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Design Specification

2.4 GHz and 5 GHz Compact Balanced Antennas
For
Linksys WAG320N Wireless N Router

Galtronics P/Ns:

02102140-04149-1
02102140-04149-2
02102140-04149-3

Sercomm P/Ns:

6172101PGN
6172101QGN
6172101RGN

2009 © COPYRIGHT GALTRONICS LTD.

This document is issued by Galtronics Ltd. (hereinafter called Galtronics) in confidence, and is not to
be reproduced in whole or in part without the prior written permission of Galtronics. The information
contained herein is the property of Galtronics and is to be used only for the purpose for which it is
submitted and is not to be released in whole or in part without the prior written permission of
Galtronics.
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1.0 PURPOSE AND SCOPE;

GALTRONMICS

The purpose of this document is to establish a design specification for the antenna product that
Galtronics is producing for Linksys. Any changes or additions to this specification can affect
schedule and/or cost of the product and should be negotiated between Galtronics and Linksys
before being incorporated into the specification. Upon agreement of this specification Galtronics will
make no changes without written approval from Linksys. Any changes requested by Linksys will be
given to Galtronics with sufficient time frame to evaluate the cost impact and react as required.

The development of this product within Galtronics is conducted according to the Design Control
Procedure SOP-006E.

2.0 RELATED DOCUMENTS:

SOPO06E Product Launch Procedure (Design Control)
ENOOGE Reliability Guidelines
EIA-STD-556 Outer Shipping Container Bar Code Label Standard
3.0 ABBREVIATIONS AND DEFINITIONS

Q Ohm

° Degree

°C Celsius (degrees Centigrade)

cm Centimetre

g Grams

GHz Gigahertz

Hz Hertz

kg Kilograms

MHz Megahertz

M Metre

mm Millimetre

N Newton

PCB Printed Circuit Board

RH Relative Humidity

W Watt

Design Specification: A preliminary target specification to guide the design process.
Product Specification: A final specification for the qualified product.

4.0 DESCRIPTIONS AND PART NUMBER;

4.1 DESCRIPTION

These antennas are referred to as Galtronics’ Compact Balanced Antennas. The patent-pending
designs consist of single-piece high performance balanced antennas with coaxial cables. The
cables are terminated with UFL-style connectors. Three antennas are installed per device. They
will be denoted as Right Front antenna, Left Front antenna and Left Rear antenna. All three
antennas are a dual-band single-feed design. The antennas have mounting features allowing for
alignment and attachment to the plastic enclosure.

GALTRONICS CONFIDENTIAL AND PROPRIETARY INFORMATION
MAY NOT BE COPIED OR DISCLOSED.
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4.2 PART NUMBER

Galtronics P/N Sercomm P/N Frequency Band | Location in Wireless
Router

02102140-04149-2 6172101QGN 24-25GHz Right Front
5.15 - 5.825 GHz

02102140-04149-3 6172101RGN 2.4-25GHz Left Front
5.15 - 5.825 GHz

02102140-04149-1 6172101PGN 2.4-25GHz Left Rear
5.15 - 5.825 GHz

5.0 ELECTRICAL SPECIFICATIONS

5.1 FREQUENCY BAND

Unlicensed ISM2400 Band: 2.4 — 2.5 GHz
Unlicensed ISM5400 Band: 5.15 —5.825 GHz

5.2 IMPEDANCE - Nominal impedance: 50Q

5.3 MATCHING REQUIREMENTS.
The compact balanced antennas do not require additional impedance matching
circuitry.
5.4 VSWR REQUIREMENTS
5.4.1 VSWR Maximum
Maximum VSWR allowed is 2.0:1

5.4.2 TEST METHOD (ENGINEERING)

The antenna is tested while mounted in the wireless router. The router is positioned
in free space. (Free space means the device is placed on a non-conductive surface
away from any conductive objects.)

