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ABSTRACT

Recent mobile technologies require slimmer mobile phones to furnish several frequency
bands with minimal number of installed antenna. Therefore, in this paper, U-shaped patch
antenna for multiband is proposed, designed and analyzed. Despite using more than one
antenna, only one antenna is sufficient to resonate at several frequencies. The proposed
antenna resonates at three different frequencies which are 2.9 GHz, 3.8 GHz and 4.8 GHz
with optimum gains of 1.36 dBi, 1.23 dBi and 0.98 dBi respectively. The antenna was
designed and simulated using in CST software.
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1. INTRODUCTION

Nowadays, antenna has known as one of the most important elements in wireless
communication system. It is use as radiating and receiving element in wide range of
microwaves system such as radar, remote sensing, communication and radio frequency. By

the early 21st century, the evolution of antenna became rapid as the average person now
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carries one or more antenna on them wherever they go. By definition, an antenna or aerial can
be described as an electrical device which converts electromagnetic photon into circuit current
or vice versa [1]. The antenna can be either transmitting antenna or receiving antenna or both.
In transmission, the antenna radiates the energy from the current as electromagnetic waves.
While in reception, an antenna intercepts some of the power of an electromagnetic wave and
converts it to electric signal. Fig. 1 shows basic antenna radiation.

There are many types, shapes and sizes of the antenna that available in the market. Example

of some common types of antenna are dipole, loop, slot, patch, helical, horn and reflector.

Fig.1. Basic antenna radiation

A microstrip [19] or patch antennas is a planar antenna, typically printed and have shaped of
circular or rectangular, located above a ground plane and parallel to it [1]. It is known as patch
antenna because the antenna had been patched on one side of dielectric substrate as shown in
Fig. 2. The patch act as radiated antenna and has a ground plane to the other side of dielectric
substrate. Cooper, gold and aluminum are some conducting materials that used as the patch.

Patch antenna are widely used in many application due to their low profile, low cost and ease
of fabrication over other antenna. In the other hand, the disadvantages of patch antenna are its
low gain and narrow bandwidth [2]. The patch antenna radiate because of the fringing fields

between the patch edge and the ground.
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Fig.2. Basic structure of microstrip patch antenna [3, 20]

In this research work, U-shaped patch antenna for multiband is designed and expected to
operate at more than one frequency. The idea of U-shaped antenna was introduced by [4] in
1995. It was found that this U-shaped antenna ensures good radiation efficiency and larger
impedance bandwidth of the antenna. However, the disadvantage of this U-shaped patch
antenna is their narrow bandwidth and low gain [5]. Because of this, many ideas have been
realized to overcome this problem. There are many applications in wireless communications
that need more than one band of frequencies, and it becomes more crucial for military
applications especially to facade their communication links.

Due to their characteristic and advantage, microstrip [21] patch antenna can be developed to
meet dual and multiband frequency specification [7]. The advantage of having these
multiband frequencies is it focuses only on the frequency of interest and thus make it more

efficient [6], particularly in terms of lowering its profile.

2. METHODOLOGY

Basically, this project is divided into two main parts. The first part consists of the designing
phase and the second part is simulating phase. Fig. 3 shows the geometry of the preliminary
work in designing the U-shaped patch antenna. In this paper, the U-shaped patch antenna was
designed for multiband application. First, all the important parameters are calculated using
standard patch relationship and then followed by the design process. The standard formulas to
calculate width and length of the patch antenna operate at multiband frequency are given as

follows.
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Fig.3.Simple U-shaped patch antenna [5]
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where v,= Speed of light, e,s= Effective dielectric constant, £.= Dielectric constant of
substrate, f.= Fringing frequency, H = Height of dielectric substrate, W = Width of the patch
and AL = Extension of the length.After conducting some calculation, the parameters of the
antenna are tabulated as shown in Table 1.

Table 1.Specifications of the proposed patch antenna

Parameters Value
Frequency (f,) 2.45GHz
Patch Length (/) 30mm
Patch Width (w) 38mm
Dielectric constant (&) 4.7
Substrate Thickness (/) 2.4mm
Substrate material FR4

Patch Material Copper
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The proposed antenna consists of a ground plane, FR4 substrate material, U-shaped patch and
microstrip[22] feeding line as shown in Fig. 4. The patch and the ground are copper as shown

inTable 1.
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Fig.4. Geometry of proposed U-shaped patch antenna

Table 2 is the detailed dimensions of the proposed patch antenna designed. In this project, the
parametric values of the antenna which is L1 have been manipulated and optimized to
improve the performance of the antenna. The L1 is the variable while doing the calculation
and the simulation. All the measurement is done in millimetre (mm). Table 3 shows the final
dimensions of the proposed patch antenna designed.

