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PEERASAN KUMSALEE:SLOT ARRAYANTENNA FOR CELLULAR
BASE STATION. THESIS ADVISOR :ASSOC. PROF. RANGSAN

WONGSAN, D.Eng., 101 PP.

SLOT ANTENNA/BASE STATION

Nowadays, cellular mobile telephone is used increasingly because users can
connect to the network system from any area within the signal coverage range, so the
users can conveniently connect to the system via equipment of a base station, acting as
a signal dispersion and connection point. Currently, equipments for the access points
of base station cannot be manufactured domestically resulting in few technology
developments. Therefore, an antenna is considered as another option that can be
applied together with the base station to increase the cellular mobile telephone’s
efficiency. In this thesis, a design and creation of slot antenna has been proposed with
a bandwidth covered frequency ranges from 1.92 GHz to 2.17 GHz for supporting the
wireless communication system according to the UMTS (universal mobile
telecommunication system). The array antenna of 1x4 elements of this proposed
antenna was arranged to increase gain and obtainsimilarly characteristics as the
omnidirectional antenna, therefore, it can be suitably used for the cellular mobile

telephone for base station,
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Relative Permittivity (&,) =45
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Metal Thickness (t) =0.035 mm
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Strip width 6 mm

Strip Lengh 17 mm
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\a Impedance Calculation

Select Type
) Coax

(") Stip Line

() Thick Strip Line

) Thin Microstrip

() Thick Microstrip

() Coplanar \Waveguide w/t ground
() Coplanar \Waveguide

@) Thick Coplanar Waveguide

() Differential Stripline

() Suspended Microstrip

) Inverted Suspended Microstrip

[] Include Dispersion

Geometry Data

wE s @

O - —
Uniits: mm  GHz

Phase Delay and Line Length

Frequency: 2.045 Linelength:

permittivity Impedance static

eps |45 Z 0= |4859 Ohm
eps_eff = 2.07

[Calculale ] ] Cancel ] [ Help ]

17.288674%  ppaseshifi. |90.000000000

5U7 4.2 madnnuvmavesderhdyanude Tsunsy CST
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Omnidirectional High-Gain Wide Slot Antenna Array
for Mobile Phone Base Station

Peerasan Kumsalee, Paowphattra Kamphikul, Pivaporn Krachodnok, and Rangsan Wongsan
School of Telecommunication Engineering, Institute of Engineering,
Suranaree University of Technology, Nakhon Ratchasima, T hail and
mpeerasan k@ gmail.com, D5240395@e sut.ac.th, priam@sut.ac.th, and rangsan/@sut.ac.th

Abstrad—This  paper  proposes  an  omnidirectional
high-gain slot army antenna for mobik phone base station.
The advantages of this proposed antenna are low profile, light
weight, and easy fabrication and installition. Moreover,
it provides not only the moderately high gain but also
the onmmidirectional pattern, which more appropriate
for mobile phone base station. The half-power beamwidths in
E-plane is around 24 degrees, while its radiation pattern &
similar to the circle or omnidirection. The paper also presents
the design procedures of a 14 army antenm using slot
antennas associated with two side-wings for increasing its gain.
A Computer Simulation Technology (CST) software has been
used to compute the reflection coefficient (S;,), mdiation
patterns, and gain of this antenna. The bandwidth, at Sy
(-10 dB), is which can be well utilized for 3G base station, with
# gain around 9 dB,

Keywords—slot
base station

antenna;  ompidirectional  pattern;

L INTRODUCTION

In many areas of wireless communications are not only
required  sector  antennas  but  also  can be  wsed
omnidirectional antennas such as monopole antenna. The
monopole anterma [1]-[2], its broadband charactenstics and
simple construction, is perhaps to most common anlenny
clement for portable equipment such as cellular telephone,
cordless telephones, and automobiles, However, if the
monopole antenna is designed correctly, it will provide
excellent performance. While its significant disadvantages
such as: susceptibility to damage, additonal manufacturing
cost, and potential performance degradation. due to the
user’s interaction with the exposed anterma  still
be concerned. In this paper the slot antenna has been
selected to modify for yielding the omnidirectional pattern
for wireless communications due to light weight, low profile
with conformability and low cost [3]-[9]. From such
advantages, this paper presents a broadside army of a Ix4
array antenna uwsing slot antennas associated with providing
omnidirectional radiation pattern and moderately high gain
suitable for mobile base station. The simulated results of the
reflection coefficient (S;;), mdiation pattems, and gain of
the antenna are conducted with CST software.

Many applications, they are desirable to have the
maximum radiation of an array directed normal to axis of

978-1-4799-2993-1/14/S3 1,00 ©20 14 [EEE

the array broadside: 8y« 907, To optimize the design,
the maximum of the single element and of the array factor
should both be directed toward 5= 90 . The requirements of
the single element can be accomplished by the judicious
choice of the radiator and those of the array factor by the
proper separation and excitation of the individual radiators,
Thus for a uniform array with #= 0 and d= n4, in addition to
have the maxima of the array factor directed broadside
(8,=90) 1o the axis of the array [10].

