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ABSTRACT

In this project, A reconfigurable antenna is designed by using the CST Studio by changing multiple
frequencies. In this project, we designed a reconfigurable antenna and used three pindiodes as switches
to obtain different resonant frequencies. The feature of reconfigurability is attained by using Pin
Diodes. In this design, we take a 3pin diode. The proposed Antenna can operate on different
frequencies i.e., 2GHz, 11GHz with the efficiency of 90% and more at different conditions of the
diodes the proposed antenna is used for the following applications: aeronautical radio navigation [4.3
GHz], AMT fixed services [4.5 GHz], WLAN [5.2 GHz], Unlicensed WiMAX [5.8 GHz] and X-band
[7.5 GHz]. This analysis is done by using CST Studio.

viil
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CHAPTER-1
INTRODUCTION

The Design and Analysis of Reconfigurable Antenna by Using CST Studio report is aimed at
exploring the concept of reconfigurable antennas and their design and analysis using CST
Studio software. The report discusses the need for reconfigurable antennas in modern
communication systems, where flexibility and adaptability are essential. The report covers
the basic principles of antenna design and the parameters that affect antenna performance.
The report also covers the basic concepts of CST Studio software, which is widely used for
antenna design and analysis. It provides a comprehensive overview of the different steps
involved in the design and analysis of reconfigurable antennas using CST Studio, including
modelling, simulation, and optimization. The report also includes the results of the
simulations, which demonstrate the performance of the reconfigurable antenna under various
operating conditions.

Overall, the report is aimed at providing a detailed understanding of the design and analysis
of reconfigurable antennas and the use of CST Studio software for this purpose. It is intended
for researchers, students, and professionals in the field of antenna engineering, who are
interested in designing and analysing reconfigurable antennas for modern communication

systems.

Antenna Geometry:

Microstrip Feed Paich
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x

Figure 1.1.1 Micio stiip patch antenna geometiy

The Figure 1.1.1 shows the physical layout of the reconfigurable antenna, including the size,

shape, and placement of the different antenna elements.
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Radiation pattern :

This diagram shows the radiation pattern of the reconfigurable antenna, which describes how

the antenna radiates energy in different directions.
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Figure 1.1.2 Radiation pattern

In antenna engineering, Figure 1.1.2 A radiation pattern is a graphical representation of the
directional properties of an antenna's electromagnetic field. It describes how the antenna
radiates or receives energy in different directions in the space around it. The radiation pattern
is a key parameter for analysing and designing antennas, as it provides valuable information
about the antenna's performance.

The radiation pattern is typically shown as a three-dimensional plot, which represents the
intensity of the radiated or received electromagnetic waves as a function of direction relative
to the antenna. The plot can be shown in different ways, such as a polar plot or a rectangular
plot. The radiation pattern is often characterized by different parameters, such as beamwidth,
directivity, gain, and polarization.

By analysing the radiation pattern of an antenna, engineers can determine the antenna's
coverage area, directionality, and sensitivity to interference. This information is crucial for
designing antennas for specific applications, such as for satellite communication, wireless

networks, and radar systems.



S-parameter:

This diagram shows the S-parameters of the reconfigurable antenna, which describe how the
antenna behaves in response to different input signals.

An antenna's S-parameters describe how the antenna behaves in response to different input
signals. The S-parameters can be represented as a matrix, which relates the input signal to the
output signal of the antenna. The S-parameters can be measured experimentally using
network analysers simulated using electromagnetic simulation software such as CST Studio.
The S-parameters of an antenna can provide valuable information about the antenna’s
performance, such as its reflection coefficient, transmission coefficient, and impedance
matching. The reflection coefficient describes the amount of energy reflected to the source
from the antenna, while the transmission coefficient describes the amount of energy

transmitted from the source to the antenna.

S-parameters - single antenna
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Figure 1.1.3 S-parameter for single antenna
In Figure 1.1.3 shows the S-parameters of an antenna are a useful tool for analysing and
designing antennas, particularly in terms of impedance matching and signal transmission.
They can provide valuable information about an antenna's performance and enable engineers

to optimize the antenna's design for specific applications.



