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Abstract

So far, WiMAX (Worldwide Interoperability for Microwave Access) has been assigned for three
frequency bands: 2.5GHz (2.5 - 2.69 GHz), 3.5GHz (3.4 - 3.6 GHz) and 5.8GHz (5.725 - 5.850 GHz).
These frequency bands are allocated in different areas. This technology makes Internet connection
possible for remote area or some inaccessible area. However, there is still some limitation for some wide
areas as sometimes the transmitted signal is blocked by houses, trees, mountain or building. These can
cause some adverse effects such as multipath signal, fading signal and interference signal. So far, smart
antenna systems have been envisaged to tackle the mentioned problem as they are able to steer main beam
to desired direction while pointing its nulls or sidelobes to direction of interference signal. This process is
so called beamforming. This thesis work focuses on switched beam antennas as being the simplest type of
smart antennas. These systems are also not complex and costly. To support all frequency bands for
WiMAX, switched beam antennas have works well for wideband signal. However, from literatures, most
of the work dealing with switched beam antennas cannot works well for wideband signal. According to
this, their ability to combat interference signal is degraded when applying to wideband signal. Therefore,
this thesis proposes some developed design for hybrid coupler and crossover as being important
component of switched beam antennas. After achieving the developed design, some prototypes are

constructed and tested in laboratory.
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You = Ay (2.23)
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S-Parameter Phase in Degrees
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$2,2 83,3 11a% S4,4)
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S[1,11, S[2,2], S[3,3], S[4.,4]

-11.876,-13.061, -10.706, -10,335

S[5,51, S[6,61, S[7,7], S[8.8]

-10.964, -12.194, -11.616,-11.281
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S[2,11, S[3,11, S[4,1]

-30.936, -25.075 -30.733

S[6.5], S[7.51, S[8,5]

-27.464, -19.566, -19.724
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S[5,11, S[6,11, S[7,1], S[8,1]

-6.773,-5.817,-6.188, -7.452

S[5,2], S[6,2], S[7,2], S[8.2]

-6.96, -6.232, -6.24, -5.814

S[5,31, S[6,31, S[7,3], S[8.3]

-7.833,-6.63.,-5.719, -7.393

S[5.,4], S[6,4], S[7,4], S[8.4]

-5.41, -7.685,-5.29, -7.382
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Amnnugydoiioswnmsdoundu

S[1,1], S[2,2], S[3,3], S[4.4] -10.142, -14.683,-17.681, -10.166

S[5,51, S[6,61, S[7,7], S[8,8] -12.31,-26.527, -11.636,-17.135
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S[2,1], S[3,11, S[4,1] -26.26, -17.099, -34.229

S[6.5], S[7.5], S[8.5] -17.012, -25.632, -17.012

MANNGYTENINNIITONAD

S[5,11, S[e,11, S[7,1], S[8,1] -6.28, -6.128, -7.588, -5.954
S[5,21, S[6,2], S[7,2], S[8,2] -5.814, -7.06, -7.729, -6.443
S[5,31, S[6,31, S[7,3], S[8,3] -7.532,-7.577,-6.729, -7.925

S[5,41, S[6.4], S[7.,4], S[8.,4] -7.818,-7.278, -6.518, -5.391
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5 143.88° 85.724° 140.04° 1.34° 102°
6 109.57° -171.33° 28.045° 84.913° 48°
7 85.612° 1.46° 173.22° 122.56° 130°
8 32.662° 134.97° 96.439° -137.45° 73°
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8 81.58° 130.5° 173.58° 222.5° 75°
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a J @
WITTUIANDT 11399 (dB)

