Application Note ANO48

Compact Reach Xtend ™

Bluetooth®, 802.11b/g WLAN
Chip Antenna

Antenna Part Number
FR05-S1-N-0-102
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Application Note ANO48E

1 Notes

e The antenna product described in this document is protected by at least one of the
following Patents and Patent Applications owned by Fractus: WO00154225,
W00122528, PCT/EP01/10589, PCT/EP02/07837, US60/613394, US60/627653 and
PCT/EP02/07836.

e The configuration recommended in this document for the Compact Reach Xtend™ chip

antenna can be applied to the following proprietary and ZigBeeT'\’I ready transceivers

and transmitters: CC2400/2420/2430/CC2431/2500/CC2510/CC2511/CC2550/

CC2520/CCZACCO06.

e All information contained within this document is property of Fractus and is subject to
change without prior notice. Information is provided “as is” and without warranties. It is
prohibited to copy or reproduce this information without prior approval.
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2  Antenna Description

The Fractus® Compact Reach Xtend™ chip antenna is engineered specifically for devices
operating at 2.4 GHz. Compact Reach Xtend™ combines small size with high performance to
improve the functionality of wireless devices. Chipcon has selected the Fractus 50 Q single-
ended Compact Reach Xtend™ chip antenna to ensure high performance, minimal power
consumption, and small dimensions for a USB dongle including the CC2400. Both Chipcon
and Fractus have worked together to optimise integration and cost for Chipcon’s reference
design customers.

The Compact Reach Xtend™ chip antenna uses space-filling properties of fractal technology
to minimise its size while maintaining a high radiation efficiency value. This directly impacts
antenna reliability in achieving a g;reater communication range (distance) and in improving
battery life. Compact Reach Xtend M features an omni-directional radiation pattern optimal for
highly scattered environments such as indoor environments and public spaces.

The broad bandwidth achieved by the Compact Reach Xtend™ chip antenna allows the
flexibility to easily integrate the antenna in many PCB configurations independently of the
plastic housing and electronic components surrounding the antenna.

3 mm

BENEFITS

¢ High efficiency

e Small form factor

o Cost-effective

e Small clearance needed
e Easy-to-use

2 mm

7 mm

Front Back

Please contact your sales

QUICK REFERENCE GUIDE* representative  at  Richardson
Electronics if you require

additional information on antenna
Frequency range 2400-2500 MHz integration or optimisation on your
Radiation Efficiency > 50% PCB.
Peak Gain > 0 dBi
VSWR <21 RICHARDSON ELECTRONICS

Polarization Linear

Weight 0149 .
Temperature 40 1o + 85°C wireless@fractus.com
www.fractus.com

Impedance 500 Tel: +34 935442690
Dimensions 7x3x2 mm Fax: +34 935442691

FRACTUS S.A.

(*) Results measured on a USB dongle including
the CC2400 (50x15mm).
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3 Antenna Performance

This section provides integration and mounting recommendations for the use of the Compact
Reach Xtend™ Chip Antenna within the CC2400 USB dongle. Compact Reach Xtend™ has
been designed to purposely minimise product integration efforts and optimise device
performance.

This Application Note provide you with both the performance of the USB dongle with standard
plastic housing and the PCB details necessary to implement the antenna on a client’s board.

3.1 VSWR & Radiation Efficiency
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Figure 1: Electrical Performance of Compact Reach Xtend™ on TI's CC2400 USB Dongle
a) VSWR and b) Radiation efficiency

Without the need of any matching network the Compact Reach Xtend™ chip antenna

achieves VSWR<2 within the ISM 2.4 GHZ band on the CC2400 USB Dongle. That ensures
at least 90% of the power to be delivered to the antenna and thus minimizes a) battery
consumption at both sides when used in battery-operated applications (e.g. Laptops and
wireless keyboard & mouse) and b) BoM cost. In addition to that, the bandwidth for which
VSWR<2.5 reaches 400 MHz, which allows flexibility to adapt the antenna to different PCB
and plastic housing configurations.

Based on our experience, Fractus recommends to use plastic housing of conventional ABS
material to be implemented no closer than 2mm from the top part of the antenna and 2mm
also from the PCB bottom side (configuration used for measurements in figure 1).

More than 50% of the power delivered to the antenna is being transmitted to the free space.
This is a very high value that will increase communication reliability and prolong the battery
life of e.g. a wireless keyboard and mouse.
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3.2 Radiation Pattern

Application Note ANO48
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b) Elevation Cut ¢ = 0 (Z-X plane)

Orientation a) Azimuth Cut (X-Y plane)

Gain (dB): Phi=0° cut
0

Gain {dB): Theta=%0° cut
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=24350MHz
f=2500MHz 180

Gain (dB): Phi=20° cut
0

f=2400MHz
=2450MHz
f=2500MHz 180

c) Elevation Cut ¢ = 90 (Z-Y plane)

Figure 2: Radiation Pattern for Azimuth (a) and Elevation Cuts (b and c)
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3.3 Gain

In conventional configurations, a USB device
will typically be connected to a PC standing on
the right side of user's feet (below table). In
such case, both a wireless keyboard and
mouse will be located at Theta=0° and Phi
ranging from  —45° to +45°.

