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ABSTRACT: This project presents the design of a polarization rectangular micro strip patch antenna for multiband 5G
communication. Nowadays, the polarization reconfigurable micro strip patch antenna is one of the excellent candidates
for portable wireless device. Simply because of its low profile, light weight, and low cost. However the requirement of
polarization bandwidth is becoming greater in present wireless communication system. This frequency is presented for
wireless application band which is covering from 2GHZ to 12GHz and 28GHz to 38GHz.There are several steps to
design this antenna including determining the antenna specific characteristics, antenna simulation construction and
antenna analysis. The EM (electro magnetic) simulation of the filter design was completed on high frequency structure
simulator software and fabricating on FR4 substrate by using the etching process. The design is formed on FR-4 Epoxy
material used as a dielectric material with its dielectric constant= 4.4 and thickness of 1.5mm. After fabricating the
MSA, the fabricated results were taken and are shown within the report. The proposed antenna makes the fabrication
process easy and also suitable for the application in the multiband communication.

KEYWORDS: Reconfigurable patch antenna, p-i-n diodes, x-shape slot antenna.
I. INTRODUCTION

Polarization reconfigurable antennas are attractive for many researches in wireless communication and also rapid
development in mobile communication. It can be expands the capability of communication system. In this
reconfigurable multifunctional antennas despite being single and compact.

A polarization reconfigurable dielectric resonator antenna (DRA) fed by a compact coplanar waveguide (CPW)-to-slot
line feeding structure of the vertical and horizontal polarizations of the DRA are excited by CPW feed and slot line feed,
which are switched by two p-i-n diodes [1].
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Figl the geometric proposed antenna
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Fig 1.1 substrate model

This proposed antenna has the merits of concise Structure and low cost and supports wide applications in wireless
communication systems [2]. Good directivity and about 6.5dB gain are obtained in past literature [3]. A novel
reconfigurable microstrip antenna with radiation pattern selectivity and polarization diversity is presented by
controlling the two states of switches [4]. The authors introduce the utilization of ferromagnetic compounds into an
antenna design and investigate the capability of controlling the antenna properties by means of an external magnetic
field and also patch antenna design with a part of the dielectric substrates replace by Y1G compound in past literature
[5]. In this paper a single feed reconfigurable polarization printed monopole antenna is presented. The proposed antenna
consists of a monopole patch and a narrow L-shaped slot created on a ground plane. Good omnidirectional pattern is
achieved through this design [6].

Some system a linear-polarization (LP)/circular-polarization (CP) switchable reconfigurable antenna using a Radio
Frequency Micro- Electro-Mechanical-System (RF-MEMS) switch is proposed and a novel package platform is
introduced [7]. The AR bandwidth of the antenna can be further improved by increasing the substrate thickness, which
may help reduce the sensitivity of its performance to fabrication tolerances [8]. In this two polarization are orthogonal
to each other at the same frequency is used [9].

The computed return loss for each case is better than 10dB over the 2.4-2.484GHz frequency range [10].

In this communication, to present the design of a single feed rectangular microstrip antenna with reconfigurable
polarization capability and to analyze its simulation results. The basic structure utilizes an X shaped slot at the center of a
rectangular cross-shaped patch. The X shape is chosen to induce symmetric current distributions for TM10 and TMO01
modes as well as to obtain greater area reduction [13]. The polarization can be switched between CP (LHCP&RHCP)
and LP (Horizontal & Vertical) by changing the shape of the slot according to the ON or OFF state of the PIN diode
without changing the geometrical parameters and is devoid of any impedance matching. Furthermore the antenna has
an added advantage of reduced size with low levels of cross-polarized radiation in LP state and CP state.

In addition, the antenna is simple because it requires only four PIN diodes as well as less area to occupy the patch and
dc-bias circuit compared to conventional polarization diversity antennas available in literature.

Il. ANTENNA GEOMETRY

The geometry of the proposed antenna is shown in Fig. 1.1. The antenna is fabricated on a substrate of thickness h (1.6
mm) and relative permittivity er (4.4). An X-slot of arm length Ix mm and width wy is then carved at the center of the
cross patch. The antenna is coupled using a 50 Q microstrip line fabricated using the same substrate material. The
dimension of the ground plane is 100x100 mm?. Four PIN diodes are inserted into the center of the slot is oriented
normal to the feed line. There is a printed crossed section in the center of the X-slot that connects both the diodes to the
patch. For the proper biasing of the diodes, three narrow slot lines are carved in the patch.

Three small SMD capacitors C1, C2 and C3 are soldered at these slot lines which block the dc bias current as well as
provide good RF continuity. The PIN diode requires a bias voltage of 1.1 V which is supplied from a battery through
chip inductors. The dc bias circuit, used to control the ON/OFF state of diodes, is located on the right side of the patch.

