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Abstract: This project aims to design and implement a low-profile patch antenna for 5G communication application. The
resonating frequency has been chosen as 3.5 GHz for 5G application. Rogers RT5880 (lossy) epoxy material with permittivity
of 2.2 has been chosen for the substrate material which has fire redundant property. The size of the substrate is 60x60 mm.
The proposed antenna is compact Star-Shape radiating patch with defected ground structure, and the feeding technique is
used as strip line feed. This proposed Star-Shaped antenna has been designed, analyzed and simulated by CST microwave
studio, an electromagnetic simulation software. Antenna parameters like S-Parameter, Antenna Gain, Directivity, Efficiency
has been observed and tabulated the results. This proposed Star-Shape antenna is widely used for 5G mobile communication
applications.

L. INTRODUCTION
Modern communication systems require antennas with Narrow bandwidths and smaller dimensions than conventionally possible.
Using different antennas to include all communication bands is a straightforward approach, but at the same time, it leads to
increasing cost, weight, more surface area for installation, and above all electromagnetic compatibility issues Thus, there is the
need for narrowband width antennas. Microstrip antenna is a good candidate for spiral narrowband antenna design due to its
attractive features of low profile, light weight, easy fabrication, and conformability to mounting hosts. A spiral antenna transmits
EM waves having a circular polarization. These features highlight the necessity and significance of the design of spiral antennas.

Il.  ANTENNA CONFIGURATION AND DESIGN CONCEPTS
The Microstrip Feed Line technique is used to design the log-periodic spiral antenna. A conducting strip is connected directly to
the edge of the microstrip patch. The conducting strip is smaller in width as compared to the patch and this kind of feed
arrangement has the advantage that the feed can be etched on the same substrate to provide a planar structure.

Fig. 1 Proposed Antenna Front and Back View

The structured the proposed low-profile log-periodic antenna is shown in Fig. 1. It is composed of three parts: One is the spiral
structured radiating patch, a dielectric substrate and the other is ground plane. To integrate the hybrid spiral structure, microstrip
line feed technique is used in this design. The proposed design makes use of log-periodic spiral structures over an elliptical shape
center patch. The proposed structure has four log-periodic spiral arms. While the parameter values of Feed Line are Feed
length=16.2 mm, and Feed width=2.4 mm. The antenna substrate thickness is t= 0.8 mm. The patch thickness as well as ground
plane thickness is 0.035 mm.
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To achieve Omni directional radiating pattern, the ground plane had to be cut as circle shape. The ground plane is taken cut out
by the circle shape with 35.34 mm diameter.

An SMA connector is used to feed to the feed-line through the ground plane and substrate of the antenna and the antenna
performances such as |S11|, gain and axial ratio when the feed-line is perfectly matched with 50Q2 input impedance.

The substrate between patch and ground plane plays important role in design it decides the bandwidth as well as size of the
microstrip antenna. With increase in dielectric constant both the resonant frequency as well as the bandwidth decreases. So, the
antenna system becomes narrowband. With increase in thickness of the substrate, the fringing increases which decreases the
resonating frequency of the antenna. While parameters like gain, return loss and bandwidth improves significantly. The proposed
antenna makes use of Rogers RT Duroid 5880 substrate. RT Duroid 5880 laminates has a low dielectric constant and low
dielectric loss, making them well suited for high frequency/broadband applications. Rogers RT Duroid has uniform electrical
properties over wide frequency range and has lowest electrical loss for reinforced PTFE material. Rogers RT Duroid is a well-
established material and it is easily cut, shared and machined to shape.
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Fig. 2 Proposed Antenna with Dimensions

I, SIMULATION RESULTS
Simulation enables the use of virtual prototyping. Device performance can be optimized, potential compliance issues identified and
mitigated early in the design process, the number of physical prototypes required can be reduced, and the risk of test failures. The
proposed design is simulated using CST Microwave Studio Suite. CST stands for Computer Simulation Technology. CST
Microwave Studio Suite is a high-performance 3D EM analysis software package for designing, analyzing and optimizing
electromagnetic (EM) components and systems. It is widely used in high-frequency problems due to fast, accurate simulations and
results generation. It is the software used for the design and calculation of the proposed antenna.

A. Return Loss

Return loss is the loss of power in the signal returned or reflected by a discontinuity in a transmission line or optical fiber. This
discontinuity can be a mismatch with the terminating load or with a device inserted in the line. Return loss is related to both standing
wave ratio (SWR) and reflection coefficient. Reflection coefficient shows what fraction of an incident signal is reflected when a
source drives a load. A high return loss is desirable and results in a lower insertion loss. The negative sign is dropped from the
return loss value, so a large value for return loss indicates a small reflected signal. The return loss of a load is merely the magnitude
of the reflection coefficient expressed in decibels.

The equation for return loss is “-20 x log [mag(I")]”. The return loss of the proposed design is -29.758 dB at a center frequency of
3.5 GHz. Lowest value of return loss which represents the maximum coupling of the antenna. The proposed antenna performs well
in return loss results (S11>-10dB).
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Fig. 3 Simulated Response of S-Parameter

B. Voltage Standing Wave Ratio (VSWR)
VSWR or sometimes just Standing Wave Ratio (SWR) is a measure of how well matched an antenna is (in terms of impedance) to
the transmission line it connects to. If the reflection coefficient is given by I, then the VSWR is defined as in equation.
The VSWR is the ratio of the maximum and minimum voltages on the transmission line connected to the antenna, and it follows
directly from the reflection coefficient, When the proposed antenna performs well and satisfies the required the conditions as
VSWR < 2.
The VSWR value in the existing microstrip antenna is 1.0672 at a resonant frequency of 3.5 GHz. In this case the feed line has no
loss, and matches both the transmitter output impedance and the antenna input impedance, so the maximum power is delivered to
the antenna.

