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Abstract

Aim: Microstrip patch antennas are rapidly used in the areas of wireless systems due to its low cost
and lightweight. But still it has research issues like narrow bandwidth, poor efficiency, and low gain.
The objective of this study is to enhance the gain of Novel DB-RPA antenna. This work presents the
comparative analysis of gain enhancement between rectangular and circular patch antennas.
Materials & Methods: Dual band rectangular patch antenna (DB-RPA) and circular patch antenna
(CPA) are designed to enhance the gain of the antenna by using HFSS software and by collecting the
dataset of 40 samples with pretest power of 80%. The gain of CPA is 1.89 dB and DB-RPA is 4.66 dB.
The directivity of CPA is 3.52 dB and DB-RPA is 4.89 dB. Results: On performing an independent
sample t-test on the two groups considered, it appears that the mean gain of Novel DB-RPA is 3.0755
and CPA is 0.8820 with significance value of 0.001 (p<0.05). Conclusion: From this study, it is found

that DB-RPA design appears to have 71% higher gain and 58% higher directivity with comparison of
CPA design.

Keywords: Antenna Design, Dual Band, Rectangular Patch, Circular Patch, Duroid, Inset Feed
Technique, Novel DB-RP Antenna.

1. Introduction

With the rapid growth of wireless systems and demands for the low power integrated electronic
circuits, microstrip antennas have taken for the gain enhancement (Aboualalaa et al. 2017). Generally,

a microstrip patch antenna has a low weight and low profile. In a microstrip antenna two metallic layers

ISSN: 2237-0722 1201
Vol. 11 No. 4 (2021)
Received: 17.05.2021 — Accepted: 09.06.2021



and a dielectric layer form the essential part of the basic antenna (R. G. Mishra, Mishra, and Kuchhal
2018). A transmitter is essential in modern wireless communication devices, the antenna is expected to
effectively send and receive the signals (Han, Song, and Sheng 2017). There are many advantages for
microstrip antennas like ease of fabrication, low cost and easy integration with microwave antennas
(Yadav, Singh, and Melkeri 2017). Microstrip antennas are used in various fields like military, navy,
wearable and mobile applications.

Several methods for enhancing the gain of a microstrip antenna have been implemented over
the years for making the antenna suitable for strong wireless communication for longer distances
(Kumar and Kumar 2014). Mohamed Aboualalaa et al. proposed an antenna to explain its electrical
behavior (Aboualalaa et al. 2017). It consists of a direct feed through feed line that is specially designed
to radiate at 2.45 GHz. Anju Verma et al. proposed slotted microstrip patch antenna with a defected
ground structure (DGS) (Verma et al. 2016). This antenna shows dual band characteristics which is
suitable for WLAN and Wi-MAX applications. Rahmatian et al. proposed a single layer dual-band
dual-mode metamaterial microstrip patch antenna for on and off-body communications (Rahmatian,
Movahhedi, and Yazdi 2018). The antenna radiates at 2.45 GHz ISM band and 5.3 GHz WLAN band.
Nguyen et al. proposed a CPW-fed flexible antenna which can be able to work at two different operating
frequencies (Nguyen, Nguyen, and Vuong 2019). Zheng et al. proposed an antenna for wideband gain
enhancement and radar cross-section (RCS) reduction of Fabry-Perot (FP) resonator antenna are both
achieved by using chessboard-arranged metamaterial superstrate (CAMS) (Zheng et al. 2018). Han et
al. ‘proposed designing a novel antenna to enhance the gain and reduce the radar cross section (RCS)
of a patch antenna by using metamaterial surface (Han, Song, and Sheng 2017). Hui Li et al. proposed
a flexible MIMO antenna system with pattern diversities and polarization has been proposed for
wearable applications. The antenna has only one conducting layer and is easy to integrate in clothing
(Li, Sun, and Wang 2018). Fan Qin et al. proposed a novel shaped-aperture dual band dual-polarized
high gain antenna for potential applications in synthetic aperture radars (SAR) (Qin et al. 2016). Faisal
et al. proposed a miniaturized novel shape dual-band implantable antenna operating in the industrial,
scientific, and medical bands is developed for battery powered implants (Faisal and Yoo 2019). It
suggests that the antenna designed in flower shape exhibits fairly omni-directional radiation patterns.
Therefore, it can be used for skin implantations and gastro applications (Rachmansyah et al. 2011).

