
Wireless Connectivity
W I T H  T E X A S  I N S T R U M E N T S

Welcome …

http://www.em.avnet.com/mgw/home/0,1707,RID=0&CID=5201&CCD=USA&SID=0&DID=DF2&LID=0&PRT=0&PVW=&BID=DF2&CTP=MGW,00.html
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Today’s Agenda

9:00 – 9:10 10 mins Welcome and Introductions

9:10 – 9:50 40 mins Wireless Basics

9:50 – 10:00 10 mins break

10:00 – 10:45 45 mins Lab 1

10:45 – 11:30 45 mins Wireless Connectivity Overview

11:30 – 12:00 30 mins Lunch break

12:00 – 1:00 60 mins Lab 2 

1:00 – 1:30 30 mins Designing with wireless modules

1:30 – 1:45 15 mins Demo – RC Eval-bot with Chronos

1:45 – 2:00 15 mins Closing comments / feedback
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Expectations

• This training is … 
– A scratch-the-surface introduction to basic wireless concepts

• Terminology, protocols and applications

– Some discussion of wireless design considerations

– Centered around wireless solutions from Texas Instruments
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Why Wireless?

• Cable replacement 

– Costs of wiring

– Labor for installation

• Expandability

– New nodes easily added

• Reliability and maintenance

– Self-healing 

– Dead node detection

• Where cabling isn’t practical

– Very long cable runs

– Buried cabling

– Moving equipment

– Dangerous/harsh environments

EnOcean

Cambridge Consultants. Ltd.
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Growing Markets / Applications

Asset Management

Process Automation

Decawave. Ltd.

Access Control Remote

Monitoring

HVAC controls

Food/Water Quality
Smart Energy

Lighting Controls

Remote Controls

Healthcare

Home/Bldg Automation

http://www.youtube.com/watch?v=BEpNbdzWmWU
http://rds.yahoo.com/_ylt=A0PDoTEL0mpNYS4AOwaJzbkF;_ylu=X3oDMTBqamdoM3Q5BHBvcwMxMgRzZWMDc3IEdnRpZAM-/SIG=1j34oue05/EXP=1298875019/**http:/images.search.yahoo.com/images/view?back=http://images.search.yahoo.com/search/images?p=process+automation&ei=utf-8&fr=b2ie7&w=866&h=554&imgurl=controllogic.melbourneitwebsites.com/images/pf_process_automation_picture.jpg&rurl=http://controllogic.melbourneitwebsites.com/shop/category/3210&size=583KB&name=Process+Automati...&p=process+automation&oid=bfd554492cf2ba3a139a4009696e0974&fr2=&no=12&tt=191000&sigr=11u7lm9fl&sigi=12d7915lf&sigb=12jjeh0uu&.crumb=tH5M/fo0WSn
http://rds.yahoo.com/_ylt=A0PDoX3J0mpNyHwAqKGJzbkF;_ylu=X3oDMTBpdDZuNzZrBHBvcwM5BHNlYwNzcgR2dGlkAw--/SIG=1i4jip2o1/EXP=1298875209/**http:/images.search.yahoo.com/images/view?back=http://images.search.yahoo.com/search/images?p=buoy+picture&ei=utf-8&fr=b2ie7&w=2304&h=3072&imgurl=www.noaanews.noaa.gov/stories2008/images/smartbuoy2.jpg&rurl=http://www.noaanews.noaa.gov/stories2008/20080925_smartbuoy.html&size=4MB&name=NOAA+and+Nauticu...&p=buoy+picture&oid=9aa2872880b7cf6218b16d33887e32a1&fr2=&no=9&tt=326000&sigr=12002lfv6&sigi=11nb4vevf&sigb=12dt6070i&.crumb=tH5M/fo0WSn
http://rds.yahoo.com/_ylt=A0PDoX0g02pNC3oAhiaJzbkF;_ylu=X3oDMTBqZjhiY2lrBHBvcwM2MARzZWMDc3IEdnRpZAM-/SIG=1kp8in1fe/EXP=1298875296/**http:/images.search.yahoo.com/images/view?back=http://images.search.yahoo.com/search/images?p=hvac&b=43&fb=14&ni=21&ei=utf-8&xargs=0&pstart=1&fr=b2ie7&w=1280&h=960&imgurl=www.oregondental.org/files/public/Building_4-26_HVAC.JPG&rurl=http://thinkingproblemmanagement.blogspot.com/2008/02/checklist-for-hvac.html&size=407KB&name=Thinking+problem...&p=hvac&oid=f43083f360694e2f312c9801696216bd&fr2=&no=60&tt=630000&b=43&ni=21&sigr=12dkm8a4i&sigi=11okj5qbo&sigb=137c5nv5v&.crumb=tH5M/fo0WSn
http://rds.yahoo.com/_ylt=A0PDoX.Y0GpNRTgATfmJzbkF;_ylu=X3oDMTBqNjNxOXJjBHBvcwM3MARzZWMDc3IEdnRpZAM-/SIG=1kfe0sjvq/EXP=1298874648/**http:/images.search.yahoo.com/images/view?back=http://images.search.yahoo.com/search/images?_adv_prop=image&b=55&fb=17&ni=18&va=remote+control&xargs=0&pstart=1&fr=b2ie7&w=600&h=480&imgurl=www.mysatbox.com/images/VS-PVR7000-remote.jpg&rurl=http://www.mysatbox.com/popup_image.php?pID=101&size=52KB&name=Viewsat+PVR+7000...&p=remote+control&oid=9d4edc295122bb3df526b27069b685c9&fr2=&no=70&tt=2930000&b=55&ni=18&sigr=11fnrasl3&sigi=11dv8cq9g&sigb=13pc20edp&.crumb=tH5M/fo0WSn
http://rds.yahoo.com/_ylt=A2KJkIWHNlxNEmsAzJWJzbkF;_ylu=X3oDMTByNWgwcGRlBHBvcwMzNTYEc2VjA3NyBHZ0aWQDSTEzM184Mw--/SIG=1nn7sotga/EXP=1297917703/**http:/images.search.yahoo.com/images/view?back=http://images.search.yahoo.com/search/images?p=smart+energy+photos&b=337&ni=21&ei=utf-8&vm=r&xargs=0&pstart=1&fr=b2ie7&w=3040&h=2288&imgurl=www.twilightearth.com/wp-content/uploads/2009/10/HPIM2079.JPG&rurl=http://www.twilightearth.com/solarpower/twilight-earth-visits-the-dc-solar-decathlon-information-photos-and-video/&size=1MB&name=...+Earth+Visits...&p=smart+energy+photos&oid=9de3e81c499502aa8bcb81cb7103e2e3&fr2=&no=356&tt=22400&b=337&ni=21&sigr=13ioadebs&sigi=11t82ls6e&sigb=13mg6libs&.crumb=bvif2esXWcy
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Connectivity is Driving The Future

Source: 

ARM Holdings, ITU, 

& Morgan Stanley Research
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The “Internet of Things”

WPAN : Wireless Personal Area Network

BAN : Body Area Network

HAN : Home Area Network

NAN : Neighborhood Area Network

FAN: Field Area Network

WSN : Wireless Sensor 

and Actuator Network

M2M : Machine to Machine

6LoWPAN: The Wireless Embedded Internet, 

Wiley & Sons Ltd

“We are able to connect almost 

everybody now, Soon we will have the 

ability to connect almost every thing of 

value.” 
Paul Havinga, CTO, Ambient Systems
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Different Networks Have Different Needs
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Proven 
Experience

