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A rectangular microstrip patch antenna for 2.45 GHz is designed, tested, and
analyzed in this study. It uses two substrate materials (design I and 1) with
different permittivity levels. RT5880 (design-1) and FR-4 (design-II)
substrates have a thickness of 1.57 mm and 1.6 mm, respectively. Design-I
and design-11 substrates have relative permittivity of 2.2 and 4.3,
respectively. Performance and efficiency are considered due to the substrate
material's relative permittivity and thickness; return loss (Si1), voltage
standing wave ratio (VSWR), gain, directivity, surface current, and
efficiency. Design Il and design | have 3.25 dBi and 8.089 dBi gains,
respectively, and 5.92 dBi and 8.64 dBi directivity, respectively. Design |
had the best antenna efficiency, 93.64%, compared to design Il, 54.96%. In
contrast to the design I and design 11, which had return losses (Si1) of -53.29
dB and -51.38 dB, each of the suggested antennas had a return loss (Si11) of
more than -50 dB. The VSWR for design | is 1.0043, while the Design Il
material is 1.0054. This study aims to reduce return loss (Si1) and close the
VSWR to 1. This proposed design improves antenna gain, directivity, and
efficiency for future wireless applications on wireless local area networks
(WLANS).

This is an open access article under the CC BY-SA license.

©00

Corresponding Author:
Md. Sohel Rana

Department of Electrical and Electronic Engineering, Northern University of Business and Technology

Khulna, Khulna-9100, Bangladesh
Email: sohel.rana@uits.edu.bd

1. INTRODUCTION

Microstrip patch antennas are widely employed in many communication systems, such as satellite
and mobile communications, healthcare applications, radar, the global positioning system (GPS), wireless
local area networks (WLANS), and radiofrequency energy harvesting systems. The field of communication
has developed tremendously over the past several years, and the technology behind wireless communication
is affecting people's lives today. The next generation of wireless terminal communications equipment is
being developed to capitalize on the growing demand for low-cost beamforming antennas [1], [2]. Current
antenna technologies for wireless networks are being developed to satisfy the growing demands of emerging
applications, including wireless applications [3]. Patch antennas are lightweight, compact, low-profile, and
more cost-effective than conventional microwave antennas [4]. Nevertheless, the microstrip patch antenna is
bound by numerous properties, including diminished amplification, broad frequency range, reduced
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effectiveness, and limited power tolerance. By constructing many patch antennas with different geometry,
such as rectangular and circular ones, it is possible to avoid these limits. To increase the bandwidth, the
ordered patch antenna structures, which include circular and rectangular patches, have been transformed into
circular and rectangular ring patch antennas after being changed [5]. Today's wireless networks require
connectivity for over five billion devices to support voice, data, and many other applications. Microstrip
patch antennas are gaining popularity in wireless communication because of their cost-effectiveness, ease of
fabrication, lightweight nature, flexible feed lines, and compatibility with solid-state electronics. In the
1950s, the first microstrip antenna was made available to the public. The pace of its development picked up
in the early 1980s, and it is still going strong now [6]. The microstrip patch antenna has conducting and
insulating materials segmented into three distinct sections. The upper and lower layers employ conductive
materials, especially patch and ground. Copper is suitable for constructing the ground structure layer, also
known as the bottom structure layer. Conversely, a dielectric substance, sometimes referred to as a substrate,
is used as the intermediary layer that divides the two levels [7].

2.  LITERATURE REVIEW

This section will analyze the diverse applications of microstrip patch antennas and the
methodologies adopted by the authors. This antenna has been used in multiple situations up to this point.
Current technology is augmenting the requirement for its utilization. The development of wireless
communication technology has made it possible to increase the speed at which data can be transferred and
provide clients with higher-quality services, which has led to the creation of more effective and less
complicated ways [8]. The number of consumers using various wireless networks is growing at an alarming
rate, and to adequately meet this growing demand, incoming wireless systems will need to be improved. The
study analyzes many previously published works on the subject of 2.45 GHz. The article [5], presents a
multi-slot patch antenna with an octagonal ring shape operates at 2.45 GHz. To achieve the octagonal ring
shape, a single slot in the shape of an octagon and many slots in rectangles, squares, or triangles are added.
The primary focus of this investigation [9] is on two objectives: increasing amplification through the creation
of an array and fabricating a graphene antenna array using a basic and economical printing method. Both
objectives might be accomplished by increasing the gain compared to a single patch and producing and
verifying the performance of the graphene antenna.

