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Abstract: The demand for smaller, lighter, and higher-
performance antennas in communication systems has
increased. Microstrip antennas are one of the most
common antenna types that can suit these requirements.
They have numerous advantages, including small size, ease
of fabrication, and low cost. In addition to these benefits,
they have drawbacks, such as limited bandwidth. The
performance parameters of antennas, such as directivity,
voltage standing wave ratio, S-parameter, gain, and
directivity, have been calculated and compared. The
copper-coated substrate material is FR-4 lossy with a
dielectric constant of 4.4 and a thickness of 1.5 mm, and
the design frequency is 2.4 and 8-12GHz. The feeding
mechanism utilized is a 50-ohm microstrip feed line. This
paper compares five types of antennas: rectangular
microstrip patch antenna, circular patch antenna, dipole
antenna, array antenna, and double T shape microstrip
patch antenna. We aim to achieve higher gain and
efficiency while minimizing the size and cost. Therefore,
we are carefully choosing to construct an antenna with a
specific frequency and wavelength to meet the required
gain and efficiency. The antenna has three slots, one on the
ground plane and two on the patch. CST Microwave studio
tools replicate the desired patch antenna design. We have
used CST microwave tools software to implement this
proposed model and achieve good results. Our utmost
effort has been made to achieve optimum accuracy.

Keywords - Antennas, Gain, Directivity, S-parameter,
Polar Plot, VSWR.

1. INTRODUCTION

Today's digital communication systems require compare,
compatible, and affordable antennas. An antenna is an
electrical inducer, that converts electromagnetic waves
into electrical signals. An antenna produces radiation.
When the current inside the conductor is altered,
radiations occur by directly increasing or reducing the
current wire. This results in a discontinuity within the
conductor causing the antenna emitting [1]. Microstrip
patch antennas have several advantages over traditional
antennas, including reduced weight, volume, and cost, a
lower profile, smaller dimensions, easy manufacture, and

conformance [2]. Microstrips are used in a variety of
applications such as radars, telemetry, aircraft, navigation,
radio frequency identification (RFID), biomedical systems,
the medical industry, mobile and satellite communications,
missile systems, a global positioning system (GPS) for
remote sensing, and so on, due to their compact size and
planar structure [3]. The patch, substrate, and ground
plane are the three essential components of the MPA
design. The copper-based component known as the
radiating patch is connected to the top layer of the
substrate, while the ground plane is connected to the
bottom layer, as depicted in Figure 1 [4]. Due to its
characteristics and ability to adopt any geometrical shape,
MPAs have been one of the best candidates for wireless
applications. MPAs are divided into four categories [5].
These antennas can be designed and shaped based on the
parameters. Patch antennas are available in several
shapes, including rectangles, squares, triangles, and circles.
A comparison of various patch antenna shapes is included
[6]. Circular and rectangular MPAs are popular due to their
construction and wide range of applications, providing
feedline flexibility, a wide frequency range, and increased
bandwidth. Each change in the patch's design can result in
a new application. This study introduces a new circular
antenna approach that uses aperture-coupled line feeding
as described in the reference [7].

Based on performance, a circular and rectangular antenna
operating in the X band at a resonant frequency of 10 GHz
are compared [8], with the rectangular patch antenna
outperforming the circular. For a variety of uses,
microstrip antennas can also be constructed in the forms
of E, Z, T, S, H, and F [9], which describes four different
shaped antennas and their outcomes. The examination of
changes in antenna properties due to form change is
presented. A T-shaped device that can switch its
polarization in both directions i.e. left and right circular
polarization [10]. For wireless communication systems,
the designed antenna primarily targets the IEEE 802.11b/g
frequency spectrum (2.4-2.5GHz). With symmetry on two
polarization modes, 8.7 dB maximum gain and 7.1%
bandwidth effectiveness are achieved. It behaves as an
internal antenna. Its principal application is with
microwave frequencies. A patch antenna is similar to a

IS0 9001:2008 Certified Journal |

© 2024, IRJET | ImpactFactor value: 8.226

Page 1308



International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 11 Issue: 06 | Jun 2024

www.irjet.net

p-ISSN: 2395-0072

patch of different-shaped metal foil on a printed circuit
board (PCB), with a metal foil ground plane on the other
side.

It is created of two metallic plates layered on ascend of
one another and mounted on a small, rectangular, flat
surface. Compared to conventional antennas, microstrip
patch antennas provide additional benefits and prospects.

e Less expensive

e Lighter in weight

e Lower volume

 Lower profile

e Smaller in size

« Easier to fabricate and conform.

A Microstrip Antenna's most basic configuration consists
of a ground plane and a radiating patch on opposite sides
of a dielectric substrate. When current from a feed line
touches the strip of a microstrip or patch antenna,
electromagnetic waves are formed. The patch's waves
begin to spread out from the width side. We designed and
built a microstrip patch antenna. The patch antenna
efficiency at 2.4 GHz is roughly 80%, according to the
measurements. There are several techniques to increase
antenna bandwidth, such as utilizing different antenna
shapes, cutting slots, probe feeding, and thickening a
substrate with a low dielectric constant.