• Nearly 10 years delivering connectivity 
solutions to market

• Multiple generations of proven solutions

• Bluetooth® – 7th generation

• WLAN – 7th generation

• Shipped more than 1B units

• Low-power devices optimized specifically 
for handheld applications

• Integrated & tested on TI processors

• Flexible engagement & support model

Industrial, Security & 
Automation

Proven
Track Record

Mobile Phones & 
Portable Devices

Human Interface
Devices & 

Peripherals

TI in the Embedded Connectivity Market



Metering

Home 
automation

Alarm & 
security

Headphone

Speakers

Gaming

Human 
interface 
devices

Health & 
wellness

Sports & 
fitness

Mobile
accessory

Gaming
controllers

Smart 
energy

Home 
automation

Remote
control

Sensor 
networks

Healthcare

Consumer 
handheld 
devices

Portable 
data 

terminals

Medical

Home 
automation

ZigBee 

TI Wireless Connectivity Portfolio

5GHzSub 1GHz 2.4GHz

PurePathTM

Wireless 

Audio

GPS

WiFi 
802.11 a/b/g/n

+ Bluetooth

6LoWPAN

W-MBus

SimpliciTi

6LoWPAN

RF4CE

Bluetooth

Bluetooth 

Low Energy

ANT

Applications

CC1101

CC1110

CC430     

CC1120

CC2500

CC2510

CC8520

CC2560/7

CC2540

CC2570/1

CC2530

CC2531

CC2533

CC2520

WL1271/3
Coming 

soon

Satellite

SimpliciTi

Denotes TI Proprietary solution or customer defined protocol on these products

TMS37157

TRF796x  

TRF7970   

Point of 
sale 

Electronic 
shelf 

labeling

Access & 
security

Smart 
energy

Medical

NFC

ISO14443B

ISO15693

RFID

134KHz /13.56MHz

Asset 
tracking

Navigation

Precision 
timing

Sports & 
fitness

Products
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Wireless Design Considerations

• Operating frequency vs range and markets needs

• Data rate vs range and power consumption

• Regulatory requirements

– Narrowband duty cycle limits

– International variation of standards

• Standard (interoperable) or proprietary solution

• Radio + MCU or SoC solution

• Interface options

• Available protocol stacks

• Drivers for my OS

• Application scenarios: available power vs

performance
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Today’s Agenda

9:00 – 9:10 10 mins Welcome and Introductions

9:10 – 9:50 40 mins Wireless Basics

9:50 – 10:00 10 mins break

10:00 – 10:45 45 mins Lab 1

10:45 – 11:30 45 mins Wireless Connectivity Overview

11:30 – 12:00 30 mins Lunch break

12:00 – 1:00 60 mins Lab 2 

1:00 – 1:30 30 mins Designing with wireless modules

1:30 – 1:45 15 mins Demo – RC Eval-bot with Chronos

1:45 – 2:00 15 mins Closing comments / feedback
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Wireless Networking Topology 101

Point–to–point 

Star or Tree

Mesh

Cluster-tree



14Avnet SpeedWay Design Workshop™ - Wireless Connectivity with Texas Instruments, copyright 2011

Industrial-Scientific-Medical (ISM) Bands

United States ISM Bands:

6.765 – 6.795MHz

13.553 – 13.567MHz

26.957 – 27.283MHz

40.66 – 40.70MHz

433.05 – 434.79MHz

902 – 928MHz

2.400 – 2.500GHz

5.725 – 5.875GHz

24 – 24.25G

61 – 61.5GHz

http://www.ntia.doc.gov/osmhome/allochrt.html
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Which Frequency Band is Better?

Advantages Disadvantages

2.4 GHz
Works worldwide

High data rate

Full duty cycle allowed

Most crowded

5 GHz
Highest data rate 

Least crowded

Less range

<1 GHz
Best range

Less crowded

Lowest data rate

Narrowband interference

Restrictions on duty cycle at 

some frequencies
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Digital Carrier Modulation

Amplitude Shift Keying

ASK

OOK

Phase Shift Keying

PSK

BPSK (2-PSK)

QPSK (4-PSK)

16PSK

DPSK 

Frequency Shift Keying

FSK

M-FSK

GFSK
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Spread Spectrum vs. Narrowband Modulation

• Frequency Hopping Spread Spectrum (FHSS)

• Direct Sequence Spread Spectrum (DSSS)

• Chirp Spread Spectrum (CSS)

– IEEE 802.15.4a UWB for precision locating

Loop Start Consulting Group

http://rds.yahoo.com/_ylt=A2KJke0eXi9OL1oAKEGJzbkF;_ylu=X3oDMTBpcWpidGtpBHBvcwM4BHNlYwNzcgR2dGlkAw--/SIG=1lng5jce0/EXP=1311755934/**http:/images.search.yahoo.com/images/view?back=http%3A%2F%2Fimages.search.yahoo.com%2Fsearch%2Fimages%3F_adv_prop%3Dimage%26va%3Dhedy%2Blamarr%26fr%3Die8&w=1617&h=2110&imgurl=www.doctormacro.com%2FImages%2FLamarr%2C%2520Hedy%2FAnnex%2FAnnex%2520-%2520Lamarr%2C%2520Hedy%2520%28Conspirators%2C%2520The%29_01.jpg&rurl=http%3A%2F%2Fwww.doctormacro.com%2FMovie%2520Summaries%2FC%2FConspirators%2C%2520The.htm&size=487KB&name=Hedy+Lamarr&p=hedy+lamarr&oid=a3fe61573e283f064e3994b6d63d7af0&fr2=&no=8&tt=18300&sigr=126ehp3o1&sigi=139b6jnhu&sigb=12iaaeks9&.crumb=.G97e7fW.CH
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Channel Sharing Techniques

• TDMA - Time Division Multiple Access

• CSMA - Carrier Sense Multiple Access

• FDMA - Frequency Division Multiple Access

• CDMA - Code Division Multiple Access

Example of TDMA 
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Co-existence at 2.4 GHz
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About dB and Watts

• Voltage ratio: 

dB = 20 log (V2/V1)

• Power ratio: 

dB = 10 log (P2/P1)

• Voltage level: 

dBμV = 20 log (V/1μV)

• Power level: 

dBm = 10 log (P/1mW)

• RF datasheets show radio 

power in dBm

0 dBm = 1mW

10 dBm = 10mW

20 dBm = 100mW

30 dBm = 1000mW

-110 dBm = 10-11mW

Typical transmit power in dBm

Microwave oven 60 dBm (1kW)

Cell phone 27 dBm (500mW)

Bluetooth Class 1 (100m) 20 dBm (100mW)

WLAN card 18 dBm (70mW)

Bluetooth Class 2 (10m) 4 dBm (2.5mW)

Typical Rx signal in a sensor network -70 dBm (100pW)

GPS Rx signal -127 dBm (0.18fW)
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Range Depends on Link Budget

• How loud can you yell?

• Usually higher is better

• Often register selectable

• Measured in dBm (for example: +10dBm)

• How well can you hear?