PIN diode:

A—Ppl—K

intrinsic

nregion region pregion

Anode Cathode

Figure 1.1.4 Symbol and Structure of PIN diode
The Figure 1.1.4 shows the Symbol and Structure of PIN diode. A PIN diode is a type of
diode that is made up of three layers: a p-type layer, an intrinsic layer, and an n-type layer.
The intrinsic layer, which is a high-resistivity layer, is the most important part of the PIN
diode, as it allows the diode to function as a variable resistor.
When a forward bias voltage is applied to the PIN diode, electrons and holes are injected into
the intrinsic layer, creating a low-resistance path for current flow. This allows the PIN diode
to be used as a switch or attenuator in electronic circuits.
When a reverse bias voltage is applied to the PIN diode, the depletion region in the intrinsic
layer expands, creating a high-resistance path for current flow. This allows the PIN diode to
be used as a variable capacitor in electronic circuits.
PIN diodes are commonly used in electronic circuits for switching, attenuating, and phase-
shifting applications, due to their low insertion loss, high isolation, and fast switching speeds.
They are also used in microwave and RF applications, as they can handle high power levels
and operate at high frequencies.
Overall, the PIN diode is a versatile electronic component that provides a unique combination
of high isolation, low insertion loss, and fast switching speeds, making it a valuable tool for
various electronic and RF applications.
The on and off states of a PIN diode can be used in the design of an antenna to create
reconfigurable antenna elements that can be switched on and off to create different radiation
patterns. By controlling the bias voltage applied to the PIN diode, its resistance can be

adjusted, which affects the antenna's radiation pattern.



For example, in a phased array antenna, each antenna element is connected to a PIN diode
that can be switched on and off to adjust the phase and magnitude of the signal radiated by
that element. By controlling the bias voltage applied to each PIN diode, the overall radiation
pattern of the antenna can be adjusted to steer the beam in different directions.

In another example, a reconfigurable antenna can be designed by using multiple antenna
elements that can be switched on and off to create different radiation patterns. Each antenna
element is connected to a PIN diode that can be switched on and off to activate or deactivate
that element. By selectively activating different antenna elements, the radiation pattern of the

antenna can be adjusted for different applications.

Figure 1.1.5 on and off state of pin diode
Figure 1.1.5 shows the on and off states of a PIN diode provide a valuable tool in the design
of reconfigurable antennas, allowing for greater flexibility and adaptability in various

wireless communication applications.
1.1 MOTIVATION
The motivation for the Design and Analysis of Reconfigurable Antenna by Using CST Studio

arises from the growing demand for high-performance wireless communication systems that
can adapt to changing operating environments. Reconfigurable antennas, which can adjust
their radiation patterns to optimize signal reception and transmission, have emerged as a
promising solution to this challenge.

The traditional approach to designing antennas involves creating a fixed geometry that is
optimized for a specific frequency band and radiation pattern. However, this approach can
limit the flexibility and adaptability of the antenna, making it less suitable for applications
where the operating environment can change rapidly.

Reconfigurable antennas, on the other hand, can adapt to changing operating environments by

adjusting their radiation patterns using reconfigurable elements such as PIN diodes. This



allows the antenna to maintain optimal signal reception and transmission even in changing
environments.

The use of simulation software such as CST Studio in the design and analysis of
reconfigurable antennas offers several advantages over traditional design methods. It allows
for a more efficient design process, enabling the designer to quickly test and optimize
different antenna configurations and reconfiguration schemes. Additionally, simulation
software provides detailed insight into the antenna's performance, including its radiation
pattern, S-parameters, and efficiency, which can be used to optimize the antenna's
performance.

Therefore, the motivation for the Design and Analysis of Reconfigurable Antenna by Using
CST Studio is to demonstrate the feasibility and effectiveness of using simulation software in
the design and analysis of reconfigurable antennas. The report aims to provide a
comprehensive understanding of the design process, simulation setup, and performance

analysis of a reconfigurable antenna using CST Studio software.
1.2 PROBLEM DEFINITION

The problem statement for designing a reconfigurable antenna is to create an antenna system
that can adapt to different operating environments, frequencies, and radiation patterns while
maintaining high performance. Traditional antenna designs are optimized for a specific
frequency band and radiation pattern, which limits their flexibility and adaptability. In
contrast, reconfigurable antennas use reconfigurable elements such as PIN diodes to adjust
their radiation patterns and frequency response, enabling them to maintain high performance
in changing environments. However, the design of reconfigurable antennas poses several
challenges, including the selection of appropriate reconfiguration schemes, the optimization
of the radiation pattern, and the minimization of insertion loss and other performance metrics.
Therefore, the problem statement for designing a reconfigurable antenna is to develop an
efficient and effective design process that can address these challenges and produce a high-
performance antenna system that is suitable for a wide range of wireless communication

applications.