Microstrip antennas have the following advantages:

» Conformal structures are conceivable (curves are simple
to build as long as they are just in one direction).

 Low fabrication costs

e Forming a big array with half-wavelength or less spacing
is simple.

e Compact size

Disadvantages include:

e Limited bandwidth

« Increased complexity

e Low power handling.

2. OBJECTIVES

We want to compare the gain efficiency, directivity, S-
parameter, and polar plot for rectangular, circular, dipole,
array microstrip patch antenna, and double T-shape patch
antennas in the 8-12 GHz frequency range and identify the
ideal operating frequency for these antennas. We aim to
achieve increased gain and efficiency while minimizing
size and reducing cost. As a result, we must construct an
antenna with a specified frequency and wavelength to
achieve the needed gain and efficiency while also meeting
the requirements of minimal size and low cost. Evaluating

and comparing the performance of different frequencies is
critical. The antenna is being developed with the CST
microwave studio tool.

3. METHODOLOGY

In our methodology, we explain our process for collecting
data. For example, we detail how we run experimental
tests on samples, and use current data to develop new
studies. Our methodology section includes a full
description of our activities and procedures. Initially, we
learned about the antenna that we aim to create. We learn
how to use CST Microwave Studio tools for antenna design.
Following that, we will design and simulate the antennas,
and then present the antenna output for all of them.
Finally, we compare different antennas.

Patch < »

" Ground Plane

Figure 1: Structure of a Microstrip Patch Antenna

Figure 1 shows the layout of a simple Microstrip Patch
Antenna (MPA), The MPA is built using microstrip line
feeding technology, which results in a smooth antenna
surface design. Different designs are created for the
different frequencies like the 2.4 GHz frequency, which is
widely used in Applications in science, industry, and
medicine because it is an unlicensed frequency [11]. All of
these proposed antenna design is simulated using CST
microwave studio tools. Below, you can find our work plan
and a suitable flowchart.
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Figure 2: Flowchart
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5. Literature Review and Theoretical
Framework:

Rectangular Microstrip Patch Antenna

Antennas are important components in  signal
transmission and reception. Microstrip patch antennas are
widely used in wireless communication systems because
of their advantageous characteristics, which include
compatibility, low cost, small weight, and ease of
fabrication. [12].

Industrial, Scientific, and Medical band with 2400-2490
MHz is the most popular band type utilized for microstrip
patch antennas in residential, office, and industrial
applications. WLAN is an IEEE (Institute of Electrical and
Electronics Engineers) wireless network (Wireless Local
Area Network) IEEE 802.11 is the overall name for the
standard, and IEEE 802.11b and IEEE 802.11g are the ISM
wireless LAN standards that operate in the 2.4 GHz range.
Many studies have been carried out to increase the
bandwidth and gain of antennas [13][14][15]. Owing to its
low cost and ease of production, the Microstrip Patch
Antenna finds  extensive application in  wireless
communication. Its direct printing on PCB makes it very
convenient. In this research, the substrate used is a lossy
FR-4 material. Mounting a metal patch over a wider
ground plane is necessary for the microstrip antenna
element. A microwave substrate having a relative
permittivity of two to ten is usually used to print the patch.
Depending on the application, however, A variety of
materials may be used. The lowest loss and highest
radiation productivity are typically seen in air or low-
thickness froths. [16][17]. A crucial part of the microstrip
antenna is the following patch, which has an impact on the
radiation pattern, impedance matching, bandwidth, return
loss, interface current dispersion, and harmonic
suppression. [18][19]. A metallic radiating surface on top
of a connected dielectric foundation with a predetermined
thickness forms the basis of an MSA's usual construction.
[20].

Nowadays, the surface patch antenna is widely utilized due
to its multiple benefits. However, it has some
disadvantages, but they are very little to its numerous
advantages. MSA offers the following advantages: -

a) Lightweight;

b) Low-profile;

¢) Dual and triple frequency capability

The disadvantages of antennas are:

e Low gain

e Low bandwidth.

To address this issue, the designer designed a variety of
microstrip antennas for their test. They first created an
MSA with a single substrate layer and then calculated
factors such as gain, visibility, return loss, plus voltage
standing waves ratio. After that, they produced a second
MSA with two underlying layers, stacking the second layer
on top of the first using the same material. Finally, they cut
diagonal slots into the MSA, and in the final effort, slots
were cut in all four corners of the MSA, For a comparison
of the antennas' performance metrics. This initiative
intends to fulfill the expanding need for wireless
connectivity in a range of contexts. The primary focus of
this research is to: -

A. Boost the bandwidth of an antenna.
The antenna's range can be enhanced by increasing the
antenna's height and lowering the dielectric constant.