AN dIeINMIfoundy

S[1,11, S[2,2], S[3,3], S[4.4] -11.88, -18.129, -14.501, -12.197

S[5,51, S[6,61, S[7,7], S[8.8] -14.148, -14.636, -15.528,-17.161

=

MANVGYAINNILEN IaaiRe)

g

S[2,11, S[3,11, S[4,1] -26.841, -18.122, -26.537

S[6.5], S[7.5], S[8.5] -15.299, -23.542, -20.786

MANVYFIINNITONAD

S[5,11, S[e,11, S[7,1], S[8,1] -8.025, -7.37,-6.425, -6.402

S[5,21, S[6,2], S[7,2], S[8.2] -5.244,-7.15, -6.924, -7.217

S[5,31, S[6,31, S[7,3], S[8.3] -8.237,-7.761, -5.931, -6.923

S[5.4], S[6.4], S[7,4], S[8.,4] -6.171, -5.233, -7.949, -6.774
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RIGI}) AUN 1 AUN 2 AUN 3 AUN 4 wvan
5 -177.98° 34.067° 97.14° 53.128° 101°
6 83.559° 119.74° -55.044° 22.544° 53¢
7 30.664° -40.526° 130.67° 70.192° 130°
8 -20.052° 74.711° 19.206° 134.64° 77°
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WITTUIANDT 11399 (dB)

AmanugadeiioInmidounay

S[1,11, S[2,2], S[3,3], S[4.,4] -10.142,-17.111, -26.353, -21.866

S[5,51, S[6,61, S[7,7], S[8.8] -19.353, -26.394, -22.819,-24.828
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AMANUGYTIINNILEN TaaiRed
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S[2,11, S[3,11, S[4,1] -29.875.,-25.691, -28.201

S[6,51, S[7,51, S[8,5] -23.542,-25.532,-31.135
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AAAUUVVUALDDILNATNENAIIND 3.4 GHz

Jd o

WOIATUUTIUUT a1y1n# a1y 1INA a1y1nf e IMA | NANINYDY

9 9

00N Fui 1 dufl 2 dui 3 duii 4 Wran
5 89.522° 78.941° -14.532° -12.265° 103°
6 -23.972° -170.1° -103.53° 75.95° 36°
7 -13.708° 172.33° 75.713° -75.34° 139°

8 -9.72° -26.087° 75.162° 68.567° 79°
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RIRI} AUN 1 AUN 2 AUN 3 AUN 4 wran
5 237.26° 193.06° 148° 103.74° 104°
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7 193.06° 58.74° 282.38° 148° 139°
8 103.74° 148° 193.06° 237.26° 76°
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M1319N 4.17 ﬂ”I‘W”IﬁllL@]ﬂiﬂllﬂi]”lﬂﬂ”l'i’lﬂilix‘l‘ﬂﬂ’ﬂuﬂ 3.5 GHz

a J @
WITTUIANDT 11339 (dB)

manugadeiiosnInmdounay

S[1,11, S[2,2], S[3,3], S[4,4] -10.142, -24.051, -14.41, -15.715

S[5,51, S[6,6], S[7,71, S[8.8] -12.31,-26.527, -11.636,-17.135

=

AMANUGYTINNILEN IaaiRe)

g

S[2,1], S[3,1], S[4,1] -30.334, -22.834, -33.531

S[6,51, S[7,51, S[8,5] -28.538, -24.497, -35.393

MANNGYTONINNIITONAD

S[5,11, S[6,11, S[7,11, S[8,1] -5.09, -6.073, -7.959, -7.623
S[5,21, S[6,2], S[7,2], S[8,2] -5.6,-7.917, -6.386, -7.068
S[5,31, S[6,31, S[7,31, S[8,3] -7.067,-6.858, -6.154, -7.913

S[5.4], S[6,4], S[7.4], S[8.,4] -6.827,-7.361,-5.016, -7.068
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A3 97 4.18 HaMITanaAN VeI UNanuazavesd Yy IMeend 1T UIAT 018N 0 1)

o A o 14 a P =
AAAUUVVUALDILUATAENAIIND 3.5 GHz

W@%@]ﬁi}l)iy’lﬂ!“lﬂ GRERRNRLG RERRIEG GRERRNRLG GRERRNRLG ﬁﬁ“ﬂW\ﬁJ'ﬂ\‘]
Y A Y A Y A Y A o
RIRI} AUN 1 AUN 2 AUN 3 AUN 4 wran
5 89.522° 78.941° -14.532° -12.265° 103°
6 -23.972° -170.1° -103.53° 75.95° 36°
7 136.77° -27.712° -74.802° 45.085° 139°
8 -9.72° -26.087° 75.162° 68.567° 79°