1.3 OBJECTIVE OF THE PROJECT

The objective for designing a reconfigurable antenna is to develop a flexible and adaptable
antenna system that can optimize signal reception and transmission in changing operating
environments. The main objectives of this design include selecting appropriate
reconfiguration schemes, optimizing the radiation pattern for wvarious applications,
minimizing insertion loss and other performance metrics, and testing the antenna's
performance using simulation software such as CST Studio. Additionally, the design should
consider practical considerations such as antenna size, weight, and cost, and ensure that the
antenna can be easily integrated into a wireless communication system. Overall, the objective
for designing a reconfigurable antenna is to create a high-performance antenna system that
can adapt to changing operating conditions and meet the needs of a wide range of wireless

communication applications.
1.4 LIMITATION OF PROJECT

Reconfigurable antennas are a type of antenna that can be dynamically tuned to change their
operating frequency or radiation pattern. While reconfigurable antennas offer many benefits,
including improved performance, flexibility, and reduced size and weight, there are also
some limitations to their design. Some of the key limitations of designing reconfigurable
antennas include:

Complexity: Reconfigurable antennas require more complex designs and additional circuitry,
which can increase their cost and manufacturing time.

Limited tuning range: The tuning range of a reconfigurable antenna may be limited,
especially if it has a narrow bandwidth.

Performance trade-offs: To achieve reconfigurability, designers may have to compromise on
some performance parameters, such as gain, efficiency, and bandwidth.

Power consumption: The additional circuitry required for reconfigurability can increase the
power consumption of the antenna system, which may be a concern in low-power
applications.

Size and weight: The additional components required for reconfigurability can increase the
size and weight of the antenna system, which may be a concern in space-constrained
applications.

Reliability: Reconfigurable antennas may be more prone to failure due to the additional

components and complexity of their design.



Despite these limitations, reconfigurable antennas are becoming increasingly popular in many
applications, including wireless communication systems, radar systems, and satellite
communications.

1.5 ORGANIZATION OF DOCUMENTATION

The project report is broken up into seven chapters, which are followed by a list of
references. PSPICE software was used to assess the performance of the set-up networks.

The following are descriptions of the chapters:

Chapter 1 Discussed the basics of antenna, s-parameters, radiation pattern and how to design
reconfigurable. This chapter also presents the motivation and the problem statement.

Chapter 2 Presented the different references to understand the concept and further process of
the project and the existing system with advantages and disadvantages.

Chapter 3 Discussed the CST Studio suite command, functions and commands, types of
frequencies.

Chapter 4 Reports about the software requirements, content diagram of the project and its
working.

Chapter 5 In this chapter the implementation of the key functions of reconfigurable antenna
are explained.

Chapter 6 Talks about the test cases and their scenarios.

Chapter 7 Reports an overall conclusion. The works that could be carried out in the future

form.



CHAPTER-2
LITERATURE SURVEY

2.1 INTRODUCTION

In the literature survey for designing a reconfigurable antenna, various studies have been
conducted on the design, simulation, and optimization of reconfigurable antenna systems.
The studies have explored different types of reconfigurable elements, including PIN diodes,
varactors, MEMS switches, and liquid crystals, and their impact on antenna performance.
Researchers have also investigated various reconfiguration schemes, including frequency,
pattern, and polarization reconfigurations, to achieve optimal performance in different
operating environments. Additionally, studies have explored different optimization
techniques, such as genetic algorithms and particle swarm optimization, to improve the
antenna's radiation pattern, bandwidth, and efficiency.

Furthermore, the literature survey has revealed that reconfigurable antennas have a wide
range of applications, including cognitive radio, wireless sensor networks, and satellite
communications. For example, reconfigurable antennas can be used to detect and adapt to
changes in the operating environment, such as interference and fading, to maintain optimal
signal quality.

In wireless sensor networks, reconfigurable antennas can be used to improve energy
efficiency by reducing the number of antennas required for different communication tasks. In
satellite communications, reconfigurable antennas can be used to optimize the satellite's
coverage area and improve signal reception and transmission.

Overall, the literature survey highlights the importance of using simulation software such as
CST Studio in the design and analysis of reconfigurable antennas to optimize antenna
performance and achieve the desired reconfiguration characteristics. The survey also provides
valuable insights into the design considerations, challenges, and future research directions for

reconfigurable antenna systems.



