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Abstract 
The modern communication systems require broad band, compact size and 
multipurpose antennas for the emerging technologies like 5G and satellite 
communication. The limitations of micro strip patch antennas include narrow 
bandwidths and low gains, which make it incompatible with the modern 
communication systems. The proposed antenna is composed of asymmetrical four 
U-slots in the patch. The slots are introduced to obtain the broadband 
characteristics of the antenna. The parameters such as changing the width and 
length of the U-slots, the radius of the patch and variation in feed point location 
can improve the efficiency and can remove the bottlenecks of the microstrip patch 
antennas. The proposed antenna is designed for WLAN and Wi-Fi applications. 
The aim is to analyze parametric studies and to discuss about how the variations 
in different parameters of antenna can enhance the gain and the narrow 
bandwidth. The size and weight of the antenna will be reduced by using an air 
substrate between the patch and ground. 
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1. INTRODUCTION 
Modern wireless communication systems require 
communication devices that have low profile and 
low cost, high efficiency, and reliable. The 
microstrip patch antennas have the disadvantages 
of lower bandwidth and gain [1].IEEE 802.11b 
system is a commonly used WLAN system 
nowadays that has a maximum throughput of 
11Mbps and uses a narrowband system. With the 
advancement of the broadband new WLAN 
system are designed to have a maximum data 
transfer rate of 54Mbps [2]. The broadband 
WLAN requires a versatile system that performs 
well. For this broadband, an 802.11a system is  

 
needed which has coverage and signal strength. 
The good coverage and strength of the signal 
depend on the performance of the antenna [3]. 
The antenna which is used for the WLAN system 
should be low profile and broadband. The 
microstrip patch antenna is a good choice for the 
broadband WLAN system. There are different 
types of broadband antenna available in the 
market [15-18]. For example, Omni directional 
discone antennas are capable of transmitting in all 
direction and have performed well [4]. But due to 
large size and less security it cannot be used for 
WLAN systems. 
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The security issues along with the interference 
from the nearby WLAN systems are needed. So 
the demand for the broadband WLAN antenna 
which has all the desired requirements is needed 
for modern communication systems. It makes the 
microstrip patch antenna very well suited for 
broadband wireless applications [5] and [6]. 
The size of patch antenna is almost one-half as 
compared with the transmission line wavelength 
[7-9]. The size of the microstrip patch antenna 
decreases by increasing the thickness of the 
substrate. The fringing effect increases the 
electrical length of the patch antenna [10-14]. 
The parameters which are required for designing 
of any microstrip patch antenna are the operating 
frequency For example, for the antenna designed 
for the mobile communication system the 
resonant frequency should be within the range of 
2100-5600 MHz the antenna design here has a 
resonant frequency of 2.45 GHz. The materials of 
different dielectric constant use in substrate also 
inversely change the size of the antenna.  The 
higher the dielectric constant the size of the 
antenna decrease. The weight of the antenna 
increases with the increasing the thickness of 
substrate. If the antenna is used in the wireless 
communication system the height should be less. 
The rest of the paper is organized as follows: 
Dimensions and material of the antenna used are 
discussed in section 2. In Section 3 Simulation 
results are presented and discussed. The research 
article is concluded in section 4. 
 

2. PROBLEM STATEMENT: 
 The proposed model has the bandwidths 
requirement for WLAN and Wi-Fi devices 
according to IEEE 802.11 standards. The 
simulations results are obtained by CST 
Microwave studio. The parametric study of the 
antenna is composed of varying the different 
parameters of the antenna such as by changing the 
length and widths of different sides of the 
asymmetrical U-slots or by changing the position 
of the feed.  By doing this the performance of the 
antenna for the desired bandwidths is improved. 
The resultant antenna has sufficient bandwidth 
for the desired operation of WLAN and Wi-Fi 
applications 
 
3. MATERIALS AND GEOMETRY 
 The single layer patch of thickness 0.5mm and 
the ground of dimension 50 x 50mm2 and 
thickness of 2mm is used in the proposed 
antenna. Four asymmetrical U-slots are made in 
the patch. The lengths and widths of the slots are 
changing to different values to achieve a bitter 
performance of the antenna for the desired 
operations. The position of the feed is varied to 
different positions and the antenna performances 
are analyzed. The dimension of the ground and 
substrate are kept similar. The patch and ground 
are made electrically conducted by assigning the 
material copper. The electromagnetic waves are 
reflected back from fully ground plane.  
The geometrical view of the antenna is given 
below in “Fig 1”. 

 

 
Fig.1. Geometrical representation of four U-slot micro strip patch antenna. (Dimensions are in mm). 
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3. SIMULATIONS & DISCUSSIONS: 
In this section we can see that S11 can be changed 
by adjusting the different parameters. The first 
parameter that can change the characteristics of 
S11 is by adjusting the position of the feed point. 
The feed point is changed to five different 
positions; 5mm, 5.375mm, 5.75mm, 6.125mm, 
and 6.5mm and S11 is analyzed as shown in 
“Fig.2”.  The efficiency of the antenna can be 
analyzed from the ratio of its power radiation and 

the power supply. The matching impedance of the 
antenna can be adjusted by changing the feed 
point position. This technique is used to achieve 
higher matching and lowest input impedance. 
The correct feeding point position not only helps 
to decrease the input impedance but also 
improves the return loss, gain, efficiency, and 
directivity. 
 

