.n @ BIOS
6] tepEcho.c ® Clock
[& TMDXDOCKHS2E 1. Instrumentation Communication @ Defauts
[ TMDXDOCKH52C1.cmd ® Diags
[ TMDXDOCKHS2CLh @ EMAC
~B o:pEdeJEade‘D(lr Logging ‘ TCPIP ‘ ® Error
|4 tepEcho.cfg [T1-RTOS - @ Global
@ GPIO
@ Heaphem
Kl | |
® Hwi
= - = =0 Kernel File System o
® Log
[type fiter text Loggingsetup
5 RS | SYSIBIOS @ Main
@ Tieros & ® Memory
a Drivers ® Program
Y e : :em:lphme
yshin
g [G:cm Drivers ® system
& sosPL Standard Drivers FaiFs Diivers @ Ta
2 sp1 : -
4k uaRT EMAC GPIO e SPI Msucsium e ;::US
48 USBMSCHFatFs %) e
48 watchdog ©
& wiri UART Watchdog WiFi
B3 System Providers
P products
24 5Ys6105
244 NDK
4§ uia | 2
4§ xDCtools
£ system
- Diagnostics
{§ff Memory Management =
& -8 synchronization ||| T-RTOS [nckfGiobal | cfo Serint |
Jo* Juemed | | I

TI-RTOS Kernel — System Overview

» SYS/BIOS - System Overview *

Welcome Runtime Error Handling Device Support Advanced
Threads
Idle Clock Timer
b )
BIOS
vl Task Swi Hwi
vl v )
Startup Synchronization
Semaphore Event Mailbox
2 o
Diagnostics Memory Mangement
@ErrorHandhng M Cache
vl
HeapMem HeapBuf Heaph ultiBuf

TI MCU Day - Internet of Things 2013 - Introduction to TI-RTOS 4-5



TI-RTOS Configuration Tools

TI-RTOS Kernel GUI Configuration Editor

tcpcho_F28M35H52C1_Cortexk

‘tepEcho.cfg - Code Composer Studio

File Edt View Navigate Project Run Saipts Window Help

s I8-1%-19

sl

=1oix]

[ Project Bxplorer £ =0
ERGI

I — A

= tepEcho_F28M35H52C1_Cortex

) Incudes

(8 Board.h

5[ cosear |
5

| tepcho.cl £ | =
» TI-RTOS » Products » SYSBIOS > BIOS - Basic Runtime Options [ ARO)
§iiclcome! - System Overvien Error Handing  Device Support Advanced

Outine % | = O

foype fiter text

~ Library Selection Options ~ Dynamic Instance Creation Support @ BIoS
tepEcho.c @ Cock
[@ TMDXDOCKHS2CLc SYS/BIOS ibrary type Enable Dynamic Instance Creation - o
i Defauits
% TMDXDOCKHS2C 1.cmdl & Instrumented A savings in code and data size can be achieved by ered
B TMDXDOCKHS2CLh disabling dynamic instance areation. : Diags
@ EMAC
5] tepEcho_readme.txt - ® Evor
s Custom {Debug) ~ Runtime Memory Options
|& tepEcho.cfg [TI-RTOS] ® ciobal
The lirery options above llow you to select pre-buit lbreries or rebuld the SYS/ system (Hwiand sw stacksize [209% || - ® orIo
BIOS from sources based on your application's configuration settings. ® Hezph
Heap size 20480 leapliem
@ Hui
Enable Asserts Heap section [ || e
0 o Enable Logs O use HeapTrack - @ Log
S | =g custom Compier Options [program tevel compie = g —optirize_with_debus The heap configured above is used for the standard © Logongsetip
&5 Avaiable Products 52 =] pier Options [ —progam Jevel_compie 03 5 ~optnze vith debug Cmalloc() and free() functions or when the heap' - ® van
argument to Memory_alloc() is NULL. ® Memory
[tvpe fiter text
~ Threading Options ~ Platform Settings & Frogram
2 TRTOS - ® Semaphore
@ TiRios - Enable Tasks (Vhen dsabled, the Task modue is not configurable) Tnese sttngs shukl et th harguare o ® sysvin
t tion.
2 orivers Ensble Softnare Interrupts (When disabled, the Sni modue is not configurable) ° ;“E ;TM eppieation ® system
cru 75000000
b Evac Enable Clock Marager the Clock modue fock frequency (rz) : Task
P10 T
g e € Standard Library Lock |GateMutex ® Toxt
-4 spse1 & TIRTOS
4 sp1 ® Udp
& U
48} USBMSCHFatFs
4 Watchdog
B wiri
B3 System Providers
D Products
34 sYsBIoS
24 NDK.
54 UIA P
24 ¥DCtools
- System
# Disgrostics
- {4 Memory Management | |+
-84 Synchronization _v||| TR70S [ndkfelobal | svs/EI0S 52 | cfa script|
I Jueemsed ]| |
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Why use TI-RTOS Scheduler?

Why use TI-RTOS Scheduler?

Scheduling Problem — Two Threads

R Problem Definition: you have
Audio two different threads that need
to be serviced independently

KeyPad ¢ Will one routine conflict
with the other?
TI MCU ¢ How do you SCHEDULE each thread?
____ .
# Is one “thread” higher PRIORITY than
the other?

Let's explore a few options we can use to SCHEDULE these two threads...

Solution #1 — Super Loop

/main () \ =
( Solution #1 — put each algo

while (1) into an endless loop in main()
{

¢ What if algos run at different rates?
 Audio — 100KHz (10us)
KeyPad + KeyPad — 10 Hz (100ms)

Audio

} # What if one starves the other or delays
} the response causing jitter/noise?
N %

Could you use a TIMER to trigger each “thread” (or process) via an interrupt?
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Why use TI-RTOS Scheduler?

Solution #2 — Timer-based INTs
/TimerA_I SR () ) Solution #2 — an interrupt driven system
{ places each function in its own ISR
read sample;
- Period Compute Usage
-
Audio 10us 5uS 50%
\j J Keypad  100ms ims 1%
51%
(TimerB ISR() )
{ ¢ While CPU usage is fine, one interrupt may
read keypad; block the other (instantaneous):
Keypad running lll’ \\\
A i |
\} Y, idle ¢ !
k i Interrupt
(main () ) B S is missed
{ . |
while (1) ; Time o 41 2 3 4 5 6 7
U J
How could we prevent this?

Solution #3 — Nested INTs (1)

ﬂfimerA_I sr() \ Solution #3 — nested interrupts allow
{ hardware interrupts to preempt each other

read sample;

} idle
\ J

B B
ﬂfimerB_I SR () \ [ E— O R
{ |
read keypad; Time o 1 2 3 4 5 6 7

# Number of priorities are tied to the number of

\} _/  interrupts (one fxn/ISR), h/w priorities inflexible
(main () "\ ¢ Lower priority ISRs must enable higher
i priorities via manual code (touch one, touch all)
while (1) —very messy and hard to validate
U Y,

Why is nesting required in this system?
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Why use TI-RTOS Scheduler?