• Lower is better

• Measured in dBm (for example: -93dBm)

Transmitter power

Receiver sensitivity

Link budget = transmitter power – receiver sensitivity + antenna gains

Example:  (+10 dBm) – (-93 dBm) + 0 = 103 dBm
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Calculating RF range

Friis transmission formula (free space, line-of-sight)

Pt, Pr = transmit or receive power (W)

Gt, Gr = gain of transmitting or receiving antenna 

λ = wavelength = 3 x 108 / f

R = range (meters)
Example:

Pt = 0 dBm = 1mW

Pr = -90 dBm = 1 x 10-12 W

Gt = Gr = 0 dBi = 1

f = 2450 MHz

:: R = 308 meters

Online Friis calculator: http://www.random-science-tools.com/electronics/friis.htm

http://www.random-science-tools.com/electronics/friis.htm
http://www.random-science-tools.com/electronics/friis.htm
http://www.random-science-tools.com/electronics/friis.htm
http://www.random-science-tools.com/electronics/friis.htm
http://www.random-science-tools.com/electronics/friis.htm
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Propagation Effects – Multipath Fading

direct

constructive

deconstructive
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An antenna is an air core 

inductor of a defined length 

The AC current through an inductor 

lags the voltage by 90 degrees

Therefore the maximum 

power in the antenna is 

delivered at ¼ wavelength

A /2 dipole produces the 

most power at the ends of 

the antenna with little power 

in the center.

Antennas | Wavelength
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Antennas | Gain

dipoledipole

Antenna gain is referenced

to ideal isotropic antenna

0 dBd = 2.14 dBi

0 dBi
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Common Antenna Types

• PCB antennas

– No added component cost

– Size demanding at sub 433 MHz

– Good performance at  > 868 MHz 

• Chip, puck antennas

– Medium cost

– Good performance at 2.4 GHz

– OK performance at 868-955 MHz

• Whip, patch antennas

– Expensive solutions for high volume

– Good performance

– Hard to fit in many applications

• Wire / helical antennas

– Low cost 

– Ideal at sub-433 MHz

• Custom molded

– High volume applications

http://www.badland.co.uk/images/products/large/17.jpg','imagePopup',400,400,'no
http://rds.yahoo.com/_ylt=A2KJkIf.e3FNT00AzYeJzbkF;_ylu=X3oDMTBxZThpZmZrBHBvcwMxNgRzZWMDc3IEdnRpZANJMTM2Xzg2/SIG=1htso299c/EXP=1299311742/**http:/images.search.yahoo.com/images/view?back=http://images.search.yahoo.com/search/images?_adv_prop=image&va=patch+antenna&vm=r&fr=b2ie7&w=615&h=765&imgurl=rfancill.station196.com/web_images/IPA.png&rurl=http://rfancill.station196.com/index.php?p=2_49&size=166KB&name=INDOOR+PATCH+ANT...&p=patch+antenna&oid=6421e857f7fe3c099e69f371ceef6d45&fr2=&no=16&tt=29200&sigr=11fk8ss7k&sigi=11aeu88o1&sigb=12r3l2k3s&.crumb=tH5M/fo0WSn
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Balun

• In TX: 

– Converts signals from differential to single-ended

– Provides optimum impedance matching for highest possible 

radiated power  

• In RX: 

– Converts signals from single-ended to differential signal

– Provides optimum matching for best possible sensitivity
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Regulatory Approval

The Process:
»FCC Registration Number
»FCC Grantee Code
»FCC ID Number
»Emissions Designator Number
»TCB Agreement
»FCC Certification Letter

Typical Costs (from LS Research):

– FCC: ~$8,000- 10,000 

– IC: ~ $2,000 - 3,000

– CE: ~ $10,000- $13,000 

susceptibility

emissions

conductedradiated EMC

Modular Filing – FCC PART 15 UNLICENSED MODULAR TRANSMITTER APPROVAL

LS Research
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Agenda

9:00 – 9:10 10 mins Welcome and Introductions

9:10 – 9:50 40 mins Wireless Basics

9:50 – 10:00 10 mins break

10:00 – 10:45 45 mins Lab 1

10:45 – 11:30 45 mins Wireless Connectivity Overview

11:30 – 12:00 30 mins Lunch break

12:00 – 1:00 60 mins Lab 2 

1:00 – 1:30 30 mins Designing with wireless modules

1:30 – 1:45 15 mins Demo – RC Eval-bot with Chronos

1:45 – 2:00 15 mins Closing comments / feedback
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SimpliciTI Networking Protocol

• TI proprietary low-power RF network protocol

• Low resource overhead:

– < 8K FLASH

– <1K RAM

• Flexible: 

– simple star w/extender

– p2p communication

• Simple: utilizes a very 
basic core API

• Low power: supports 
sleeping devices
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BlueRobin™ Data Transmission Protocol

• Proprietary from BM Wireless

• Low data rate protocol for body area sensor networks and team 

monitoring systems

• Selectable from 8 bits to 256 bits per data packet 

• Packet intervals of 500 ms up to 1 second

• Unidirectional transmission with on-demand acknowledge

• Built-in data packet collision avoidance

• Compact code size

• Versions available for 315/433/868/915MHz and 2.4GHz

• One receiver supports up to 200 nodes
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Overview | eZ430-Chronos Eval Kit

3-Axis Accelerometer

Pressure & Altitude 

Sensor

Buzzer

<1GHz RF

CC430F6137 RF SoC

Temperature 

Sensor

Voltage & Battery 

Sensor

2-Wire JTAG Access

96 segment LCD

eZ430 Debugger/

Programmer

RF Access

Point

(uses CC1111)

Chronos

Disassembly 

Tool

CR2032 Battery

• 433, 868 & 915 MHz
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Overview | eZ430-Chronos Eval Kit

www.ti.com/chronoswiki

http://www.ti.com/chronoswiki
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• Free development software

– Code Composer Studio 

– IAR Embedded Workbench

– MSPGCC*

• Production-ready, 

open-source projects

• Multiple easy-to-use 

RF stacks available

– SimpliciTI

– BlueRobin

– W-Mbus

– 6LoWPAN

– More coming… 

• User generated apps 

and support located at 
www.ti.com/chronoswiki

Chronos Projects include…

Watch functions (time, date, 

alarm, stopwatch)

Fitness programs: running speed, 

distance, heart rate, calories burned

Sensor data logging w/ wireless PC 

download 

PowerPoint Control

Media Remote

Motion-based mouse/PC game 

control

RF control of Beagle board game

Robotics Control

Elderly fall detection*

Wireless App Updating*

Car Horsepower/G-Force Estimator*

Skier Speed & Altitude Logger*

More apps to come…

*App in works

Overview | eZ430-Chronos Eval Kit

http://www.ti.com/chronoswiki
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eZ430-Chronos Kit | Hardware Teardown
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CC430 = MSP430 with <GHz RF connectivity

TI’s CC430

MSP430F5xx  
MCU

Application 
and protocol 

processor

Low Power 
RF transceiver 
(CC1101)

Radio 
frequency

The Best of 
Both Worlds

• High sensitivity
• Low current consumption
• Excellent blocking 

performance
• Flexible data rate & 

modulation format
• Backwards compatible

• Market’s lowest power MCU
• High analog performance
• High level of integration
• Ease of development
• Sensor interface

MSP430 MCULow Power RF Transceiver

Small Package:
9.1mm x 9.1mm

Free RF libraries and stacks

 SimpliciTI (star network) -
www.ti.com/simpliciti

 TIMAC – IEEE 802.15.4 
Medium Access Control 
(MAC)

 Z-Stack – free ZigBee stack. 
Compliant with 2006 
ZigBee™ spec 
(www.ti.com/zigbee)

 Third party partners with 
mesh network stacks –
coming soon!