B. Boost an antenna's gain.

A patch's form can be changed to increase a gain; in this
paper, a rectangular patch is employed since it reduces
patch area by 65-70 percent while simultaneously
improving gain.

Antenna Design and its Dimensions: Fig. 3 shows the
suggested antenna mathematical terms, which consists of a
stripes input line, patch, and insulating substrate. With FR-
4 lossy, the rectangular patch is segregated from the
underlying plane. A dielectric substrate that has the
following measurements [21].

Table 1. Proposed Antenna Dimensions [20]

Parameters Values
Length of Substrate 65
Width of Substrate 65
Height of Substrate 1.6
Length of Patch 28.68
Width of Patch 36
Length of feedline g 0.035
Width of feedline 1.44

The table above displays all of the MSA's planned
parameter dimensions. The construction of a rectangular
microstrip patch antenna is seen in the image. It is
composed of a base plane, a patch, and a substrate of
dielectric (FR-4). [14]. The antenna's resonance frequency
("fo"), substrate thickness ("h"), and substrate material's
dielectric constant ("er") are important factors to consider.
In this investigation, appropriate substrate materials
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include FR-4 with relative dielectric constant er=4.4,
height h=1.6 mm, and ground thickness of t=35 pum. This
study seeks to reduce return loss by maintaining h, er, and
fo constant while optimizing other parameters. Using the
supplied values, the patch width (Wp) is computed using
equation (1) as follows: Wp

c 2

Wp=— |[——
P 2fo Jer+1

e (D)

Where:

c = free-space light velocity.
fo = resonance frequency.
er = dielectric constant.

Since microstrip antennas do not have a homogeneous
structure, it causes a change in the electrical transmittance
value.

ereff is calculated by equations 2 and 3.

L IO 2
h
Ereff = o+ [1 41221705 3

h dielectric (&)
Y

groundJ

Figure 3: Microstrip Patch Antenna.

Leff is the effective length of the patch and AL represents
the length augmentation calculated by equations 4 and 5.

1 1
Leff = 2frm*\/m ........... (4)

0.4-12h(sreff+0.3)(WLp+0.264)

(sreff—o.zss)(wipw.s)

1

1
Lp = Leff — 2AL = 2frvereff . * NI —24

As a result, Wp=36 mm, Lp=28.68 mm are found. The
width of the ground plane is determined as Wg=65 mm
and the length as Lg=65 mm. The Microstrip feeding
method is used as the feeding method and the length of the
transmission line is optimized as 14.75 mm and the
thickness as 1.6 mm. The width of the transmission line is
determined by changing it according to the impedance
match. Two symmetrical slots are made on the patch
surface of the antenna. Another slot was opened on the
ground plane. The simulations of the designed antenna are
carried out on the CST Studio Suite.

Design: How to design the rectangular patch antenna is
given below.

Step 1: Open CST microwave studio.

Step 2: Select a new project then mw/RF and Optical then
select antennas then select planar (patch, slot) then select
time domain.

Step 3: Select minimum and maximum frequency range
and give a working frequency list then select all monitors
like E-field, H-field, far-field, etc.

Step 4: Select modeling then select brick then press ESC
and give the value as given below.

Ground: Xaxis -w/2 to w/2, Yaxis -1/2 to 1/2, Zaxis 0 to -g .
Substrate: Xaxis -w/2 to w/2, Yaxis -1/2 to 1/2, Zaxis 0 to -
g

feedline: Xaxis -wf/2 to wf/2, Yaxis 0 to 18.16, ZaxisOto g
patch: Xaxis -wp/2 to wp/2, Yaxis -lp/2 to lp/2, Zaxis h to
h+g.

Figure 4: Rectangular Patch Antenna.

Simulation Output:
Antenna simulation steps are given below.
Step 1: Calculate waveguide ports by macros function.
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Step 2: Select simulation then select pick face of feed line
then select waveguide port option and give the value from
the calculation.

Step 3: Select simulation then select setup solver and set
accuracy -40db, normalized to fixed Impedance 50ohm
then press start.

Step 4: After completing the simulation double-click far-
fields and select the frequency which the far-field wants to
show.

Step 5: Make a performance table at different frequencies
which includes operating frequency, total efficiency,
radiation efficiency, gain, and directivity.

Step 6: To show S-parameter double click 1-D results then
select S-parameter and to show bandwidth add curve
marker at -10db points.

Step 7: To show VSWR double-click 1-D results and Select
the VSWR option.

Step 8: To show the polar plot double click far-fields and
select polar form.

Step 9: To show a 2-D plot double click Far-fields and
select 2D.

Figure 5:Rectangular Patch Antenna Far-fields at
Different Frequencies.

