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Abstract

In this paper, a microstrip patch antenna working at 2.4 GHz and 5.8 GHz frequencies is designed for use in Wi-Fi applications. The
main purpose of the research is to design a compact, easy manufacture, and high-performance microstrip patch antenna. In the antenna,
there is a patch with three slots on it as a conductor and the FR-4 substrate under it. Copper is preferred as a conductor in the patch and
ground parts of the antenna. The overall dimensions of the antenna are 50 x 50 x 1.6 mm?®. Three rectangular slots were opened in the
patch part of the antenna for the antenna to work in the dual-band range. In addition, 50 Q microstrip feed is used in the antenna. The
antenna resonates at 2.41 GHz and 5.8 GHz frequencies. The antennas bandwidth values in the lower (2.4 GHz) and upper bands (5.8
GHz) are 53.6 MHz and 200.4 MHz, respectively. The VSWR values obtained are 1.49 for the 2.41 GHz resonant frequency and 1.08
for the 5.8 GHz resonant frequency, respectively. The directivity graph and radiation properties of the antenna show that the antenna
has the desired radiation characteristics. The design of the antenna was made using CST Studio Suite 2020 software.
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Wi-Fi Uygulamalar icin Cift Bant Mikroserit Anten Tasarimi

Oz

Bu bildiride, Wi-Fi uygulamalarinda kullamlmak tizere 2,4 GHz ve 5,8 GHz frekanslarinda ¢alisan bir mikroserit yama anteni
tasarlanmustir. Arastirmanin temel amaci, kompakt, tiretimi kolay ve yiliksek performansli bir mikrogerit yama anteni tasarlamaktir.
Antende iletken olarak iizerinde ii¢ slot bulunan bir yama ve altinda FR-4 substrati bulunmaktadir. Antenin yama ve toprak kisimlarinda
iletken olarak bakir tercih edilmistir. Antenin genel boyutlar1 50 x 50 x 1,6 mm®'tiir. Antenin ¢ift bant araliginda ¢alismast igin antenin
yama kisminda {i¢ adet dikdortgen yuva agilmistir. Ayrica antende 50 Q mikroserit besleme kullanilmistir. Anten 2.41 GHz ve 5.8 GHz
frekanslarinda rezonansa girmektedir. Alt (2.4 GHz) ve st (5.8 GHz) bantlardaki anten bant genisligi degerleri sirasiyla 53,6 MHz ve
200,4 MHz'dir. Elde edilen VSWR degerleri sirasiyla 2.41 GHz rezonans frekansi i¢in 1.49 ve 5.8 GHz rezonans frekansi igin 1.08'dir.
Antenin yonliiliik grafigi ve 11ma 6zellikleri, antenin istenilen 1s1ma 6zelliklerine sahip oldugunu gostermektedir. Anten tasarimi CST
Studio Suite 2020 yazilimi kullanilarak yapilmustir.

Anahtar Kelimeler: Mikroserit Yama Anteni, Wi-Fi, Cift Bant, 2.4/5.8 GHz, Bant Genisligi.
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1. Introduction

With the developing technology, the number of more minimal
technological devices has increased day by day. With the increase
in the number of these devices, the necessity of producing a
smaller size, high bandwidth, multi-band antenna that will enable
simultaneous communication with more than one device has also
emerged in wireless communication. Microstrip antennas are
small in size, light in weight, easy to integrate, and inexpensive,
making them an ideal choice for dual-band antenna design
applications. The microstrip patch antennas generally consist of a
flat metallic region referred to as the patch, a dielectric substrate,
a ground plane, and a feed supply [1]. With the fast development
of new wireless communication protocols, the technological need
for mobile devices is growing by the day. Compact size, low
profile, and cheap cost are all significant aspects that
RF/microwave designers must attain for every wireless
component. The antenna is one of the most important components
at wireless communication; in addition to physical requirements,
high directivity, large gain value, efficiency, and broadband
operability of antennas are growing needs of wireless systems.
Many strategies have been investigated to meet required
specifications, ranging from the inclusion of varied shaped slits or
radiating components [2-4] to the use of artificial metamaterials
[5-6] and ground plane engineering, as has been done with EBG
structures. Generally, a microstrip patch antenna operates in a
single frequency range. Multi-band antennas are needed in
applications that can work in different frequency channels such as
WLAN [7-8]. Today, many new microstrip antennas have been
designed and developed to be used in applications such as Wi-
Fi/WiMax. The antenna designed in [9] is 44 x 41 mm? in size and
FR-4 material was used as the substrate. In addition, there are two
rectangular slots, one for each patch on the antenna and one on
the ground. Although the antenna resonates at 2.5 GHz and 5.8
GHz, the bandwidth values obtained are low compared to their
size. The antenna designed in [10] is 70 x 70 mm?. DGS (Defected
Ground Structure) model was used to ensure that the antenna
resonates at the desired frequencies. Although the antenna has
good gain and bandwidth values for wireless applications, it
cannot fully meet the need for smaller microstrip antennas. In
[11], a microstrip antenna operating at 2.45 GHz and 5.8 GHz was
designed for RFID and WLAN applications. FR-4 material with
dimensions of 60 x 70 x 1.58 mm? and a dielectric value of 4.4
was used as the substrate for the antenna. Although the antenna
operates at frequencies that meet its design purpose, its
dimensions are large and the measurement results did not reach as
good values as the simulation results. A patch antenna operating
at 2.4 GHz and 5 GHz is designed for WLAN applications in [12].
There are star-shaped slots on the patch part of the antenna. FR-4
material with &r = 4.4 dielectric value with dimensions of 62 x 64
x 1.6 mm?® is used in the antenna. The bandwidth obtained for the
lower band in the antenna is 65 MHz, and the bandwidth obtained
for the upper band is 175 MHz.