At first, the general approach will be presented which
meluding the configurations of slot antermas as shown in
section 11 In section I, we apply this approach into the
results and discussion. Finally, the conclusions are given in
section [V,

Fig 1. The omfiguration of single skt antenna

Il SLOT ANTENNAS CONFIGURATIONS

In this paper, we used an antenna prototype in [11]
as shown in Fig. 1 for developing to be array. This prototype
antenna was designed for working in the Universal Mobile
Telecommunications System (UMTS) band of 2.1 GHz
frequency. Such antenna was pnnted on FR4 substrate
(& = 4.5, tand = 0,02) with the size of 50 mm x 48 mum and
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the thickness of 1.6 mm. The coplanar wavegmide fed line
was designed to provide 50 Ohm comected to SMA
connector and the distance gap of 6 mm and 048 mm,
respectively. The dimensions of this antenna are shown in
Table I. The simulated results in [11] show the radiation
patterns of single slot antenna at 2.1 GHz yielded the gain of
3.3dB and provided the radiation pattern (at fequency band
1.92-2.17 GHz) m H-plane similar to  omnidirection
as shown in Fig 8, 9, and 10, although some directions have
lower radiation. This is the main reason that we brought this
antenna model to be the elements of our array,

TABLE L THE DIMENSIONS OF SLOT ANTENNA.
Parameters Sizes Parameters Sizes
Dy 48 mm Ly S0 mm
D2 A3 mam Ls 12 mm
Dy 742 mm L 772 mm
D 15 mam 1 30 mam
Ds 1584 man Le 10 mm
D 6 mm h 16 mm
w S man I 50 mam
A & mm B 4.5 mm
C 3.5 mm C; 3 mam
Cs 17 mm

Fig2 The singk slot anterma with two sido-wings

I, RESULTS AND DISCUSSION

To mmprove gain and radiation pattern characteristics,
at first, a wide slot anterma will be added with two small
wings made from metal, which are located on the left and
right sides of anterma as shown in Fig.2. The proper
dimension for each wing is optimized at 3 * § » 50 mm’.
The design  of main  slot  antema  is based  on
the conventional transmission line model at the operating
frequency at 2.1 GHz [11]. The simulated results of a slot
anterma with two side-wings show its gain is around 4 dB
and still provide the radiation pattern in H-plane similar to
the circle as shown in Figure as shown in Fig.8, 9, and 10

Finally, to enhance the gain characteristic, four wide slot
antennas with two side-wings have been armyed with
clement spacing of (.52 as shown in Fig.3, The simulated
results of the array of 1+4 slot anternas with two
side-wings show the gain around 9 dB and sull provide the
radiation pattem in H-plane similar to the circle as well, as
shown in Fig.8, 9, and 10. Furthermore, the values of
Sip (=10 dB) of three types of antennas are compared each
other in Fig 4. We found that the frequency bandwidth of
the proposed antenna amay still cover the required
frequency from 192-2.17 GHz, which are enough for
utilizing fr 3G mobile phone base station.

Fig 3. A 124 amay of slot antennas with two sile-wings

The fabricated prototype is shown in Fig.5. All the
measurements have been performed in shielded anechoic
chamber, uvsing a Hewlett Packard Network Analyzer
(HP8772D) vector network analyze, The Sy (<10 dB) of
a 174 aray of slot antermas with two side-wings are enough
which can be well utilized for 3G base station as shown in
Fig.6. It has been observed that the antenna resonates
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at 2.1 GHz: at this frequency, the measured magnitude of
the reflection parameteris-13.432 dB.

5 - ai § 55
Frcesrcy CHs|

Fig4 The Sy of (a)a singke slot anenna, (b) a single slot anterma with
two sido-wings, and (c)a 1=4 array of slot skennss with two sklo-wings

Fig.7 shows the radiation patterns at 2.1 GHz of
1>4 amay of slot antennas with two side-wings, From this
radiation patterns in the H-plane, we found that the radiation
patterns are  similar to the circle or  omnidirection,
The measured gams of a sigle slot antenna with two
side-wings and a 1>4 array of slot antennas with two
side-wings are 3.9 dB and 8.39 dB, respectively.

Fig.5. The fabricated protatype of 1 4 amray of slot antennas with two
sxle-wings

4
B ; y\'g J‘ | J
B ol ] === Smulsted

Fig6. Measured and simulated S of 144 amay of slot antanas with two
sule-wings

Fig7. M dand tatod radiati
and (b) Hplane

patiorns at 2. 1 GHz in (a) E-plane

IV, CONCLUSION

This paper presented the omnidirectional high-gain
slot array antennag for 3G mobile phone base station,
The slot antenna mvested with the initial gain 3.3 dB from
single slot anterma and has been modified by adding two
side-wings on the left and nght sides of slot antenna,
After that ur slot antennas has been arrayed to be the
broadside radiation of 1 4 elements with such side-wings for
mereasing gam from 33 dB o be around 9 dB,
approximately and provide the omnidirectional pattern which
15 appropnated for the mobile phone base station,
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(a) E-plane (b) Hplane

Fig8 The rabation pateerns at 1.92 GHz of (a) asmgl slot antenna,
(b)a singke slot antenna with two side-wings, and (¢)a 14 amay of slat
mntennas with two skle-wings
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(a) E-plane. (b) Hplane L. ()
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Fig 9. The radiation pattoms at 2 | GHz of (s) a single skt antema,
(b)a singke slot ankenna with two side-wings, and (¢) a 14 smray of slot
antennas with two sile-wings

(a) Eplane (b) H-plane.

Fig 10. The radiation patterns at 2.17 GHz of (of () a smgle shot antenna,
(b)a single dot antenna with two side-wings, and (¢) a 1 =4 array of ot
antennas with two skle-wings
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