AL o v

WIMAX' kg 4-by-4 3¢ % HK3H

A 4-by-4 slotted array antenna employed in WiMAX base station

FopoA Ly p ('Yen-Jung Tseng )

ke S @i £#L (Dr. Ruey Bing Hwang)

voE R4 L oE =



WIMAX ¥ 5 4-by-4 #3734 = :E 3

A 4-by-4 slotted array antenna employed in WiMAX base station

LSRN R Student :  Yen-Jung Tseng

hERE AR L Advisor : Dr. Ruey Bing Hwang

B = o (s
TRl s imln

AL

A Thesis
Submitted to Department of Communication Engineering
College of Electrical Engineering and Computer Science
National Chiao Tung University
In partial Fulfillment of the Requirements
For the Degree of
Master of Science
In
Communication Engineering
July 2008
Hsinchu, Taiwan, Republic of China



WIMAX ## o 4-by-4 434 < &K 3+

Eia AR R FRp #L

Rzl ~§ TR1EH )

5
A g AT ) e A4~ 1Y 2 A (slot antenna) 0k B i WIMAX 47 £2

(3.4GHz 2 3.7GHz) h4X4 f34 5] % & (slot array antenna) - #-j§ 3¢ % 4 #F
A AB B > H AXA IS X R A BRI S e fg S B E BT B
4o gk $-¢ (parallel-series) 548 i g i > S5 B4R BT LR 0 W BATAE S K
LSRR R R SLE S e S SRS R R LS
Hirt FRA e b kBl i AXA It F| 2 &Y v 3 R o oAl HFSS fge e
B R AU 0 1 S e AR
£RRE R 0 e AX4 {EIVEERIR SRS B S R R SO E ok

7~

-3dB A A A o



A 4-by-4 slotted array antenna employed in WiMAX base station

Student : Yen-Jung Tseng Advisor : Dr. Ruey Bing Hwang

Department of Communication Engineering
National Chiao Tung University

Abstract

In this thesis, a 4-by-4 two-dimensional slotted array antenna was designed,
fabricated and measured. Such an array antenna consists of four series-fed sub-array
antennas and a metal reflector for achieving single-side radiation. Moreover, the four
sub-array antennas are fed by a 1-hy-4 power divider made up of three 1-by2 power
dividers. By the antenna theory,:adjusting:the progressive phase delay angle, the main
beam angle can be steered toward any desired direction. In this research, the
progressive phase delay angle is-designed at O degree for obtaining the radiation
main-beam toward broadside direction ( perpendicular to the plan of slots) .
Additionally, the slot inclines 45degree with respect to the micro-strip line for
generating two polarized electric-field along two orthogonal directions. This may
enhance the receiving performance in a complex environment. Due to the advantages
of easy fabrication, robustness and low-cost issue, such an array antenna can be a
potential candidate for serving a point-to point planar array antenna in WiMAX

applications around 3.5GHz
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3.3GHz XZ-plane 3.3GHz YZ-plane
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270

Ey measurement
Ex simulation

180

(a) XZ T % (b) YZ T wm

Bl 4-16  4X4 #3427 = S F S & 3.3GHz W £ Rl % U5 #0531 )
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270

Fy measurement
Ex simulation
Ey simulation

180

(a) XZ T % (b) YZTwm

Bl 4-17 4X4 H35] % S F ote & 3.4GHz e £ 012 % U5 53] B
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3.5GHz XZ-plane 3.5GHz YZ-plane
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270

‘meggsurement
Fy measurement
Ex simulation
Ey simulation

(a) XZ T % (b) YZ T wm
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3.7GHz XZ-plane 3.7GHz YZ-plane

X

240 T gagurement
Bx measurement

(a) XZ % & | (b) YZ %5
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%42 AX4HrEs A REF HELRE (XZF6 )

XZ-plane
4X4 slot array | Max gain Max gain angle 3dB beam width
(dBi1) (degree) (degree)
Ex Ey Ex Ey Ex Ey
3.3GHz 4.95 5.7 2 3 15 17
3.4GHz 6.42 | 6.93 1 3 15 17
3.5GHz 6.87 | 5.83 2 4 14 17
3.6GHz 7.76 | 5.69 2 3 14 16
3.7GHz 4.51 | 2.09 1 2 13 16

%43 4X44E A% SRR SRR (YZ 55 )

