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Abstract: In this paper, a 4G and 5G microstrip patch antenna (MSPA) design and
performance analysis for fifth-generation communication systems is presented. The antenna
is designed using FR-4 substrate material with thickness of 1.1 mm, and dielectric constant
(er) of 4.3.This antenna is previewed to operate at 4.2 GHz for 4G and this will also be used
with 28 GHz for 5G. Analysis was conducted using CST (Computer Simulation Technology)
simulator. The simulation results are shown for these frequencies. This is explained including
their respective bandwidths, HPBWSs and gains. Tested antenna shows a good gain of 4.38dBi
at 4G frequency of 5GHz and an excellent gain of 7.85dBi for 5G frequency at 27GHz.
Results are enabling this antenna for 4G and 5G network mobile application.
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1- INTRODUCTION
Nowadays, wireless communications sector is one of the most vibrant areas in the
communication field. While it has been a topic of study since the 1960s, the past decade has
seen a surge of research activities in the area [1]. This is due to a confluence of several
factors. First, there has been an explosive increase in demand for tether less connectivity.
This is driven so far mainly by cellular telephony but expected to be soon eclipsed by
wireless data applications.

Secondly, the dramatic progress in VLSI technology has enabled small-area and low-power

components of sophisticated signal processors. Algorithms and coding techniques are widely
implemented. Third, the success of second-generation (2G) as digital wireless standards, in
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particular, the 1S-95 Code Division Multiple Access (CDMA) standard, provides a concrete
demonstration of good ideas from communication theory [1].

The research thrust in the past decade has led to a much richer set of perspectives and tools
on how to communicate over wireless channels, and the picture is still very much evolving [
2]. This can have a significant impact in practice. The antenna is one of the critical
components. The wireless systems include a large variety of different kinds, such as radar,
navigation, landing systems, direct broadcast TV, satellite communications, mobile
communications and so on.

All radio communications involve propagation through the lowest region of the space. For at
least a part of the signal path, the waves have to travel through the troposphere. In this
environment, radio waves will be influenced by different phenomena, such as refraction,
scattering, and ducting. These tropospheric conditions are rarely significant below 30 MHz,
but from 50 MHz upward, they play a very important role [3].

Most of the long distance communications on VHF, UHF, and microwave frequencies are the
result of troposphere propagation properties. These properties are much more dependent on
the weather than on solar activity and geomagnetic indices[3].

A good design of the antenna can relax system requirements and improve overall system
performance. An antenna could be as large as 100m by 100m for radio telescope or as small
as the order of centimeters in built-in handsets [2].

All of them play an important role in science and daily life. Today we enjoy much benefit
from wireless, and the significant contributions of antennas should not be underestimated
[2.4].

Basically, an antenna is an electromagnetic transducer, used to convert, in the transmitting
mode, guided waves within transmission lines to radiated free-space waves. Communications
in the VHF range and higher are also possible beyond the line-of-sight limit. Only in the
vacuum of space will our radio waves essentially travel in straight lines, but in terrestrial
environments, even in our troposphere, conditions are different. In the troposphere, we have
phenomena that cause signal refractions, such as sub-layers in the air with dropping
temperatures, pressures, and humidity levels. The properties change with increasing altitude
and result in different refraction indices[3].The troposphere can refract and bend our waves in
a way comparable to what of the ionized layers do in the ionosphere. Naturally, we have both
average and exceptional conditions. Under average conditions, refractions toward earth are
sufficient to extend the radio horizon by a factor of 1.15 up 1.3 times over the in-sight
horizon [3].

When exceptional and unusual conditions exit, troposphere refraction can extend that range
significantly. For VHF frequencies and higher, do not under-estimate the role played by
antenna height as an added factor in extended-range communications or to convert, in the
receiving mode, free-space waves to guided waves[3].

In 1886, Hertz demonstrated the first wireless electromagnetic system. In 1901, Marconi
succeeded in sending signals over large distance from England to Newfoundland. Since
Marconi’s invention, through the 1940s antenna technology was primarily focused on wire
related radiation elements and their operation frequencies up to about UHF. It was not until
World War Il that modern antenna technology was born and new elements, such as
waveguide aperture, named horns, reflectors, lenses, etc. were first introduced [2].
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Much of the development work in microstrip antennas has thus gone into efforts to overcome
these problems so as to satisfy increasingly stringent system requirements. This effort has
resulted in the development of novel microstrip antenna configurations and the development
of accurate and versatile analytical models for the understanding of the inherent limitation of
microstrip antennas, as well as for their design and optimization. The good marriage between
signal processing and electromagnetics results in a signal processing antenna that makes use
of the all information on the aperture completely and adaptively [6].