 SmartRF® Studio -
automatically generates 
register values

Wireless Made Easy

http://www.ti.com/simpliciti
http://www.ti.com/zigbee
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Chronos Kit | RF Access Point 

• Based on CC1111 

w/ integrated USB and <1GHz RF

• “fixed function” to communicate 

with Chronos & PC

• Supports wireless update 

of Chronos firmware via 

rfBSL

• Can be manually reprogrammed 

with CC Debugger

header to JTAG signals 

has to be manually added
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PC-AP-Chronos Communication

• RF Access Point implements a 

Virtual COM Port over USB

– bps 115200 

– Data bits 8

– Parity None

– Stop Bits 1

– Flow Control None

• Control Center automatically

– Opens COM port 

– Transfers data

– Decodes packets

– Displays info

• API available for manual data 

transfer

• Scripts available for:

– Python

– Processing

– Ruby

– .net

• All community developed, 

supported
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eZ430-Chronos Software Install Package

What’s included: 

– Control Center

• Control Center GUI binary

• Data logger GUI binary 

• GUI source code

– Documentation 

• User guide

• Schematics, layout 

(Gerbers) & BOM

– RF Access Point

– eZ430 Debug Interface

– Watch 

– RF Access Point driver

– Binary images (recovery)

• Sports Watch app

• Datalogger app

• rfBSL

• RF Access Point

– Software projects

• Sports watch (CCS/IAR)

• Datalogger (CCS/IAR)

• RF Access Point (IAR)

Installation has copied all files to 

C:\Program Files\Texas Instruments\eZ430-Chronos
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Agenda

9:00 – 9:10 10 mins Welcome and Introductions

9:10 – 9:50 40 mins Wireless Basics

9:50 – 10:00 10 mins break

10:00 – 10:45 45 mins Lab 1

10:45 – 11:30 45 mins Wireless Connectivity Overview

11:30 – 12:00 30 mins Lunch break

12:00 – 1:00 60 mins Lab 2 

1:00 – 1:30 30 mins Designing with wireless modules

1:30 – 1:45 15 mins Demo – RC Eval-bot with Chronos

1:45 – 2:00 15 mins Closing comments / feedback
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Proprietary vs. Industry Standard

Proprietary

Industry

Standard

Advantages Disadvantages

Tailored to the application

Specialized functions

Smaller software stack

Choice of frequency bands 

Each OEM’s topology can 

be different

Less options among 

suppliers

No interoperability

Interoperability among 

different suppliers

Standardization: customer 

choice of suppliers

Ease of network expansion

Larger software stack in 

most cases

Potentially higher power 

consumption

Sub-GHz

2.4GHz

PurePath

Examples

ZigBee

Bluetooth

BLE

ANT

6LoWPAN

Wi-Fi

RF4CE
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SimpliciTI

• Small footprint: uses ~12K FLASH and ~1.5K RAM depending on 

platform (MSP more code dense than 8051 core)

• Flexible: simple star w/ extender (4 hops) and/or p2p communication

• Low Power: supports sleeping devices for low power consumption 

• Simple: utilizes a very basic core 6 instructions API by default. Can be 

extended to 10.

• Versatile – runs on any of these PHY’s

– MSP430+CC1101 / CC430 / CC2500,

– CC1110 / CC1111 / CC2510 / CC2511

– CC2520 / CC2530 / CC2531

SimpliciTI targets quick time-to-market wireless solutions for low power, 

low cost, and low data rate networks without the need to know the details 

of the network support.



Avnet SpeedWay Design Workshop™ - Wireless Connectivity with Texas Instruments, copyright 2011 44

Sub-GHz Proprietary

• Allows for the longest RF transmission 

range, up to several kilometers (“Wide Area 

Networks”)

• Strict RF regulations in sub1-GHz bands 

enable high reliability and strong RF links. 

Limits are typically imposed by regulatory 

body on:

– RF spectrum  output (“don’t emit in other RF 

channels that you aren't supposed to”)

– RF duty cycle in certain frequency bands 

(“you can’t occupy the RF channel too long”)

• Very popular for industrial applications

Why TI Sub-1GHz?

• Both best-in class RF performance and value line RF parts are available

• All TI parts have fast startup and lock times, enabling lower power consumption

• TI’s parts meet the most stringent ETSI, FCC and ARIB RF regulations

• Extensive development kits, reference designs and application notes available
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TI Sub-GHz Solutions Roadmap
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2.4GHz Proprietary

• 2.4GHz band can be used world-wide

• RF protocol can be tailored to specific 
application needs

• Allows 100% duty cycle applications 

• Very low-cost designs possible with 
“no-cost” PCB antennas

• Small form factor compared to sub-
1GHz

• Very popular in the consumer segment

Why TI 2.4GHz?
• TI has transmitter, transceiver, and System-on-Chip RF parts with 

embedded microcontroller and USB

• Excellent co-existence performance in noisy environments

• Extensive development kits, reference designs and application notes 
available
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TI 2.4 GHz Proprietary Solutions Roadmap
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IEEE Std 802.15.4 MAC

• CSMA/CA:  Carrier Sense Multiple Access with Collision Avoidance

• Fully acknowledged 

• Up to 127 byte data packet with CRC

• 64 or 16-bit addressing

• Mesh, star or cluster tree topology

• Two devices types: FFD, RFD

• Three roles: end device, coordinator, 

and PAN coordinator

• 128-bit AES encryption link layer security

• Two modes:

– Beaconless – pure CSMA

– Beaconed – containing superframe with guaranteed time slots
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IEEE Std 802.15.4 PHY

2.45GHz PHY Direct Sequence Spread Spectrum Conversion

Free download: http://standards.ieee.org/about/get/802/802.15.html 

http://en.wikipedia.org/wiki/File:QPSK_Gray_Coded.svg
http://standards.ieee.org/about/get/802/802.15.html
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ZigBee

• Original protocol stack for IEEE Std 802.15.4 radio

• Mesh, Star (tree, cluster tree) or P-P topology

• Self-forming, self-healing

• Two  feature Sets:

– ZigBee 2006

– ZigBee PRO

• Three device types:

– Coordinator

– Router

– End device

• Sense and control networks

– Smart metering

– Home/industrial automation

• ZigBee Alliance membership 

is required

– Use of ZigBee trademark

– $3500 / yr

http://www.zigbee.org/Home.aspx
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ZigBee Trends

• Focus on ZigBee Application Profiles (ZAP)

– Smart energy

– Home automation

– Building automation

– Health care

– Remote control

– Telecommunication services

– Retail services

– 3D Sync

• ZigBee RF4CE

– RF for Consumer Electronics

– Wireless Remote Controls

• ZigBee IP

– ZigBee applications over 6LoWPAN network layer

– Basis for Smart Energy 2.0 (draft)

• ZigBee Green Power

– Lightweight ZigBee for energy harvesting nodes

http://www.zigbee.org/Standards/Overview.aspx

http://www.zigbee.org/Home.aspx
http://www.zigbee.org/imwp/download.asp?ContentID=17109
http://www.zigbee.org/Markets/ZigbeeTelecomServices/Overview.aspx
http://www.zigbee.org/Markets/ZigBeeBuildingAutomation.aspx
http://www.zigbee.org/Markets/ZigBeeHealthCare/Overview.aspx
http://www.zigbee.org/Markets/ZigBeeHomeAutomation/Overview.aspx
http://www.zigbee.org/Markets/ZigBeeRemoteControl/Overview.aspx
http://www.zigbee.org/Markets/ZigBeeSmartEnergy/Overview.aspx
http://www.zigbee.org/Standards/ZigBeeInputDevice/Overview.aspx
http://www.zigbee.org/Standards/ZigBee3DSync/Overview.aspx
http://www.zigbee.org/Standards/Overview.aspx
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6LoWPAN

• IPv6 over Low-Power wireless Area Networks

• Low power RF + IPv6 =  The wireless embedded internet

• 6LoWPAN is an adaptation protocol

– IPv6 and UDP header compression

– IP Packet fragmentation/reassembly

– 1280 byte IPv6 MTU 

--> 127 byte 802.15.4 frames

http://6lowpan.net
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TI  802.15.4 / ZigBee Roadmap
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Wi-Fi