5.4.3 TEST METHOD (PRODUCTION)

In mass production it is not practical to use the device supplied by customer.
Galtronics will designate reference antennas that meet VSWR requirements when
installed in the wireless router. The reference antennas will then be measured in free
space on production test equipment. Production antennas will be measured on the
same production test equipment, and are thereby correlated to the reference
antennas.
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GALTRONMICS

ANTENNA SPECIFICATION

5.5 EFFICIENCY
5.5.1 MINIMUM VALUES OF ANTENNA EFFICIENCY
The efficiency of the antennas shall be a minimum of 60%.
5.5.2 TEST METHOD (ENGINEERING)
The antennas are tested while mounted inside the wireless router. The router is then

tested in an anechoic chamber in free space. The efficiency of each antenna is
measured at a minimum of three frequency points across the band of interest. The

antennas shall meet the minimum efficiency requirements.

5.6 ANTENNA GAIN VALUES

5.6.1 MINIMUM PEAK AND AVERAGE GAIN VALUES

The antennas shall meet the following minimum peak and average gain values:

Azimuth Cut
Right Front Antenna Left Front Antenna Left Rear Antenna
Frequency | Power Sum | Power Sum | Power Sum | Power Sum | Power Sum | Power Sum
(GH2z) Peak (dBi) | Avg (dBi) | Peak (dBi) | Avg (dBi) | Peak (dBi) | Avg (dBi)
2.4 2.0 -3.0 3.0 -3.0 -0.5 -1.5
2.45 25 -2.5 3.0 -3.0 0.0 -1.0
2.5 3.0 -2.5 3.0 -3.0 0.0 -1.0
Elevation Cut 1 (Front to Back)
Right Front Antenna Left Front Antenna Left Rear Antenna
Frequency | Power Sum | Power Sum | Power Sum | Power Sum | Power Sum | Power Sum
(GHz) Peak (dBi) | Avg (dBi) | Peak (dBi) | Avg (dBi) | Peak (dBi) | Avg (dBi)
2.4 05 -3.5 1.0 -2.5 0.0 -3.5
2.45 05 -3.0 1.0 -2.5 0.5 -3.0
2.5 05 -3.0 1.0 -2.5 0.5 -3.0
Elevation Cut 2 (Side to Side)
Right Front Antenna Left Front Antenna Left Rear Antenna
Frequency | Power Sum | Power Sum | Power Sum | Power Sum | Power Sum | Power Sum
(GHz) Peak (dBi) Avg (dBi) | Peak (dBi) | Avg (dBi) | Peak (dBi) | Avg (dBi)
2.4 20 -1.0 3.0 -0.5 0.0 -3.5
2.45 25 -1.0 3.0 0.0 0.5 -3.5
2.5 3.0 -1.0 3.0 0.5 0.5 -3.5
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Azimuth Cut
Right Front Antenna Left Front Antenna Left Rear Antenna
Frequency | Power Sum | Power Sum | Power Sum | Power Sum | Power Sum | Power Sum
(GH2) Peak (dBi) Avg (dBi) | Peak (dBi) | Avg (dBi) ]| Peak (dBi) | Avg (dBi)
5.150 2.5 -3.0 35 -2.0 2.0 -0.5
5.250 3.0 -2.5 35 -2.0 2.0 -0.5
5.350 3.0 -2.5 35 -2.0 2.0 -0.5
5.725 15 -3.5 2.0 -3.0 25 -0.5
5.825 15 -3.5 2.0 -3.0 25 -0.5
Elevation Cut 1 (Front to Back)
Right Front Antenna Left Front Antenna Left Rear Antenna
Frequency | Power Sum | Power Sum | Power Sum | Power Sum | Power Sum | Power Sum
(GH2) Peak (dBi) | Avg (dBi) ]| Peak (dBi) | Avg (dBi) | Peak (dBi) | Avg (dBi)
5.150 -1.5 -5.0 0.5 -4.5 0.0 -3.5
5.250 -0.5 -4.0 15 -3.5 0.0 -3.5
5.350 0.0 -4.0 2.0 -3.0 0.5 -3.0
5.725 0.5 -35 1.0 -2.5 2.0 -2.5
5.825 05 -3.5 1.0 -2.5 2.0 -2.5
Elevation Cut 2 (Side to Side)
Right Front Antenna Left Front Antenna Left Rear Antenna
Frequency | Power Sum | Power Sum | Power Sum | Power Sum | Power Sum | Power Sum
(GHz) Peak (dBi) Avg (dBi) | Peak (dBi) | Avg (dBi) | Peak (dBi) | Avg (dBi)
5.150 2.0 -2.0 35 -0.5 15 -2.0
5.250 25 -1.0 35 0.0 15 -2.0
5.350 25 -1.0 35 0.0 2.0 -2.0
5.725 15 -1.5 25 -0.5 2.0 -2.5
5.825 15 -1.5 25 -0.5 2.0 -2.5
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5.6.2 INDIVIDUAL ANTENNA MAX PEAK GAIN

