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Abstract The research article demonstrates the unconstrained optimization of
planer rectangular micro-strip patch antenna for 5G communications. Proper dimen-
sions of the antenna were adhering as per the accord and analogy of theoretical
concept and adapted. The proposed antenna design is for the operation of the 5G
band, especially at 25 GHz. The design of the antenna and its simulation are done on
antenna simulation software and are optimized to have better return loss, transmis-
sion efficiency, directivity, and gain. For the entire band of operation of frequency
as keen obtained results from the simulation are found close agreement with those
obtained theoretically is unprecedented.
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1 Introduction

Factually, in this modern contemporary word, wireless transmitting devices archival
now becomes compact in size and useful for different aspects of applications like
IoT, artificial intelligence, mobile communication, and satellite communication and
5G networks. One of the significant challenges in wireless communication is the
lack of frequency bandwidth as numbers of users are increasing day by day [1, 7].
To allay this problem, concept of millimeter wave technology and use description,
which works on three different frequency bands 3300-3600 MHz, 24.25-27.5 GHz,
and 27.5-29.5 GHz, is to fulfill the high data rate requirements of users that leads
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Table 1 Antenna design parameters

A. Kaur et al.

Parameters Operating Dielectric constant | Substrate material | Loss tangent
frequency

Values 25 GHz 22 Rogers RT duroid | 0.009

Parameters Height of Length of Gnd Width of Gnd Length of Patch
substrate (Lg) (Wg) Lp)

Values 1.6 mm 12.46 mm 14.34 mm 2.86 mm

Parameters Width of patch Feed line length Feed line width Impedance of
(Wp) (Lfl) (WAl) patch

Values 4.74 mm 2.156 mm 0.453 mm 1440hm

to challenging network design requirements. Apparently, in this type of structure,
it is necessary to integrate high radio frequency design into a single antenna with
a high degree of compactness [2, 9]. So, perusal based on network requirements
needed for 5G, an antenna with less weight, small in size, and compatible with
microwave circuits are highly regarded. Gravely planer rectangular micro-strip patch
antenna plays a remarkable and veteran role in wireless communications [3]. The
geometric shape of a micro-strip antenna consists of a radiating element on the
dielectric substrate and a ground plane on the other side [13, 14]. There are several
categories of the micro-strip patch antenna depending upon the shape of the patch,
for example, the circular, square, triangular, and semicircular. However, the most
common from all is rectangular patch antenna, as oratory [4, 8].

2 Micro-strip Antenna Design

A gambit rectangular micro-strip patch antenna for 5G applications is proposed in this
article. The antenna has dimensions of 4.74 mm wide and 2.86 mm in length, which
is very small in size. Substrate material used for antenna configuration is Rogers
RT 5880 with a thickness of 1.6 mm, the dielectric constant of 2.2, and having a
loss tangent of 0.0009. The antenna is simulated using antenna simulation software,
and antenna performances are analyzed in terms of S-parameter, VSWR, gain, and
radiation pattern and directivity. The proposed antenna is suitable to be operated in
the frequency range of 5G communication, especially 25 GHz [5, 6].

In Fig. 1, proper validation and hypothesis of mathematical expression are taken
care of cautiously and emphasized while designing the length and width of the
antenna [10]. The impedance of the antenna is calculated certainly with the help of
the transmission line concept. In Fig. 2, the width and length of the transformer are
correctly matching the impedance of the patch by keeping cognizance with the port
of 50 © [15-16].
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4.74 mm

Fig. 1 Proposed antenna design top view

Fig. 2 Proposed antenna design patch, feed, and its excitation

Designing the antenna resonating frequency Fr, substrate dielectric constant and
height of substrate h should be known utter. Synthesis of the wavelength of the
antenna done by using the articles [10-12] (Table 1).
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3 Result and Discussion

Consequently, the above antenna is designed in an antenna simulation software, and
another performance parameter, including return loss, is verified with the help of a
vector network analyzer (VNA). Performance parameters like gain voltage standing
wave ratio and impedance of the antenna are simulated and reported using the soft-
ware itself. One of the factual parameters which define the reflection coefficient or
return loss of the antenna is shown in Fig. 3. Antenna design parameters are also
listed in table [1-3]. Results obtained after the simulation are discussed as follows.