Table 2: Performance Analysis of Rectangular Patch

Antenna at Different Frequencies

Frequency | Total Radiation | Gain Directivity
efficiency | efficiency
2.4GHz -3.90dB -3.33dB 4.37dB | 7.71dBi
8GHz -10.30dB | 7.30dB 0.50dB | 7.80dBi
9GHz -6.40dB -4.89dB 4.28dB | 9.17dBi
10GHz -5.08dB -4.81dB 4.24dB | 9.06dBi
11GHz -8.70dB -6.94dB 2.57dB | 9.51dBi
12GHz -4.80dB -4.72dB 2.63dB | 7.35dBi
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Figure 6: S-parameter of Rectangular Patch Antenna.
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Figure 7: VSWR of Rectangular Patch Antenna.
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Figure 9: 2-D Plot of Rectangular Patch Antenna.

Circular Patch Antenna

The circular patch antenna is made of FR4-lossy, which has
a gain of 3 dB and is 4.4 KE, 1.6 mm high. It measures
return loss, bandwidth, directivity, antenna gain, and
productivity, among other antenna characteristics.
Microstrip antenna with a circular patch can be used for
WLAN (wireless local area network) applications,
Bluetooth, and Internet of Things (IoT) connections. The

. . . , W+Dh) x (H+Dh
radius of the circular antenna is = % .

Where h is Height

W is Width

D is Dielectric height.

The advantage of circularly polarized antennas is that they
do not require specific antenna orientation or signal
immunity in the case of multipath propagation. Microstrip
antennas with circular polarization are used in worldwide
positioning satellite (GPS) systems. They are quite
expensive due to their location and limited size. The strips
are used in mobile communication, RFID (radio frequency
identification), and healthcare.

Design:

How to design the rectangular patch antenna is given
below step by step.

Step 1: Open CST microwave studio.

Step 2: Select a new project then mw/RF and Optical then
select antennas then select planar (patch, slot) then select
time domain.

Step 3: Select minimum and maximum frequency ranges
and give a working frequency list then select all monitors
like E-field, H-field, far-field, etc.

Step 4: Select modeling then select brick then press ESC
and give the value as given below.
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Figure 13: Circular Antenna

Simulation Output:

Antenna simulation steps are given below.

Step 1: Calculate waveguide ports by macros function.

Step 2: Select simulation then select pick face of feed line
then select waveguide port option and give the value from
the calculation.

Step 3: Select simulation then select setup solver and set
accuracy -40db, normalized to fixed Impedance 50ohm
then press start.

Step 4: After completing the simulation double click far-
fields and select frequencies which far-fields want to show.
Step 5: Make a performance table at different frequencies
which includes operating frequency, total efficiency,
radiation efficiency, gain, and directivity.

Step 6: To show the S-Parameter double click 1-D results
then select S-parameter and to show bandwidth add a
curve marker at -10dB points.

Step 7: To show the VSWR double-click 1-D results and
select the VSWR option.

Step 8: To show the polar plot double click far-fields and
select polar form.

Step 9: To show a 2-D plot double click Far-fields and
select 2-D.
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75 GI:i Table 3: Performance at Different Frequencies of
) z Circular Antenna.
Frequency | Total Radiation | Gain Directivity
efficiency | efficiency
2.4 Ghz -30.59db -15.93db -13.26db | 2.673dbi
4 GHz -17.19dB -6.836dB -1.472dB | 5.364dBi
7.5 GHz -13.12dB -6.397dB | -0.33dB | 6.73dBi
8 GHz -13.75dB | -7.28dB -0.67dB | 6.60 dBi
10 GHz -4.27 dB -3.72 dB 2.69 dB 6.41 dBi
12 GHz -6.02 dB -4.05 dB 2.291dB | 6.35dBi
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Figure 14: Circular Antenna Far-fields at Different
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Figure 17: Polar Plot of Circular Antenna.
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Figure 18: 2D Plot of Circular Antenna.

Dipole antenna:

The dipole antenna known as a doublet [22], is a common
form of antenna in radio and telecommunications [23][24].
It is a spreading arrangement with a single node at each
end and a path of current, producing radiation patterns
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like those of a basic electric dipole [25].The transmitter
sends current to the antenna, which is made up of two
similar conducting metals [26], like as power cables or
metal poles, and the antenna picks it up. An output signal
is produced by the antenna's receiver between its parts.
Each wire is linked to every side of the feed line leading to
the transmitter or receiver. A monopole antenna is made
out of a single rod or conductor with one end linked to the
feed line [27][28]. The most frequent kind is the center-fed
half-wave dipole, which is a little less than half a
wavelength. When a half-wave polarity is positioned
vertically, it produces an omnidirectional antenna; when it
is positioned horizontally, it produces a weakly directional
antenna. The radiation distribution of a half-wave dipole is
highest perpendicular to the conductor and zero in the
axial direction. [29][30].