Previously our team has a rich experience in working on various research projects across
multiple disciplines (Sathish and Karthick 2020; VVarghese, Ramesh, and Veeraiyan 2019; S. R. Samuel,
Acharya, and Rao 2020; Venu, Raju, and Subramani 2019; M. S. Samuel et al. 2019; Venu, Subramani,
and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli Sureshbabu et al. 2019; Krishnaswamy et
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al. 2020; Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019; Vignesh et al. 2019; Ke et al. 2019;
Vijayakumar Jain et al. 2019; Jose, Ajitha, and Subbaiyan 2020). Now the growing trend in this area
motivated us to pursue this project.

Microstrip antennas have several advantages including low cost, lightweight and capable of
dual frequency band operations. But still it has research issues like narrow bandwidth, poor efficiency,
low gain and power handling capacity. Motivated by these research issues, Novel DB- RPA antenna is
designed and it can be rapidly used in various fields of communication for their compact size, high
performance and versatility (Deb, Moyra, and Bhowmik 2015). The proposed antenna is designed using
Duroid substrate. It is used as a dielectric substrate since it has good thermal, electrical and high
durability. Inset Feed helps to match the impedance of the antenna which in turn reduces the power

loss.

2. Materials & Methods

This study was conducted at Antenna Lab in Saveetha School of Engineering. It was based on
gain improvement of microstrip patch antenna using duroid substrate, rectangular patch in comparison
with circular patch antenna. Sample size was calculated by using previous study results (Nguyen,
Nguyen, and Vuong 2019) using clinicalc.com by keeping alpha error threshold by 0.05, 95%
confidence interval, power 80%. In this study we compare the parameter such as gain with one sample
group from previous literature.

In this work, we have taken two groups into consideration. The first group was designed by
using circular patches and the second group was designed by using the rectangular patch for enhancing
the gain. The dataset of 20 samples were collected from the CPA and another 20 samples from RPA
(Kane, Phar, and BCPS n.d.). The samples that were collected from the simulated results using Ansoft
HFSS software. Independent variables for designing an antenna are width of substrate, height of
substrate, patch length and then patch width (R. Mishra, Kuchhal, and Kumar 2015). Dependent
variables in designing an antenna are gain and directivity. These parameters are responsible for

designing the antenna.

2.1. Design Configuration

The proposed Novel DB-RPA was designed by using a Duroid substrate with dielectric constant
of 2.33. The inset-feed was given by removing the edge of the non-radiating patch to allow for the
planar feeding mechanism. The design was implemented using Ansoft HFSS simulation software.
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The patch dimensions were calculated by using the design equations of the microstrip antenna.

Patch width is denoted by W,

Wp=c/(2*F o * (e, +1/2)*®) (1)
Length of the patch is denoted by L,,
L, = (1/2) —2dL (2

Length extension is denoted by dL

dL = 0.412H(e o5 + 0.3) /(€ opf — 0.258) * (W ,/H + 0.264) /(W ,/H + 0.8)) 3)
Effective dielectric constant is denoted by € ¢

Eerf = (,r+1)/2 (4)
From the above equations, the ground dimensions can be designed as

Length of ground is denoted by L,

Ly=L,+6H (5)
Width of ground is denoted as W
W, =W,+6H (6)

2.2. CPA Antenna Design

Circular Patch Antenna was designed by using the Flame Retardant 4 (FR4) substrate,
sandwiched between circular patch and ground plane is shown in Fig.1. The antenna has a patch length
of 60 mm and patch width of 40 mm. The height of substrate material is 2 mm. Because of these

characteristics, there is an impact on the gain of the antenna.

Fig. 1 - The circular patch antenna has been designed with a low gain, high dielectric constant (¢ = 4.4), patch length of
60mm and width of 40mm
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Fig. 2 - Design of DB-RPA Antenna with Duroid substrate of dielectric constant with ¢ = 2.33a) Top View b) Cross-
sectional View. The antenna was designed with a patch length of 30 mm, width of 20 mm and substrate height of 2 mm.

