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Abstract: This paper presents a design of modified rectangular patch antenna with a pentagon slot and elliptical-shaped
strip at the edge of the antenna for Sub-6G band 5G wireless applications. The proposed antenna excited using a 50-
ohm coaxial cable transmission line. The overall dimensions of the substrate are 49.72 x 43.02 x 1.7 mm? used on a
Rogers RT\Duroid 5880(TM) with relative permittivity of €r=2.2. The proposed antenna is simulated using Ansys
HFSS Software at a resonant frequency of 3.2 GHz. The experimental and simulated results are matched well. The
measured return loss value of the antenna is -20 dB at 3.2 GHz frequency, which can cover an impedance bandwidth of
150MHz. The proposed antenna provides a stable radiation pattern, radiation efficiency is 96%, and peak gain is 4.6 dBi.
This antenna finds applications for WiMAX wireless broadband communication, radar, and commercial Wireless LAN
in S-band.

Index Terms: Microstrip patch antenna, pentagon-shaped slot, elliptical patch, and WiMAX applications.

1. Introduction

In the present world, an antenna is a crucial component at the frontend of the transceiver. An antenna metallic
conductor is used in every wireless communication. As we need the fastest data transmission for handheld devices, we
required an antenna with 5G specifications [2]. WiMAX broadband communication technology is currently one of the
emerging wireless broadband communication technologies and it is one of the important networks for accessing the
internet. WiMAX plays an important role to transmit high-speed data instead of wired technologies like Cable modems,
DSL, and T1/E1 links. It also has certain advantages over Wi-Fi. Long-distance coverage with higher data speeds is
possible through WiMAX [3].

The design of microstrip patch antennas for WiMAX (IEEE 802.16) applications with high gain and data rates is a
challenging task for researchers due to its limitations. The patch antenna has several advantages over microwave
frequencies. The advantages of microstrip patch antenna cover small size, easy fabrication, and lightweight. These
microstrip antennas are fabricated by etching the patch with any shape from a PCB with a conductor on either side [5].
The top metallic sheet is called a patch antenna, it is placed on a dielectric substrate, and the bottom patch is termed a
ground plane [6]. Microstrip patch antenna fed with many methods. When a current is supplied into a microstrip
antenna, a charge distribution is developed at the patch surface and ground. For microstrip, the maximum current exists
at the bottom of the patch and on the top surface of the ground.it leads to radiation because strong electric fields exist
between conductors [7].

2. Literature Review
In the last few years, researchers are focusing on high gain and broadband applications for 5G and IoT applications
[1]. The patch antenna designs are rapidly increasing due to the emergence, industry needs, and academic applications

[2]. The Federal Communication Commission (FCC) has defined several rules for UWB network services; FCC has
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permitted to use of UWB communication in the frequency range from 3.1 to 5.1 GHz at a spectral density equal to -
41.3dBm/ MHz [3]. Dual-band antenna designed for WLAN and WiMAX applications in [4]. About proximity
antennas, WLAN applications, and the importance of substrates are discussed in papers [8-10]. In paper [11], and X slot
patch proximity antenna is presented for WLAN applications. Effects of diagonal Slot are discussed in paper [12], and a
Slotted aperture patch antenna is designed for S-band applications in [13]. To design a compact multiband antenna for
WIMAX applications. A fan-shaped UWB monopole antenna is presented in the paper [14]. An antenna for 5G
applications is discussed in the paper [15] at 3.5 GHz. a Compact Absorber is presented based on Fractal shape for the
2.45 GHz Band in [16]. The significance of slots is explained in patch antennas for WLAN/WiMAX applications in [17,
18].

In this article, a novel printed patch antenna is presented for 5G communication with high gain. Section 3 focuses
on the methodology of the proposed antenna. The initial antenna design is started with a rectangular patch using
standard mathematical equations at the resonant frequency of 3.5 GHz, which is described in Section 4. Section 5
explains the evolution of the proposed antenna, to accomplish a compact size of a patch antenna. An elliptical-shaped
strip and pentagon slots are added to improve the performance of the antenna. The simulation and measurement results
are reported in section 6. Finally, section 7 gives a conclusion and is followed by references.