• Based on IEEE 802.11 radio

• 2.4 GHz or 5 GHz ISM band

• Star topology with 255 clients

• Ad-hoc vs. managed/master mode

– Ad-hoc allows client-to-client 

connections

– Managed/master -- each managed 

device talks only to master (aka 

Access Point)

http://images.google.com/imgres?imgurl=http://www.westerlylibrary.org/stuff/contentmgr/files/c1a0380d3c3d0fd7af60939524fdd448/misc/wifi_logo.gif&imgrefurl=http://www.westerlylibrary.org/&h=253&w=400&sz=8&tbnid=9tIY1T4BOLPptM:&tbnh=78&tbnw=124&prev=/images?q=wifi+logo&um=1&start=1&sa=X&oi=images&ct=image&cd=1
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Wi-Fi

• Most prominent wireless connectivity technology for computers and internet 

• Real-world throughput similar to wired networks

• Over 2.5B Wi-Fi units deployed in the market today:

– ~1 billion units/year projected starting in 2011

Why TI  Wi-Fi?
• 10 years of delivering connectivity solutions 

to market:

– Wi-Fi – 7th generation

– Bluetooth – 7th generation

• On-chip co-existence when using the 
integrated Bluetooth

• Highly integrated, fully certified modules 
available

• Platform solutions that integrate system 
hardware and software



56Avnet SpeedWay Design Workshop™ - Wireless Connectivity with Texas Instruments, copyright 2011

WL1271/1273 WLAN and Bluetooth® v2.1 + EDR 

Features

• WL1271 - IEEE 802.11 b/g/n compliant

• WL1273 – dual band IEEE 802.11 a/b/g/n 

compliant

• Typical WLAN Transmit power: 

– +20dBm , 11Mbps, CCK (b)    

– +14.5dBm , 54Mbps, OFDM (g)

– +12.5dBm, 65Mbps, OFDM (n)

• Typical WLAN Receiver sensitivity: 

– -89dBm , 11Mbps

– -76dBm , 54Mbps

– -73dBm, 65Mbps

• Bluetooth v2.1 + EDR (Enhanced Data Rate)

– Increased Bluetooth Transmit power: +9.5dBm

– -92dBm Receiver sensitivity 

• SW-upgradable for ANT & BLE

• Best-in-class coexistence technology on a 

single-chip (single shared antenna for Wi-Fi, 

Bluetooth, BLE, and ANT)

• 65nm Enhanced Low Power (ELP) technology 

for extended battery life

Benefits

• Secure, fast and reliable Wi-Fi and Bluetooth 

connectivity

• High throughput, robust connection with 

extended range

• Extended battery life and power efficiency

• Reduced development time and costs

Applications

• Industrial and home automation

• Point of Sale and Point of Purchase

• Video conferencing, video camera and VoIP

• Consumer devices

• Medical devices

• Security and surveillance 

www.ti.com/wl1271-tiwi

http://www.ti.com/wl1271-tiwi
http://www.ti.com/wl1271-tiwi
http://www.ti.com/wl1271-tiwi
http://www.ti.com/wl1271-tiwi
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WL1271 – MPU Platform Overview

I/O

interface

Bluetooth

main processor

WLAN 
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MAC /

Baseband Radio
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•TI Platforms enable complete system integration of module and host MPU

•Primary WL1271 engagement model is through TI Platforms
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20112010

Value 
Catalog

Performance 
Catalog

OMAP3530
WL1271

WiFi

Bluetooth®

AM3517
WL1271

WiFi

Bluetooth

AM3715/ 

DM3730
WL1271

WiFi

Bluetooth

AM1808/10/

OMAPL13x
WL1271

WiFi

Bluetooth

Development FutureProduction Sampling

WL1271 Supported Platforms: MPU-Based
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OpenLink™ Open Source Initiative

• TI Connectivity devices are available with open source Linux 

components

– Linux Wi-Fi Driver - MAC802.11

– Linux Bluetooth® Protocol Stack – BlueZ

– Linux Bluetooth® Profiles – OpenOBEX

• Benefits

– Minimizes customer 

integration and support 

effort

– Using standard components 

widely accepted by the 

industry

• Openlink.org 

– Portal to Connectivity 

drivers in Linux Kernel, 

Support, News and 

Community Projects
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TI  Wi-Fi Development Platforms

• WL1271 connectivity card plugs into 

AM37x EVM

• WLAN 802.11b/g/n and Bluetooth® connectivity

• OpenLink mac802.11 drivers

WL1271 
with AM37x 

WL1271 
with AM18x 

• WL1271 connectivity card plugs into 

AM18x EVM

• WLAN 802.11b/g/n and Bluetooth connectivity

• OpenLink mac802.11 drivers
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Wi-Fi Direct & Display

Wi-Fi Direct

• Allows wireless devices to directly connect with 
each other (peer to peer) without the need for 
an access point

– On-the-Go Seamless Connectivity

– Wireless Gateway

– Peer-to-Peer

• Available 3Q11: SDK 5.0x for AM18x, AM37x & 
AM387x

Wi-Fi Display

• Replicate small screen content on to 
a larger screen

• Specifies compression and 
decompression of media content

• Available 2012: Certification program is in technical definition
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Classic Bluetooth

• 79 channel (1 MHz) in 2.4GHz band

• FHSS with 1600/3200 hops/s

• Data rates up to 3Mbps (v 2.1)

• QoS for voice

• Ad-hoc star network with 7 slaves

• High latency

• Primarily cable replacement

• More than 3B devices deployed

Power

Class

Maximum

Power

Output

Distance

Class 1 100mW (20dBm) 100 meters

Class 2 2.5mW (4dBm) 10 meters

Class 3 1 mW (0dBm)
1 meter

2002- Version 1.x
• 1.0 Mbps data rate

2004- Version 2.x + EDR (Enhanced Data Rate)
• 3.0 Mbps data rate

2009- Version 3.0 + HS 
• Up to 24 Mbps data rate with AMP

(802.11 Alternate MAC/PHY)

2010- Version 4.0 
• Adds BLE



Avnet SpeedWay Design Workshop™ - Wireless Connectivity with Texas Instruments, © 2011 63

Bluetooth Low Energy (BT v4.0)

• 40 (1MHz) channels in 2.4GHz band, FHSS

• “unlimited” nodes

• No voice

• Not radio compatible with BT Classic

– Requires dual band radio

• Low power, <1/10th of Bluetooth classic

• Low latency, ~6ms to link vs. 2+ seconds

• Data rate up to 1Mbps

• Range to 200m

• Dual mode 

– Supports BT & BLE sharing radio and antenna

– Typically in cell phones and laptops

• Single mode

– Supports Bluetooth Low Energy only

– Typically in peripherals
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CC2560 Bluetooth v2.1 + EDR 

Features

• Fully qualified Bluetooth v2.1 + EDR 

• Date rate up to 2.1Mbps, UART 

throughput of 4Mbps

• Best-in-class Bluetooth RF performance 

(Tx power, Rx sensitivity, blocking)

– +10 dBm Tx power with transmit power 

control

– -93 dBm receiver sensitivity

• Best-in-class power consumption 

through low power scan (145uA)

• Support for Bluetooth power saving 

modes (sniff, hold)

Benefits

• Best-in-class link budget extends 

application range

• 1/3rd the power consumption of traditional 

reception window scan systems

• Simplified hardware and software 

development 

• Supports replacement of serial cables for 

personal area networks

• Extended battery life and power efficiency

Applications

• Cable replacement

• Wireless sensors

• Medical devices

• Computer peripherals

• Industrial control

• Consumer devices

www.ti.com/cc2560

http://www.ti.com/cc2560
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Bluetooth System Platform