Solution #4 ? — Separate Process & ISR

Problem — nested interrupts are used
because “Process” (algo) is done IN the ISR !

ﬂ[‘imerA_I SR () \
{

read sample;

4 When HI PRI is running, you could STILL miss

interrupts:
\ ' oss | rea
i Process Data C/R

<y N\ Nest?| Time

If:l.fnerB_I SR ( ) (Read)

read ke Hard M
I: C/S | Real Post . o Process Data

) (Read) h
;: Global intsldisabled -+ «— rather than all this time —s
(main () )

{

while (1) ;

\} J

This is what the TI-RTOS Scheduler is all about...

Solution #4 — TI-RTOS Scheduler

(Audio ISR()

{

read sample;
post_Audio;

}
-

~

Hwi - ISR

* Context save/restore
(done by the scheduler)

* Hard real-time “read”
* Post Swi for follow-up

{

post_KeyPad;
}

[Keypad_ISR () )

read keypad; /

- J

. Swi — Software INT

* Posted by software
* PROCESS data
 User can select priority

[main ()

{
init stuff;
whidetTT;

BIOS_start();

\J

~

e

J

Idle — Background

L~ * Runs multiple fxns inside

of a while(1) loop

If we can DECOUPLE the
processing from the
TRIGGER (Hwi):

L 4

L 4

L 4

ISRs become VERY short
(no need for nesting)

Configure PRIs of threads
via software

Add as many threads as we
need (no limit)

Touch ONE, no changes to
the others !!
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TI-RTOS Kernel Thread Types

A . & Hardware event triggers Hwi to run
HW| ¢ Kernel handles context save/restore, nesting
Hardware Interrupts ¢ Hwi triggers follow-up processing
@ Priorities set in silicon
SWI & Software posts Swi to run
¢ Performs Hwi ‘follow-up’ activity (process data)
Py Software Interrupts ¢ Up to 32 priority levels (16 on C28x)
S
g # Usually enabled to run by posting a ‘semaphore’
a Task (a task signaling mechanism)
¢ Designed to run concurrently — pauses when
Tasks waiting for data (semaphore)
¢ Up to 32 priority levels (16 on C28x)
Idle # Runs as an infinite while(1) loop
@ Users can assign multiple functions to Idle
Background @ Single priority level

Thread Preemption Example

g\’(\)lﬁ return gv(\)llsZt return S%Onitz return
. \
Hwi O] LI LT
return
Swi 2 [TTTT
ret’urn
Swil pend | CCITTTTTTTLT pend
sem2 . sem2
interrupt /
Task 2 Dﬁ o
: selm1
Task1|||||I||||||||||||||||||||
i interrupt interrupt
BIOS_start()[d
e | (=3
Events over time

Note: Tasks run when Scheduler starts and are always pre-empted by Swi’s
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TI-RTOS Debugging Tools

TI-RTOS Debugging Tools

Built-in Debug Tools (UIA & ROV) — Intro

@ Universal Instrumentation

4 33 SYS/BIOS Architecture (UIA) tools
@ BIOS provide visibility into what is
- 2 System going on in your system:
- % Diagnostics
. B Scheduling * Logging — “printf()-lite”
e Synchronization * Execution Graph — software
U0 B “logic analyzer”
- i Target Specific Support
- o Memory Management e Load - CPU/Thread |Oading
[ Realtime Analysis  UIA replaces the older RTA tools

4 33§ Ul

| —requires “LoggingSetup”
» 323 Loggers

4 ROV — RTOS Object Viewer —
see status of TI-RTOS objects
in your system (when halted)

- 33§ Services

) LoggingSetup

Let's look at what these tools look like in CCS...

ROV and UIA - Visibility/Debug Tools

& Gather data on target (30-40 CPU cycles)

. X & Format data on host (1000s of host PC cycles
Real-time is... . ( pelie)
& Data gathering does NOT stop target CPU
¢ Halt CPU to see results (stop-time debug)
= & bios_led.out A || Instances RTOS Obj Viewer (ROV)
2 name handle state priority | timeout
= @E;s TSKide  0x1181132 Rumning 0 o ¢ Halt to see results
=] rov
® & Displays stats about all
o threads in system
@ MEM ¥
e CPU Load 52 =g
— -ElFE RS RS oa B -
N i —
» 1 CPU/Thread Load Graph
I : ‘\ ¢ Analyze time NOT
{;’ } = spent in Idle
| \ ]
! | [
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TI-RTOS Debugging Tools

ROV and UIA - Visibility/Debug Tools
Logs

+ Send DBG Msgs to PC >

. . time | seqlD || module = formattedMsg
¢ Data d_lsplayed during 4,257,279,253 125 Main  "..fled.c’, line 47: CPULOAD = [38]
stop-time 4,257,280,226 126 Main  "..fled.c’, line 49: TOGGLED LED [42] times
L 4,357,270,273 127  Main " Jled.c”, line 43; BENCHMARK, = [3221757] cydes
¢ Deterministic, low CPU || 5357271405 125 Man " jeduc’, ine 47: CPULOAD = [38]
cycle count 4,357,275,436 129 Main " fed.c”, line 49: TOGGLED LED [43] times
4,457,286,080 130 Man  "..fled.c’, line 43: BENCHMARK = [3224677] cydes

* WA\( more effigient than
traditional printf () | Log_info1(“TOGGLED LED [%u] times”, count); |

Execution Graph

Huwi

& View system events down
to the CPU cycle...

& Calculate benchmarks

Swi Is Is I 1 I 1= 1=
Semaphore L LU L]
Event

currentThread
Unknown

T T T T
4,343,100,000 4,845,100,000 4,847,100,000 4,348, 100,000
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Getting Started with a TI-RTOS Application

Getting Started with a TI-RTOS Application

Static Kernel Configuration (.cfg)
# The .cfg file contains all STATIC services used in the project

4 To ADD a service, right-click on service in Available Products and
select “Use xyz”. It will then appear in your .cfg file (see Outline view)

=% Available Products i3 5 Outline &4
a 333 SYS/BIOS : Ellgcsk
@ BI0s ® Defaults
- #% Diagnostics @ Diags
> 4 VO @ Error
> 4 Memory Management ® Hwi E@
» [ Realtime Analysis 8. Idie
4 3 Scheduling @ Log
5 Clock 4 @ LoggerBuf
ghe @ loggerd
M, Hwi @ Main
l‘:j Idle @ Memory
E Swi UzeIdle j @& Program
@ Task @ Semaphore
. & Swi
ﬁﬁ Timer @ SysMin
> %% Synchronization @ System
» § Systemn @ Task
> 3 Target Specific Support ® Text

When you click on Idle...