(@) (b)

2.3. Novel DB-RPA Antenna Design

Novel DB-RPA design was made up of a low profile and flexible rectangular patch is shown in
Fig.2. It was designed and fabricated by using duroid substrate (¢ = 2.33) with a thickness of 2mm
is shown in Table 1. On the other side, the feed mechanism plays a vital role in the design of Novel
DB-RPA (“Design and Development of Inset Feed Microstrip Patch Antennas Using Various
Substrates” 2019). An inset-feed microstrip patch antenna was designed to increase the gain and
bandwidth.

Table 1 - Design Parameters for DB-RPA. It was designed by duroid substrate material with patch length of 30 mm and
width of 20 mm using Ansoft HFSS software.

Patch type Rectangular

Dielectric constant | 2.33

Height of substrate | 2 mm

Feeding type Inset feed
Patch length 30 mm
Patch width 20 mm

Substrate material | Duroid

2.4. Statistical Analysis

The testing procedure initiates with designing of antenna, mathematical calculations, frequency
specification, assigning variables, construction of antenna using HFSS software and analyzing the
results by SPSS software. SPSS version 21 (Statistical Package for the Social Sciences) was used for

statistical analysis for various varieties of research. The data collected from the research was stored in
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a data view. After entering the data in the data view sheet, data can be analyzed by using the Analyze
option. By clicking on the chart builder, a graph will be formed showing the performance of the design.
Dependent variables of rectangular patch design were gain and directivity. These parameters are
responsible for determining the values of an antenna. If the dielectric constant value of the substrate

increases then the gain of that particular antenna will decrease (Roy, Mom, and Kureve 2013).

3. Results

From Fig.3, it was observed that the peak gain obtained from CPA design is 1.89 dB and the
peak directivity is 3.52 dB. The substrate used in it’s design was having higher dielectric value, due to
this it produces low gain. Due to the presence of low gain, the performance of circular patch antennas

decreases.

Fig. 3 - Simulation results for CPA a) Gain (dB) Vs Frequency (GHz) is plotted and peak gain is 1.89 dB in the frequency
range from 1 to 7 GHz. b) Directivity (dB) Vs Frequency (GHz) is plotted and peak directivity is 3.52 dB.
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From Fig.4, it was observed that the peak gain obtained from Novel DB-RPA design is 4.66 dB
and the peak directivity is 4.89 dB. Because of using a lower dielectric substrate in the design, it
achieves higher gain when compared to CPA design. For the better performance of the antenna, the
thick substrate with low permittivity is preferred. The results of the Novel DB-RPA are analyzed by

using Ansoft HFSS simulation tool.

Fig. 4 - Simulation results for DB-RPA a) Gain (dB) Vs Frequency (GHz) is plotted and the maximum gain obtained is 4.66
dB in the frequency range from 1 to 8 GHz. b) Directivity (dB) Vs Frequency (GHz) is plotted and the maximum directivity
obtained is 4.89 dB in the frequency range from 1 to 8 GHz.

@

5.00 Curve Info

z| —— dB(GainTotal)
] Setup1 : Sweep
Phi='0deg’ Theta="0deg’

dB(GainTotal)

Freq [GHZ]

O
00 Curve Info

] — dB(DirTotal)
. Setup1 : Sweep

Phi=0deg’ Theta="0deg'

dB(DirTotal)

Freq[GHZ]

ISSN: 2237-0722 1207
Vol. 11 No. 4 (2021)
Received: 17.05.2021 — Accepted: 09.06.2021



In statistical inference, two groups are taken for statistical analysis. One of the groups is CPA
design and other is Novel DB-RPA design. Each group has been analyzed by taking 20 samples each.
Circular patch antenna obtained 0.52 standard deviation with mean 0.88 while rectangular patch
antenna obtained 2.51 standard deviation with mean 3.07 (Table 2).

Table 2 - Group statistics shows the clear observation of statistical data for each group accordingly. Each group contains an
equal number of samples. Rectangular patch has a mean gain of 3.0755 which is higher and a circular patch antenna has the
lowest mean of 0.8820. Statistical analysis has been done by using SPSS software.

Parameters | Group N | Mean | Std. Deviation
Circular patch 20 | 0.8820 | 0.52804
Rectangular patch | 20 | 3.0755 | 2.51725

Gain

*N = Number of samples

For the Independent Samples T-test equality means for every group and F-score are considered.
The significance value obtained from the T-test is 0.001. By changing the input values (independent
variables) the corresponding output values (dependent variables) also changes (Table 3).

