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Abstract—This paper presents a microstrip patch antenna
designed using computer simulation technology (CST)
Microwave Studio at a resonant frequency of 2.4 GHz. The
antenna consists of three layers, the upper layer called metallic
patch, the bottom layer called ground and the dielectric layer in
between the conduction layers called the substrate. The antenna
has the advantage of minimal weight, low profile and can
maintain high performance over a wide spectrum of
frequencies. As such the study focused on the novel design of a
rectangular microstrip patch antenna. The performance
characteristics of the antenna patch arrays elements 1X2, 1X4
and 2X2 were compared. The aim of designing an antenna with
improved gain, reduced losses and use for X band applications
such as radar, satellite, communication, medical applications
and other wireless systems was achieved. The performance of
the designed antenna in terms of radiation efficiency, gain,
reflection coefficients and radiation patterns were verified and
found suitable for wireless local area network (WLAN)
applications.

Keywords: Patch antenna, Radar technology, Radiation
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. INTRODUCTION

Antenna is one of the most important components of any
wireless system. An antenna is an electronic device that
transmits and (or) receives electromagnetic waves. In most
cases, it operates as a resonant device that efficiently operate
in a relatively narrow frequency band [1]. For the antenna to
work efficiently, its frequency must be tuned to the frequency
band of the communication system to which it is connected,
otherwise, the signal transmission will be impaired [2]. The
receiving antenna is responsible for turning the electrical
signal into its original form.
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In recent years, the development in communication
systems necessitates the requirement of low cost, minimal
weight, low power, and low profile antennas that are capable
of maintaining high efficiency over a wide band of
frequencies [3]. A microstrip patch antenna is a single layer
design that in most cases contains four main parts the patch,
the ground plane, the substrate in between patch and ground,
and the feeding port. The design and construction of the
antenna are very simple using the conventional microstrip
feed line method. The patch can be designed in any shape
although in most cases rectangular and circular configurations
shapes are more prominent] [7]. The ground plane can be
finite or infinite depending on the model (transmission line
model, cavity model, full-wave model or method of moments)
used for the analysis of dimensions [1]-[8]. Relative
permittivity (€;) and height (h) are the two most important
characteristics considered for any antenna type. The substrate,
as well as the feeding port, can be microstrip line, coaxial
probe, aperture coupled or proximity coupled Feed [5]-[7].
Single microstrip patch antenna presents the advantages of
low cost, light-weight, conformal and low profile [9]. The
drawbacks are very little which are low gain, low directivity,
low efficiency, and narrow bandwidth [10].

Il.  ANTENNA DESIGN AND SIMULATION

The antenna array was designed and simulated using
computer simulation technology (CST) Studio Suit Software.
CST is a 3D full-wave electromagnetic field simulator; it
uses the finite element method together with adaptive
meshing to solve the wave equation. If a 3D model has been
made, CST sets up the mesh automatically. The CST
computes S-parameters can be calculated and plot both the
near and far-field radiation. It also computes important



parameters such as gain and radiation efficiency. This
software was used to vary the sizes of patches, microstrip
feed line, and ground plane to come up with the desired
results.

The dimension of any antenna type is design based on its
area of application. The present antenna was designed based
on WLAN application and the specification for WLAN
antenna is given in the Table I.

TABLE I. DIMENSION OF WLAN ANTENNA

Frequency 2.4GHz
Substrate FR4 (lossy)
Dielectric constant 4.7

Loss tangent 0.019
Substrate Height 1.6mm
Conductor thickness 0.035mm

A. Layout based Simulation

The first step before designing the layouts, the dimensions
of the desired antenna and feeds should be calculated. The
layout design environment is brought out. The EM Structure
on the PROJ tab is right-clicked. The New EM Structure
option is selected. An empty design layout will appear in the
main design window on the right.

The parameters specification for the antenna used in this
study is shown in Table I1.

TABLE Il. DIMENSION OF RECTANGULAR PATCH ANTENNA ARRAY

Patch
Width, w (mm) 30.03
Length, L (mm) 30.10
50 Q feedline
Width, w (mm) 3.20
Length, L (mm) 17.00
100 Q feedline
Width, w (mm) 0.70
Length, L (mm) 14.00
75 Q feedline (A/4 transformer)
Width, w (mm) 1.60
Length, L (mm) 15.00
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Layout of Array Antenna 1x4 (D) Layout of Array Antenna 2x2

Before starting to draw the conductors on the enclosure, the
correct size and dimensions should be defined for the
enclosure. This can be done by clicking on the Enclosure
button. A substrate information option window will appear
before the user, as brought in the CST. The desired size on x
and y position (length and width) enough for the antenna and
feed to be printed on the entered. Cell sizes are the distance of
the point to the next point in the layout and it is determined by
the value of X and Y divisions. Once again, a refined cell
size will give greater accuracy, however, at the expense of
simulation resources.

IIl.  SIMULATION RESULTS AND ANALYSES

A. Graphs and Charts

The antenna responses were plotted using sigma plot and
the following results are obtained.
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Figure 1: S;; Result

Figure 1 shows the S;; parametric response of the
configured antenna of different array designs which is the
frequency response of the antenna at the giving frequency of
2.4GHz.

In Figure 2 the antenna array radiation efficiency is shown.
It indicated that antenna 1x1 has the highest radiation
efficiency than the other.
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Figure 3: Maximum Gain

The result in Figure 3 shows the maximum gain of the
antenna, which indicate that the antenna 1x4 has a maximum
gain. This implies that it will cover a higher distance of
receiving and transmitting signals followed by 2x2 then 1x2
and lastly 1x1.
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Figure 4: Total Efficiency

Figure 4 shows the total efficiency, it can be seen that the
antenna 1x4 have a highest efficiency than the other antennas.
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Figure 5: E-plane

The result in Figure 5 shows the E-plane result of the
antenna and the antenna radiate only in one direction towards
the main lobes (uni-directional radiation pattern).
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Figure 6: H-plane

In Figure 6, the H-plane result of the anenna is shown and
the antenna radiates in two direction (in both two main lobes
that is bi-directional).
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Figure 7: D Polar plot of 1X1 array

Figure 7 shows the polar plot of the 1x1 antenna and it
shows 3D plot of the radiation pattern of that 1x1 antenna.
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Figure 8: D Polar plot of microstrip 1X2 array

Figure 8 shows the polar plot of the 1x2 antenna. It
shows 3D plot of the radiation pattern of 1x2 antenna.
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Figure 9: D Polar plot of 1X4 array

The result in Figure 9 shows the polar plot of the
1x24 antenna and depicted the 3D plot of the radiation
pattern of the 1x4 antenna.
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Figure 10: D Polar plot of 2X2 array

Figure shows the polar plot of the 1x24 antenna and
it shows the 3D plot of the radiation pattern of the 1x4
antenna.

TABLE I1l. REFLECTION COEFFICIENT ANALYSES RESULTS

- Band width Ra_d i_ated 'I_'o_tal
Element Gain (dB) (%) Efficiency Efficiency
(%) (%)
1x1 3.8 2.75 65 49
1x2 5.9 2.77 63 48
1x4 8.5 2.55 51 47
2x2 7.2 1.89 58 58

IV. CONCLUSIONS

A microstrip patch array antenna of a rectangular shaped
radiating element was successfully designed and simulated
using CST-STUDIO SUIT software and FR4 substrate.

During the simulation we observed that, the array antenna
work in the 24GHZ ISM band by h

aving a resonant

frequency of 2.4GHz and has a fraction bandwidth of 4.12%.

Based on the results obtained, it was also observed that the

taln atnd directivity increase with the increase in spacing of
e antenna.
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