26 MHz
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MSP430™

Stellaris® (ARM® Cortex™-M3)

MSP430
CC2560

Bluetooth

Stellaris
CC2560

Bluetooth®

Stellaris
CC2567

Bluetooth

ANT

Development FutureProduction Sampling

MSP430
CC2564

Bluetooth

BLE

20112010

MSP430
CC2567

Bluetooth

ANT

CC256x Supported Platforms: MCU-Based
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TI  Bluetooth Development Kits

CC2560 
with Stellaris® 

• PAN1315 (CC2560-based) module plugs into 

Stellaris LM3S9B96 development kit

• PAN13xx (CC256x-based) module plugs into 

MSP430F5438 experimenter board

• Bluetooth connectivity

CC2560
with MSP430 
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TI Bluetooth Low Energy Solutions Roadmap
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ANT+

• Narrowband 2.4GHz GFSK radio

• 78 non-overlapping channels, 1MHz wide

• Frequency adaptive TDMA

• 20 kbps burst data rate

• Peer-to-peer, star or tree

• Dynastream (Garmin) proprietary protocol
– Very low overhead, low power

• ANT-FS session based file system

• Established ANT+ ecosystem of over 14 

million devices

http://www.thisisant.com/


71Avnet SpeedWay Design Workshop™ - Wireless Connectivity with Texas Instruments, copyright 2011

TI ANT+ Solutions Roadmap
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GPS

• Space-based global navigation satellite 
system utilizing a constellation of 27 
Earth-orbiting satellites 

• Provide reliable location, time, and 
velocity information to a receiver 
anywhere in the world

• Widely deployed and useful tool for 
asset tracking, industrial automation, 
surveillance, banking, power grids

Why TI GPS?
• Connect to host processor simply

• Utilizes industry standard NMEA 
protocol

• Quick startup performance – or Time 
To First Fix (TTFF)

• Highly integrated, fully certified 
modules available to reduce cost and 
time to market
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GPS NMEA Module
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RFID

• Passive RF solution – no batteries

• 13.56Mhz (HF) or 134Khz (LF)

• HF and LF systems use the Magnetic field to 
transfer power by induction

• Tags are mainly in label (flat) and inexpensive

• Applications include POS (point of sale), 
access control, authentication, medical

Why TI RFID?
• Best in class RF performance and easier RF 

and Antenna design

• Highest level of integrated protocol handling

• Lowest power consumption (7 selectable 
power modes)

• Single chip solution for multiple protocol 
layers (ISO14443A/B, ISO15693, Felica)
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Near Field Communications (NFC)

• NFC can be considered as a “super-set” of RFID

• Operates at 13.56 MHz (HF) and provides data-rates up to 424 
kbps

• Highly stable wireless connectivity technology that provides 
intuitive, safe & simple two-way interactions between electronic 
devices

• NFC-device can operate in 3 modes
– Traditional RFid Reader/Writer

– Peer-Peer Communication

– Card Emulation (Tag Emulation)

Why TI NFC?
• Best in class RF performance and easier RF and Antenna design

• Integrated  encoders, decoders and data framing for NFC initiator, 
active & passive target operation for all three bit rates (106, 212 & 
424 kbps)

• Highest level of integrated protocol handling
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Agenda

9:00 – 9:10 10 mins Welcome and Introductions

9:10 – 9:50 40 mins Wireless Basics

9:50 – 10:00 10 mins break

10:00 – 10:45 45 mins Lab 1

10:45 – 11:30 45 mins Wireless Connectivity Overview

11:30 – 12:00 30 mins Lunch break

12:00 – 1:00 60 mins Lab 2 

1:00 – 1:30 30 mins Designing with wireless modules

1:30 – 1:45 15 mins Demo – RC Eval-bot with Chronos

1:45 – 2:00 15 mins Closing comments / feedback
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Lab 2

• Lab 2A : 

– Disassemble watch and re-compile firmware for Chronos-to-

Chronos pairing in peer to peer mode. 

• Lab 2B:

– Use SmartRF Studio to configure wireless parameters

• Lab 2C:

– Setup Chronos watch to display RSSI value from instructor’s 

broadcast channel
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SmartRF Studio

• Generate and export register 

values from common RF 

parameters

– Frequency, data rate, modulation, 

output power, etc.

• Quick and simple performance 

testing

– Continuous TX for antenna testing and 

RF spectrum analysis

– Continuous RX for radiation testing

– Packet sending and receiving

• “Easy” mode – predefined data sets

• “Expert” mode – full control

• Supports all LPRF devices
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SmartRF Studio
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Agenda

9:00 – 9:10 10 mins Welcome and Introductions

9:10 – 9:50 40 mins Wireless Basics

9:50 – 10:00 10 mins break

10:00 – 10:45 45 mins Lab 1

10:45 – 11:30 45 mins Wireless Connectivity Overview

11:30 – 12:00 30 mins Lunch break

12:00 – 1:00 60 mins Lab 2 

1:00 – 1:30 30 mins Designing with wireless modules

1:30 – 1:45 15 mins Demo – RC Eval-bot with Chronos

1:45 – 2:00 15 mins Closing comments / feedback



82Avnet SpeedWay Design Workshop™ - Wireless Connectivity with Texas Instruments, copyright 2011

Components of a Wireless Module

Power conditioning, 

regulation, etc.

Networking 

software stack

ULP MCU

RF Front End

Balun, LNA , PA, BPF, switch etc.

Interfaces
SDIO, SPI, UART, Analog, Digital

Antenna
onboard or connector

Baseband
RF processingOscillator

shield
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Design Strategies

Discrete

Integrated module Hostless module

Radio-only module
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Modules: Make vs. Buy

Make
• RF Circuit Design & Layout 

• Firmware

• Test & debug

• Re-spin?

• Certification

• Multi-component BOM

• Fab & Test

Buy
• No design risk

• Pre-certified

• Assembled, tested, calibrated

• Smallest size

• One part number

• Shortest time-to-market
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LSR | Product Development

Product development 
services:

• Hardware and software 
design

• Antenna design, 
simulation, and testing

• On-site compliance testing

Wireless technologies, 
including:

• 802.11 a/b/g/n

• Bluetooth & BLE

• IEEE 802.15.4 / ZigBee / 
RF4CE

• 6LoWPAN

• ANT+

• Remote Keyless Entry 
315/390/433

• MICS

• <1 GHz, 2.4 GHz, 5.8 GHz

• White Spaces

• Mesh Networks

• RFID

LS 
Research

Product 
Development

FCC/CE 
Certification

RF Modules
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LSR | On-site EMC Certification

EMC & FCC  Compliance Center

• LS Research provides EMC testing and radio 

certification services for companies worldwide

• On-site FCC / IC / CE certifications

• On-site antenna patterning and scans

LS 
Research

Product 
Development

FCC/CE 
Certification

RF Modules
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LSR | Modules & Standard Products

• 900Mhz, 2.4 and 5Ghz Modules 

– ZigBee™, Wi-Fi and Bluetooth®

– FCC / IC certified

– ETSI tested (where applicable)

– Industrial temp rated (-40 to 85C)

• Antennas and connectors

• Custom modules

TiWi - based on TI WL127x

802.11b/g/n + Bluetooth 2.1+EDR Module

LS 
Research

Product 
Development

FCC/CE 
Certification

RF Modules
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Anaren | AIR 

Anaren Integrated Radio
• NRE-free product line

• Targeting: non-RF-enabled customers

• Common footprint for families of radios

• FCC, IC & ETSI certification or compliant 

• Exclusively use TI silicon – CC1101, CC2500 & CC8520

• Anaren & TI applications support

• Interchangeable with TI development tools

• Available through Avnet
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Anaren | AIR 

Anaren knows RF… so you don’t have to!
• Reduces risk, engineering time, time-to-market & certification costs

• Reduces carrying-board complexity & BOM / sourcing workload

• Produced by high-volume manufacturer

• Based on Texas Instruments silicon

• Reasonably priced

When to use AIR…
• Low-power, battery operated

• Command / control applications

• High-quality audio applications (CC8520)

• Data rates < 250Kb/s

• Listen better, not talk louder (LNA’s over PA’s)

• Distances < 1,000 ft.