 

 
Fig.2. Effect on S11 by changing the feed point. 

 
The second parameter of the proposed antenna 
that can affect the S11characteristics is by 
changing the radius of the patch. The curvature 
radius in mm depends on the different resonance 
frequencies of the proposed antenna. The 
changes in the curvature radius affect the fringing 
field and the fringing field effect the effective 
dielectric constant which change all other 
antenna parameters.  
In Fig.3 the radius 'rp' of the proposed antenna is 
varied to three different values which affect the 
resonance frequencies, fringing field, effective 
dielectric constant, and all other parameters of the 
antenna such as the gain and bandwidths. The 
real and imaginary parts of the input impedance 
are also affected by different radii of curvatures. 
The mathematical model has been analyzed while 
designing a slotted circular patch antenna. [15-

17]. The mathematical relationship of the radius 
of a circular patch (a), resonance frequencies (fr), 
dielectric constant (𝜀𝑟), and thickness of the 
substrate (h).  

𝑎 =
𝐹

{ 1 + 2ℎ

𝜋𝜀𝑟𝐹
[(

πF

2h
)+1.7726]}1

2⁄
 

𝐹 =
8.791𝑋109

𝑓𝑟√𝜀𝑟
 

The above situation is not applicable due to the 
fringing effect which increases the electrical size of 
the antenna. So the effective radius 𝑎𝑒 of the 
patch should be considered.. 

𝑎𝑒 = 𝑎 [{ 1 +
2ℎ

𝜋𝜀𝑟𝐹
[(

πF

2h
)+1.7726]}1

2⁄ ] 
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Fig.3. Effect on S11 by changing the radius 

The variations in return loss with different patch 
radii that as  22mm, 23mm, and 24mm. The 

resonance frequencies are shifting towards the 
left by increasing the radius of the patch. 

 

 
Fig.4.Effect on S11 by changing the length and width of the first slot. 

 
The length, width, and position of the first slot 
are changed to four different values that; 15mm, 
16mm, 17mm, and 18mm, and the 
characteristics of the S11 parameters are 
analyzed as shown in "Fig.4".The antenna 
resonates at the resonance frequency of 
3.76GHZ and the S11 is -15.95dB. In the 
second band, the antenna resonates in the 

range from (4.95GHz to 5.68GHz) and the 
bandwidth is 0.73GHz. 
At 3.76GHz the bandwidth is (3.65-3.70) GHz 
which is suitable for WLAN applications 
according to IEEE 802.1y standard for WLAN. 
The second resonance frequency on which the 
antenna resonate has a wide bandwidth from 
(5.15-5.82) GHz. 
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Fig.5. Effect on S11 by changing the position of the fourth slot. 

 
The S11 is -14.40dB at the resonance 
frequency of 5.54GHz and -15.75dB at the 

resonance frequency of 5GHz. 
 

 

 
Fig.6. Reflection coefficient of proposed antenna. 

 
The electromagnetic behavior of the proposed 
antenna  can be studied from the current 

distribution in patch surface in "Fig.7". 
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Fig.7.Simulated Current distribution of proposed antenna. 

 
The surface current distribution is high at low 
operating frequency and a longer path is available 
to the flow of the current. On the other hand at 
highest operating frequency, the distribution of 

current is minimum and a short path is available 
to the flow of the current. As a future work 
direction 
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Fig.8. 3D Radiation pattern of proposed antenna. 

In“Fig.8” The directivities of the antenna are 8.507dBi, 7.74dBi, 8.488dBi, and 7.981dBi. And 
the gains are 8.51dBi, 7.75dBi, 8.49dBi, and 7.98dBi at the operating frequencies in “Fig.8”. 
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At the operating frequency of 3.67GHz the 
main lobe magnitude and direction are 8.5dBi 
and 3o. The angular width is 64.2o. At the 
resonance frequency 5.2GHz the main lobe 
magnitude and direction are 8.3dBi and 15o. 
The angular width is 55.6o. At the resonance 
frequency 5.8GHz the main lobe magnitude 
and direction are 8dBi and 17o. The angular 
width is 56.1o. 
 
4. CONCLUSION: 
The main objective is to design an antenna for 
WLAN and Wi-Fi applications which have high 
bandwidth and gain, compact size and less bulky 
and ease of fabrication. The parametric studies 
of the proposed antenna are observed using the 
CST simulation tools. The parameters such as 
changing the width, length of the U-slots, the 
radius of the patch and variation in feed point 
location have been analytically studied and 
simulation results have been shown for each 
and every change in parameters. By observing 
and analyzing the simulations it is clearly 
observed that the gain and the narrow 
bandwidth are improved significantly. The size 
and weight of the antenna are much reduced by 
using an air substrate between the patch and 
ground that made it light in weight and the 
proposed design is inexpensive. The matching 
impedance of the antenna is adjusted by setting 
the feed point position. The adjustment makes 
the design appropriate for higher matching and 
lower impedance. The adjustment technique 
improved the gain, efficiency and directivity. 
This technique is used to achieve higher 
matching and lowest input impedance.  As a 
future research work the authors intend to 
fabricate the proposed antenna and compare 
the results in terms of their gain, return loss, 
directivities and bandwidths with the 
simulation analysis. 
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