This article [10] provides an overview of the design and construction of a switching beam antenna
operating at 2.45 GHz. The antenna is designed for applications involving wireless sensor networks within
the industrial, scientific, and medical bands. The gain measured for the proposed antenna in the steering
direction is higher than the gain reported for a conventional microstrip patch antenna on the same size
substrate and ground plane. Within the scope of this investigation [11], a microstrip patch antenna for
applications operating at 2.45 GHz is designed using the transmission line approach. This method is
considered one of the most precise for wire and planar antennas in the frequency domain, and the design is
optimized by applying the method of moments. Additionally, simulations and comparisons are made between
the four different feeding strategies. Research by Memon et al. [12], explores the fabrication of a rectangular
ring microstrip patch antenna for textiles, designed to enhance water vapor permeability. This modification
was made to enhance the antenna's capability to enable the passage of water vapor. This research work [13]
includes a comprehensive analysis of a patch antenna design and simulation that operates at 2.45 GHz.
Regarding the operational frequency range, both the theoretical and experimental findings reveal an
outstanding level of performance. In addition, the data suggest that the antenna can be enhanced in size,
bandwidth, return loss, efficiency, and high gain potential. The research presents [14] an innovative design
for a mobile radio frequency identification (RFID) reader that operates at a frequency of 2.45 GHz. The plan
calls for a circularly polarized, wideband antenna of compact dimensions. The proposed antenna comprises
two square patches layered in a configuration with an air gap to achieve a broad impedance bandwidth. The
reader antenna features outstanding performance in terms of return loss, bandwidth, and gain. This article
aims to investigate [15] a monopole antenna configuration capable of working across a wide range of
frequencies and performing the circular polarization of electromagnetic waves. Additionally, the device uses
an f-shaped radiating monopole design to obtain a wide bandwidth while maintaining a high axial ratio. The
ground plane of the device is below average. The recommended antenna guarantees excellent return loss,
gain, and efficiency and possesses consistent radiation properties. It is an excellent choice for applications
involving WLAN and WiMAX.

A microstrip matching circuit has been developed and implemented to further improve the low-band
response at a frequency of 2.45 GHz [16]. Simulations of electromagnetic fields were performed in great
detail as part of the design process. The calculated values of the proposed antenna's design parameters agree
with the measurements. This article presents [17] the design of a small modified wideband microstrip
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antenna. The antenna design that has been developed delivers all of these benefits: a wide frequency range,
decreased signal reflection, higher amplification, and optimal efficiency. This investigation [18] aims to
improve the antenna's performance by enhancing gain, directivity, Si1, and bandwidth metrics. The design
process began with creating a patch antenna consisting of a single element. Utilizing gain and directivity as
the key criteria; the primary outputs of the antenna design were examined. Based on the data, the antenna
array constructed compared to the single-element antenna demonstrates improved gain performance. The
research and development of a circular patch antenna that is versatile and implanted on a substrate
manufactured from renewable materials is described in this work [19]. Industrial, scientific, and medical
applications are all possible with the antenna. This examination aims to study several ways to improve the
antenna's gain and measure the antenna's return loss and radiation patterns.

3. ANTENNA DESIGN AND SIMULATION RESULTS

There are two occurrences of a CST-designed microstrip patch antenna in that section. The antenna has
been constructed utilizing two distinct substrate materials. The substrate material used for antenna design | is
Rogers RT5880, which has a dielectric permittivity 2.2. Furthermore, FR-4 was employed to construct antenna
design 11, which had a dielectric permittivity of 4.3. Copper is also utilized in subsurface applications. Design |
has a substrate depth of 1.57 mm, whilst design Il has a substrate depth of 1.6 mm. Furthermore, the
transmission line has been fine-tuned to produce a line impedance matching of 50 ohms Figures 1 illustrate the
design of the antenna using CST software with design 1 in Figure 1(a) and design 2 in Figure 1(b). Table 1
displays data about the various parameters associated with the projected antenna. To design the rectangular
patch antenna, the elements (1) to (7) that are defined in the technique get utilized. Both the substrate thickness
(Hs) and the relative permittivity (er), as well as the frequency (f), are taken into consideration by [18], [20].
Step: 01: an indication of the patch's width,

Wp=—"— 1)

2fp SI‘ZJ

Step: 02: the equation for the effective dielectric constant is,

ert+1 er—1 12h
Ereff = rz +rT X (1 +7) (2)

Step: 03: the extended of the length equation are,

Lext = —o (3)

2fr/Erefr
Step: 04: extension of the length of an antenna,

(5+0.264) (2refr+0.3)