Static Kernel Configuration — Adding Idle Fxn

¢ When you click on a service (or kernel module) in the Outline view,
you can then configure its settings (e.g. adding an Idle function):

O -
. . . = Outline &3
SYS/BIOS *» Scheduling * Idle - Basic Options & ine
Advanced ® BIOS
@® Clock
Add the Idle function management module to my configuration @ Defaults
@ Diags
v User Defined Idle Functions ® Error
. . . @® Hwi cf
The functions below are added to the list of functions executed wheneve] ® Idie -C1g
idled. To reference a function defined by ® L
og
* your application: type its C name. For example, _c_int00. 4 @ LoggerBuf
* an existing module: you must type its fully ' qualified name. For e ® loggerd
@® Main
. . @ Memory
User idle function 0
@® Program
User idle function1  null @ Semaphore
User idle function 2 null ® Swi
@ SysMin
@ System
X . . @® Task
The GUI creates script code in your .cfg file... @ Ted
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Getting Started with a TI-RTOS Application

Static Kernel Configuration — Adding Idle Fxn

¢ All changes made to the GUI are reflected in the script (.cfg file)

and vice versa

¢ Click on a module on the right and you can see the
corresponding script in app.cfg:

o= Outline &3

|5 app.cfg E2

2
28

1aa

4

SYS/BIOS | cfg Script

7war Hwi = xdc.useModule('ti.sysbios.hal.Hwi');
gwar Idle = xdc.useModule('ti.sysbios.knl.Idle");
19var Timestamp = xdc.useModule('xdc.runtime.Timestamp');

I o e e S
o

99 Idle.idleFxns[@] = "&ledToggle";

BIOS
Clock
Defaults
Diags
Error
Hwi
Idle

Log

i

LoggerBuf

s POOOEO®O

@ loggerd
Main
Memory
Program

Note: .cfg files don’t “build up” entries like the older .tcf (DSP/BIOS) files did

Semaphore
Swi

SysMin
System
Task

Text

soPOOOOOS®

Configuring UIA & RTOS Analyzer

¢ UIA (Unified Instrumentation Architecture) provides instrumentation APls that
run on the TARGET — Why? Visibility into what your program is doing (or not doing)

& The RTOS Analyzer displays the results of these commands in CCS
¢ Multiple transport protocols are supported — we will use STOP-MODE JTAG

a 33§ UIA
> 333 Loggers
> 21§ Services
:S:' LoggingSetup

¢ Add “LoggingSetup” to
your .cfg file, then config

# Tasks take less memory
to track, Hwi/Swi require
bigger buffers

& Buffers can be circular
or fixed

~ SYS/BIOS Logging | Execution Graph ' ~ SYS/BIOS Load Logging | [.0ads ' a

|| Enable Hwi logging | Runtime control
[ Enable Swilogging  [C] Runtime control
|¥] Enable Task legging  [¥] Runtime control

Buffer size (Malls) 1024

~ Application Logging | LOgS

The events from Log calls from application C code are sent to the xdc.runtime.Main logger,

configured here.

Enable Application legging Runtime control

Buffer size (Mals) 1024

—

The Load records are placed in a separate
logger so that they aren't overwritten by SYS/
EIOS execution events. Collection of Load data
can be configured with the Load module. 1

Configure Load module

Enable Load logging Runtime control

Buffer size (MAUS) 512 1

e

SIS,
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Tiva™ Sensor Hub BoosterPack

Introduction

The Tiva™ Sensor Hub BoosterPack is an exciting new addition to TI's MCU LaunchPad
ecosystem. It is a plug-in daughter board that allows developers to create products with up to
nine axes of motion tracking and multiple environmental sensing capabilities.

This BoosterPack is designed for TI's new Tiva C Series TM4C123G LaunchPad, but it will also
work equally well with its predecessor, the Stellaris LM4F120XL LaunchPad. The BoosterPack is
also hardware compatible with the existing MSP430, C2000, and Hercules LaunchPads.

Learning Objectives

Agenda
+ TIMCU Introduction

+ SimpleLink™Wi-Fi® CC3000
+ Code Composer Studio
< Introductionto TI-RTOS

+ Tiva™ SensorHub BoosterPack

+ Niva™ Sensor Hub BoosterPack Features
# Orientation Kinematics
+ TivaWare™ Sensor Library

+ Bluetooth® Wireless
+ Sub-1 GHz Low-PowerRF

* Texas INsTRUMENTS
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Tiva™ Sensor Hub BoosterPack Features

Chapter Topics

Tiva™ Sensor HUub BOOSterPacK .........cciieeiiiieeiiiiieciiirssiisssssssrssssssssssssssessssssssnsssssssnssssesnnsssnes 5-1
Tiva™ Sensor Hub BoOSterPack FOATUIES ..............eoeeeeeeeeeeeeeeeeeeeeeeeeee et 5-3
Orientation KINGMALICS ..............ooe ettt e et e e et e e e ea e e aeenas 5-6
TIVaAWare™ S@NSOI LIDIaAIY ..........ccueue ittt 5-8
Lab 5(a) — Air Mouse EXamPIE ............c.cooooieieeeeeee e 5-10

(0] o] =1 1Y TSP 5-10
Lab 5(b) — Sensor Library USAQE.............cccueeeeeeeeieeiaeeeeeseeieeaa ettt eeestaaaaaees s 5-15
(L0 o1=T0 [V (=TT 5-15
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Tiva™ Sensor Hub BoosterPack Features

Tiva™ Sensor Hub BoosterPack Features

¢ Motion and environmental sensing

Rl W ol e & BoosterPack XL connectors
Mpw m . (compatible with earlier BoosterPack
mmm s 6> : connectors)

¢ EM board connectors
(for TI's wireless RF evaluation kits)

¢ 2 buttons & 2 LEDs

¢ Example applications for
each unique sensor

¢ “Air" Mouse (PC HID) example
demonstrates sensor fusion

¢ CCS, Keil, IAR, &
Sourcery CodeBench
IDEs supported

¢ TivaWare DriverLib under
TI BSD-style license

¢ Runs on Tiva TM4C123G and
LM4F120 LaunchPads.
HW compatible with MSP430 &
C2000 LaunchPads

¢ MSRP $49.99 USD

TMPQ06...