M3 NA 4.19 HaMIoONUVUTNANNVOINATUNE nuazavesd g IavIeend M UIAT 0 1Y

[ o A ] 14 a P =
ﬂagﬂmﬂaugmuumammmﬂqmmma 3.5GHz

W@%@]ﬁi}l)iy’lﬂmﬂ GRERRNRLG RERRNE GRERRNELG GRERRNRLG ﬁﬁ“ﬂW\ﬁJ'ﬂ\‘]
Y A Y A Y A Y A o
RIGI} AUN 1 AUN 2 AUN 3 AUN 4 wran
5 189.23° 145.66° 100.45° 56.83° 104°
6 100.45° 234.49° 11.67° 145.66° 41°
7 145.8° 11.53° 234.63° 100.31° 139°
8 56.97° 100.31° 145.8° 189.09° 76°
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YpanuAaNaIationanIInTuasu lunsaieglnsal ¥elunelfiatenawise

[ Y
souiu 1@

'
Y v a A

MI1N 4.20 MR350 13010MTIATINANMND 3.6 GHz

a J @
WITTUIANDT 11339 (dB)

AANugadetionInMidounay

S[1,11, S[2,2], S[3,31, S[4.4] -10.142, -14.388, -17.467, -23.626

S[5,51, S[6,6], S[7,71, S[8.8] -18.882, -12.641, -16.17836,-19.604

=

MANVGYAINNILEN IaaiRe)

g

S[2,11, S[3,11, S[4,1] -31.509, -13.661, -49.848

S[6,5], S[7,51, SI8,5] -27.271, -24.52,-30.211

MANNFYTININNIITONAD

S[5,11, S[6,11, S[7,11, S[8,1] -6.883, -7.58, -5.441, -6.37

S[5,21, S[6,2], S[7,2], S[8.2] -7.568, -6.395, -6.315, -5.28

S[5,31, S[6,31, S[7,31, S[8,3] -6.277,-5.524,-7.612,-6.314

S[5.41, S[6,4], S[7.4], S[8,4] -5.208, -6.261, -6.677, -7.28

A1397 421 Hamsianan VeI uranuazlavesdyImeend M UAT 018N 0 1)

o A @ 14 a P =
AAAUUVVUALDILUATNENAIIND 3.6 GHz

J o

WIATATYYIUUT GRERRNRLG RERRIEG GRERRNRLG GRERRNRLG “ﬁﬁ“lleGU’tN
Y A Y A Y A Y A o
RIGI}) AUN 1 AUN 2 AUN 3 AUN 4 wyan
5 23.335° -28.121° -89.21° -122.89° 106°
6 -72.666° 64.471° -169.14° -31.505° 42°
7 -13.708° 172.33° 75.713° -75.34° 139°
8 -112.41° -88.36° -36.606° 20.535° 76°
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M3NA 422 HaMIoONUVUTAN YOI UNE nuazavesd gy IavIeend M UIAT 0 1Y
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7 95.79° -38.32° 184.3° 50.19° 139°
8 7.28° 50.19° 95.79° 138.7° 76°
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Y v a A

AN 4.25 M0 N 1801033 9NANND 5.725 GHzZ

a J @
WITTUIANDT 11399 (dB)

MANUgYIIeINMIdoundy

S[1,11, S[2,2], S[3,3], S[4.,4] -15.302, -13.429, -14.028, -10,335

S[5,51, S[6,61, S[7,7], S[8.8] -11.646, -13.114,-11.273,-15.284

=

AMANUGYTINNILEN IaaiRe)

g

S[2,1], S[3,11, S[4,1] -29.027, -19.468 -26.436

S[6,51, S[7,51, S[8,5] -14.598, -30.719, -24.883

MANNGYTONINNIITONAD

S[5,11, S[e,11, S[7,1], S[8,1] -6.261, -7.288, -5.981, -6.252
S[5,21, S[6,2], S[7,2], S[8.2] -7.024, -5.557,-6.245, -5.227
S[5,31, S[6,31, S[7,3], S[8,3] -6.317,-5.984, -5.811, -7.466