In this paper, a dual-band microstrip antenna resonating at 2.4
GHz and 5.8 GHz frequencies is designed for use in Wi-Fi
applications. The overall dimensions of the antenna are 50 x 50 x
1.6 mm?. Fort he antenna to operate at two different frequencies,
3 slits were opened in the patch part and the effect of these slits
on the antenna was observed.
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2. Material and Method

The geometric properties and structure of the proposed
microstrip antenna are shown in Figure 1. There are 3 slots in the
patch part of the antenna. The positions of these slits are clearly
shown in the figure. The thickness of FR-4, which is used as a
dielectric in the antenna, is 1.6 mm. The dielectric constant of this
material is &r = 4.3. 50 Q microstrip feeding line is used as a
feeding in antenna. The overall dimensions of the antenna are
50x50x1.6 mm3. 0.035 mm thick copper is used as a conductor in
the antenna. Three rectangular slots have been opened in the patch
part of the antenna, thus enabling the antenna to operate at 2.4
GHz and 5.8 GHz frequencies. In addition, CST Studio Suite 2020
software was used in the design and simulation of the antenna.
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Figure 1. Geometry of the proposed antenna. (a) Top view;

(b) Bottom view.

The design parameters of the antenna are listed in Table 1.
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Table 1. Design parameters of the proposed antenna

Parameter Value (mm)
Ws-Ls 50
Hs 1.6
Wp-Lp 25
Hc 0.035
Ws1-Lf1-Lf2 7
Lsl-Ls2-Ls3 15
Ws2-Ws3 6
Wf1 1.6
Wf2 1

3. Results and Discussion

3.1. Results

The graph of the antenna S1,1 is shown in figure-2. While the
bandwidth of the antenna at 2.41 GHz resonance frequency is 53.6
MHz (2.38-2.44 GHz), the bandwidth obtained at 5.8 GHz
resonance frequency is 200.4 MHz (5.71-5.91 GHz). These
obtained bandwidths and frequency ranges show that the antenna
complies with IEEE 802.11 a/b/g standards.
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Figure 2. S11 parameter of the proposed antenna

The VSWR graph of the microstrip antenna is shown in
figure 3. The VSWR value of the antenna at the 2.41 GHz
resonant frequency is 1.49, while the VSWR value at the 5.8 GHz
resonant frequency is 1.08. A VSWR value below 2 indicates that
the impedance match between the antenna and the transmission
line is good. The 1.49 and 1.08 values obtained in the antenna
show that a good impedance match is obtained at the resonant
frequencies.
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Figure 3. VSWR graph of the proposed antenna

The gain and directivity graph of the antenna is given in
Figure 4.
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Figure 4. Gain (IEEE) and Directivity graph of the proposed
antenna

The radiation pattern shows us the variation of radiation
intensity over large distances in different directions of space and
which direction radiates better [13]. The 3D radiation patterns of
the designed antenna are illustrated in Figure 5a and Figure 5b at
the two frequencies.

farfield (f=2.4) [1]

Type Farfield
Approximation enabled (kR >> 1)
Component Abs

Output Gain

Frequency 24 GHz

Rad. Effic. -5.679dB
Tot. Effic. -5.926 dB
Gain 0.5102 dBi

Figure 5a. 3D Radiation pattern of the proposed antenna (at
frequency 2.4 GHz)

farfield (f=5.8) [1]

Type Farfield
Approximation enabled (kR >> 1)
Component Abs

Output Gain
Frequency 5.8 GHz
Rad. Effic. -4.159.d8
Tot. Effic. -4.168 dB
Gain 1.175 dBi

Figure 5b. 3D Radiation pattern of the proposed antenna (at
frequency 5.8 GHz)

3.2. Discussion

The values of the important parameters affecting the
performance of the microstrip antenna are shown in Table 2.

Table 2. Performance parameters of the proposed antenna

Frequencies (GHz) 241 5.8
S11 (dB) -14.10 -27.51
Bandwidth (MHz) 53.6 200.4
VSWR 1.49 1.08

Considering the dimensions of the antenna, it has the
performance to meet the demand. Compared to most antennas
designed for similar purposes, it is smaller in size and simpler in

production. These features make the antenna preferable in Wi-Fi
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applications. In addition, due to the simplicity of the design,
it can be developed and is easy to manufacture.

4. Conclusion

In this article, a dual-band microstrip patch antenna is
designed for use in Wi-Fi applications. A rectangular conductive
patch is used in the antenna. Thanks to the three rectangular slots
opened in this patch, the antenna can work at both 2.4 GHz and
5.8 GHz frequencies. The S1,1 and VSWR results obtained in the
simulation environment show that the antenna meets the IEEE
802.11 standards. The small and simple dimensions of the
designed antenna ensure that it is easy to fabricate and can be
easily integrated into many systems.
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