TI TMP006 Infrared Temperature Sensor

¢ No contact temperature
measurement

-40C to 125C measurement
range

240uA supply current
2.2 to 7V supply
12C interface (address 0x41)

Host calculates observed
temperature

*

* 6 o o

BMP180...
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Bosch BMP180 Digital Pressure Sensor

TN Wl

Y1
me e ¢ -500 to 9000m Mean Sea Level

(1100 to 300hPa)

¢ Temperature sensing for
altitude compensation

¢ 1.8-3.6V supply

-
-
-
) -
-
»
-
»

)y ¢ o e 5 | , ¢ 5uAsupply current at

ce wazum: B Poonaioa 1 sample/sec

© @zyey e _ ﬁ D ' 8 ¢ Very low noise

P @ h = .

4 e 51 ‘ T SERE ¢ Multiple modes for

' : _ 3 I L power/accuracy tradeoff

ve [ O] s o L *8 o 12C interface (address 0x77)

®C wi S ek B # Host calculates altitude
MPU9150...

Invensense MPU-9150 9-axis Motion Sensor

A N ¢ 3-axis MEMS accelerometer
T # 3-axis MEMS gyroscope
! - ¢ 3-axis MEMS magnetometer
'[ l -5 e | AT ?‘w . cap A # 16-bit gyroscope and
o ¢ & E o B 0 accelerometer resolution
Ll . ﬁ'; e | ¢ 13-bit magnetometer resolution
¢ e pes wme . .
P == a ¢ 12C interface (address 0x68)
L 2 LLICTTR - | 1 - ol o
il SWESATE e ¢ ¢ 2.3751t0 3.465V supply

09 "B ; + Dl wgze o
o M 4 - S

® e '

Q¢

MEMS = Micromechanical system

1SL29023...
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Tiva™ Sensor Hub BoosterPack Features

Sensor

]
LELE Bl mz
MM s H ﬂ

ce wEsmm:"
o &‘g’;!..aijnlqln_ f_-i

e o ik

LN ] _r:=: »

oe @

® 6

Q¢

® 6 6 o o

Intersil ISL29023 Ambient & Infrared Light

16-bit resolution

50 & 60Hz flicker rejection
1.7 to 3.63V supply

12C interface (address 0x44)

HW (BoosterPack XL pin) and
SW Interrupts on light levels

SHT21...

]
LELE L mz
v M s H ﬂ

=
WEs wae
p
LLLLLD) s g

+m iiia"’ 2
a0

ii! 'iﬂ”g“l

.;;u ‘ | 29

=Rz, 90

Sensirion SHT21 Humidity & Ambient
Temperature Sensor

8/12-bit humidity resolution

12/14-bit temperature
resolution

2.1 to 3.6V supply
I12C interface (address 0x40)
Slots in board for air circulation

Orientation Kinematics
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Orientation Kinematics

Orientation Kinematics

¢ The Direct Cosine Matrix (DCM) algorithm combines multiple
axes of motion data into a single set of Euler angles for roll,
pitch and yaw. The final calculated position is :
¢ Less prone to drop-out
¢ Of higher accuracy than the best individual sensor
¢ The DCM algorithm calculates the orientation of a rigid body, in
respect to the rotation of the earth by using rotation matrices.
The rotation matrices are related to the Euler angles, which
describe the three consecutive

rotations needed to describe the \
orientation
DCM Algorithm...

¢ The three sensors used in the
algorithm are:

¢ 3 axis accelerometer (measures earth’s
gravity field minus acceleration)

¢ 3 axis magnetometer (measures earth’s
magnetic field)

¢ 3 axis gyroscope (measures angular
velocity)

DCM Algorithm

¢ The gyroscope is the primary sensor
¢ Unaffected by the gravitational or magnetic field
¢ Prone to drift
¢ The accelerometer is used as an orientation reference in
the X and Z axes
¢ Compensates for roll and pitch errors
¢ The magnetometer is used to calculate reference vector in the
Y axis
¢ Compensates for yaw errors X Roll
¢ Proportional feedback
removes the gyro’s

drift Z

il

Pitch

Y MYaw

Air Mouse Example...
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Orientation Kinematics

Air Mouse Example

¢ The Invensense MPU-9150 provides raw acceleration, angular
velocity and magnetic field measurements.

¢ All 9 axes are fused and filtered using a complimentary direct
cosine matrix or DCM algorithm into Euler angles for roll, pitch
and yaw.

¢ Roll and pitch are used to perform the mouse movements.

¢ Raw angular velocities and accelerations are used to interpret
gestures

¢ Angles are calculated 100 times per second

. Y N

4 ™

U

Up/Down|

2

Lab...
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TivaWare™ Sensor Library

TivaWare™ Sensor Library Contents

¢ Drivers for the I12C port and each sensor

¢ Functions for manipulating the magnetometer
readings

¢ DCM Algorithm

¢ comp_dcm.c/h reads the sensors and applies

the DCM algorithm to the data

¢ Vector operations

¢ VectorAdd ()

® VectorCrossProduct ()

& VectorDotProduct ()

& VectorScale ()

4

4

Sensor Library Usage...

TivaWare™ Sensor Library Usage

The Sensor library is a consistent APl with this general flow for all sensors

It’'s easy to leverage the library for custom I2C sensors

<
For instance, to interface with the TMP006: -
+ Initialize I12C pins and I2C peripheral normally
¢ Initialize the I12C driver I2CMinit()
¢ Initialize the TMP006 TMPOO6Init()
¢ Configure the TMP006 TMP0O06ReadModifyWrite()
¢ Read data from the TMP006 TMPOO6DataRead()
¢ Convert data into temperature  TMPOO6DataTemperatureGetFloat()
Examples...
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TivaWare™ Sensor Hub Examples

airmouse

¢ fuses motion data into mouse and keyboard events
compdcm_mpu9150

¢ basic data gathering from the MPU-9150
drivers

« for buttons and LEDs
humidity_sht21

¢ periodic measurements of humidity
light_isl29023

¢ uses measurements of ambient visible and IR light to control the “white” LED
pressure_bmp180

¢ periodic measurements of air pressure and temperature
temperature_tmp006

¢ periodic measurements of ambient and IR temperatures to calculate actual
object temperature

Lab...
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Lab 5(a) — Air Mouse Example

Lab 5(a) — Air Mouse Example
Objective

In this lab you will experiment with the Air Mouse example, programming the code into the

TM4C123G’s flash memory using the LM Flash Programmer. To complete labs 5(a) and 5(b) you
will need a BOOSTXL-SENSHUB Sensor Hub Boosterpack.

Lab 5(a) — Air Mouse

. Reset
e USB Emulation Port Button
» MM s L

Power \
Swich P RTEs

usSB ~ L
H/D/IOTG —» _ &
Port

PF3 vaz»\f,\‘

P83 P30 4

PG4 PFO :; L Y

¢ Program the airmouse.bin binary 2

into the MCU'’s flash memory using
LM Flash Programmer

# Install the Sensor Hub BoosterPack """ g Teoxas InsRUMENTS

¢ Experiment with the Air Mouse example

Sensor Library ...

