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A Study on the Shaped-Beam Antenna with High Gain Characteristic
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Abstract

This paper describes a shaped-beam antenna for increasing the antenna gain of a radiating element. The proposed
antenna structure is composed of an exciting element and a multi-layered disk array structure(MDAS). The stack micro-
strip patch elements were used as the exciter for effectively radiating the electromagnetic power to the MDAS over
the broadband, and finite metallic disk array elements - which give the role of a director for shaping the antenna beam
with the high gain - were finitely and periodically layered onto it. The efficient power coupling between the exciter
and the MDAS should be carried out in such a way that the proposed antenna has a high gain characteristic. The design
parameters of the exciter and the MDAS should be optimized together to meet the required specifications to meet the
required specifications.
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In this study, a shaped-beam antenna with high gain was optimally designed under the operating conditions with

a linear polarization and the frequency band of 9.6~10.4 GHz. Two methods constructed using thin dielectric film

and dielectric foam materials respectively were also proposed in order to implement the MDAS of the antenna. In

particular, through the computer simulation process, the electrical performance variations of the antenna with the MDAS

realized by the thin dielectric film materials were shown according to the number of disk array elements in the stack

layer. Two kinds of antenna breadboard with the MDAS realized with the thin dielectric film and dielectric foam

materials were fabricated, but experimentation was conducted only on the antenna breadboard(Type 1) with the MDAS

realized with the thin dielectric film materials according to the number of disk array elements in the stack layer in

order to compare it with the electrical performance variations obtained during the simulation.

The measured antenna gain performance was found to be in good agreement with the simulated one, and showed

the periodicity of the antenna gain variations according to the stack layer number of the disk array elements. The

electrical performance of the Type 1 antenna was measured at the center frequency of 10 GHz. As the disk array

elements became the ten stacks, a maximum antenna gain of 15.65 dBi was obtained, and the measured return loss

was not less than 11.4 dB within the operating band. Therefore, a 5 dB gain improvement of the Type 1 antenna can

be obtained by the MDAS that is excited by the stack microstrip patch elements. As the disk array elements became

the twelve stacks, the antenna gain of the Type 1 was measured to be 1.35 dB more than the antenna gain of the

Type 2 by the outer dielectric ring effect, and the 3 dB beam widths measured from the two antenna breadboards were

about 28° and 36° respectively.

Key words : Shaped-Beam Antenna, Multi-Layered Disk Array Structure(MDAS), Stack Microstrip Patch Elements,

High Gain, Radiation Pattern
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Fig. 1. High gain shaped-beam antenna structure.
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Table 1. Design parameter values of the exciter.

g8 |95y A ag

= ¥ A% | PL1 | 10.05 mm(#) x 10.05 mm(L)
FE #A) &7 | PL2 | 1L15 mm(#) x 11.15 mm(L)
23 94 0.0 mm(@ horizontal offset),

5.075 mm{(@ vertical offset)
TLYSA( & 4=2.17, di=0.508

AA RF 71 d

mm, 7=0.5 oz.),
HA7E 014 d; 2.66 mm
Hz old A& Dielectric foam( & ,=1.1)

+% 9779

Cavity?}4) o) | P I mm
Cavity2] W73 i 30 mm
¢ 24, 27)) (1 A, @ 10 GHz)
Cavitye] 97 D 90 mm
(£A) (3 4, @ 10 GHz)

A Mg F29 A HFEEE 98 B4 24 3
A, 27| YA, 227 744, a2 7t glom,
olgg AA WMFEL o AL A7 fstd
AAstag . g3 o = 0 43
A g 27 A&n A8 A 24 4TS 8
7] 9% NE ZAE 2 -2,<05 4, 2r<051 & ut
F3taen, Una] A HFgES gl &
Ro2HH AREY. A4 Hdd 03 43 =A
vl o] MA WFERES F 29 L3l A|A3A T

(2 [ I

2-3 243} AlEgjold

22 o3 9% A Wdy AA ded
Table 2. Design parameter values of the MDAS.
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Fig. 3. Simulated input return loss performance of
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