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Abstract: In this paper, design and optimization of the crescent-shaped monopole antenna which is operates on 5 - 6
GHz WLAN band is proposed. In the antenna design, FR4 epoxy material is used. The antenna is optimized using HFSS
program. For the optimization of the designed antenna, some values can be changed such as size of the ground plane,
width of substrate, radius of circle, and size of the feeding line. The obtained results show that, there is a need for
multiple parameters to optimize the antenna for getting good results. In addition to this, the designed model can be used
in WLAN band.
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1. INTRODUCTION

An antenna is a device designed to convert transmitting or receiving electromagnetic waves. Microstrip
antennas have many advantages and are frequently used in practice. Microstrip antenna in Fig. 1, consist of
ground plane, dielectric substrate, feedline and patch. Microstrip antennas are used in satellite communication,
GPS, RFID and radar applications.

Microstrip antennas have many features such as low production cost, small size and being commercial.
Microstrip antennas have low power handling capacity, low gain, and narrow bandwidth. These features may
seem like disadvantages, but in some places, these features become advantages. Microstrip antennas are formed
by placing dielectric material on the ground and conductive paths on this material. Conductive paths can be
any shape: triangle, star, rectangle etc.

With the High Frequency Structure Simulator (HFSS) software program, a simulation program of a microstrip
antenna can be made by using the finite element method (Finite Element Method, FEM). As a result of the
physical changes made on the antenna, examinations are made on return loss, bandwidth, directivity, HPBW,
gain and radiation efficiency.
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Figure 1. Microstrip Patch Antenna.
2. LITERATURE SURVEY

According to literature, concept designs of microstrip antennas were studied by Deschamps in 1953. Byron
introduced the conducting strip radiator in 1970. Lo and Carver helped to solve the microstrip antennas
theoretically by performing numerical analysis. In 2014, Nayna made 10 GHz operation of square and circular
patch antennas in the X-band range. Today, extensive studies are carried out on antennas. Since it has narrow
bandwidth, it is not preferred in wireless communication applications. As a result, antenna gain, return loss,
directivity and bandwidth can be changed by changing the geometry of the microstrip antenna [1].

There is different survey in the literature. For instance, a novel study made by Marzapour and Hassani
increased the bandwidth of the star shaped patch antenna which one has a small dimensions and have an
important place in practical applications. Many techniques have been developed in the study for bandwidth
increasing and size reduction such as slot-loading, feed modification, chip loading, meandered ground plane.
In addition to these techniques, bandwidth can be increased by using air substrates [2].

In another paper, triangle patch antenna design has been realized for multi-band applications. In the paper,
authors change the dielectric coefficient of the dielectric material which makes up the microstrip antenna. As
a result of the increase of the dielectric coefficient (€,) of the material, the bandwidth decreases. When the
return loss versus frequency graph of the antenna analyzed with the HFSS program, 3 different frequencies
have occurred at lesser than -10 dB. These are 5.8 GHz, 6.4 GHz and 7.3 GHz [3].

In another paper, theoretically, microstrip patch antennas are presented. The comparison of conventional
antennas and microstrip patch antennas is discussed. As a result of the discussion, microstrip antennas are used
due to feedline flexibility, circular polarization properties, ease of conformity and fabrication. Special antenna
design can be made for the special applications [4].

In another work, the crescent-shaped microstrip antenna (3-10 GHz) is designed for ultra-wide bandwidth
(UWB) applications. A crescent-shaped microstrip antenna can be used when it is desired to work in this band
range. The radiation characteristics of the crescent-shaped microstrip antenna were compared with the elliptical
antenna. Antenna shapes and impedance measurements gave good results for the crescent-shaped microstrip
antenna. The radiation patterns were consistent. A crescent-shaped patch antenna was made by removing a
circular part inside the elliptical antenna while giving the crescent shape. Antenna performance changes
according to the radius ratios of elliptical and circular shapes [5].

In this paper, the crescent-shaped monopole antenna is presented which one works on the 5- 5.5 GHz WLAN
band. The designed antenna has a size of 20 x 20 x 1.6 mm. The antenna has bandwidth of 500 MHz and gain
of 3.5 dBi.

www.tesjournal.com



TES JOURNAL 3
3. THE DESIGNED ANTENNA

The antenna was designed as a monopole and given in Fig. 2 and Fig. 3 that is a crescent-shaped antenna. The
structural features of the antenna are given in Table 1. By changing the values in Table 1, the necessary
parameters to optimize the antenna can be examined. The reflection coefficient/frequency graph of the antenna
was examined and given in Fig. 4.
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Figure 2. Crescent-shaped Monopole Antenna.
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Figure 3. Specifies of antenna.

Table 1. Specifies of Patch Antenna

Parameter Value
h (Thickness of Substrate) 1.6 mm
wf  (Width of Feedline, that is near to SMA) 3 mm
sw  (Width of Substrate) 20 mm
sh  (Height of Substrate) 20 mm
wh  (Length of Feedline) 8 mm
dl rl (Radius of Outer Circle) 7.5 mm
d1 r2 (Radius of Inner Circle) 7 mm
wfl (Width of Feedline, near to patch) 0.516 mm
gh  (Height of Ground Plane) 7 mm
gw  (Width of Ground Plane) 15 mm
xx  (Center of Inner Circle) 5 mm
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Figure 4. The reflection coefficient of the proposed antenna for the values in Table 1.

According to the reflection coefficient graph of the antenna, it has a bandwidth of 1000 MHz which starts from
5 GHz and ends 6 GHz. The radiation patterns of the antenna at the 5.5 GHz band is given in the Fig. 5. The
antenna has a maximum gain of 3.5 dBi at the 5.5 GHz band.
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Figure 5. The radiation patterns of the proposed antenna.
4. CONCLUSION

In this paper, the design and analyses of the Crescent-shaped monopole antenna is presented. For the operation
of the antenna some values are important. These are width of substrate, size of the circle. To optimize the
antenna, it is necessary to play with more than one values. To increase the operating frequency of the antenna
from high frequencies to low frequencies, the size of the antenna should be changed.
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