LM Flash Programmer

1. Install the Sensor Hub BoosterPack
» Remove the USB cable from the LaunchPad’s emulator port.
» Connect the Sensor Hub BoosterPack onto the XL connectors of the LaunchPad board.

The buttons on the BoosterPack should be at the same end as the ones on the LaunchPad.
You may need to carefully bend the power measurement jumper out of the way slightly.

» Connect the USB cable from the emulation port to an open USB port on your computer.

2. Program the Air Mouse application into the flash using LM Flash Programmer
» Run the LM Flash Programmer, make the selection in the Quick Set window shown below.

If you have an older version of this tool, use the LM4F120XL selection instead.
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Lab 5(a) — Air Mouse Example

LM Flash Programmer - Build 1343 - %
Configuration ]Program ] Flash Utilities ] Other Utlities ] Help
Quick Set
| TM4C 1236 LaunchPad |
Interface
Port: |JTAG
ICOI {Eval Board) =]
Speed (Hz): 2000000
Clock Source
{+ 16 MHz
i 5000000

Idle

wip TEXAS INSTRUMENTS

» Click on the Program tab at the top, the click the Browse button and browse to:

C:\TI\TivalWare_C_Series-1.0\examples\boards\

ek-tm4c123gx1-boostxl-senshub\airmouse\ccs\Debug\ and select airmouse.bin.

» Check the “Verify After Program” and “Reset MCU After Program” checkboxes.

» Click the Program button.

When the process completes, close the LM Flash Programmer.
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i "
&4 LM Flash Programmer - Build 1543 = 2
Configuration Program | Flash Utilities | Other Utilities Help
Select .bin file

| C:ATITivaWare_C_Series-1.0'\examples‘boards\ek-tm4c 123gxl-boostd-se Browse

Options

Erase Method:
{* Erase Entire Flash - (faster)
(" Erase Mecessary Pages - (slower)

[v Verify After Program
v Reset MCU After Program

Program Address Offset: 0x |0

CRC32
Source CRC32 = Device CRC32 =

Calculate
Program Hardware Reset

Wi TEXAS INSTRUMENTS

Idle

» Open a browser window or a longer pdf or Word document on your desktop.
» Unplug your USB cable from the LaunchPad’s emulation port.

» Switch the power switch to the DEVICE (left-most) position and connect the USB cable to
the H/D/OTG port on the side of the LaunchPad (see the earlier diagram).

P Press the LaunchPad’s reset button to make sure that the code starts up properly.
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Lab 5(a) — Air Mouse Example

Air Mouse Example

Your computer will detect the new USB device and install the standard mouse drivers. If
everything is working properly, the LEDs on the LaunchPad will be blinking quickly.

The proper way to hold the air mouse is with the USB cable to the right and the buttons under
your fingers. Although both sets of buttons will work, it's easier to use the LaunchPad

buttons.
3. P> Gently pitch the LaunchPad forward and back to mouse
down and up. Roll left and right to mouse left and right. The

7
)

left and right buttons should work normally.
Tilt

/

4. » From a resting position flat and level, a quick jerk up will t
simulate ALT+TAB on your keyboard to show your open
programs. Once “lifted”, a quick twist left or right will select
between the available windows. A gquick jerk down will
make the selection stick and release the ALT key. If you find
yourself “stuck”, press the ALT key on your keyboard to exit
the mode.

Up/Down

')

5. » From flat and level, a spin about the Z (vertical) axis will Rotate
PAGE UP or PAGE DOWN.

6. » From flat and level, a quick forward or back motion while ‘
keeping the air mouse flat will zoom in and out.
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Lab 5(a) — Air Mouse Example

Explanation: For the air mouse example, the Invensense MPU-9150 provides raw
acceleration, angular velocity and magnetic field measurements. All 9 axes are fused and
filtered using a complimentary direct cosine matrix, or DCM, algorithm into Euler angles for
roll, pitch and yaw. Roll and pitch are used to perform the mouse movements. Raw angular
velocities and accelerations are used to interpret gestures.

When you’re done experimenting,
» remove the USB cable from the LaunchPad’s device port,

» move the power switch back to the DEBUG (right-most) position and
» connect the USB cable to the LaunchPad’s emulator port.

You’re done with Lab 5(a)
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Lab 5(b) — Sensor Library Usage

Lab 5(b) — Sensor Library Usage

] Reset
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a
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¢ Create a simple program to read the
data from the 1SL29023 light sensor

7 POS w.:ﬁ“ b
¢ Display the results in Code Composer AT St = :jj“{l
€

© % TEXAs INSTRUMENTS

~e

¢ Try out GUI Composer

Procedure
1. Import the Project
» Open CCS.

On the CCS Menu bar, » click Project »> Import Existing CCS Eclipse Project.

» Click Browse, then navigate to C:\TI\TivalWare_C_Series-1.0\examples\
boards\ek-tm4c123gxl-boostxl-senshub\light is129023, M click OK.

» Click the Finish button. The project files will be copied into you workspace folder.

2 = |

¥+ Import CCS Eclipse Projects

Select Existing CCS Eclipse Project

Select a directory to search for existing CCS Eclipse projects.

¥

@ Select search-directory:  C\TI\TivaWare_C_Series-1. P 4cl23gxl-by I 5129023
© Select archive file: Browse...

Discovered projects:

[@] 1 light_isl29023 [C:\TI\TivaWare_C_Series-1.0\examples\ boards\ek-tmd c123gxl- boost-senshub\light _isl29023\ccs] Select All

Copy projects into workspace
[] Automatically import referenced projects
Open the Resource Explorer and browse available example projects...
®

In the Project Explorer pane, » click the  beside the 1ight_is129023 project name to
expand the project. The main components of the project are 1ight i1s129023. c, which
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Lab 5(b) — Sensor Library Usage

contains all of the ¢ code needed to run the program and startup_ccs. c, which contains the

reset vector, ISR vectors and system fault handlers.

w» CCS Edit - Code Composer Studio

File Edit View Mavigate Project Run 5
'3" - - ﬁ; - g;, -
75 Project Explorer &3 =i ==
4 = light_isl20023

> :jff Binaries

* [at Includes

» = Debug

» = drivers

s 2= utils

» g light_isl29023 _ccs.cmd

- [€ light_isl29023.c

» @ startup_ccs.c
|=| macros.ini_initial

|

2. Make a copy of 1ight is129023.c to save the original file.

» Rright-click on 1ight_1s129023.c and select Copy.

» Right-click again in the open space of the Project Explorer pane and select Paste.