Table 2.
No. L1(mm) L2(mm) L3(mm) WI1(mm) W2 (mm)

1 28 28 24 8 3
2 26 28 24 8 3
3 24 28 24 8 3
4 22 28 24 6 3
5 18 28 24 8 3

Optimized 11, length of antenna
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Table 3.Dimension of U-shaped patch antenna

Parameters Value (mm)
Patch length (L) 48
Patch width (W) 40

W1 8
L1 18
L2 28

After the designing phase is completed, the calculated and measured data are simulated.

Computer Simulation Tool (CST) Microwave Studio software are used to design and simulate

the antenna.

(©) (d)
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Fig.3. (a) Ground plane (b) substrate (c) patch antenna, (d) microstrip[ 18] line (e) the

designed antenna, (f) power flow

4. RESULTS AND DISCUSSION
The S;; graph shown in Fig. 6 depicts the various resonating frequencies for the proposed
antenna with different length of L1. By observing on the graph, it can be concluded that the

antenna is resonating at three different frequencies, which are 2.9 GHz, 3.8 GHz and 4.8 GHz.
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Fig.4. (a) Sy, of the designs (b) S;; of the 4th designed antenna
The S;; for the three different frequencies is increased as the L1 length increases, but start
decreasing at L1 maximum equals to 18 mm. The L1 length was manipulated, so that the
return loss obtained is better. The 4th design of the antenna has the best S;; compared to
others. Table 4 shows comparison between five designed patch antennas. The gain for the
three frequencies is increasing as the L1 length increases, but stop at maximum value of 18
mm of L1. It can be concluded that the optimum length for the L1 length are 18 mm.

Table 4. S;; values obtained for five different designed antennas

L1 Length (mm) Sy at2.9 GHz (-dB) Sy at 3.8 GHz (-dB) Sy at 4.8 GHz (-dB)

12 10.26 12.8 12.03
14 10.43 12.74 13.82
16 11.32 12.95 14.06
18 14.25 13.60 17.04
20 12.06 13.12 14.06

In this design, the maximum bandwidth is approximately 30.4 MHz and minimum bandwidth
is 21 MHz as tabulated in Table 5. The return loss of the antenna is below -10 dB. Larger
return loss indicates higher power being radiated by the antenna which eventually increases

the gain.
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TableS. Parameters at the three operating bands

Frequency (GHz) Bandwidth (MHz) Efficiency (%)

2.9 30.38 74
3.8 28.38 62
4.8 20.58 59

The radiation pattern of microstrip[23] patch antenna is the power radiated or received by the
antenna. The simulated 3-D radiation pattern in E-plane for the proposed microstrip[24] patch

antenna is shown in Fig. 7.

(a) (b) (c)
Fig.5.Simulated 3-D radiation pattern of the antenna, (a) 2.9 GHz E-plane (b) 3.8 GHz

E-plane (c) 4.8 GHz E-plane
Fig. 8 shows the simulated far field radiation pattern in E-Plane for frequencies of 2.9 GHz,
3.8 GHz and 4.8 GHz respectively. The gain of the antenna is the quantity which describes the
performance of the antenna. This is expressed in dB.In a simple way, it can be said that this
refers to the direction of the maximum radiation. In this research, the gains are about 1.34 dB
at frequency 2.9 GHz, 1.22 dB at 3.8 GHz and 0.98 dB at 4.8 GHz as shown in Table 6. It can

be seen that the antenna can provide stable gains in the three working frequency bands.
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Table 6. Gain at five different designed antenna

L1 (mm) Gainat2.9 GHz (dB) Gain at3.8 GHz (dB)  Gain at 4.8 GHz (dB)

12 0.55 -0.04 -0.21

14 0.98 -0.04 -0.18

16 1.21 1.17 0.67

18 1.36 1.23 0.98

20 1.11 1.10 0.33
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Fig.8.Simulated radiation patterns in the E-plane. (a) 2.9 GHz (b) 3.8 GHz and (c) 4.8 GHz

4. CONCLUSION

The designed antenna is able to operate at three difference frequencies which are 2.9 GHz, 3.8
GHz (WiMAX bands) and 4.8 GHz (Wireless LAN bands). The maximum bandwidth in this
designed antenna is approximately 40 MHz at 4th design and gain 1.23 dB. Hence, it is
proven that the antenna is able to operate in desired conditions. Despite using two antennas,
only one antenna is sufficient to resonate at multiband frequencies. This designed antenna can
be used for WiMAX bands and Wireless LAN bands. For further study, there are some
recommendations to improve the performance of the antenna. Firstly, to enhance the
bandwidth, some parametric variation can be done such as change in substrate type and its
thickness. The designed antenna is quite large for mobile communication.For future

suggestion, the size of antenna should be reduced.
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