Application:

Dipole antennas are used in many applications, both as
antennas and as components of larger complex antennas
where they may act as the dominant radiating element.
They are employed in several radio systems, such as those
for transmission acceptance, common radio reception, and
two-way radio communication, along and numerous other
uses.

Antenna advantage:

They're both inexpensive and profitable. The benefit of
using dipole antennas is that they can receive balanced
transmissions. The device's two-pole configuration allows
it to receive signals over a wide frequency range. It also
aids the device in resolving signal conflicts while
maintaining optimal reception quality.

Antenna Design:

A parameter list is given below.

Name Expression value description

R 2.5 2.5 Radius of wire

gap 20 20 The gap between
two wire

Zo 50 50 Impedance

L 111.75 111.75 Length

Figure 19: Parameter list of dipole antenna.

How to design the Dipole antenna is given below step by
step.

Step1: Open CST microwave studio.

Step 2: Select new project then mw/RF and Optical then
select antennas then select wire antenna then select time
domain.

Step 3: Select minimum and maximum frequency ranges
and give a working frequency list then select all monitors
like E-field, H-field, far-field, etc.

Step 4: Select modeling then select bond wire then press
ESC and give the value as given up.

Outer radius: R inner radius: 0

X-center: 0 Y-center: 0.

Z-min: -L/2  Z-max: L/2.

Material: Annulled copper.

For substrate:

Outer radius: R Inner radius: 0.

Z-min: -gap/2 Z-max: gap/2.

Material: copper annealed.

Figure 20: Dipole Antenna.

Simulation output: Antenna simulation steps are given
below.

Step 1: Calculate waveguide ports by macros function.

Step 2: Select simulation then select pick face of feed line
then select waveguide port option and give the value from
the calculation.

Step 3: Select simulation then select setup solver and set
accuracy -40dB, normalized to fixed Impedance 50ohm
then press start.

Step 4: After completing the simulation double click far-
fields and select the frequency which far-field want to
show.

Step 5: Make a performance table at different frequencies
which includes operating frequency, total efficiency,
radiation efficiency, gain, and directivity.

Step 6: To show S-parameter double click 1-D results then
select S-parameter and to show bandwidth add curve
marker at -10db points.

Step 7: To show VSWR double-click 1-D results and select
VSWR option.

Step 8: To show the polar plot double click far-fields and
select polar form.
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Step 9: To show a 2-D plot double click Far-fields and
select 2D.

Figure 21: Far-fields at Different Frequencies of Dipole

Antenna.
Frequency | Total Radiation Gain Directivity
efficiency | efficiency
1 GHz -0.041dB | -0.031dB 2.08dB | 2.11dBi
8 GHz -9.36dB -0.0034dB 4.80dB | 4.80dBi
9 GHz -9.61dB 0.0046dB 5.29dB | 5.30dBi
10 GHz -11.64dB | -0.00098dB | 5.53dB | 5.53dBi
11 GHz -10.58dB | -0.0043dB 3.74dB | 3.75dBi
12 GHz -9.94dB -0.0129dB 6.39dB | 6.40dBi

Table 4: Performance Analysis at Different
Frequencies of Dipole Antenna.
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Figure 24: VSWR Graph of Dipole Antenna.
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Figure 25: Polar Plot at Different Frequencies of Dipole
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Figure 26: 2-D Plot of Dipole Antenna.

Array Antenna

An antenna array is a collection of linked antennas that
functions as a single antenna for both radio wave
transmission and reception. Typically, feed lines are used

to link separate antennas to a single transmitter or
receiver. Each antenna emits radio waves that combine
and superpose to increase the intensity of the radiation in
targeted directions while blocking out the radiation in
other regions. When the receiver is utilized for receiving,
the distinct radio frequency currents from each of the
various antennas combine in the right phase relationship
to amplify signals from desired directions while
attenuating signals from undesirable ones. Compared to a
single element, a multi-element antenna array can provide
a less wide beam of electromagnetic radiation, better gain,
or both. Generally speaking, the narrower the beam and
the higher the gain, the more separate antenna
components that are employed. There are some antenna
arrays made up of thousands of separate antennas. Among
the many functions of arrays are gain enhancement, route
diversity (MIMO) [31], enhanced communication
dependability, direction determination, electronic steering
of the radio beam in various directions, and cancellation of
interference from certain directions. [32].

Advantages:

e The signal strength grows stronger.
 High directivity can be achieved.

¢ The minor lobes are significantly reduced.
e There is a high signal-to-noise ratio.

¢ There is a significant gain.

e There is less power waste.

e Better results are obtained.

Application:

Satellite communications,

Wireless communications,

Radar communications,

Astronomical research is an example of array antenna
applications. The sorts of elements in an array can be
characterized by their radiation patterns.