When the Name Conflict dialog appears, accept the “Copy of light is129023.c” name
by clicking OK. This will preserve the existing file for later use, but you’'ve created a problem
... both files contain a main() and both are part of the project, so this needs to be fixed.

» Right-click on the “Copy of light_is129023.c” file, select Resource Configurations
and then Exclude from Build ... When the Exclude from build dialog appears, click the

Select All button and then click OK.

«« Exclude from build (=l 28 _|
Exclude object(s) from build in the following configurations
Debug
Release
| SelectAll || DeselectAll |
@:l [ oK ] ’ Cancel ]

Note that the symbol for the file will have a “strike” through it.

Make a copy of startup_ccs. c to save the original file.

» Right-click on startup_ccs.c and select Copy.

[# Copy of light_isl

'h.'!l'l'hj -
e LTI

TI MCU Day - Internet of Things 2013 - Tiva™ Sensor Hub BoosterPack




Lab 5(b) — Sensor Library Usage

» Right-click again in the open space of the Project Explorer pane and select Paste.

When the Name Conflict dialog appears, accept the “Copy of startup_ccs.c.c” nhame by
clicking OK.

» Right-click on the “Copy of startup_ccs.c” file, select Resource Configurations and
then Exclude from Build ... When the Exclude from build dialog appears, click the Select
All button and then click OK.
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Write the Code

4,

If we’re going to write a sensor application from a blank sheet of paper, we first need
that blank sheet.

» Double-click on 1ight_is129023.c in the Project Explorer pane to open the file for editing
in the Editor pane.

» Click anywhere in the code, press Ctrl-A on your keyboard to select all the code and then
press your delete button. Viola, a blank sheet to start from.

» Copy the following lines from this pdf file and insert them into the blank sheet you just
created. In most pdf readers you can select either a screen capture (arrow pointer) or text
(cursor or | pointer). Use the text selector for the best results.

#include "stdint.h"

#include "stdbool.h"

#include "inc/hw_memmap.h"
#include "inc/hw_ints.h"
#include "driverlib/debug.h"
#include "driverlib/gpio.h"
#include "driverlib/interrupt.h”
#include "driverlib/pin_map.h"
#include "driverlib/rom.h"
#include "driverlib/sysctl.h"
#include "sensorlib/hw_is129023.h"
#include "sensorlib/i2cm_drv.h"
#include "sensorlib/isl129023.h"
#define DEBUG

In order, the purpose of each of these is:

stdint.h: assure that integer types are compatible with the 1999 C standard
stdbool.h: assure that Boolean types are compatible with the 1999 C standard
hw_memmap . h: define the memory map of the device

hw_ints.h: macros defining the interrupt assignments

hw_ints.h: macros for assisting debug of the driver library

gpio.h: definitions and macros for the general purpose 1/0 APIs
interrupt.h: prototypes for the interrupt controller driver

pin_map.h: the mapping of the peripherals to the pins

rom. h: macros to facilitate calling the functions in ROM

sysctl.h: prototypes for the system control driver

hw_is129023.h: macros for accessing the Intersil light sensor

i2cm_drv. h: prototypes for the I°C master driver

is129023. h: prototypes for the light sensor driver

DEBUG: See later lab step

» Leave a blank line for spacing and add the following five lines below the includes:

#tdefine ISL29023_I2C_ADDRESS 0x44 // ISL29023 I2C address
tI2CMInstance g_sI2CInst; // I2C master driver structure
tISL29023 g_sISL29023Inst; // 1SL29023 sensor driver structure
volatile unsigned long g_vui8DataFlag; // Data ready flag

volatile unsigned long g_vui8ErrorFlag; // Error flag
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Lab 5(b) — Sensor Library Usage

5. Add Handlers and Functions
» Leave a blank line for spacing and add the following code below the last.

This error routine will be called if the driver library experiences an error. Run-time error
checking is fairly simple so that the impact to speed during runtime will be minimal, but
accounting for potential errors is good programming practice. This code will save the location
of the error, but only when the project is built with the DEBUG definition.

//*************************************************************************
#ifdef DEBUG
void

error__(char *pcFilename, uint32_t ui32Line)

‘-r’r-Hl

#tendif

1. //**********************************************************************
k% %k

» Leave a blank line for spacing and add the following code below the last. This is the
ISL29023 sensor callback function, which will be called at the end of the ISL29023 sensor
driver transaction. It is called from the I1°C interrupt context that we’ll add shortly. It assures
that the I°C communication was successfully completed and sets the appropriate flags.

//*************************************************************************
void
ISL29023AppCallback(void *pvCallbackData, uint_fast8 t ui8Status)
{

if(ui8Status == I2CM_STATUS_SUCCESS)

{

g_vui8DataFlag = 1;

}

g_vui8ErrorFlag = ui8Status;
}
2. //**********************************************************************
*k %k

P> Leave a blank line for spacing and add the following code below the last. This handler
code will be called by the device’s interrupt controller when an 12C3 interrupt occurs. I°C port
3 on the TM4C123G is the connection to the ISL29023.

//*************************************************************************
void

ISL29623I2CIntHandler(void)

I2CMIntHandler(&g_sI2CInst);

3_ //**********************************************************************
XKk
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Lab 5(b) — Sensor Library Usage

» Leave a blank line for spacing and add the following code below the last. This is the
ISL29023 application error handler. If an error occurs, execution will trap here. Maybe that
isn't what you'd like to happen in a production system.

//*************************************************************************
void
ISL29023AppErrorHandler(char *pcFilename, uint_fast32_t ui32Line)

while(1)
4_ //**********************************************************************
*k %k

» Leave a blank line for spacing and add the following code below the last. This function
waits for the 1ISL29023 I°C transactions to complete. If an error occurs the error handler will
be called immediately.

//*************************************************************************
void
ISL29023AppI2CWait(char *pcFilename, uint_fast32_t ui32Line)
{

while((g_vui8DataFlag == ©) && (g_vui8ErrorFlag == 0))

{

}

if(g_vuiB8ErrorFlag)

{

ISL29023AppErrorHandler(pcFilename, ui32Line);

}

g_vui8DataFlag = 0;
}
5. //**********************************************************************
*k %k
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6. Now let’s add main() to the file

In this code fAmbient is a variable that holds the light reading from the sensor. ui8Mask
holds a series of parameters with which to program the 1ISL29023.

» Leave a blank line for spacing and add the following code below the last.

//*************************************************************************
int
main(void)

float fAmbient;

uint8_t ui8Mask;

The first thing we want the processor to do after reset is to properly configure the clock. The
following API will set up the system clock at 40MHz using the PLL with the 16MHz external
crystal as a reference.