Table 2.1.1 Literature survey

Author Year Title Methodology | Source
Rao, K. V.S. | 2018 | A review on reconfigurable antenna WSN IEEE
V., & Reddy, for cognitive radio applications.

Boutejdar 2018 | Reconfigurable antennas for cognitive WSN IEEE
radio: a survey.
Werner, D. H. | 2019 | Reconfigurable antennas for wireless WSN IEEE
communication systems.
Abbasi, A., 2020 | Reconfigurable antennas:  current WSN IEEE
Salim, M. A. state-of-the-art and future trends.
Mishra, D. 2021 |Design and analysis of reconfigurable WSN IEEE

antennas for cognitive applications.

The Table 2.1.1 represents the literature survey to design the reconfigurable antenna. These

are the references to understand the implementation of the reconfiguration .
2.2 EXISTING SYSTEM

Nt

et

Figure 2.2.1 The reconfigurable circular shaped antenna

The Figure 2.2.1 shows The reconfigurable circular shaped antenna that radiates or receives

electromagnetic waves.
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Circular antennas are a type of antenna that radiates or receives electromagnetic waves in a
circular polarization state. Circular polarization is where the electric field vector rotates in a
circular path as the wave propagates, instead of oscillating in a linear or elliptical path.
Circular antennas are typically designed to be omnidirectional, meaning they radiate or
receive waves equally in all directions around the antenna.

Circular antennas are commonly used in applications where omnidirectional coverage is
required, such as in satellite communication, mobile communication, and radio broadcasting.
They are also used in applications where the polarization of the incoming signal is not known
or may vary, as circular polarization can match with both linear and elliptical polarization.
There are many different types of circular antennas, including the circular patch antenna, the
circularly polarized helical antenna, and the circularly polarized loop antenna. These antennas
can be designed to operate over a range of frequencies, from a few megahertz to many

gigahertz, depending on their size and configuration.

2.3 DISADVANTAGES OF EXISTING SYSTEM

« It has low efficiency due to dielectric losses and conductor losses.
« It has lower gain

« Low impedance bandwidth

« Cross polarization radiation is more.

» Power handling capability is low .

2.4 PROPOSED SYSTEM

Reconfigurable antennas on multiple frequency bands have a bunch of applications in modern
wireless communications. Antennas have been fed using a variety of methods, but coplanar
waveguide feeding is preferred because the antenna element and patch on the same side of
the substrate, which simplifies the design. Due to their low size, light weight, and durability,
flexible antennas have recently become very important.

In this proposed system the efficiency is more compared to the existing system as the number
of segments is increased. When both switches are on, both switches are off, only single
switch is on. We get more efficiency when both switches are off .VSWR is high when both

switches are off.

11



2.5 ADVANTAGES OVER EXISTING SYSTEM

e A novel, compact, flexible and frequency reconfigurable antenna is proposed for
Aeronautical Radio Navigation (ARN), AMT fixed Services, WLAN, WiMAX, and
X-band applications.

e  Useful frequency bands are achieved for every on/ Off state of the switches.

e Gain and bandwidth enhancement using the flexible substrate.

12



CHAPTER-3
ANALYSIS

3.1 INTRODUCTION

CST STUDIO SUITE® is an electronic simulation software. It is an integrated design enviro
nment with tools for creating and editing tools for optimizing the frequency range, from static
to visual. CST Studio Suite® offers its clients a choice of powerful solutions including mode
ling, each based on a variety of methods such as Finite Element Method (FEM), Method of M
oments (MoM), Multilevel Fast Multipole Method (MLFMM) and Shot Boundary Rays (SB
R ) to gain their own benefit. CST STUDIO SUITE Many modules.

Currently support the following models in the product: CST MICROWAVE STUDIO® (MW
S), CST EM STUDIO®, CST PARTICLE STUDIO®, CST MPHYSICS STUDIO®.

With Rescale's large processing capacity, users can easily run CST SUDIO SUITE models on
multiple cores for reduced uptime.

CST MICROWAVE STUDIO® is a professional tool for 3D EM simulation of high
frequency devices. The unmatched performance of the CST MWS makes it the first choice
for technology. Driven R&D departments. Flagship modules include:

1.Time Domain Solver

2.Frequency Domain Solver.