Working of Array Antenna: The Rayleigh criterion states
that the angular breadth of the radio waves produced by
an antenna, or its directivity, corresponds to the
wavelength of the waves divided by the antenna's width. A
directional antenna that beams radio signals in a restricted
direction can be constructed using one of two general
approaches. One way to alter the direction of radio waves
is by using large metal surfaces like horns or conical
mirrors to reflect them or by using dielectric optics to
redirect them. utilizing a single low-gain antenna, into a
beam. This form of antenna is called an aperture antenna.
Parabolic dishes are an example of this type of antenna.

An array antenna, known as an antenna array, is a second
method in which more antennas are joined by the same
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transmitter or receiver. Due to the phenomena of
interference, if the inputs are supplied to the antennas in
the correct phase, the sphere waves from each individual
antenna combine in front of the array to generate plane
waves, a beam of electromagnetic radiation going in a
particular direction. The power emitted increases as the
waves from the several antennas combine when they
arrive in phase.

Design: How to design the array antenna is given below
step by step.

Step 1: Open CST microwave studio.

Step 2: Select a new project then mw/RF and Optical then
select antennas then select planar (patch, slot) then select
time domain.

Step 3: Select a minimum and maximum frequency range
and give a working frequency list then select all monitors
like E-field, H-field, far-field, etc.

Step 4: Select modeling then select brick then press ESC
and give the value as given below.

Paaneta L5t X
V Nane bpression ' Value Descaption Type
wlt 133 ehel conductor Undefined v
Wh 18 ehal ielectnicsubstiatetunc.. Undefined v
¥ Wil kil Iebertjuncion 70 ahm Undefned i
Wt { Ier feed 3 ohm Undefind i
i 11 panjang fed 30 ohm Undfined .
1 U Jiakantar patchpatch Undefned v
| i i paniang petch Undefined -
1 bl i Ieber petch Undefined v
I bl 0 panjang ground Undefined v
W m m Iebe round Undefined v

Figure 27: Parameters of Array Antenna.

Here we design a rectangular array antenna. Previously we
designed rectangular and T-shape antennae, same as
designed two rectangular antennae upper side of the
substrate and downside T-shape antenna then by using
Boolean add, we can add two antennas which made the
array antenna.

—

Figure 28: Array Antenna.

Simulation Output

Antenna simulation steps are given below.

Step 1: Calculate waveguide ports by macros function.

Step 2: Select the simulation then select pick face of the
feed line then select the waveguide port option and give
the value from the calculation.

Step 3: Select the simulation then select setup solver and
set accuracy -40db, normalized to fixed Impedance 50ohm
then press start.

Step 4: After completing the simulation double click far-
fields and select the frequency which far-field want to
show.

Step 5: Make a performance table at different frequencies
which includes operating frequency, total efficiency,
radiation efficiency, gain, and directivity.

Step 6: To show S-parameter double click 1-D results then
select S-parameter and to show bandwidth add curve
marker at -10db points.

Step 7: To show VSWR double-click 1-D results and select
VSWR option.

Step 8: To show the polar plot double click far-fields and
select polar form.

Step 9: To show a 2-D plot double click Far-fields and
select 2D.
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Figure 29: Array Antenna Far-fields at Different

Frequencies.
Frequency | Total Radiation | Gain Directivity
efficiency | efficiency

2.4GHz -3.91dB -3.54dB 4.70dB | 8.24dbi
8GHz -6.38dB -6.14dB 1.48dB | 7.63dBi
9GHz -8.19dB -5.98dB 4.73dB | 10.72dBi
10GHz -8.15dB -5.94dB 6.10dB | 12.05dBi
11GHz -4.71dB -4.69dB 3.32dB | 8.01dBi
12GHz -5.90dB -4.05dB 3.43dB | 7.48dBi

Table 5: Performance Analysis of Array Antenna at
Different Frequencies.
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Figure 30: S-parameter at Different Frequencies of
Array Antenna.
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Figure 31: VSWR at Different Frequencies of Array
Antenna.
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Figure 33: 2D Plot of Array Antenna.

T Shape patch antenna

Transverse capacitive loading wires connected to the top
of a monopole electromagnetic antenna define a T-antenna
[33]. In the VLF, LF, MF, and shortwave bands, T-antennas
are frequently employed as broadcasting antennas for

amateur radio stations as well as long-wave and medium-
wave AM radio stations [34][35] [36]. Additionally, they
can act as receiving antennas for shortwave listening. The
antenna is composed of one or more insulation horizontal
wires that are hung between two radio masts or buildings
for reinforcement [33][36].

A vertical wire that passes through the center of the
horizontal cables and swings low to the ground is attached
to the transmitter or receiver. The name comes from the
'T" shape formed by the two halves. The bottom of the
vertical wire and a ground connection are attached to the
transmitter or receiver. The T-antenna is a top-loading
monopole antenna. Other antennas in this category include
the inverted L, umbrella, and triangle. Before 1920, it was
invented during the early years of radio, during the
wireless era. It functions as a transmitting antenna. The T-
shaped microstrip patch antenna is intended to operate
between 2 and 12 GHz.