» After the line containing uint8_t ui8Mask; add a line for spacing and then add the API
below.

| ROM_SysCt1ClockSet(SYSCTL_SYSDIV_5|SYSCTL_USE_PLL|SYSCTL_XTAL_16MHZ|SYSCTL_OSC_MAIN);

Note the ROM_ preceding the API. The ROM on all Tiva C Series devices contains the entire
TivaWare™ peripheral driver library. Calling functions from ROM saves precious Flash
memory for the users’ functions.
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Next we need to enable 1°C port 3 on the device. The pins are multiplexed with 4 functions
per pin, so this programming is critical. Tl has created a pin mux GUI to ease this
programming; you can find it at: http://www.ti.com/tool/Im4f pinmux . The last line turns on
the “master interrupt switch”, enabling interrupts on the processor.

» Add a line for spacing under the last and add these seven lines to main().

ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOD);
ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_I2C3);
ROM_GPIOPinConfigure(GPIO_PDO_I2C3SCL);
ROM_GPIOPinConfigure(GPIO_PD1_I2C3SDA);
GPIOPinTypeI2CSCL(GPIO_PORTD _BASE, GPIO PIN 0);
ROM_GPIOPinTypeI2C(GPIO_PORTD_BASE, GPIO PIN_1);

ROM_IntMasterEnable();

Now we’re ready to initialize I°C port 3.

» Add a line for spacing under the last and add the next two lines to main().

I2CMInit(&g_sI2CInst, I2C3_BASE, INT_I2C3, OxFF, OxFF, ROM_SysCtlClockGet());

SysCtlDelay(SysCtlClockGet() / 3);

The parameters in the first line specify the I°C instance, the base address of the I°C module,
the uDMA Tx and Rx channels used (none) and the clock frequency used as the I°C module
input clock. The second line provides a 1000mS delay to allow for any possible conflicts on
the I°C bus to resolve.

Now it’s time to initialize the ISL29023.

» Add a line for spacing under the last and add these lines to main().

ISL29023Init(&g_sISL29023Inst, &g sI2CInst,
ISL29023_TI2C_ADDRESS,ISL29023AppCallback, &g sISL29023Inst);

6. ISL29023AppI2CWait(__FILE_ , _ LINE_ );

The first APl initializes the ISL29023 driver, preparing it for operation. It also asserts a reset
signal to the ISL29023 itself, to clear any previous configuration data.

The first parameter is a pointer to the ISL29023 instance data. The second is a pointer to the
I°C driver instance data. The third is the I°C address of the 1ISL29023 device. The fourth is the
function to be called when the initialization has completed (can be NULL if a callback is not
required). The last is a pointer that is passed to the callback function.

The second API simply waits for the I°C communication to complete. If an error occurs, its
location will be preserved.
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The next lines configure the 1ISL29023. The R-M-W API modifies the operation register on the
ISL29023. These parameters are defined in 1s129023. h.

» Skip a line for spacing and add this code under the rest inside main().

uisMask = (ISL29023_CMD_I_OP_MODE_M );
ISL29023ReadModifyWrite(&g_sISL29023Inst, ISL29023 O _CMD_I, ~ui8Mask,

(ISL29023_CMD_I_OP_MODE_ALS_CONT),
ISL29023AppCallback, &g_sISL29023Inst);

ISL29023AppI2CWait(__FILE_ , _ LINE_ );

» Double-click on any of the parameters and press F3 to quickly see its definition.

The parameters passed in this configuration assure that the 1ISL29023 is in operation mode
and continuous sampling mode.

Again, the wait is needed to ensure the completion of the last communication before starting
the next.

7. Add the code that continuously reads the light sensor — a while(1) loop

» Skip a line for spacing and add the following after the last code.

while(1)
{

» Insert the following lines into the while(1) loop.

ISL29023DataRead(&g_sISL29023Inst, ISL29023AppCallback, &g _sISL29023Inst);
1SL29023AppI2CWait(_ FILE_ , _ LINE_ );

7.1ISL29023DatalLightVisibleGetFloat (&g _sISL29023Inst, &fAmbient);

The first line reads the data from the sensor and the third converts it into a floating point
number stored in fAmbient. This will occur as quickly as the 12C communication transactions
will allow, based on the wait APIs.

Note: We will be using breakpoints in this lab to slow the interaction. Without those breakpoints
we would likely be sampling the sensor far too quickly for it to perform a proper
conversion.

» Correct the indentation of your code if necessary.

» Click the Save button on the CCS menu bar to save your work.Note that the asterisk on
the tab will disappear when the saved version is current.

» Compare your code with the code on the next two pages. If you are having problems, you
can copy/paste this into Code Composer Studio.
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#include "stdint.h"

#include "stdbool.h"

#include "inc/hw_memmap.h"
#include "inc/hw_ints.h"
#include "driverlib/debug.h"
#include "driverlib/gpio.h"
#include "driverlib/interrupt.h"
#include "driverlib/pin_map.h"
#include "driverlib/rom.h"
#include "driverlib/sysctl.h"
#include "sensorlib/hw_is129023.h"
#include "sensorlib/i2cm_drv.h"
#include "sensorlib/is129023.h"
#tdefine DEBUG

#define ISL29023_I2C_ADDRESS ox44 // 1ISL29023 I2C address
tI2CMInstance g_sI2CInst; // I2C master driver structure
tISL29023 g sISL29023Inst; // ISL29023 sensor driver structure
volatile unsigned long g _vui8DataFlag; // Data ready flag

volatile unsigned long g vui8ErrorFlag; // Error flag

[ [ K EFEE A KA A KA A A KA KA KA KK KKK K KA KA KA AR H KK KK A HK A A KA KA K KK KK K

¥gtg9923AppCa11back(void *pvCallbackData, uint_fast8 t ui8Status)
t if(ui8Status == I2CM_STATUS_SUCCESS)

t g vui8DataFlag = 1;

g_vuiSErrorFlag = ui8Status;
}

[ [ K EFAE A KA A KA A A KA KKK KKK KKK A A KA A KKK KK A A KA A KA AR KK KK K

[ Rk ok sk ok sk kok sk ok sk ook ko kst sk ok sk sk ok stk ok ok ko kst ok ko skt sk koo skok ok ok k ok
void
ISL2902312CIntHandler(void)

{
I2CMIntHandler(&g_sI2CInst);

//*************************************************************************
//*************************************************************************
void
ISL29023AppErrorHandler(char *pcFilename, uint_fast32_t ui32Line)

while(1)

//*************************************************************************

[ [ X EFE A KA A KA A A KA KA KA KK KK KKK KA A KA AR H KKK A A HOK A AR K KK KKK

¥gtg9023AppIZCWait(char *pcFilename, uint_fast32_t ui32Line)

t while((g_vui8DataFlag == ©) && (g_vui8ErrorFlag == 0))
{
if(g_vui8ErrorFlag)
t ISL29023AppErrorHandler(pcFilename, ui32Line);
}

g vui8DataFlag = 9;