• Industrial environments
eZ430 Target Boards - $24.99 
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Anaren | AIR 
AIR: Connectorized 433, 868, 915& 2400MHz

• 9mm x 12mm x 2.5mm (height without mated connector)

• Common footprints for all family members

• Impedance-controlled, multilayer RF assembly

• 100% RF-tested and FCC qualified

• Shielded package

• Supplied in tape & reel and matrix tray

AIR: Embedded Antenna 868, 915 & 2400MHz

• 9mm x 12mm x 2.5mm – 2400 MHz

• 9mm x 16mm x 2.5mm – 900 MHz

• Common footprints for all family members

• Impedance-controlled, multilayer RF assembly

• 100% RF-tested and FCC qualified

• Shielded package

• Supplied in tape & reel and matrix tray

AIR: Embedded Antenna 2400MHz Purepath Module (with range extender)

• Based on TI CC8520

• Includes CC2591 Range Extender

• 11mm x 19mm x 2mm Module

• Over 70 SMT components enclosed

• FCC, IC, ETSI* at full power

• Compatible with TI development tools

• Shielded package

• Supplied in tape & reel and matrix tray

• Under $20 in 10K quantities
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Panasonic | Roadmap

PAN1315 PAN1325

PAN1720

Dual Mode

PAN1316/1326PAN1317/1327

Bluetooth Classic

BT Classic + ANT BT Classic + LE Low Energy

Single Mode
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 Available from TI
 Data over SPP (serial port profile)

 Available from MindTree
 Medical over HDP (health device profile) 
 Bluetooth Low Energy (2H 2010)System Integrator & Bluetooth / 

BLE Stack Supplier

 Bluetooth sample applications 
(source code format)
 Accelerometer-based game
 RF link parameters
 Thermometer readings

Panasonic | PAN1315 Evaluation Kit

 PAN1315 (CC2560-based) module
 Chip antenna
 Plugs into MSP430F5438 

Experimenter Board

Software

Features

Benefits

Platform partners

Out of the box Best-in-class RF performance & low 
power consumption

 Fast and easy application development on 
MSP430 with Bluetooth

 Robust and proven Bluetooth technology
 No NRE, royalty-free (SPP solution only)

 Serial link Bluetooth applications on 
MSP430BT5190

 Bluetooth 2.1+EDR 
 Bluetooth Low Energy (BLE) upgradeable
 Pre-integration into the MSP430 platform

PAN1315 (CC2560-based) 
Module supplier

Bluetooth® 

PAN1315ETU card
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Murata Type TN  Wi-Fi / BT Module

Description

Type TN is targeted to the broad market initiative providing 

IEEE802.11 b/g/n WiFi, BT v3, and BT low energy wireless 

connectivity. 

Key Attributes

• Chipset: TI / WL1271

• Major components: reference oscillator, power  

management, RF front end, band pass filter

• RF interface: U.FL coaxial connector, PCB pad

• FCC tested, certified

• RoHS compliant

• Dimensions: 17.0 x 10.0 x 1.9 mm

• Temperature (operating): -20 to +70º C

• VBAT: 2.7 TO 4.3 Vdc

• VIO: 1.8 Vdc, 3.3Vdc

• Module Part Number: LBEE5ZSTNC

• Daughter Card Part Number: LBEE5ZSTNC-D

• Schedule: daughter card & module: September 2011

• Broad Market Platform: TI Centaurus AM387x / DM814x

• Linux 2.6.x

http://www.murata-ws.com/802.11-bgn-bt3.htm

Module

Daughter Card

Module Block Diagram

http://www.murata-ws.com/802.11-bgn-bt3.htm
http://www.murata-ws.com/802.11-bgn-bt3.htm
http://www.murata-ws.com/802.11-bgn-bt3.htm
http://www.murata-ws.com/802.11-bgn-bt3.htm
http://www.murata-ws.com/802.11-bgn-bt3.htm
http://www.murata-ws.com/802.11-bgn-bt3.htm
http://www.murata-ws.com/802.11-bgn-bt3.htm
http://www.murata-ws.com/802.11-bgn-bt3.htm
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1. W-LAN Module

- Chipset

- Module Size

- W-LAN

- Interface

: TI / WL1270

: 9.2 x 8.4 x 1.35(max.) mm

: IEEE802.11b/g/n compliant

: SDIO, SPI

2. Characteristics

- Operating Temp.

- Supply Voltage

- Host I/F Voltage

: -20 to +70 deg. C

: 2.7 to 4.3V for VBAT

: 1.8V for VIO

3. Sample Part Number

- Module Sample

- EVK

: LBWA19XSLZ-TEMP

: LBWA19XSLZ-TEMP-D

100K+ EAU min

VIO

X’tal Osc.

SDIO/SPI

VBAT

WLAN

BPF

DC-DC

Converter

WL1270

Sleep CLK

PWB

Substrate

WL1270

SMD

Metal Case
BPF

DC-DC

ConF/E

Murata Type SL  Wi-Fi  Module
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VIO

X’tal Osc.

UART/PCM

SDIO/SPI

VBAT

2.4GHz

BPF

DC-DC

Converter

FM Tx

Sleep CLK

VCC_ANAW

I2S/Audio

FE IC

5GHz

BPF

FM Rx

WL1273L

1. W-LAN + Bluetooth + FM Tx/Rx Module

- Chipset

- Module Size

- W-LAN

- Bluetooth

- FM

- Interface

> W-LAN

> Bluetooth

> FM

: TI / WL1273

: 11.4 x 9.4 x 1.4(max.) mm

: IEEE802.11a/b/g/n compliant

: ver.4.0

: Tx/Rx

: SDIO, SPI

: H4(UART), PCM

: UART, I2C, I2S, Audio

2. Characteristics

- Operating Temp.

- Supply Voltage

- Host I/F Voltage

: -20 to +70 deg.C

: 3.0 to 4.2V for VBAT

: 1.8V for VIO

3. Sample Part Number

- Module Sample

- EVK

- 100k+ EAU min

: LBEH1Z9PFC-TEMP

: LBEH1Z9PFC-TEMP-D

PWB

Substrate

WL1273L

SMD

Metal Case
BPF

DC-DC

ConF/E

Murata Type UW  Dual Mode WIFI / BT / BLE Module
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TE | Antennas from TE Connectivity

TE Connectivity (TE) designs and manufactures antennas that comply with 

the most stringent operating requirements. 

TE offers a standard family of embedded antennas as wells as customized 

solutions.