Time domain solver:

The time domain solver calculates the evolution of a field over time in discrete locations and
discrete models. Calculates the electrical transitions of various junction points or other excite
d and/or open fields of the studied structure. Therefore, the time domain solver is very
efficient for most high frequency applications (connectors, transmission lines, filters,
antennas, etc.)and will take all broadband frequencies, the behavior of a simulated device in
a computation al run.

Frequency Domain Solver :

A frequency domain solver with broadband frequency sweep provides many applications,
especially with tetrahedral networks. It calculates the solution of the equation step by step
and many variables change the frequency. For each frequency model, the linear equation is
solved by either a linear solution or a direct solution. The solution of the frequency problem

involves the field distribution according to the parameter S and its derivative.

13



Table 3.1.1 component labels

S.no Label Dimension(mm)
1. Wg 13.45
2. Lg 14.642
3. w 28.4
4, L 30
5. Lr 3
6. wr 11
7. wt 5.2
8. F 1
9. R1 15
10. R2 2.5
11. Gl 0.25
12. G2 1.15
13. G 0.358
14. Gx 3.5
15. 53
16. D 55

The Table 3.1.1 shows the represents the labels and dimensions of the reconfigurable patch
antenna.

3.2 SOFTWARE REQUIREMENT SPECIFICATIONS

CST Studio Suite is capable of performing co-simulations (multiple complex simulations)
and running analyses at once’s Studio Suite offers a single user interface for multicover and
Multiphysics simulation using System Assembly and Modelling (SAM).EM simulations can
be classified as high performance computing tasks. This means that computers used for CST
applications must meet high requirements in terms of CPU, RAM, and graphical
specifications to achieve optimal performance. Sufficient power supply and cooling must also
be ensured for the workstation or server. To start a specific module, open a help project or
perform some basic settings, the following command line options are available All options

are accessible by using -<option> or - -<option>: e. g. both is valid -help and - -help:



Table 3.2.1 CST Studio Suite Options and Descriptions

OPTIONS DESCRIPTION

-m Starts CST Microwave Studio

-S Starts CST EM Studio

-t Starts CST Particle Studio

-mp Starts CST Mphysics Studio

-C Starts CST Design Studio

-CS Starts CST Cable Studio

-pchs Starts CST PCB Studio

-? or help Shows the help text in command window

-d Uses filename relative to the installation directory

-i Starts the application in the iconified state

Table 3.2.2 CST Studio Suite Extensions and Description.
Extension Description

bas Executes the BASIC file; -m, -s, -t or -c must be specified

.cst Loads the CST Studio Suite project file; -m, -s, -t, -mp or -c must be
specified

.mod Loads the CST Microwave Studio project file; -m, -s, -t, -mp or -c must be
specified

.ems Loads the CST EM Studio project file; -m, -s, -t, -mp or -c must be
specified

psf Loads the CST Particle Studio project file; -m, -s, -t, -mp or -c must be
specified

.mpf Loads the CST Mphysics Studio project file; -m, -s, -t, -mp or -c must be
specified

.des Loads the CST Design Studio project file; -c must be specified

Table 3.2.1 shows the Options and Descriptions in the CST studio. Table 3.2.2 shows the

extensions and their descriptions. These extensions are valid for filenames.
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3.2.1 Types of analysis

CST MICROWAVE STUDIO ® (CST MWS) is the result of years of research and de
velopment of the most efficient and accurate 3D electromagnetic design solution
Electromagnetic Field Simulation Software CST Studio Suite® is a powerful 3D EM
analysis software package for the design, analysis, and optimization of electromagneti
¢ (EM) devices and system.

CST Particle Studio ® is a functional 3D simulation tool for fast and accurate analysis
of charges in 3D electromagnetic fields.

CST MPphysics Studio is a software package of the CST Studio Suite family for ther
mal and mechanical simulations.

CST DESIGN STUDIO™ (CST DS) supports the synthesis of complex systems from
analog blocks. This block can represent electronic objects, Ibis or Touchstone models,
or models from the built-in library.

CST PCB Studio is an electronic simulation tool designed for fast and accurate simula
tion of real PCBs for pre-installation and post-process analysis.

CST Cable Studio ® is a 3D simulation tool for evaluating signal integrity (SI), electr

omagnetic compatibility (EMC), and electromagnetic interference (EMI).