The T-shaped antenna is tiny and flat, with a high gain.
Ground structures are used to increase the antenna's
bandwidth [37].

These constructions are created by etching rectangular
grooves into the soil. Circular polarized between 2.5 and 9
GHz is produced by inserting four slits onto a square patch
with a T-shaped slot; this frequency range is appropriate
for WiMAX applications. Compared to earlier designs for
circularly polarized antennas, this construction is smaller.
Two frequencies are explored for radiation patterns:
2.5GHz and 9GHz. The antenna is simulated using the CST
and VSWR. The simulated and observed data were
contrasted at these frequencies.

Antenna Design:

How to design the T-Shape patch antenna is given below
step by step.

Step 1: Open CST microwave studio.

Step 2: Select a new project then mw/RF and Optical then
select antennas then select planar (patch, slot) then select
time domain.

Step 3: Select the minimum and maximum frequency range
and give a working frequency list then select all monitors
like E-field, H-field, far-field, etc.

Step 4: Select modeling then select brick then press ESC
and give the value as given below.

Figure 1 illustrates the schematic diagram of the proposed
double T-shape patch antenna. As shown in Figure 1, a
waveguide through the silver block is connected with the
silicon block for feeding light into the antenna. The
geometric parameters are as follows:

Ground: 1=30 nm, w =45 nm, h =.3 nm,
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Substrate: same as ground

Component 1: Uaxix:-1/2 to 1/2, Vaxis: 12nm-18nm ,
Waxis:0.3nm

Component 2: Uaxix: -1/3 to 1/3, Vaxis: 4nm-9nm , Waxis:
0.3nm

Component 3: Uaxix: -2.5 to 2.5, Vaxis:-w/2-4nm, Waxis:
0.3nm

Component4: Uaxix: -2.5 to 2.5, Vaxis: 9-12nm, Waxis:
0.3nm

Component5: Uaxix: -1/2 to -3.5, Vaxis: -h/2-3nm , Waxis:
0.3nm

Component6: Uaxix: 3.2 to 1/2, Vaxis: -h/2-3nm , Waxis:
0.3nm

Figure 34: T-shape Antenna.

For simulation, a beam of light with TE polarization (x-
polarization) is fed into the T-shape antenna via the silicon
waveguide. At the frequency of 2.4 GHz, the material
properties are shown in the below figure.

component1:solid1

Material

Twpe

L 1N

Electric cond.
Rho

Thermal cond.
Heat capacity
Diffusivity

Young's modulus

Foisson's ratio
Thermal expan.

Copper annealed)
Lossy metal

1

5.8e+07 [S5m]
8930 [kgim™3]

401 [WrIm]

0.39 [kikrka)]
0.000115141 [m"28
120 [kMImm~2]
0.33

17 [1e-6iK]

Figure 35: Component Values of T shape.

Simulation Output

Antenna simulation steps are given below.

Step 1: Calculate waveguide ports by macros function.

Step 2: Select the simulation select the pick face of the feed
line then select the waveguide port option and give the

value from the calculation.

Step 3: Select simulation then select setup solver and set
accuracy -40db, normalized to fixed Impedance 50ohm
then press start.

Step 4: After completing the simulation double click far-
fields and select the frequency which far-fields want to
show.

Step 5: Make a performance table at different frequencies
which includes operating frequency, total efficiency,
radiation efficiency, gain, and directivity.

Step 6: To show S-parameter double click 1-D results then
select S-parameter and to show bandwidth add curve
marker at -10db points.

Step 7: To show the VSWR double-click 1-D results and
select the VSWR option.

Step 8: To show the polar plot double click far-fields and
select polar form.

Step 9: To show a 2-D plot double click Far-fields and
select 2D.

2.4GHz

Theta

K
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Figure 37: S-parameter of T Shape.
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Pattern at Different Frequencies. Farfield Gan Abs (Phi=90)

0

farfield (f=8) [1]

Phi=270

Frequency = 8 GHz

The performance table is given below. o
Frequency | Total Radiation | Gain Directivity
efficiency | efficiency
2.4GHz -28.26dB | -24.50dB | -20.98dB | 3.52dBi
8 GHz -15.70dB_ | -14.18dB -7.79dB 6.21dBi
9 GHz -16.34dB | -14.03dB -6.33dB 7.69dBi
10 GHz -15.39dB | -14.68dB -7.35dB 7.32dBi -
11 GHz -8.94dB -8.52dB 0.368dB | 8.89dBi 120
12 GHz -7.78dB -7.47dB 1.01dB 8.47dBi ;
150

180

Table 6: T Shape Output Performance Analysis at

Theta / Degree vs. dB

Main lobe magnitude = -7.94 dB
Main lobe direction = 43.0 deg.
Angular width (3 dB) = 40.7 deg.
Side lobe level = -2.5 dB

Different Frequencies.