The peak gain of individual antennas is as follows:

Typical MAX
Frequency Peak Gain
Band (MHz) (dBi)
2400 - 2500
Peak Gain Right Front Antenna 4.0
Peak Gain Left Front Antenna 4.5
Peak Gain Left Rear Antenna 2.0
5150 - 5250
Peak Gain Right Front Antenna 4.0
Peak Gain Left Front Antenna 4.6
Peak Gain Left Rear Antenna 3.6
5250 - 5350
Peak Gain Right Front Antenna 4.0
Peak Gain Left Front Antenna 4.5
Peak Gain Left Rear Antenna 3.6
5725 - 5825
Peak Gain Right Front Antenna 3.2
Peak Gain Left Front Antenna 4.6
Peak Gain Left Rear Antenna 4.6

5.6.3 TEST METHOD (ENGINEERING)

The wireless router with antennas installed is mounted in an anechoic chamber in
free space.

The peak and average gain values are recorded for each antenna at the
frequencies indicated.

The transmit composite gain is defined as the sum of the gain values of the TX
antennas at each 0,¢-point in 3-D space. The maximum value of the resulting 3-D
gain pattern provides the transmit composite peak gain.

6.0 MECHANICAL SPECIFICATIONS;

6.1

6.2

MECHANICAL CONFIGURATION

The appearances of the antennas are in accordance with drawings 02102140-04149-
1(Left Rear Antenna), 02102140-04149-2(Right Front Antenna) and 02102140-
04149-3 (Left Front Antenna) .

CABLE PULL TEST

The antenna cable and solder joint shall withstand a 3 N axial pull force. The antenna
element is fixed in an appropriate fixture and a 3 N axial force is slowly applied. The force is
maintained for 10 seconds. There shall be no permanent damage to the antenna after the
test.
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GALTRONMICS

ANTENNA SPECIFICATION

7.0 ENVIRONMENTAL SPECIFICATIONS

7.1 OPERATING TEMPERATURE

Operating temperature range shall be 0° C to +60° C.

7.2 OPERATING HUMIDITY
Operating humidity range shall be 10% to 85%, non-condensing.
7.3 STORAGE TEMPERATURE

Storage temperature range shall be -20° C to +60° C.

7.2 STORAGE HUMIDITY

Storage humidity range shall be 5% to 90%, non-condensing.

8.0 QUALIFICATION

The mechanical and environmental tests mentioned above are performed according to
the flow chart shown in Figure 1 below. The entire testing procedure will be conducted
according to ENOOGE.

Initial
Characteristics

Line 1 Line 2 Line 3
c=0| M=6 c=0 | M=6 C=0 | MN=6
Operating Storage

Temperature Temperature FPull Test
Range Test Test
r Final \I

Figure 1. Property Verification Test Flow Chart

Characteristics
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Note: n - sample size; ¢ - allowable amount of critical failures

9.0 PACKAGING

02102140-04149-1will be packed by tray, 90 pcs antennas in one tray and 2340 pcs in one box.
02102140-04149-2will be packed by tray, 40 pcs antennas in one tray and 960 pcs in one box.
02102140-04149-3will be packed by tray, 72 pcs antennas in one tray and 1728 pcs in one box.
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Galtronics Antenna Solution for WAG320N

Galtronics Proprietary Antenna Design - Patent Pending

“
=
Left Rear ‘fé
Antenna 1 '_ii
(TX/RX) 7
Left Front i A :
Antenna > WRESIIEE ¥ el inenne
(RX only) a

. - . - - I::'-fl 4 : - i
l.u v"»‘i‘-?_ W /" ey (TX/RX)
Eﬁfr .