S[5.4], S[6.4], S[7,4], S[8.,4] -5.438, -6.943, -7.996, -6.877
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A1397 4.26 HaMITaNANIVEIYAAUNEnuazdveIdT Y IMIeeNd M UIAT 018N 0 1)

o A o 14 a P =
A UUVUVUALDDILUATNENAAIND 5.725 GHz

W@%@]ﬁi}l)iy’lﬂ!“lﬂ GRERRNRLG RERRIEG GRERRNRLG GRERRNRLG ﬁﬁ“ﬂW\ﬁJ'ﬂ\‘]
Y A Y A Y A Y A o
RIRI} AUN 1 AUN 2 AUN 3 AUN 4 wran
5 141.41° 49.734° 8.37° -11.698° 106°
6 -4.022° 160.7° -90.695° 32.908° 44°
7 69.355° -87.793° 173.2° 14.911° 138°
8 -9.98° 71.177° 89.512° 154.23° 73°

M3 NA 427 HaMsooNUUUTNANNYoINAAUNE nuazavesd g IavIeend M UIAT 01y

[ o A ] 14 a P =
ﬂagﬂmﬂaugmuumammmﬂqmmma 5.725 GHz

W@%@]ﬁi}l)iy’lﬂmﬂ GRERRNRLG RERRNE GRERRNELG GRERRNRLG ﬁﬁ“ﬂW\ﬁJ'ﬂ\‘]
Y A Y A Y A Y A o
RIGI} AUN 1 AUN 2 AUN 3 AUN 4 wran
5 76.64° 203.31° -19.06° 107.64° 105°
6 -19.03° 299.01° -114.73° 203.34° 43°
7 203.47° -114.73° 299.14° -19.03° 137°
8 107.77° -19.06° 203.44° 76.64° 75°
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o a & A 1 [ [ { " A
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a dy Aa c’a‘; 9 S & a oad 1
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A9 4.28 MU0 N 18010MTIATINANMND 5.8 GHz

a J @
WITTUIANDT 11399 (dB)

MANNgYTeIioInMIdounay

S[1,11, S[2,2], S[3,3], S[4.4] -13.143, -12.205, -14.609, -11.455

S[5,51, S[6,6], S[7,71, S[8.8] -14.304, -11.468, -13.711,-10.064

=

AMANUGYTINNILEN IaaiRe)

g

S[2,1], S[3,1], S[4,1] -27.9, -20.186 -33.005

S[6,51, S[7,51, SI[8,5] -14.241, -20.121, -28.371

MANUFUTINNMIIFOUAD

S[5,11, S[6,11, S[7.1], S[8.1] -6.404, -6.94, -7.35, -5.42
S[5,21, S[6,2], S[7,2], S[8,2] -7.675, -5.994, -7.049, -6.187
S[5,31, S[6,3], S[7,3], S[8,3] -6.723, -5.899, -5.454, -7.221
S[5,41, S[6,4], S[7,4], S[8.,4] -5.791, -6.81, -7.635, -6.35

A3 197 4.29 HamsTanaN VeI Uranuazlavesd Yy Imeend 1T UAT 018N 0 1)

o A @ 14 a P =
AAAUUVVUALDITLUATNENAIIND 5.8 GHz

J o

NOIATUUIUUT a1Y01NA UERRIEI a1e1NA MEIMA | NANINVYDY

99

0N Fufi 1 dufi 2 Jui 3 Fuii 4 Wnan
5 157.27° 96.503° 51.588° -5.111° 107°
6 47.785° -158.1° -44.882° 93.685° 42°
7 103.74° -45.215° -171.85° 73.727° 136°

8 50.518° 120.29° 133.18° -159.63° 75°




88

A3 7 430 HaMIOONUVUTAN YOI UNE Nuazavesd gy IavIend M UIAT DY

[ ) A @ 14 a P =
ﬂf]gﬂﬁﬂﬂaullﬂﬂﬂﬂla@i!uﬁiﬂ“ﬁ‘ﬂﬂﬂWﬂﬂ 5.8 GHz

W@%’@]ﬁ’ﬂejiy'lm"lﬂ GRERRNRLG RERRIEG GRERRNRLG GRERRNRLG ﬁﬁ“ﬂW\ﬁJ'ﬂ\‘]
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