The Compact Reach Xtend™ chip antenna
used in the CC2400 USB Dongle achieves very
high gain values (green circle on left side
picture) [0dBi, -0,5 dBi], which will increase link
reliability and maximise data transfer success.

16

Theta(dea)

1491
0.00deg Phideg) 178.59d=g

Phi (9

Figure 3: Gain [dBi] Projected in 2D Plot from a 3D Measurement
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4 Mechanical Characteristics

4.1 PCB Footprint Details

- All dimensions
listed in millimetres.
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Figure 4: Footprint Details on the CC2400 USB Dongle

Fractus can support customisation of this PCB footprint for your specific device needs and
optimise the antenna performance within your specific device.
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4.2 Dimensions and Tolerances

L C A
B
Back Side Front Side
A 7.000 + 0.200 E 1.100 + 0.015 The white rectangle located on
B 3_000i0_200 = 2.200 + 0.015 the front side of the antenna
C 2.000 + 0.200 G 4000+ 0015 provides you with a visual cue to
D | — — mount the antenna. It is located
040020015 physically above the feed point of

All dimensions are in millimetres (mm) the antenna and has been
included to reduce probability of
manufacturina error.

Figure 5: Antenna Dimensions and Tolerances

4.3 Assembly Process

Figure 6 shows a backside view of the Compact Reach Xtend™ chip antenna and the
location of the feeding point and the mounting pad:

Mounting Pads: solder the antenna
mounting pads to the soldering pads on the
PCB. These pads must NOT be grounded.

Feed Point: Align the feed point with the
feeding line on the PCB.

Figure 6: Back Side View of the Compact Reach Xtend™ Chip Antenna

Being a surface mount device (SMD), the basic assembly process flow for this
antenna is as follows:

1. Apply a solder paste on the mounting pads of the PCB. Place the antenna on
the board.

2. Perform a baking process. In the case that a simultaneous reflow for double-
sided surface mounting or flow soldering is required, use a temporary adhesive
to affix the antenna to the PCB before soldering.

3. After soldering (*) the antenna to the circuit board, perform a cleaning process
to remove any residual flux. Fractus recommends conducting a visual
inspection after the cleaning process to verify that all reflux has been removed.

The drawing below shows the soldering details obtained after a correct assembly
process:

$ TeExas
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Antenna Solder Paste

___

:

Figure 7: Soldering Details

The recommended solder reflow temperatures given below follows the IPC/JEDEC J-STD-
020C standard:

Temperature |Time Appliance Maximum Time

Range (C°) Recommended (sec) Appliance (min)

1 Initial pre-heating 25-150 90 4
2 | Soak 150 - 180 60 — 90 2
3 | Reflow 180 - 235 30 - 60 2
4 | Cooling down 180 - 25 N/A N/A

(*) Notice that Compact Reach Xtend™ can be soldered following a Pb-free (RoHS)
compliant process.

Q‘ TeExAs
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4.4 Packaging

The Compact Reach Xtend™ chip antenna is available in tape and reel packaging.
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Figure 8: Tape Dimensions

 TAPE SIZE Wmax 16.3
A0 E - 1.7
B0 EZEE - 75
KO 1 20 K . 2.4 max
B1 B2max | 8.0
D EEE o 4.0
D1 | 1.5min |22 2.0

All dimensions are in millimetres (mm)

Top cover tape thickness:
0.10mm max.

Embossed Carrier

Component Cavity

—i- r— | AKX

13.0 mm 0.2 mm 330
':_iﬁ mn MINY, - (0.5127 20.0087) 16.4
- - 22.4
A g \I —L 1 50 mmMN
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f 4

FULL RADILS

X All dimensions are in

——c millimetres (mm)

Reel Capacity: 2500
antennas.

Figure 9: Reel Dimensions and Capacity
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5 General Information

5.1 Document History

Application Note ANO48E

Revision Date Description/Changes
SWRA092B 2008-02-27 Added reference to CCZACCO06 and CC2520
SWRA092A 2007-04-25 Cosmetic changes.
Added Important Notice
SWRA092 Initial release
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers Emplifier-i.com Audio [pww Ti.com/audid

Data Converters Fataconverterir.com Automotive [vww Tr.com/automofiv

DSP Esp-ii.con Broadband [pww i.com/broadband

Clocks and Timers [www i-com/clocky Digital Control [pww ir-com/digitalcontrol

Interface [nierface-fi.com Medical [pww Ti.com/medical

Logic [ogicircon Military [vww i-com/militany

Power Mgmt power-i.com Optical Networking [xww Ti.com/opficalnetwor

Microcontrollers [nicrocontroller-t.com Security [nww r-com/secur

RFID ‘ i .CO Telephony lvww.tr.com/telephony

RF/IF and ZigBee® Solutions [WWw.ir.com/Ipr Video & Imaging vww Tr.com/vided
Wireless [vww T.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2008, Texas Instruments Incorporated
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