Broad Range of Applications

• Routers

• M2M

• Vehicle trackers

• Gaming

• Remote control

• Femtocells

• Scanners

• Printers

• POS terminals
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TE | Standard Antenna Products

• Low-profile and high-performance

• Single through penta-band applications

• Two manufacturing processes

– Stamped metal antennas

– Flexible Printed Circuit (FPC) and Printed Circuit 

Board (PCB) Antennas

• Broad range of antennas 

– Surface mount

– Tab mount

– Surface mount over ground plane

– Chassis mount cabled

• Frequency Range from 800MHz - 6GHz

• Advantages of standard antennas:

– Small and lightweight 

– Minimum or no matching components required 

– Eliminated tooling lead-time and cost

– Low cost

http://www.tycoelectronics.com/catalog/bin/TE.Connect?C=21158&M=PPROP&P=&BML=10576,12713&LG=1&PG=1&IDS=328428,328434,383857,433346,433347,383858,433299,470854,470823,433517,328420,383856,328429,383862,433302,433301,475380,517640&N=14
http://www.tycoelectronics.com/catalog/bin/TE.Connect?C=21158&M=PPROP&P=&BML=10576,12713&LG=1&PG=1&IDS=328428,328434,383857,433346,433347,383858,433299,470854,470823,433517,328420,383856,328429,383862,433302,433301,475380,517640&N=7
http://www.tycoelectronics.com/catalog/bin/TE.Connect?C=21158&M=PPROP&P=&BML=10576,12713&LG=1&PG=2&IDS=517640,517642,517643,517644,517645,517646,517647,517641&N=6
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TE | Standard Antenna datasheets

Vital details:

• Frequency range(s)

• Radiation pattern

• Gain

• Polarization

• VSWR or return loss

• Power handling

• Feedpoint

• PCB Layout
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TE’s Customized Solutions –

Molded Interconnect Devices (MID)

Two Shot MID Technology

• Two-step basic process
• Injection molding of two distinct thermoplastic polymers 

• Electroless plating process using copper, nickel and gold

• Advantages of Two Shot MID technology
• Design flexibility for complex 3-D geometries

• Ability to integrate multiple functions into one component

• Tightest tolerance for pattern registration to carrier

• Fewest manufacturing steps and processes

Laser Direct Structuring (LDS) MID Technology

• Three-step basic process
• Antenna is injection molded using one of the LDS resins. 

• The desired pattern is directly structured onto using 3-D laser system.

• Plating occurs using the industry-standard methods where the plating 

adheres only where the plastic that has been activated by the laser

• Advantages of LDS MID technology (in addition to Two Shot 

advantages listed above)
• Ability to produce thin (0.15 mm) traces

• Flexibility for pattern changes during production

• Simple/fastest/lowest cost tooling

www.em.avnet.com/teantennas

http://www.em.avnet.com/teantennas
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Agenda

9:00 – 9:10 10 mins Welcome and Introductions

9:10 – 9:50 40 mins Wireless Basics

9:50 – 10:00 10 mins break

10:00 – 10:45 45 mins Lab 1

10:45 – 11:30 45 mins Wireless Connectivity Overview

11:30 – 12:00 30 mins Lunch break

12:00 – 1:00 60 mins Lab 2 

1:00 – 1:30 30 mins Designing with wireless modules

1:30 – 1:45 15 mins Demo – RC Eval-bot with Chronos

1:45 – 2:00 15 mins Closing comments / feedback
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Lab3 Demo: Chronos Control of Stellaris EvalBot

• Updated for more flexibility & fun 

with 32-bit ARM® Cortex™-M3 

microcontrollers & robotics

• Offers more tool & software options 

for more experimentation/dev

• Keil MDK-ARM, IAR EWARM, 

TI Code Composer Studio, Code 

Red Technologies Red Suite & 

CodeSourcery G++

• Preloaded with a StellarisWare® 

application & includes more example 

projects in source code w/ more 

coming!

www.ti.com/evalbot

Hardware & Software

Highlights

• LM3S9B92 EVALBOT features

• Integrated 10/100 Enet MAC/PHY, 
USB OTG, motion control

• Bright 96x16 OLED display, SD card 
I/F, I2S audio codec, CAN I/F

• TI wireless module I/F (promotes 3rd

party extensions)

• Includes Chronos-SimpliciTI demo 
code that enables wireless control of 
EVALBOT using Chronos watch

http://www.ti.com/evalbot
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Lab3 Demo: Android / BT messaging to Fossil MetaWatch

TM

Based on TI’s MSP430F5438A MCU and CC2560 Bluetooth host controller!
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MetaWatch: How Does It Differ From EZ-430 Chronos?

• Basic rate Bluetooth

• Works out-of-the-box with major Smartphone platforms 
(eg. Android phones & tablets that support Bluetooth SPP profile) 

• Fully-tooled; production-ready modules; FCC, CE certified

• Stylish designs; stainless steel case and leather strap; water-resistant

• No need to open the watch for flash programming and in-circuit debugging 

(uses TI SPI-BY-Wire interface via provided programming/charging clip)

• Open-source, message-based protocol over Bluetooth Serial Port Profile 

• CCS and IAR Open Source Projects 

TM
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MetaWatch: Programming, Apps development, etc

How is MetaWatch Programmed?
– Via an external programmer clip/cable for MSP430TM development

– Code Composer Studio is free & unrestricted for watch development

– The watches comes with a call & message handling Smartphone 
application that works with Android & RIM

– Watch communication protocol for sophisticated remote control

What About Source Code?
– Open source; community supported

– Source code provided for watch & smartphone apps

– Bluetooth stack is provided as a binary for watch development

TM

More details at www.metawatch.org and 

http://processors.wiki.ti.com/index.php/MetaWatch

http://www.metawatch.org/
http://processors.wiki.ti.com/index.php/MetaWatch


L A B  3  D E M O S  – F O L L O W  H A N D O U T  

I N S T R U C T I O N S
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Agenda

9:00 – 9:10 10 mins Welcome and Introductions

9:10 – 9:50 40 mins Wireless Basics

9:50 – 10:00 10 mins break

10:00 – 10:45 45 mins Lab 1

10:45 – 11:30 45 mins Wireless Connectivity Overview

11:30 – 12:00 30 mins Lunch break

12:00 – 1:00 60 mins Lab 2 

1:00 – 1:30 30 mins Designing with wireless modules

1:30 – 1:45 15 mins Demo – RC Eval-bot with Chronos

1:45 – 2:00 15 mins Closing comments / feedback
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Selection Guide www.ti.com/wirelessconnectivityguide

http://www.ti.com/wirelessconnectivityguide
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Design Guides

• Antenna Reference Designs | CC-Antenna-DK

Full Characterization data in DN031
CC-Antenna-DK

http://www.ti.com/lit/swra328
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TI Customer Support Resources on the Web

To learn more about the industry’s

broadest wireless portfolio, please see:

• E2E Forum:

www.ti.com/wiconforum

– Ask questions about devices, platforms, or 

applications 

• TI Connectivity Wiki: 

www.ti.com/connectivitywiki

– Getting Started Guides, demos, software 

downloads, hardware specs, orderables

http://www.ti.com/wiconforum
http://www.ti.com/connectivitywiki
http://processors.wiki.ti.com/index.php/Wireless_Connectivity_Platforms?DCMP=ecs_july11&HQS=wcp_wiki2
http://processors.wiki.ti.com/index.php/Wireless_Connectivity_Platforms?DCMP=ecs_july11&HQS=wcp_wiki2
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Avnet Resources

• Wireless solutions guide

• RF line card

• Antenna selector guide

• On the web:
– www.em.avnet.com/rf

– www.em.avnet.com/SmartNetworks

• Development kits:
– www.AvnetExpress.com

• Training & events

• Online technical support

• Local FAEs

http://www.em.avnet.com/rf
http://www.em.avnet.com/SmartNetworks
http://www.avnetexpress.com/


Thank You

P L E A S E  R E T U R N  F E E D B A C K  F O R M S