< Galtronics solution provides three dual-band antennas denoted as
Right Front, Left Front and Left Rear antennas

< Antennas are tested in final product (shown in picture)
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Return Loss and Isolat

= Left Rear

Port 3

Left Front;

Right Front; Port 2 =

Linksys WAG320N: Port 1
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r 3

Low Band High Band
Frequenc . . Peak Terminal Frequenc . . Peak Terminal
(gHz) ’ Directivity Gain S11 Efficiency (gHz) / Directivity Gain S11 Efficiency
Right Front | 2400 5.09 311 -11.05 63.43% 5.150 5.43 350 -1098 64.05%
2.450 5.11 361 -17.53 70.75% Right Front| 5250 5.18 390 -22.83  74.45%
Antenna 2.500 5.29 396 -43.30 73.76% 5.350 5.30 405  -20.36  74.94%
AVERAGE | | 69.31% Antenna 5.725 4.74 322  -12.82 70.38%
5.825 4.76 320 -10.91  69.83%
Frequenc . . Peak Terminal Frequenc . . Peak Terminal
(gHz) ’ Directivity Gain S Efficiency (gHz) Y Directivity Gain S Efficiency
Left Front 2.400 5.07 387 -1431 75.86% 5.150 5.82 458  -12.68  75.27%
2.450 5.37 442  -2057 80.23% Left Front | 5:250 5.32 452  -20.26  83.09%
Antenna 2.500 510  4.07 -16.10 78.89% 5.350 5.12 446  -29.94 85.83%
AVERAGE | | 78.33% Antenna 5.725 5.18 457  -16.30  86.88%
5.825 5.06 437  -1557  85.29%
AVERAGE | | 83.27%
Frequenc . . Peak Terminal Frequenc . . Peak Terminal
(gHz) ’ — Gain S Efficiency (gHz) § DIFEE0) Gain S Efficiency
L eft Rear 2.400 3.33 1.18 -11.54 60.93% 5.150 4.47 3.44  -18.67  78.96%
2.450 3.33 1.69 -20.18 68.56% L eft Rear 5.250 4.61 359  -14.19  79.01%
Antenna 2.500 3.62 1.98 -17.98 68.54% 5.350 4.52 356  -11.87 80.12%
AVERAGE | | 66.01% Antenna 5.725 5.12 418  -14.03 80.57%
5.825 5.43 456  -14.80  81.81%
AVERAGE | |_80.09%
CALTRONICS
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Antenna Patterns: Azimuth Cut — Low

DAanad
DCAI IU
900

Left Rear

Right Front

SN 5
iy, 25 Wi, 2
o ek ez
0180 = EONSE 0
AN
0
-150

Beam, = 2400 MHz : Max Gain, = 0.41 dBi at 180° o
-9

- . in = ; 0
Beam, = 2400 MHz : Max Gain, = 3.06 dBi at 87 _900

= Beam, = 2400 MHz : Max Gain, = 3.84 dBi at -93° _900
=x=rere Beam, = 2450 MHz : Max Gain,, = 3.59 dBi at 87°

++xx= Beam, = 2450 MHz : Max Gain,, = 4.36 dBi at -93°
=== Beam, = 2500 MHz : Max Gain3 = 3.93 dBi at 90°

+=+= Beam, = 2500 MHz : Max Gain, = 3.98 dBi at -87°

==+ Beam, = 2450 MHz : Max Gain, = 1.18 dBi at 180°

=== Beam, = 2500 MHz : Max Gain, = 1.26 dBi at 174°
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Left Rear