— VSWRL
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Figure 40: 2D Plot of T shape.

6. Expected Outcomes and Contribution of
the Research

The software has been implemented. We have used CST
microwave tools software to implement this proposed

o O e model and achieve good results. Our utmost effort has
180 Main lobe direction = 47.0 deg been made to achieve optimum accuracy. In this study, we
Angular width (3 dB) = 42.9 deg. . . . P
Theta / Degree vs. dB Side lobe level = -1.9 dB examined the results of Gain, Directivity, S-parameter,
Farfield Gain Abs (Phi=90) VSWR, polar plot, and 2D plot. The Rectangular microstrip
0 patch antenna was the top performer in our analysis. It is
30

Phi= 90

phi=270 suitable for operation at 2.4GHz. At 2.4 GHz, the total
efficiency is -3.90dB, with a radiation efficiency of -3.33dB,
a gain of 4.37dB, and a directivity of 7.71dBi. The
frequency directivity at 9GHz, 10GHz, and 11GHz is good,
9% but gain and radiation efficiency are low, as shown in the
analysis table. The bandwidth is 2.35-2.42GHz, according
to the S-parameter. The circular antenna was the second
antenna. It works well at a frequency of 10GHz. Total

20

120 120

Frequency = 11 GHz
t50 |Man bbe magneude = 0375 e efficiency is -4.27dB, radiation efficiency is -3.72dB, gain is
Main lobe direction = 51.0 deg. . .. . . .
e Anguiar vidth (3 dB) = 76.0 deg. 2.69dB, and directivity is 6.41dBi at this frequency.
Theta / Degree vs. dB Side lobe level = -5.5dB

Farfield Gain Abs (Phi=90)

The dipole antenna is the third option. The total efficiency

e o0 » : ;ld & )P'E‘:m is -0.41dB, the radiation efficiency is -0.31dB, the gain is
X = 3 2.08dB, and the directivity is 2.11dB at 1GHz. The gain and

o 7 ST o directivity are higher at other frequencies, but the
/ radiation efficiency is much lower. The bandwidth is
0.12GHz according to the S-parameter.

90

The array antenna is the fourth. The 2.4GHz frequency is
120 ideal. The total efficiency is -3.91dB, the radiation

- Freauency = ;fmf:; - efficiency is -3.54dB, the gain is 4.70dB, and the directivity

Han obe drection = 8.0 deg. is 8.24dBi, according to the array antenna performance

Theta / Degree vs. dB Side lobe level = 3.4 dB table at 2.4 GHz frequency. The directivity is 12.05dBi and

the gain is 6.10dB at 10GHz, yet the radiation efficiency is

Figure 39: Polar Plot at Different Frequencies of T lower than the overall efficiency. And at 11GHz the gain
shape. and directivity are also good.
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The last one is a microstrip patch antenna with a double
T.The system operates effectively at a 12GHz frequency.
The overall efficiency at 12 GHz, as indicated in the
performance analysis table, is -7.78dB, with a higher
radiation efficiency of -7.47dB compared to other
frequencies. It has a gain of 1.01dB and a directivity of
8.47dBi, both of which surpass those of other frequencies.
Each antenna also features polar plots, S-parameters, and
2D plots. The antennas are constructed using FR-4 lossy
copper-coated substrate material with a dielectric
constant of 4.4 and a thickness of 1.5 mm. The feeding
mechanism employed is a microstrip 50 feed line.

7. Future Work

The potential for enhancement is substantial, with the
opportunity to extend the component and design to
incorporate antennas. Enhancements can involve the
utilization of various antenna types, including MIMO
antennas, operating at increased frequencies. This
advancement will enable the detection of tumors or cancer
cells, such as brain tumors, in the future. Additionally,
antennas can be developed for WiFi, WiMAX, and satellite
communication systems.

8. Conclusion

We first thanked Allah, the Almighty. Completing it was not
easy. We first learn about CST microwave tools in this
section. We learn how to construct antennas and simulate
antennas by using these tools. Antenna is currently a
research area in the field of communication. Finally, we
completed our work on "Analyzing the performance of
several antennas in comparison”. Some difficulties with
the device's operation were encountered when doing the
task. Many software functions and calculations have been
incorporated into our work that are commonly used and
will aid in efficient analysis. We have put in maximum
effort to ensure the highest level of accuracy. In this study,
we conducted comparisons of Gain, Directivity, S-
parameter, VSWR, polar plot, and 2D plot. Five types of
antennas are discussed in this paper: the Rectangular
microstrip patch antenna, circular patch antenna, dipole
antenna, array antenna, and double T shape microstrip
patch antenna. The rectangular antenna operates at
2.4GHz, the circular antenna at 10GHz, the Dipole at
10GHz, the Array antenna at 2.4GHz, and the double T
shape antenna at 12GHz. There will be numerous
opportunities for future work on antennas.
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