3. Research methodology

The proposed antenna has been developed in three stages. The various stages of the antennas follow as, in stage 1
(antennal), a standard microstrip patch antenna is designed to operate at 3.2 GHz frequency. In stage 2 (antenna2), an
elliptical-shaped strip is added at the edge of the antenna, it shifts the resonant frequency slightly. Finally, in stage 3
(proposed novel antenna3), a pentagon slot is etched near an elliptical strip to provide good impedance matching.

4. Design of Standard Patch Antenna

In this selection, the standard mathematical equations are given, these equations are used to calculate the dimensions of a
rectangular microstrip patch antenna at a particular operating frequency. The operating frequency, a dielectric medium, and
the height of the substrate play a very prominent role in the design of a patch antenna. The simple structure of the printed
antenna is shown in figure 1.

Dielectric
Substrate

Ground Plane

Fig.1. Regular Microstrip Patch antenna Structure.

The rectangular shape for the patch antenna is designed by considering the required mathematical equations. The
width W decides the radiated power and also the bandwidth. Thus, W is required to choose as bandwidth and the power
efficiency are satisfactory. The literature survey showed that 1< W/L < 2. As for the length L, it decides the resonant
frequency.

Generally, for a rectangular shape patch antenna, it needs the length of the antenna, L, to be about half of the
wavelength in the dielectric substrate medium.

—_cC
Lepr = 577 1)

Step I: Patch Width (W5): The patch radiator width is calculated using the below-mentioned equation

Wp = —¢ )

Where, W; = Width of the patch radiator, C= velocity of light,€,.= constant value of the dielectric material
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Step Il: The substrate and air have different dielectric constants values. Effective relative dielectric constant plays
an important role to design a patch antenna. When radiating EM waves go from the patch to the ground plane through
the air (fringing effect) and several through the dielectric substrate material. The effective relative dielectric constant
(Ereff) is:

€r+1

€1
ereffz 2 + -

2

(1+12 Wip)%l @)

Step I11: Patch Length: Because of these fringing fields, the electrical length of the antenna is increased by a value
of (AL). Therefore, the actual patch size is increased and it is calculated by using the below equation.

Leff = LP + 2AL (4)
wp
AL = 0.412p SO0 020D 5)
(Ereff_o-zsg)(T'H)-S)
Where h= substrate height.
The length of the radiator is calculated using the equation:
Lp = ————24L (6)
P e ey
Step IV: The ground plane dimensions are calculated using the below equations:
Ly =6h+Lp ©)
W, = 6h + Wp (®)

L, - Length of the ground plane and W= Width of the ground plane width

The standard microstrip patch antenna is constructed at 3.2 GHz, A patch size of the length of 30.7 mm, and width
of 37.05 mm are calculated using equation (1) to equation (8).

The objective of this paper is to design a compact radiating element for printed antennas. To achieve, a size
reduction of the patch antenna, an elliptical patch, and a pentagon slot are introduced in the rectangular patch antenna.
The length of 26.17 mm and the width of 30.3 mm are obtained to achieve a compact radiating element as compared to
a conventional antenna.

5. Design and Analysis of Proposed Antenna

This section describes the evolution of the modified microstrip patch to operate at a frequency of 3.2 GHz. The
geometry of the proposed antenna is compact in size and it is shown in figure 2. The antenna is modelled on Rogers
RT\Duroid 5880(TM) substrate (er=2.2, tan 3=0.0009) of 1.7 mm thickness. A 50-Ohm coaxial cable transmission line
is used for the excitation. A fabricated prototype of the proposed antenna is shown in Fig. 3. Initially, the antenna
dimensions were calculated by using mathematical equations, optimization technique is used in HFSS Simulator to
reduce the size of the antenna. The objective of this paper is to reduce the size of the standard rectangular patch antenna
at 3.2GHz and gain enhancement as well. Antennal is designed to radiate at 3.2GHz. Figure 4a shows the return loss of
antennal is -12.48 dB at 3.29 GHz.