Voltage Standing Wave Ratio (VSWR)
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Fig. 4 Simulated Response of VSWR Plot

C. Farfield Radiation Patterns

The fields radiated by antennas of finite dimensions are spherical waves. Far-field region is defined as that region of the field of an
antenna where the angular field distribution is essentially independent of the distance from the antenna. If the antenna has a
maximumt overall dimension D, the far-field region is commonly taken to exist at distances greater than 2D?/A from the antenna, A
being the free space wavelength. An antenna radiation pattern or antenna pattern is defined as “a mathematical function or a
graphical representation of the radiation properties of the antenna as a function of space coordinates.

The radiation pattern is three-dimensional, but usually the measured radiation patterns are a two-dimensional slice of the three-
dimensional pattern, in the horizontal or vertical planes. These pattern measurements are presented in either a rectangular or a
polar format. In the most common case, antenna radiation patterns are determined in the far-field region. In the far-field region of
any antenna the radiated field takes a particularly simple form. The radio signals radiated by an antenna form an electromagnetic
field with a definite pattern, depending on the type of antenna used. This radiation pattern shows the antenna’s directional
characteristics. A vertical antenna radiates energy equally in all directions a horizontal antenna is mainly bidirectional, and a
unidirectional antenna radiates energy in one direction.
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D. Gain

Gain of an antenna is defined as the ratio of the intensity, in a given direction, to the radiation intensity that would be obtained if the
power accepted by the antenna were radiated isotopically, gain of the antenna is closely related to the directivity, it is a measure that
takes into account the efficiency of the antenna as well as its directional capabilities. Antenna gain is defined as antenna directivity
times a factor representing the radiation efficiency. Antenna gain can also be specified using the total efficiency instead of the
radiation efficiency only. This total efficiency is a combination of the radiation efficiency and efficiency linked to the impedance
matching of the antenna.

The proposed spiral antenna achieves gain of 4.32 dBi at resonance frequency of 3.5 GHz as shown in fig. Gain is a key
performance number which combines the antenna’s directivity and electrical efficiency. The far field gain polar plot of the
proposed antenna is shown in Fig. 5. The angular width of main lobe at 3 dB is 68.4 deg.
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Fig. 5 Far-field Gain Polar and 3D Plot

E. Directivity
Farfield Directivity Abs (Phi=90)
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Fig. 6 Far-field Directivity Polar Plot
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The ratio of maximum radiation intensity of the subject antenna to the radiation intensity of an isotropic or reference antenna,
radiating the same total power is called the directivity. The antenna whose performance is being observed is termed as subject
antenna. Its radiation intensity is focused in a particular direction, while it is transmitting or receiving. Directivity is the measure of
the concentration of an antenna’s radiation pattern in a particular direction. Directivity is expressed in dB. The higher the
directivity, the more concentrated or focused is the beam radiated by an antenna.

The directivity of the proposed spiral antenna is shown in Fig. 6. The directivity value achieved by the proposed design is 4.38
dBi. The isotropic antenna is used as a common reference, even though no isotropic antennas exist. The far field directivity polar
plot is shown in Fig. 6. A higher directivity also means that the beam will travel further.

F. E-Field

The E-field at a point in space is a measure of how strong the force would be on a unit point charge (a small sphere with an electric
charge of 1 Coulomb on it). Hence, the units of the E-field are Newtons/Coulomb [N/C]. These units are equivalent to VVolts/meter
[V/m], which is what the E-field is commonly quoted in (for instance, 10 VV/m). The E-field is a vector quantity - this means at
every point in space it has a magnitude and a direction. This is the E-field of a plane wave travelling in the +z-direction, and the E-
field is linearly polarized and 'points' in the y-direction (k is the wavenumber). The E plane will dictate whether the linear
polarization is horizontal or vertical. The amplitude of the wave is A Volts/meter. Fig, shows the Far field Electric Field plot of the
proposed antenna.
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Fig. 7 Far-field Electric Field Plot

G. H-Field

The H-field is a vector quantity (has a magnitude and direction) and is measured in Amps/Meter [A/m]. An H-field curls (or
wraps) around a wire of moving charge. an H-field can't be defined as a force per unit magnetic charge in the way an E-field can
be defined. However, magnetic dipoles do exist (magnets) which have a positive and negative end (or North and South). The
magnetic field lines travel away from the North side and terminate on the south side. Fig. 8 shows the Farfield Magnetic Field plot
of the proposed antenna. The H-field is orthogonal to the direction of propagation in a plane wave, as well as perpendicular to the
E-field. It is the interaction of the E-field with the H-field in space that allows for wave propagation.
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Fig. 8 Far-field Magnetic Field Plot

H. Radiation Efficiency

The surface integral of the radiation intensity over the radiation sphere divided by the input power is a measure of the relative
power radiated by the antenna, or the antenna efficiency. Material losses in the antenna or reflected power due to poor impedance
match reduce the radiated power. The proposed antenna has radiation efficiency of 98.662%.
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Fig. 9 Radiation Efficiency Plot

IV.  CONCLUSION
Microstrip antenna has led to many applications in the real world due to its low-profile feature. The star shaped patch antenna has
been designed and simulated by using the electromagnetic software CST Microwave Studio Suite. The proposed patch yields
desirable results throughout the operating frequency range. The proposed patch antenna achieves a good return loss (-29.758 dB),
VSWR (1.0672), good gain (4.32 dBi), good directivity (4.38 dBi) and narrow band-width at 3.5 GHz that determine a long range
of operability. Also, it achieves 98.662% radiation efficiency. This proposed microstrip patch antenna design is well suited for
fixed mabile service applications.
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