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Worldwide Interoperability for Microwave Access (WiMAX)
High Gain Antenna Arrays with Electromagnetic Band-Gap

Structure’s Applications

Student: Jiang-Hong Chen Advisor: Dr. Yu-De Lin

Department of Communication Engineering

National Chiao Tung University

Abstract

WiMAX (Worldwide -Interoperability for: Microwave Access) has the
advantages: wireless, far-distance transmission‘and wideband. It will be one of the
wireless communication system standards in the next generation. In this thesis, we
will research high gain antenna arrays suitable for 3.4GHz-3.7GHz WiMAX
communication system, and it also satisfies ETSI specification.

We use microstrip antennas by increasing the height of antenna structure to let
the antenna arrays can conform to this system bandwidth and gain requirement.

In this thesis, we will design an electromagnetic band-gap(EBG) structure
without via. We also label it to photonic band-gap(PBG). By combining it with
microstrip antenna, we can understand its effects on the properties of antenna.
Further more, we can improve the radiation patter of the microstrip antenna and

suppress surface wave’s exitation in the substrate.
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(Basic Theory and Antenna Structure)
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221 H - B pb R R smE it
g pE R A MAE - LR A A B d # BRE TR lliﬁd

¥ o
A R P X MPF o JiF (substrate) B2 48 X STt gk g = B Sl 4
TAA(T 5 tand )~ A8 ¥ #(e,) 0 %2 B (h) o B¢ A4 FIAAR ] 4845 2 4o
BT IR R AT R F o AR ehd A BE A AT F s AR AR
hodt VO A R X e e (A2 B E O AR H T D F 2 8RR
RIEAR A ART > ot 7 U/ F R SOLFE R E 0 FoR A T R B R S SRR
PAAZZe o RENAS R ERLE BlGES m 2R o

bt A R ST SR LR RS AT R B F hE o AR

* FRA(s, =4.4)pL 3 S A A2 DR B BLEG A5 > dopt 7 11 F 20 ME k4

THBEZ RFER - FUEITHEREE DE L o 4oB 2-6 577 ¢
Dielectric substrate W
£ \ -\-\'
e=4.4 h=0.8mm
H=5.8mm .
. Eur =135
Air gap=5mm
~

Ground plane

Bl 2-6 : & ¥+ S 4 (Suspended microstrip line configuration)
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hoB 2-6 4v toairgap B R 2 {60 H i R A Hg G TR E T 4 5N(2-10)

# 3 - g E[10] -

.o g h+(H-h)]
I h+e, (H-h)

(2-10)

T ob o R EACE SR PR E0)R] Y 5 (2-11) 1 FIRH AL iE 0 11 K 3

o n R[] o

2
P RN i /1+(gj 2-11)
2rNlg,, u u

Ao,
F,=6+(2m—6)e %0 (2-11a)
n, =120 (Q) > u:% (2-11b)
-1
e =1+ (a—bln v jL—l (2-12)
H-h H-h)| e,
Ao,
_ h 4
a= O.8621—0.1251n( ﬂ (2-12a)
I H—h
_ h 4
b= 0.4986—0.13971n[H ﬂ (2-12b)
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Dielectric constant 4.4
Substrate thickness 0.8mm
Loss tangent 0.02
Air gap Smm
Single patch size 41.6mm(W) x 33.5mm(L)
Feeding line width 0.901mm
Feeding line length 19.96mm
% 2-1: «’!‘Eq}’]%ft_%‘f B S

FI* 34 (2-4)~(2-5% (2- 6)1i %fﬂ';_-%mﬁ%hruwﬁ Bl AR
LEE S R G S AR ng@%mms,ﬁ 4o@) 2-7 T

.uJ_.:_"_ _.;'n',:-'F“
< 80mm :}

Patch antenna

65mm

Ground plane \ZO=5OQ

B 2-7 B HcF BE S X R R B
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LF SIS o B 2-9 1 ¢ < & 3.55GHz Hofg ehdg s3] o