@ Microwave Studlo
a @ Electromagnetic Studio DE

CST

PCB Studio @ ﬂ e Particle Studlo — =1
II |1 Design Studio ° :.- n_"‘.'ii}ff‘_ MuInPhysxcs Sludlo

Figure 3.2.3 types of analysis

Cable Studio

The Figure 3.2.3 shows the different types of analysis in CST studio which performs specific

tasks in it.

3.2.2 Usage of tools

Temporary solver for efficient computation of nonlinear and lossy models. The solver perfor

ms broadband calculations of the S parameter from a single calculation by applying DFT to si

gnal at that time.Frequency domain solver with reference example. The general solver suppor
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ts both hexahedral and tetrahedral meshes.General resolver, the frequency domain resolver ha
s two special resolvers for very thin models (hexahedral lattices only).The first of these soluti
ons calculates only the Sparameters, while the second calculates the fields, which requires so

me additional computation time.Calculation of 3D eigenmodes.

3.2.3 Semiconductor device models

Table 3.2.5. components of model statements

APPLICATION AREA WORK FLOW

Antennas

Circuit & components
Radar cross section
Biomedical, exposure, SAR
Optical applications
Periodic structures

Microwaves & RF

o 0~ wbd R

EDA/ Electronics signal integrity analysis
power integrity analysis
SI-P1 CO-simulation
Broadband model extraction
narrowband model extraction

design rule check(DRC)

ogkrwdPE

EMC/EMI radiated emission.
conducted emission.
conducted susceptibility.
radiated susceptibility.
components

PCB rule checking

o ok~ wbdhE

Particle dynamics Accelerated components.
Vacuum electronic device.
Space applications

Beam optics

e

Electromechanical devices
High voltage / heavy current
Magnet design

Sensors

EMC/ shielding

Power electronics

Statics and low frequency

L A

The table 3.2.5 shows the application area in the CST studio suite with their workflow to

perform the work in the specific domain.
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3.2.4 Pspice command line options
It is possible to run CST Studio Suite in batch mode.

e On Windows:
"<Installation Path>\CST DESIGN ENVIRONMENT .exe" <options> "<full path of
cst file>"

e On Linux:

"<Installation Path>/cst_design_environment™ <options> "<full path of cst file>"

Please note:

For the supported features on Linux please read the Linux_Installation_Guide.pdf
3.2.5 CST studio material library
A libraryclip represents information where clips can be saved and stored. In this dialog you ¢
an manage existing files and add (export) new files to the database. The list in this section sho
ws all the information stored in the database.

3.2.6 CST studio language
CST Studio Suite® is a powerful 3D EM analysis software package for the design, analysis a

nd optimization of electronic (EM) components and systems. Electromagnetic field resolvers

for all EM spectrum applications are available in a single user interface of CST Studio Suite.
3.2.7 Advantages of CST studio

Cuttingedge tool for fast and accurate simulation of high frequency (HF) components such as
antennas, filters, couplers, planar and multilayer structures, and SI and EMC effects.CST M
WS is useful for launching products such as shortterm development, virtual prototyping befor
e physical testing, and optimization rather than testing.

In addition to the time domain simulator using proprietary Perfect Boundary Approximation (
PBA)® technology, the CST MWS also includes frequency domain hexahedron and tetrahedr
on meshes, an equivalent system for large modeling, and a high speed s-parameter solver for

resonance.
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3.3 CONTENT DIAGRAM OF PROJECT

[ AN ]
N—/

{

Figure 3.3.1 Designed reconfigurable antenna.
The Figure 3.3.1 shows the design of reconfigurable antennas is a highly challenging and
rapidly evolving field, with numerous research opportunities for those interested in antenna
design, wireless communication, and signal processing.
The content diagram of the reconfigurable antenna which shows the construction of the
antenna with different segments .In this diagram we consider eight segments for outer path

and six segments for the inner path . the feed line have the current flow in the bottom .
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CHAPTER-4
DESIGN

4.1 INTRODUCTION

A reconfigurable antenna is a type of antenna that can dynamically adjust its operating
frequency, polarization, radiation pattern, or other key parameters to adapt to changing
communication requirements. Such antennas are highly useful in modern wireless
communication systems where the demand for high data rates and network efficiency is
constantly increasing.

The design of a reconfigurable antenna requires a deep understanding of antenna theory,
electromagnetics, and signal processing. The design process involves mechanisms and
appropriate materials, choosing a suitable antenna topology, determining the reconfigurable
elements or mechanisms, and optimizing the antenna's performance.