This kind of antenna is capable of generating independently controllable multibeam and may
be thought of as a smart antenna. The digital beamforming

(DBF) antenna is a good solution to this purpose and the microstrip antenna is a good
candidate to serve as the antenna element [7, 8].

2- S- Parameters

Scattering parameters describes the input-output relationships between ports in an electrical
system. Specifically at high frequency it becomes essential to describe a given network in
terms of waves rather than voltage or current. Thus in S-parameters we use power waves[10].
In a linear electrical system, the scattering parameters describe how incident power is either
reflected or transmitted at a boundary. In a 2—port measurement, four scattering parameters
can be measured by sending a signal from Port 1 to Port 2 and from Port 2 to Port 1: S11,
S21, S12, and S22 which describe the reflected power in Port 1, the transmitted power from
Port 1 to Port 2, the transmitted power from Port 2 back to Port 1, and the reflected power at
Port 2, respectively [5]. Measuring the S11 and S22 parameters is equivalent to measuring the
mismatch in electrical impedance at the boundary[5].

3- Methodology
Insects are quite sensitive to external stimuli, such as odor, sound, and light in order to make
these abilities usable for mankind in terms of analytical tools.
Insects have antennae that are often called 'feelers' because the insect waves them around.[11]
Various antennas forms could be seen in insects as given in the figure(1) below.

w5 - £ Y 4

ARISTATE LAMELLATE SERRATE FLABELLATE MONILIFORM
GENICULATE PLUMOSE PECTINATE
SETACEOUS STYLATE CLAVATE

Figure(1). Shows insect antenna forms
This means they can be very mobile. So, this feature could be retained in order to suggest

similar usable antennas in 4G and 5G mobile networks. The basic form of antenna is filiform.
In this type there are many segments that are more or less equal in size. Filiform antennae are
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seen in a wide variety of groups, such as Dragonflies, Grasshoppers and Crickets, Book Lice,
Biting Lice, Scorpion Flies and Beetles. The length and number of joints varies much
between them [11]. The antennae of insects are modified in many ways. Some of these
modifications just provide greater surface area for sensory receptors, while others are unique
adaptations that bestow special sensory capabilities, such as detecting sound vibrations, wind
speed, or humidity.

The most common antennal type is below:

Plumose - the segments each have a number of fine thread-like branches. This gives the
appearance of a feather e.g. Flies.

From this idea, an antenna was designed similar to one of the types of insect antenna called
(plumose). As shown in the Figure(2).

2

S
X

’

PLUMOSE

Plumose - the segments each have a number of fine thread-like branches. This gives the
appearance of a feather e.g. Flies.
Plumose - the segments each have a number of fine thread-like branches

Figure (2) : Insect antenna.

In the part, we are required to design a patch antenna in CST software as shown in the
figure( 5). We need to perform some assumptions with some given constraints, as the length
and width of the antenna is bound to 15 mm. The antenna was designing on this length to
optimize, its performance and hence obtaining better results. While the widths of the wings of
antenna are given .as shown in the Figure (3) below.
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Figure (3): Design of Antenna in consideration.

The above parameters were given, but some of the measurements were assumed, which are
shown in the Figure below insect antenna plumose.

The widths of the left wings of the antenna are same for the widths of the right side for
symmetry.

The task is to test this antenna at frequencies of 4G and 5G radio mobile networks and find
the associate results like 1D results; S(1,1), S(1,2) , S(2,1) and S(2,2), 2D results; Directivity,
HPBW, Gain .the next point explains the Simulation of antenna.

4- Simulation

An Antenna with some parameters discussed further in the report, is simulated using CST
Studio Suit 2018. CST Studio Suit is also a power full tool along with ‘HFSS’, for antenna
design and simulation. It is capable of performing co-simulations (multiple complex
simulations) and running analyses at once. CST Studio Suite offers a single user interface for
multi solver and multi physics simulation using System Assembly and Modeling (SAM).
HFSS is based on Finite Element Method (FEM) which is more accurate for designing
antennas while CST is based upon Finite Integration in Technique (FIT) and is also popular
among antenna designers

due to ease in simulations.

This model consists of a substrate, Ground and the antenna’s main design, which can be seen
in the figure 4,5,6 below.

The 3D model of this antenna is captured in the figure below.