I1l. RESULTS AND DICUSSION

Table 1 Switching condition

Antenna DI D2 |D3 D4 Type of Polarization
1 ON OFF [ON OFF Horizontal
2 OFF ON [OFF ON Vertical
3 OFF ON [ON OFF RHCP
4 OFF ON [ON OFF LHCP

1JIRCCE©2021 |  AnISO 9001:2008 Certified Journal | 1107


http://www.ijircce.com/

International Journal of Innovative Research in Computer and Communication Engineering
i | e-1SSN: 2320-9801, p-1SSN: 2320-9798| www.ijircce.com | [Impact Factor: 7.488 |
Boa
|| Volume 9, Issue 3, March 2021 ||
| DOI: 10.15680/IJIRCCE.2021. 0903097

The fundamental resonant modes (TM10 and TMQ1) of the un-slotted cross shaped patch are (2-3) GHz with
orthogonal polarizations. The appropriate selection of the slot size modifies the horizontal and vertical electrical lengths
of the patch equally so that the two resonant frequencies are lowered to 2.32 GHz and 2.39 GHz. The simulated surface
current distribution of the cross patch antenna with X-slot is depicted in Fig. 2. It is well evident from the figure that the
insertion of the slot increases the current path thereby lowering the resonant frequency. The X- slot length is optimized
to achieve maximum area reduction using Ansoft HFSS. The antenna exhibits good radiation characteristics for both
resonant frequencies with an area reduction of 77% and 64% for the first and second frequency respectively when
compared to a standard rectangular patch operating at the same frequencies. Four PIN diodes are inserted at the center
of the X-slot to achieve the reconfigurable polarization capability. The orthogonally polarized tri frequency cross patch
antenna can be reconfigured for different polarization with respect to the bias voltage applied to the diodes. The bias
circuit consists of three dc block capacitors, RF chokes, two switches and input voltage. The dc bias lines are connected
to the patch through RF chokes. The ON state of the diode is represented by a series resistor, R=1.35 Q, while the OFF -
- state is represented by a capacitor of C=0.35 pF. Three dc block capacitors of C=33 pF are chosen to isolate the RF
components from the dc signal and RF choke inductor isolate the RF signal from flowing into the dc signal. The
ON/OFF states of the diodes are controlled with respect to the potential applied to the terminals, which is described in
Table I.
Antenna feeding is a very important design factor and it directly affects antenna properties, system level performance,
and realistic prototyping. Among many feeding methods, three are more suitable for slot antennas. The three feeding
methods are

e  Simple probe

e Coplanar Waveguide (CPW)

e  Microstrip Line (ML) feed
Finally the microstrip line feed is used because it is simple and ease in matching .The slot antenna geometry is as follows:
the ground plane is backed by a cavity filled with a substrate with require relative permittivity. Ansoft's High Frequency
Structure Simulator (HFSS) was used to design and study antenna properties.
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Fig 2(a)

Fig 2(b)
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Fig 2(d) Gain dB
Fig 2.Simulated vector field current distribution for both vertical and horizontal polarization of an antenna at 2-3 GHZ

A vector field is an assignment of a vector to each point in a subset of Euclidean space. A vector field in the plane, for
instance, can be visualized as a collection of arrows with a given magnitude and direction each attached to a point in
the plane.
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Fig 3.Simulated magnetic field current distribution for both vertical and horizontal polarization of an antenna at 2-3
GHz

When a current field represents force, the line integral of a current field represents the work done by a force moving
along a path, and under this interpretation conservation of energy is exhibited as a special case of the fundamental
theorem of calculus.

The return loss is another way of expressing mismatch. It is a logarithmic ratio measured in dB which compares the
power reflected by the antenna to the power that is fed into the antenna from the transmission line. The relationship
between SWR and return loss is given as follows:
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Fig 4. Return Loss
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Voltage Standing Wave Ratio (VSWR) is a measure of how well an antenna is matched to the
transmission line it is connected to.
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The energy radiated by any antenna is contained in a transverse electromagnetic wave that is comprised of an electric
and a magnetic field. These fields are always orthogonal t o one another a nd orthogonal to the direction of
propagation. The electric field of the electromagnetic wave is used to describe its polarization and hence, the
polarization of the antenna. In general, all electromagnetic waves are elliptically polarized. In this general case,
the total electric field of the wave is comprised of two linear components, which are orthogonal to one another. Each of
these components has a different magnitude and phase. At any fixed point along the direction of propagation, the total
electric field would trace out an ellipse as a function of time. This concept is illustrated in Figure 6, where, at any
instant in time, Ex is the component of the electric field in the x- direction and Ey is the component of the electric field in
the y-direction. Generally the polarization is categorized into two types such as
1. Linear polarization
Horizontal and Vertical polarization
2. Circular polarization
Left hand side and right hand side polarization

Fig 7.Radiation pattern for LHCP

IV. CONCLUSION AND FUTURE WORK

A reconfigurable microstrip patch antenna with switchable slots for polarization diversities has been presented in this
communication. The antenna can produce both linear and circular polarization by controlling the bias conditions of two
PIN diodes. The proposed design achieves a cross polar level better than-10 dB in both linear and circular polarization
broadside radiation characteristics and moderate gain. The first phase is study and understands the parameter that
showed the behavior and how it can be used and interfaces with other circuit. The microstrip patch antenna consist four
major parts: the conductive patch, the dielectric substrate, the ground plane and the feed line. The most widely used
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patch conductive for low cost, low-profile patch antenna is coppers. To design and simulate patch antenna by using high
frequency structure simulator. There are three methods that are widely used in the analysis, design, and modeling of
patch antenna is transmission, cavity and full-wave models.

In future, we are going to fabricating patch antenna by using FR4. To test and analyze patch antenna by using signal
generator, network analyzers and etc.
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