AL = 0412 (erefr—0.258)(}+0.813) ()
Step 05: calculation of antenna's length,

Lp = Loy — 2 X AL (5)
Step: 06: antenna ground plane dimensions, including its length and width:

Lg =6h+Lp (6)

Wg =6h+ Wp (7

S | S

(@) (b)

Figure 1. Utilizing CST software, the physical construction of antenna design | and 11 is implemented
(a) antenna design | (Rogers RT5880) and (b) antenna design Il (FR-4)
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Table 1. The optimized measurements of the recommended antenna
Parameter ~ Wy(mm)  Lg(mm) Wp(mm) Lp(mm) hg(mm) Insety(mm) Inset (mm)
Design-I 100 100 73 39.53 1.57 1.4 75
Design-11 50 50 37.67 28.84 1.6 15 5.75

3.1. Return loss, bandwidth, and voltage standing wave ratio

The simulation results indicate that the constructed antenna successfully achieves the target return
loss of -10 dB, which is optimal for transportation or wireless electrical technologies. Figure 2 shows the
antenna return loss (design | and 11), which has been carefully tuned to function at a frequency of 2.45 GHz.
The return loss of an antenna is defined as the ratio of incident power to reflected power [21]. Voltage
standing wave ratio (VSWR) is a numerical metric that assesses the efficiency of transmitting radio
frequency power from a power source to a load through a transmission line. An optimal gearbox requires the
VSWR value to fall between 1 and 2. A value closer to one suggests a better impedance matching. The
antenna and transmission lines achieve optimal matching when minimizing the VSWR [21]. Figure 3
illustrates the VSWR plots for the proposed antenna designs | and I1.
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Figure 2. Views of frequency vs return loss Figure 3. Views of VSWR vs frequency
(design I and 1) (design I and I1)

3.2. Gain and directivity

Gain and directivity are two factors that are strongly related to one another. When referring to an
antenna, the phrase "antenna directivity" refers to the capability of the antenna to transmit or receive waves
within a certain area rather than travelling in all directions. An antenna can demonstrate directivity if it
possesses one or two significant lobes larger than the other sections of the antenna [22]. Directivity is the
measure of the ratio between the intensity of radiation emitted in a specific direction by an antenna and the
average intensity of radiation emitted in all directions [23]. Figure 4 shows the proposed antenna gain (design
I (Figure 4(a) and 11 (Figure 4(b)), and Figure 5 shows directivity (design | (Figure 5(a) and Il (Figure 5(b)).
At 2.45 GHz, the gain of antenna design | and Il is 8.09 dBi, 3.25 and the directivity of antenna design | and
Il is 8.64 dBi, 5.92 dBi.

dBi b dBi
B.09 3.25

204 -8.87

“16.2 ; 21
222 -27.1

(b)

Figure 4. View of the gain (a) antenna design | and (b) antenna design 11
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Figure 5. View of the directivity (a) design | and (b) design Il

3.3. Radiation pattern

An antenna'’s radiation pattern is a visual depiction of its radiation fields, illustrating the distribution
of power across different spatial directions. By graphically showing the radiation pattern, one can understand
how the antenna distributes its impact across a wide area and in various spatial direction [24]. Figure 6
illustrates the two-dimensional radiation pattern of the antenna design | in Figure 6(a) and design Il in
Figure 6(b) at a frequency of 2.45 GHz. Figure 7 depicts the three-dimensional radiation pattern of the
proposed antenna design I in Figure 7(a) and design Il in Figure 7(b) at a frequency of 2.45 GHz.

2D Radigtion Pattern 2D Radiation Pattern
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Figure 6. The radiation pattern in two dimensions of antenna designs | and 11 is depicted below. Phi=0° (E-
Field) and phi = 90° (H-Field) (a) 2D radiation pattern (design 1) and (b) 2D radiation pattern (design I1)
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Figure 7. llustrates the radiation pattern in two dimensions for antenna designs 1 and I1. Phi=0° (E-Field) and
phi = 90° (H-Field) (a) 3D radiation pattern (design 1) and (b) 3D radiation pattern (design 11)