120°

-150°

Beam, = 2400 MHz : Max Gain, = 0.73 dBi at -66° o

Beam, = 2400 MHz : Max Gain, = 0.65 dBi at -117°

- . in = i 0
Beam, = 2400 MHz : Max Gain, = 1.96 dBi at 102 1800 1800

+s+2s= Beam,, = 2450 MHz : Max Gain, = 0.43 dBi at -108° +seue- Beam, = 2450 MHz : Max Gain, = 1.57 dBi at -69° CALTROMNICS

=+ Beam, = 2450 MHz : Max Gain,, = 1.98 dBi at 96°

- . in = f 0 _ X T .
—-—+- Beam, = 2500 MHz : Max Gain, = 1.56 dBi at 81° === Beam, = 2500 MHz : Max Gain, = 0.65 dBi at 78 === Beam, = 2500 MHz : Max Gain, = 1.61 dBi at -66°
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erns.

Beam, = 2400 MHz : Max Gain, = 3.85 dBi at 84°
=xeeer Beam, = 2450 MHz : Max Ga\in2 = 4.23 dBj at 87°

= Beam, = 2500 MHz : Max Gain, = 3.99 dBi at 81°
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Rear

Beam, = 2400 MHz : Max Gain, = 1.1 dBi at 72°

Beam, = 2400 MHz : Max Gain, = 3.1 dBi at -87°

=x=rere Beam, = 2450 MHz : Max Gain2 = 3.58 dBi at -90° »=ree= Beam, = 2450 MHz : Max Gain, = 1.6 dBi at 72°

=== Beam, = 2500 MHz : Max Gain, = 1.63 dBi at 72°

+= Beam, = 2500 MHz : Max Gain, = 3.93 dBi at -90°

180°

@ CSCALTROMICS
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Antenna Patterns: Azimuth Cut — High

D P
Danag
900

Right Front Left Rear

0(
Beam, = 5151 MHz : Max Gain, = 4.54 dB{ at -96° Beam, = 5151 MHz : Max Gain, = 3.3 dBi at 84° Beam, = 5151 MHz : Max Gain, = 2.77 dBi at -54° 60°
1ssees Beam, = 5250 MHz : Max Gain,, = 4.49 dBi at -93° + Beam,, = 5250 MHz : Max Gain,, = 3.85 dBi at 105° ++x=22 Beam, = 5250 MHz : Max Gain, = 3.08 dBi at -54°
-~ Beam, = 5351 MHz : Max Gain, = 4.37 dBi at -90° -90° - Beam, = 5351 MHz : Max Gain, = 3.87 dBi at 102° -90° =+ Beam, = 5351 MHz : Max Gain, = 322 dBi at 96°  -90°
===-Beam, = 5726 MHz : Max Gain, = 3.1 dBi at -117° = === Beam, = 5726 MHz : Max Gain, = 2.42 dBi at 102° Beam, = 5726 MHz : Max Gain,, = 3.44 dBi at -147° CALTROMNICS
Beam = 5825 MHz : Max Gaing = 2.8 dBi at -114° Beam, = 5825 MHz : Max Gaing = 2.26 dBi at 93° = === Beam, = 5825 MHz : Max Gain; = 3.26 dBi at -147°
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Antenna Patterns: Elevation Cu

900

tannan Beamzz 5250 MHz
- Beam3 = 5351 MHz

= === Beam, = 5726 MHz

Beam, = 5151 MHz :

: Max Gain, = 2.8 dBi at 72°

Beam, = 5825 MHz :

Max Gain, = 1.55 dBi at 69°

(o]
: Max Gain, = 3.23 dBi at 69° 180

: Max Gain, = 2.13 dBi at 63°

Max Gaing = 1.96 dBi at 114°

Left Front Right Front Left Rear

~lY _ Hinnhh Band
abr\} |||U|| DClI IU

Beam, = 5151 MHz : Max Gain, = -0.46 dBi at 75° Beam, = 5151 MHz : Max Gain, = 0.89 dBi at 96°

=+=sx2x Beam, = 5250 MHz : Max Gain, = 0.65 dBi at 57° ===+ Beam, = 5250 MHz : Max Gain, = 1.16 dBi at 96°|