[ [ K EFE A KA A KA A A KA KA KA KK KK KA KK KA KA KA A K KK KK A AR A A KA KA KKK KK K
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[ /R ks ok sk kok sk ok sk ok sk ko stk sk ok sk stk stk ok ok sk kst ok kol skt skl koo skok ok ko k ok
int
main(void)

float fAmbient;

uint8_t ui8Mask;
ROM_SysCt1ClockSet(SYSCTL_SYSDIV_5|SYSCTL_USE_PLL|SYSCTL_XTAL_16MHZ|SYSCTL_OSC_MAIN);
ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOD);
ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_I2C3);
ROM_GPIOPinConfigure(GPIO_PDO_I2C3SCL);
ROM_GPIOPinConfigure(GPIO_PD1_I2C3SDA);
GPIOPinTypeI2CSCL(GPIO_PORTD_BASE, GPIO_PIN 0);
ROM_GPIOPinTypeI2C(GPIO_PORTD_BASE, GPIO_PIN_1);
ROM_IntMasterEnable();
I2CMInit(&g_sI2CInst, I2C3_BASE, INT_I2C3, OxFF, OxFF, ROM_SysCtlClockGet());
SysCtlDelay(SysCtlClockGet() / 3);
ISL29023Init(&g_sISL29023Inst, &g _sI2CInst,
ISL29023_I2C_ADDRESS,ISL29023AppCallback, &g sISL29023Inst);
ISL29023AppI2CWait(__FILE_, _ LINE_ );
ui8Mask = (ISL29023 CMD_I _OP_MODE_M );
ISL29023ReadModifyWrite(&g_sISL29023Inst, ISL29023 0O _CMD_I, ~ui8Mask,
(ISL29023 CMD_I_OP_MODE_ALS_CONT),
ISL29023AppCallback, &g sISL29023Inst);
ISL29023AppI2CWait(_FILE_ , _ LINE_ );
while(1)

ISL29023DataRead(&g_sISL29023Inst, ISL290@23AppCallback, &g sISL29023Inst);
ISL29023AppI2CWait(__FILE__, _ LINE_ );

ISL29023DataLightVisibleGetFloat (&g _sISL29023Inst, &fAmbient);
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8. Eliminate unused interrupts from startup_ccs.c

The original light sensor project used several interrupts that we will not be using. We need to
eliminate them from the startup_ccs.c file.

» Double-click on startup_ccs.c in the Project Explorer pane to open it for editing in the
Editor pane

» Find the external declarations around line 59. Comment out the first, third, fourth and fifth
as shown below.

//extern void IntGPIOe(void);

extern void ISL29023I2CIntHandler(void);
//extern void SysTickIntHandler(void);
//extern void UARTStdioIntHandler(void);
//extern void RGBBlinkIntHandler(void);

» Page down to around line 77.
The system exception and peripheral interrupt vectors start here.

» Find IntDefaultHandler and double-click on it to select it. Then press Ctrl-C to copy it to
the clipboard.

This handler is the one that is called when an unexpected interrupt occurs. In a production
environment, you might want to change the “trap” behavior of this code.

» Around line 91, find SysTickIntHandler. Double-click on it and press Ctrl-V to replace it
with IntDefaultHandler.

» Do the same to:
IntGPIOe at about line 96,
UARTStdioIntHandler at about line 97, and

RGBBlinkIntHandler at about line 197.

» Save your work.
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9. Build and Download your Project

Make sure that your LaunchPad/SensorHub combination is connected from a free USB port
on your PC to the emulation port on the LaunchPad.

» Cycle the power on the board by moving the power switch from the DEBUG (right-most)
position to the DEVICE (left-most) position and back to the DEBUG (right-most)
position.

» Build and download the program to the flash memory of the TM4C123GH6PM by fﬁ*
clicking on the Debug button on the CCS menu bar.

10. Set Watch Expressions and Breakpoints

» Click on the Expressions tab in the Watch and Expressions pane. If there are any
Expressions in the window, right click in the window and select Remove All.

» Find fAmbient in the 1light_1is129023.c code pane (right after main ) and double-click
on it to select it. Right-click on it and select Add Watch Expression ... Click OK to leave the

name as-is.
_'i im_: ) ()= Variables | &7 Expressions 53 | i1} Registers
75 main(void)
761 Expression Type Value Address

77 float fAmbient;

. . ()= fAmbient float 0.0 020000408
78 uintd t uiBMask;

o Add new expressi

» Page down to the end of light_isl29023.c and find the while(1) loop. Identify the line of
code that contains ISL29023DataLightVisibleGetFloat(). Double-click in the blue area just left
of the line number to set a breakpoint on this line.

You'll see a blue dot with a check mark appear. When code execution reaches this point,
control will be returned to CCS (before the line runs).

Remember that the current drivers do not support setting breakpoints while the code is
executing.

l

while(1)
1

[X= i

I5L29623DataRead (&g_sISL29823Inst, ISL298234AppCallback, &g sISL29823Inst);
ISL29823AppI2Ckait(  FILE ,  LINE_ );

sl I )

L)

IsL29623DatalightVisibleGcetFloat (&g sISL29823Inst, &fAmbient);
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11. Run the Code

» Click the Resume button L or press F8 on your keyboard to run your code.

Since the breakpoint is set before the ISL29023DataLightVisibleGetFloat() API was
run, fAmbient was not updated.

ke

» Click the Resume button or press F8 on your keyboard repeatedly.

Continuously clicking the Resume button can get pretty tedious. We can change the behavior
of the breakpoint we set so that it doesn’t stay halted.

» Right-click on the breakpoint symbol (it will now have a blue arrow on
and select Breakpoint Properties ...

» On the row containing Action, click on the Remain Halted value. When the down-arrow
appears on the right, click on it. Select Refresh All Windows from the list and click OK.

d B2}

'+ Properties for

Breakpoint Properties @& Breakpoint Properties

Properties Values
4 Hardware Configuration
. Type Breakpoint
4 Debugger Response
Condition
. Skip Count 0
Action Refresh All Windows -
4 Miscellaneous Centrol Profiling
Group Disable a Group
Name Enable 3 Group
Execute Expression (GEL)

Read Data from File
Remain Halted
Update View
Write Data to File

This is what the IDE will do once the breakpoint has triggered and all legical conditions are Edit Property

met too

I
®

Ok

» Click the Resume button or press F8 on your keyboard to run your code.

Now the while (1) loop will run to the breakpoint, stop, update the fAmbient value in CCS
and re-start code execution. Based on how the code is written in the while (1) loop, this will
happen as quickly as possible (as soon as the I°C communication is finished, another will
begin). Note that every time the value changes, C