3.4. Efficiency, radiation efficiency, and surface current

The ratio of the total power emitted by an antenna to the power supplied to it is described as the
antenna’'s "antenna efficiency”. The losses occurring in both the polarizing network and the radiating
elements influence the system's efficiency [22]. The efficiency of an antenna can be assessed by analyzing
the power input and power output or dissipation. Most of the power sent to an antenna with low efficiency is
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either dissipated within the antenna or redirected due to an impedance mismatch [25]. Plot of the antenna
gain and directivity are shows Figures 8 and 9 (antenna design | and Il). The ratio of the total power that an
antenna produces to the net power it receives from a connected transmitter is how the radiation efficiency of
an antenna can be determined [23]. Surface current is an electric current that arises when an electromagnetic
field is applied, mainly observed in metallic antennas. Figures 10 and 11 display the plot diagram's radiation
efficiency and total efficiency (antenna design | and Il). Also, the surfaces current are shows Figure 12
(antenna design | in Figure 12 (a) and design Il in Figure 12(b)).
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Figure 8. Plot of the antenna gain (design | and I1)
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Figure 12. Surface current of (a) antenna design | and (b) antenna design 11
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3.5. Impedance test

Impedance-matching circuits generate supplemental resonances, increasing the antenna's transmission
bandwidth. An antenna’s input impedance is the impedance it presents at its terminals. It has the following
mathematical expression: Z;,=R;,+jX;,, where Z;, represents the impedance presented by the antenna at its
terminals, Ry, represents the antenna resistance, which is composed of the radiation resistance R,. and the loss
resistanceR;,, and jX;, represents the antenna's loss resistance. Impedance test of the antenna design I and Il is
shown in Figures 13 and 14. Real part is shown in Figure 13 and imaginary part is shown in Figure 14.
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Figure 13. Figure real part (antenna | and I1) Figure 14. Figure imaginary part (antenna | and 1)

4, RESULT ANALYSIS

There has been an increase in the need for compact antennas utilized in wireless communication.
Because of this, engineers who work with microwaves and wireless technology have demonstrated a great
desire to acquire the skills and knowledge required to design and construct small microstrip antennas. When
it comes to providing easy mobility, wireless communication equipment frequently demands small and
lightweight antennas. An application that is among the best is using a microstrip antenna. An antenna for
wireless communication must be built to function at numerous frequencies. Several parametric analyses
carried out on the planned work are shown in this section, along with the results of those studies. The ideal
values for each antenna parameter are presented in Tables 2 and 3. Table 2 analyzes earlier papers' substrate
materials, loss tangent, thickness, directivity, and efficiency. Also, Table 3 presents the results of return loss,
gain, voltage standing wave ratio, and bandwidth acquired from previously published studies.

Table 2. Comparison between the proposed designs with the previously published works

Reference f. (GHz) Substrate (e) Hs(mm) Directivity (dBi) Efficiency (%)

[19] 2.45 Polyester 32 0.3 5.8 96.55
[26] 2.45 Roger RT5880 2.2 0.035 8.587 94.24
[27] 2.45 Rogers RT5880 2.3 0.787 8.012 83.06

[28] 2.45 FR-4 1.2 0.46 9.0 73
[29] 245  Rogers RT5880 2.2 15 6.534 93.45
Proposed work 2.45 FR-4 4.3 1.6 5.92 54.96
Roger RT5880 2.2 1.57 8.64 93.64

Table 3. Comparison between other published works and proposed designs

Reference f. (GHz) S;1(dB)  Gain (dBi) VSWR
[5] 2.45 -23.18 291 -
[19] 2.45 -13.26 5.6 -
[26] 2.45 -12.542 8.092 1.617
[30] 2.42 -16.207 5.44 15
[29] 2.45 -45.992 6.115 1.01
[31] 2.4 -19.35 9.2 1.2414
[32] 2.45 -17.85 8.1 1.29
[33] 2.45 -20.18 - Less than 2
[34] 2.45 -22 5.37 -
2.45 -51.38 3.25 1.0054
Proposed work -53.29 8.09 1.0043

For S-band WLAN applications, a patch antenna design, simulation, and optimization (Md. Eftiar Ahmed)
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5. CONCLUSION

This study evaluated the performance of a microstrip patch antenna designed for utilization in
wireless applications. The modelling results of the proposed MPA include the parameters of return loss (S11),
VSWR gain, directivity, and efficiency. The antenna exhibits a notable efficiency level, providing a
competitive edge compared to other antenna designs. This strategy significantly enhances broadband
performance, gain, return loss (Si1), and radiation efficiency compared to other systems. It additionally
addresses the impedance matching of these suggested systems. Consequently, the antenna developed in this
study is an excellent choice for wireless applications. The increasing demand for practical antennas in remote
networks, particularly in wireless applications, has successfully met the standards for antenna performance.
Based on the simulation's results, the suggested antenna design may effectively fulfil the demands of wireless
communication systems. Further validation can be achieved by constructing the antenna and comparing the
measured findings with the anticipated outcomes. This round of experimental validation will yield significant
insights and further substantiate the antenna’s suitability for real-world applications.
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