The design of the antenna consists of Patch (Radiating Element), Substrate and Ground
Plane. The ground plane in the bottom of design, its the copper material was used for this
part. And the part two is substrate, its from FR4 material. And the patch will be on the top, its
from a copper also. As shown in Table 1, the dimensions and thickness of the three parts.
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Figure (6). Radiator part of antenna.

5- Parameters
In addition to the antenna dimensions, some other parameters were also considered which are
listed as follows:

Table 1 Parameters of antenna

Thickness of the h =1.1mm
Substrate

Thickness of the Mt =0.035mm
copper sheet

Substrate: FR4 er =43

Dielectric

Constant

Frequency 4G f4 =4.2Ghz
Frequency 5G f5 =29.51,34.5Ghz
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6- Results and Discussion
In this part presents and discusses proposed antenna characteristics in terms of realized
gain, directivity, performance, and far-field radiation pattern. The CST Studio Suite software
is used to replicate the built patch antenna.

6-1 Testing at 4G network
In this part the antenna was simulated and tested for far-field at frequency ranges of 2GHz to

8GHz and the S-parameters as shows in figure (7):

S-Parameters [Magnitude in dB)
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Figure (7): S-parameters results at 4G frequencies

From the figure (7) above, the convergence of the curves at frequency of 4.2084GHz the
bandwidth of this antenna can be found by cutting the waves at and noting the intersection
points of any of the widest curves of the S-parameters magnitude. Thus, Bandwidth is =
4.4878-3.9006 = 587.2MHz. This bandwidth is quite large for a 4G antenna.

6-1-1 2D plot HPBW
The Half Power Bandwidth and plotted in CST software. And for this particular antenna the

HPBW is at approx. 54° angle, while the directivity of the main lobe at frequency SGHz is at
angle 1° degrees with a gain of 4.38dBi. As shown is the figure (8) below:

Farfield Drectvty Abs (Phe=90)

T80 165

Theta / Degree vs. dBi

Figure(8) : 2D results at farfield frequency of 5GHz
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6-1-2 3D Plot HPBW

Another parameter that is often used to characterize the MSPA is the radiation pattern. It is
the plot of the far-field pattern that shows the angular strength of power radiated from the
antenna.[ 6] It is used to show the directivity and gain of the given antenna at the desired
point in space, given in Figure 15, the directivity, gain, and radiation efficiency are 4.382
dBi, 4.38 dBi, and -15.56 dB (84.44 %) respectively.

Figure (9): 3D Plot results.

6-2 Testing at 5G Network
In this part explain The S-parametric at 5G frequencies for ranges from 27GHz to 37GHz and
are displayed in the following figure(10):
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Figure (10): S-Parametric results for 5G frequencies.

For frequency range from 27-to-31GHz the antenna has a bandwidth of 1.962 GHz at -10dB
Magnitude for S(1,1) at frequency 29.55GHz for -23.3dB. While for the other part this
antenna has 2.198GHz of bandwidth at 34.5GHz frequency and has -26.27dB of magnitude
For the 5G applications, higher bandwidth plays an important role. In this work, bandwidth
achieved is perfect for these applications.

6-2-1 2D plot HPBW

The Half Power Bandwidth is plotted in CST software (Figl0). The directivity and
corresponding frequency, gain and direction of the main lobes are given in this 2D plot as
shown in figure 11.
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Figure 11: 2D HPBW plot of antenna radiations for 5G frequencies.

6-2-2 3D Plot HPBW

Another parameter that is often used to characterize the MSPA is the radiation pattern. It is
the plot of the far-field pattern that shows the angular strength of power radiated from the
antenna.[ 6] It is used to show the directivity and gain of the given antenna at the desired
point in space, given in Figure 18, the directivity, gain, and radiation efficiency are 7.945
dBi, 7.85 dBi, and -6.942dB (93.058%) respectively.

Figure 12: 3D Plot results.

From compared to previous results of the design between 4g and 5g antenna . the result
shows the Values of bandwidth and gain at 5G are better than 4G in this design.

Conclusion

In conclusion a unique shaped patch antenna is designed and simulated using CST Studio
Suit 2018 and is tested at different frequency ranges for 4G and 5G mobile networks. The
simulated results, which have been taken with same thicknesses of the substrate 1.1mm .
Also the results are shown for these frequencies and explained including their respective
bandwidths, HPBWs and gains. This antenna shows a good gain of 4.38dBi at 4G frequency
of 5GHz and an excellent gain of 7.85dBi for 5G frequency at 27GHz. The proposed antenna
is a good candidate for 4G and 5G network mobile application.
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