0 (o]
180 =+ Beam, = 5351 MHz : Max Gain, = 1.73 dBi at 87° | 180

Beam, = 5726 MHz : Max Gain, = 2.84 dBi at 84°
_ _ 0@ CALTROMICS
- Beam5 = 5825 MHz : Max Ga|n5 =2.88 dBi at 78

=== Beam, = 5351 MHz : Max Gain, = 1.16 dBi at 66°

= === Beam, = 5726 MHz : Max Gain, = 1.33 dBi at 66°

Beam, = 5825 MHz : Max Gaing = 1.37 dBi at 66°
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=== Beam, = 5351 MHz :

= === Beam, = 5726 MHz :

Beam, = 5151 MHz :

= Beam,, = 5250 MHz :

Beam, = 5825 MHz :

Max Gain, = 4.45 dBi at 84°
Max Gain, = 4.5 dBi at 78° o
Max Gain, = 4.41 dBi at 105° 180°
Max Gain, = 3.61 dBi at 138°

Max Gaing = 3.57 dBi at 141°

Left Rear

Beam, = 5151 MHz : Max Gain, = 2.52 dBi at -69°

Beam, = 5151 MHz : Max Gain, = 3.16 dBi at -87°

Beamz = 5250 MHz : Max Gainz = 3.71 dBi at -87° — Beam2 = 5250 MHz : Max Gain2 =2.66 dBi at -72°

180°

=== Beam, = 5351 MHz : Max Gain, = 3.35 dBi at -84° 1800 === Beam, = 5351 MHz : Max Gain, = 2.98 dBi at -90°

= === Beam, = 5726 MHz : Max Gain, = 2.44 dBi at -72°

Beam, = 5726 MHz : Max Gain, = 2.95 dBi at -123°
= === Beam, = 5825 MHz : Max Gaing = 2.77 dBi at -123° @ ST FROFILC R

Beam, = 5825 MHz : Max Gain; = 2.23 dBi at -72°
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System Coverage : Azimuth Cut

900

Low Band

Left Rear

: Left Front

-30° [
I |

- Right Front ,

AUT, @ 2450 MHz : Max Gain1 =1.18 dBi _900 AUT, @ 5351 MHz : Max Gain1 =3.22 dBi

====xAUT, @ 2450 MHz : Max Gain2 = 4.36 dBi === AUT, @ 5351 MHz : Max Gain,, = 4.37 dBi
———— AUT3 @ 2450 MHz : Max Gain3 = 3.59 dBi [— AUT3 @ 5351 MHz : Max Gain3 = 3.87 dBi
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AUT, @ 2450 MHz : Max Gainl = 1.57 dBi
[EEp— AUT2 @ 2450 MHz : Max Gain2 =1.98 dBi
=rm=ee AUT, @ 2450 MHz : Max Gain3 = 0.43 dBi

Left Rear

120° 1) oft Front !
L - -1

- Right Front ,

AUT, @ 5351 MHz : Max Gainl = 1.73 dBi
[EEp— AUT2 @ 5351 MHz : Max Gain2 = 3.23 dBi
=== AUT, @ 5351 MHz : Max Gain3 = 1.16 dBi
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AUT, @ 2450 MHz :
=== AUT, @ 2450 MHz :
=== AUT, @ 2450 MHz :

Left Rear

\
- _ [\
Left Front ! 120 N

L_____

Right Front |

AUT:L @ 5351 MHz : Max Gain1 =2.98 dBi
___.AUT2 @ 5351 MHz : Max Gain2 = 4.41 dBi
———— AUT3 @ 5351 MHz : Max Gain3 = 3.35dBi
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summary

Galtronics antenna solution for Linksys WAG320N has been tested in
production sample and antennas show the following
characteristics

< Return Loss
= Good for all antennas in both bands
< |solation
< Excellent for all antennas in both bands
< Efficiency
= Excellent for all antennas in both bands
= Antenna Patterns
< Excellent 3-D coverage and pattern diversity
= Polarization diversity
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