3.1 Return Loss

Reflection coefficient of any antenna as a performance parameter is defined by the
equation of reflection coefficient. Where Zin is input impedance of the antenna and
Zo is the impedance of transmission lines. Typical values of reflection coefficient are
in between zero and one. Maiden, Fig. 3 depicts the efficacy efficiency return loss
of rectangular patch antenna in dB. The scattering parameter analysis is quintessen-
tial for micro-strip antenna because it represents the loss of power reflected by the
antenna. As per the theoretical analysis, this ratio value should be zero, and practi-
cally, it should be less than —10 dB as it complies in the design. It also reveals the
operating bandwidth of the antenna, extensively from graphs, and it is evident that
for operating frequency at 25 GHz, the value of significant return loss is less than —
15 dB. From the graph, it can also be purportedly stated the antenna resonates for
frequency 23.3-26.9 GHz with return loss less than —10 dB. The value of return
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Fig. 3 Return loss of antenna in dB
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Fig. 4 Proposed antenna 12
design patch, feed, and its
excitation
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loss for frequency 23.3 GHz is —10 dB, and till 26.9 GHz, it is —10 dB. With an
important attribute, it is evident that the operating range of antenna would prevail at
3.6 GHz [26.9-23.3 GHz].

3.2 Voltage Standing Wave Ratio

Intuitively appealing voltage standing wave ratio (VSWR) inward is a function of
reflection coefficient which is given in equation \ref{abc}, and it is defined in equation
number \ref{abcl}.

In antenna, maximum power can transfer if antenna transmission line impedance
matches the load impedance. The voltage standing wave ratio elicited and shows the
impedance matching of the source with the load. The ideal value of VSWR should
be unity. Figure 4 illuminates the VSWR vs. frequency response of the proposed
antenna. It is found that VSWR for operating frequency 25 GHz is around 2 (2.88).
Deficiency in VSWR is due to the disclaimer of the extended length of the patch.

3.3 Gain of Antenna

Figure 5 illustrates the solemn rectangular plot between the gain and directivity of
proposed design and frequency in terms of GHz. It is perceived that gain should be
more than 3 dB; graph cohesion shows that for the value of theta from —180 to 4180,
the highest value of directivity and gain is achieved for the proposed antenna which
is around 4.7 dB at phi zero. Gain and directivity of the antenna, which come from
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Fig. 5 Plot of directivity 50
and gain versus frequency
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the simulated result and measured gain at a different frequency, especially when the
return loss is minimum, are vetted. It is clear from Fig. 5 that gain and directivity
vary from 3.94 to 4.83 dB over the frequency range from 23.3 to 26.9 GHz.

3.4 Polar Plot Radiation of Proposed Design
A dominant gain in terms of the polar plot of the proposed design is shown in Fig. 6.

Fig. 6 Polar plot of
proposed antenna
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Fig. 7 Radiation pattern
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From Fig. 6, this can be quoted that the antenna is stunning directional in nature,
and maximum radiation is in the direction of phi = 0°. The antenna also radiates
its maximum in the direction of theta —30 to 30°. The value of the maximum gain
elicited is around 4.47 dB readily. It is exciting, and up to the discretion of the reader
to note that in the proposed antenna, there is the very bare value of power which is
radiated in the back lobe, most of the power is transferred in the main lobe.

3.5 3D Radiation Pattern

Figure 7 shows the 3D radiation pattern of the proposed antenna. The discreet 3D plot
shows the relation of strength of EM waves originated from the antenna is contiguous
and to the source concerning values of theta and phi. As it is ought, antenna to radiate
in one direction is buoyed.

Figure 8 displays the relation of radiated power and efficiency of the proposed
design versus frequency of the operation. As stated earlier in the discussion and
ascertain of return loss, the frequency of operation of the antenna is between 23.3
and 26.9 GHz. Insofar as the plot of radiated power and frequency is consider is
taken between these ranges only. It is quoted that the radiated power of the antenna
in between the ranges of 23.3-26.9 GHz is adequate and plenary. Notably, the radiated
power is maximum at the frequency of resonance, i.e., around 25 GHz efficiently. An
essential parameter of the transmitting antenna is its efficiency, and from Fig. 8, it is
observed that in the operating range of 23.3 and 26.9 GHz, efficiency of the antenna
is more than 90%.
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4 Conclusion

Consequently and unanimously, it is unveiled that a planer rectangular micro-strip
antenna is designed for 5G wireless applications that efficiently operate from 23.3
to 26.9 GHz frequency band. All the performance parameters are also in accord
and harmony with the theoretical concept. Radiation efficiency, gain, and the radia-
tion pattern are the prominent performance of the proposed design. Eventually, it is
speculated that the proposed antenna could be used efficiently for a higher frequency,
especially for 5G in the range of the Ku band, as the antenna has suitable performance
parameters for radiation purposes.
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