Table 3 - For the Independent Samples test, F-score and significance are calculated for Levene’s Test, Equality of variances
are taken. Whereas for T-test equality means are calculated. The significance value for gain is 0.001. There is a significant
difference between the two groups since p<0.05.

Levene’s
Test for .
Equality of T-test for Equality of Means
Variances
Sig Mean Std. 95% Confidence
. ' . Error interval of the
F Sig. |t df (Zf Differen Differe | Difference
tailed) | ce
nce Lower Upper
Equal i i
;/szﬂra:]nec(;es -3.814 | 38 0.001 5 19350 0.57512 335778 -1.02922
. 11.7 | 0.00
Gain Equal 89 1
variances - -
not -3.814 | 20.669 | 0.001 2 19350 0.57512 339071 0.99629
assumed

From Fig.5, it was observed that in comparison with a circular patch, the proposed Novel DB-
RPA antenna appears to have 71% more gain. The graph of mean gain of circular patch and rectangular
patch is obtained from the samples. After analyzing the statistical results, the Novel DB-RPA antenna

appears to be better than CPA.
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Fig. 5 - Comparison of CPA and DB-RPA in terms of mean gain. The mean gain of DB-RPA appears to be better than
CPA. X Axis: Circular Patch Antenna vs Dual band Rectangular Patch Antenna, Y Axis: Mean gain of detection + 1 SD
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4. Discussion

In this study, we observed that Novel DB-RPA appears to be better than CPA with 71% more
gain (p<0.05). Gain and directivity of circular patch and rectangular patch antenna are analyzed by
varying the substrate material. The gain Vs frequency has been simulated for a different frequency
range from (1-8) GHz. The gain of the Novel DB-RPA antenna is 4.66 dB and directivity is 4.89 dB.
The gain of CPA is 1.89 dB and directivity is 3.52 dB. After analyzing the results obtained from HFSS,
samples are collected from the resulting graph. By performing the group statistics and independent
sample T-test, it is observed that the gain and directivity of the rectangular patch appears to be better
when compared to the circular patch antenna.

The factors that affect the designing of an antenna are width of substrate, height of substrate,
patch length and width. The efficiency of an antenna depends on the thickness of the substrate. If the
substrate thickness increases, then the gain percentage also increases. The antenna radiates based on
substrate material. The patch antenna by using polarization dependent EBG surface is having a gain of
2.5 dB (Han, Song, and Sheng 2017). It is having less gain because the antenna is designed by the
layout pattern of the slotted EBG elements. The proposed Novel DB-RPA is having more gain due to
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its smaller size compared to the EBG antenna. The U-shaped microstrip antenna has a gain of range
1.6 to 5.3 dB (Koohestani and Golpour 2010). It has low gain due to square patch which is fed by
CPW. The microstrip patch antenna with parasitic mushroom type structure is having a gain of 10 dB
(Cao et al. 2019). This is because the current distributions on the patches are uniformly distributed, so
that higher gain is achieved over the entire operating frequency.

Our institution is passionate about high quality evidence based research and has excelled in
various fields (Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok Vardhan 2019;
Ramesh et al. 2018; Mathew et al. 2020; Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018;
Ramadurai et al. 2019). We hope this study adds to this rich legacy.

Designing an antenna is difficult for higher bands like X band and K band. More radiation
occurs from the feeding and junctions of an antenna. This work can be elaborated for multi band
frequencies in various fields such as military applications, satellite communications, mobile
applications and global positioning systems for navigation. By reducing the size of an antenna,
performance can be increased. To be implemented in hardware as there is much demand in wireless

communication.

5. Conclusion

A Rectangular Patch Antenna of low profile has been designed in this work to enhance the gain.
It radiates at a frequency range of 5.8 GHz with gain of 4.66 dB. From the above results, it can be
concluded that the gain of the Novel DB-RPA with the Duroid substrate appears to be improved by
2.77 dB compared to the CPA. This work can be elongated for multiband frequency ranges in areas
like military and global positioning systems for navigation. The proposed antenna has 71% more gain
and 58% more directivity than CPA.
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