The antenna? is evaluated by adding an elliptical-shaped strip at the edge to Antennal to improve the return loss at
the operating frequency. Figure 4a shows the return loss of the antenna2 is -12dB at 3.24 GHz. Further, to improve the
impedance matching, the antenna3 is designed by etching a pentagon slot at an appropriate position. Dimensions of
pentagon slot and elliptical patch are optimized Ansys HFSS tool. Here Pentagon slot acts as a capacitor and the
elliptical patch acts as an inductor. This combination gives a resonant equivalent circuit at a 3.2 GHz frequency with a
minimum return loss of -30.85dB. These facts have given a patch size of 30.3>26.17 mm? with a coaxial feed line. This
compact antenna resonates at 3.2 GHz. The VSWR value of the proposed antenna is plotted in Fig. 6. The proposed
antenna geometry parameters are shown in table 1.

Table 1. The proposed antenna dimensions and its values

Parameter Symbol Calculated value
Width of Ground Wg 49.72mm
Length of Ground Ls 43.02mm
Height of the substrate h 1.7mm

Length of the patch Lp 30.3mm

Width of the patch Wp 26.17mm

Major radius of the ellipse, axial ratio R,AR 16.5mm,0.1mm
Pentagon slot length Lps 4mm
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Fig.2. Evalution of proposed Antenna a)Antennal b) Antenna2 c) Antenna3 (proposed)  d)Side view

6. Antenna Testing and Analysis

Figure 3 shows the snapshots of the fabricated prototype of the proposed antenna at 3.2 GHz for WiMAX 5G
applications, the measured reflection coefficients are tested using a vector network analyzer (Agilent Keysight E5071C).
The simulated return loss result of the proposed antenna is shown in figure 4a. The measured results of the reflection
coefficient are shown in figure 4b. It is found that the measured result is agreed with the simulated result. From this, it
concludes the quality of the fabricated prototype. The simulated results show the return loss of -30.5dB with a
bandwidth of 130MHz. The experimental results show a return loss of -20 dB with a bandwidth of 150MHz. This
bandwidth is sufficient at a 3.2 GHz frequency application.
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Fig.4. a) Simulated results with different patch iterations b) Measured values return loss at 3.2 GHz

The proposed antenna parameters are compared with previous antenna parameters in below table 2.

Volume 12 (2022), Issue 5 39



Design and Analysis of an Elliptical Edge with Pentagon Slot Patch Antenna for 5G Applications

Table.2.shows the comparison between previous and the proposed article.

References Return loss(dB) Gain (dBi) Bandwidth(MHz)
In this papers -20 6 150
[4] -23.6 5 300
[13] -18.27 NA 59.3

Figure 5a shows the peak gain of the proposed antenna with Phi=0 is 4.6dBi at 3.2 GHz frequency. The
experimental peak gain of the proposed antenna is 6.08dB, which is shown in figure 5b. The 2D radiation pattern of the
proposed antenna is a directional radiation pattern in E-plane. The radiation pattern is symmetrical around Z-direction
(perpendicular to the azimuth plane) as an antenna radiating maximum along Z-axis.
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Fig. 5. a) Simulated Radiation pattern at 3.2GHz (Phi=0) b) Measured Radiation pattern at 3.2GHz (Phi=0)

Figure 6 shows the VSWR plot. The VSWR value is 1.06 at 3.2 GHz frequency, it is clear that the proposed
antenna VSWR value is close to the ideal VSWR value of 1. VSWR gives the information between the input impedance
of the antenna and characteristic impedance of the transmission line, when both are equal then the maximum energy
exchanged between the antenna and source via a transmission line.
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Fig.6 VSWR plot Vs frequency (GHz)

7. Conclusion and Future Scope

The novel modified rectangular patch antenna has been introduced in this paper with a pentagon slot and elliptical-
shaped patch for WiMAX sub-6G band 5G applications. The pentagon slot and elliptical strip combination act as a
resonant equivalent circuit at 3.2GHz frequency, it offers a minimum reflection coefficient value of -20dB and covers a
bandwidth of 150 MHz. The proposed planar antenna is simple and compact in size. The antenna generalized
parameters like reflection coefficient, gain, efficiency, and impedance bandwidth are acceptable and within range. The
experimental and simulated results are matched well. The antennas show a gain of 6dB in the E-plane and H-plane.
Hence, this prototype can be suitable for WiMAX 5G applications in S-band. In the future, this antenna can be
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implanted for dual, triple-band applications by introducing slots, slits, and parasitic elements, and the MIMO antenna
design is also possible.
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