YZ-plane
4X4 slot array | Max gain Max gain angle 3dB beam width
(dBD) (degree) (degree)
Ex Ey Ex Ey Ex Ey
3.3GHz 571 | 5.76 11 7 31 35
3.4GHz 7.44 | 16.85 g 5 25 25
3.5GHz 7.31 "} .6:67 4 -1 24 21
3.6GHz 7.77 | 7.16 0 -3 24 21
3.7GHz 5.48 | 4.36 -3 -6 24 19

432 EFEIATG | 2L KF sHEE ST E R
B 421 2B 425 5B AAF G | S0 EFHFE2Z XZTa v YZ L6

i 553 £ R W -
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3.3GHz XZ-plane
3.3GHz YZ-plane
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(a) XZ T w (b) YZTw
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3.5GHz XZ-plane 3.5GHz YZ-plane
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3.7GHz XZ-plane 3.7GHz YZ-plane

(a) XZ T m (b) YZTw

Bl 425 4X4 #3752 @4 5 jedp | S AN E £ SHE & 3.7GHz B £ Rl 2

=B A

] 4-20 2 ] 4-25 7] ’.}_&E?%}’p‘_% ﬁ%bri f@}}@ﬁ FF HHE > ¢ @ 555
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425 (a) P LA IRX P wnF IR AN - BAE kg AL kA A
AR GBS RAS KRG L 03 ke BER LA gy v b fd 44
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244 AX4HEA T RTF G EER ] 24 EF R E(XZ T 6 )

XZ-plane
4X4 slot array | Max gain Max gain angle 3dB beam width
(dBi1) (degree) (degree)

Ex Ey Ex Ey Ex Ey

3.3GHz 6.96 | 6.54 3 4 15 18
3.4GHz 7.97 | 7.67 0 3 13 17
3.5GHz 8.66 | 6.93 2 4 14 17
3.6GHz 9.03 | 6.07 0 1 13 15
3.7GHz 5.83 | 0.34 -1 -1 11 14

245 AX4H it X RTF G EER ] 2o EF HERRE(YZ T 6 )

YZ-plane
4X4 slot array | Max gain Max gain angle 3dB beam width
(dBD) (degree) (degree)
Ex Ey Ex Ey Ex Ey
3.3GHz 7.03 | 5.69 12 6 30 32
3.4GHz 9.24 | "7.69 12 9 23 24
3.5GHz 9.29 "{ 81 2 0 22 18
3.6GHz 9.26 | 8.20 2 0 18 22
3.7GHz 6.6 4 -1 -4 22 20

433 FEMEI MF G 2 O A 4 £ F S iE ST £ R
B 426 1 B 4-30 5 BE3EE 84 6 2 24 4 %R 2 XZ T 6 v YZ 2

3 & PR -
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3.3GHz XZ-plane 3.3GHz YZ-plane
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(a) XZ T & (b)) YZ T &
Bl 4-27 4X4 35 X S A G FEE 2 O A 4o B F S & 3.4GHz Hig e £ Rl 2
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3.5GHz XZ-plane 3.5GHz YZ-plane
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3.7GHz XZ-plane ! 3.7GHz YZ-plane

Ey simulation

(a) XZ* 5 (b) YZ < &
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446 AX4H LA X RF G EER2 24 KR SRR E(XZ T 6 )

XZ-plane
4X4 slot array | Max gain Max gain angle 3dB beam width
(dBi) (degree) (degree)

Ex Ey Ex Ey Ex Ey

3.3GHz 7.81 | 7.31 2 4 15 17
3.4GHz 9.87 | 9.4 3 14 16
3.5GHz 9.74 8.1 1 2 13 17
3.6GHz 9.75 | 6.39 0 1 13 16
3.7GHz 6.21 | 0.71 -1 0 12 16

247 AXARIELI|TAF G A2 DA EF HFEERE(YZ T 5 )

YZ-plane
4X4 slot array | Max gain Max gain angle 3dB beam width
(dBi1) (degree) (degree)

Ex Ey Ex Ey Ex Ey

3.3GHz 7.51 |693 13 13 31 35
3.4GHz 9.81 | 8.92 10 8 24 23
3.5GHz 9.52 | 18:89 2 2 22 18
3.6GHz 9.69+ |.8.35 2 -1 22 20
3.7GHz 7.08 44 2 -5 23 21

B 4-31 4ol 4-32 ¢ vt R So R SR~ BEEE 1 2 A 4 R SR fobig 2
AR S 0 B Bx fr By % Mb A B E B o T L HE G R b KR
SHE e SRR b % B 5 PR IERE D 2 F SHE b < HE 00 R F 5t

FRELEXZ T %L 35dB) 2 YZTLe k%4 25dB-
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antenna gain (dBi1)

antenna gain (dBi)
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