Return Loss

0.00
5.00—
-10.00—

-15.00+

dB(S(WavePort1 WavePort1))

-20.00—

2E 00—t e e e e e
200 250 3.00 3.50 4.00 450 5.00

Freq [GHz]

B 2-8 : B M PR X AF SR AL

Bl 2-9 1 4B B F X ML A Y S HE % 3.55GHZ HogR ol )

12



222 BHE X RLAKF
F L TUHCE LT~ SRR R - 4 2 a1 BT
Feh™ Fe[13] B (8 £ B G endF A g TR ML) ] 2-10 5 AR~ RET R
B 0 B 2-11 2 B] 2-12 & %] & 4 » e fa2 & 5445 45 (Return Loss) ~ 4& » 3f 4%

(Insertion Loss)!Z % % ﬁig?l d AR >8] o

Fortl

il l| u

Port2 Port3 Portd

B 210 : s A, B

S parameter

Magnitude( dB)

-EI:I T T T T T
20 25 30 35 4.0 45 50

FrequencyGHZ)
B 2-11: X M54 » a2 F S22 36~ 442 HHE B
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Phase different
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FFAPFF B 2-10 0L BB o f IR R = X SELI e R 2-13
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15004
200

7500

-3 00—

1 Return Loss (dB)
35 00—
A

Fa- ] 250 1 138 1] 5 5 by

Foe O]

B 2-14: = ~ X RL7| F 544

B 2-15: = ~ % S5 & A 5 3.55GHZ Hokw chig 5357

d ] 2-14~ B 2-15 7 23] F SHF 4L 1 (647 £2(3.4GHz~3.7GHz) % T & F -

[}
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Dielectric constant(top > bottom) 4.4 J 4.4
Substrate thickness(top > bottom) 0.8mm J 1.6mm
Loss tangent 0.02

Air gap Smm

Upper substrate size 250mm x 200mm
Ground size 300mm x 250mm

%0221 AMEIR Sk

B12-16 5 2 L7 S H » d S04~ REIEFLT e p £ 3 S|
B A o T H B s L 500 LB A G G SMA HFf 0 @

Ao~ RS fie o

=)
3

Bl 2-16 © % &5 4 PR R

16



2

* & 7] #(a)3.4GHz ~ (b)3.55GHz ~ (¢)3.7GHz g & 35-73] > & 8]

Bl 2-17

e

POV R BRI AR SR F BT 0 W E S TR foo

34GHz_E-plane 3.4GHZ_H-plane
0

300

an

: 270
1510 8 0 &- M50 05 0 -5 b

Simulation

120 Measurement 120

Simulation
Measurement

180

S.SSGHB_E—pIane 3.55GHz_H-plane

(=]

| 270
110 5 0 -

i i
0 5 1015

Simulation 5= — — —  Simulation
Measurement

Measurement

120

120

(b)3.55GHz
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3.7GHz_E-plare
0

3.7GHz_H-plane

270

o e e e A B . | - e 270 I e R
201510 5 0 -5 1038 ﬁ} A 0 51015 2P 151 oq 4
— — —  Simulation 7 — — —  Simulation
120 Measurement & Measurement
180 160
(¢)3.7GHz

Bl 2-17 @ = & 7| ig 54357

XM R 2 5 0 $0 B T T R 4 & ETSITS2 cndfe -
% 2-3 5 ETSI-TS2 %15 s+3-4] o ch® A0 12T 44 %445 5437 & ETSI-mask i
g 4B 2-18 #E o AR IR 3 4GHZ 1 e R 2 0k B g

Boprin s R S AR R0 2 18 G L AR Rt B

Co-polar Angle (%) Gain (dB)

Fo 0 1]
P1 12 0
P2 30 -10
P3 a0 -15
P4 150 =20
P5 180 -20

Cross-polar Angle (%) Gain (dB)
Q0 0 -15
Q1 a0 -15
Q2 150 =20
Q3 180 =20
% 2-3 1 ETSI-TS2 ¥d5 3573 » # 2. & R
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