In this context, the design of a reconfigurable antenna must consider factors such as radiation
efficiency, impedance matching, bandwidth, and radiation pattern stability. The ability to
reconfigure the antenna should not compromise its overall performance, and the
reconfiguration mechanism should be reliable, fast, and easy to control.

The design of reconfigurable antennas is a highly challenging and rapidly evolving field, with
numerous research opportunities for those interested in antenna design, wireless

communication, and signal processing.
4.2 MODEL DIAGRAMS

A modal diagram for a reconfigurable antenna shows the various modes of operation that the
antenna can achieve by changing its configuration or reconfigurable elements. Modal
diagrams are useful for understanding how the antenna operates under different conditions
and how its performance can be optimized.

The modal diagram typically includes a series of curves or lines that represent the antenna's
performance in terms of parameters such as frequency, radiation pattern, polarization, and
impedance. Each curve or line corresponds to a specific mode of operation, which can be

achieved by adjusting the antenna's configuration or reconfigurable elements.
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Figure 4.2.1 Reconfigurable antenna

Figure 4.2.1 shows the reconfigurable patch antenna may have a modal diagram that shows
the different modes of operation achieved by changing the shape of the patch or adjusting the
positions of the feed and ground planes. The modal diagram may include curves that
represent the antenna's performance in terms of gain, radiation pattern, and polarization, for
each mode of operation.

In general, the modal diagram provides a useful tool for antenna designers to optimize the
performance of a reconfigurable antenna for a specific application. By analyzing the modal
diagram, designers can identify the best operating mode or combination of modes for a given

set of communication requirements and adjust the antenna’s configuration.
Diodes (D1 & D2)

Diodes (D3) CAPACITOR 2 R S ——

(a) (b)

Figure 4.2.2 Reconfiguration mode of the antenna. (a) Reconfigurable antenna.
(b) Equivalent circuit of pin diode in ON and OFF state.
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The Figure 4.2.2(a)A pin diode is a type of diode that has a lightly doped intrinsic region
sandwiched between a p-type and an n-type semiconductor material. The pin diode can be
used as a reconfigurable element in RF/microwave circuits due to its ability to switch
between high- and low-resistance states.

The Figure 4.2.2(b) equivalent circuit of a pin diode in the ON state includes a series
resistance Rs, a shunt resistance Rsh, and a capacitance Cj that represents the junction
capacitance of the diode. In the ON state, the pin diode behaves like a low-resistance switch,
and Rs is typically less than 1 ohm. The shunt resistance Rsh represents the parasitic
resistance associated with the diode's contacts and leads.

The Figure 4.2.2(b) the OFF state, the equivalent circuit of a pin diode includes a series
resistance Rs, a shunt capacitance Csh, and a forward-biased diode junction represented by a
voltage source Vf and a resistance Rf. The shunt capacitance Csh represents the junction
capacitance when the diode is reverse-biased, and its value is typically in the range of a few
femtofarads to a few picofarads.

In the OFF state, the pin diode behaves like a high-resistance switch, and the shunt
capacitance Csh becomes the dominant parameter in the equivalent circuit. The value of Csh
is dependent on the reverse voltage applied to the diode, and it decreases as the reverse
voltage is increased. The forward-biased diode junction represented by Vf and Rf is ignored
in the OFF state since it is essentially an open circuit.
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CHAPTER-5
IMPLEMENTATION AND RESULTS

5.1 INTRODUCTION

The implementation of reconfigurable antennas has become an increasingly popular research
area in recent years, as they offer a flexible and adaptable solution for a wide range of
wireless communication applications. Reconfigurable antennas can adjust their electrical
properties, such as their resonant frequency, radiation pattern, or impedance, in real-time,
making them well-suited for dynamic and rapidly changing communication environments.
This flexibility allows them to improve communication range, reliability, and efficiency, as
well as to support multiple communication protocols and frequency bands with a single
antenna. However, the implementation of reconfigurable antennas can be challenging, as it
requires careful design and optimization of the antenna structure and associated electronics,
as well as testing and validation to ensure that the antenna meets the desired performance
criteria. This article will provide an overview of the implementation of reconfigurable
antennas, including the design considerations, the types of reconfigurable elements that can

be used, and the applications and benefits of reconfigurable antennas.
5.2 IMPLEMENTATION OF KEY FUNCTIONS

The implementation of reconfigurable antennas can vary depending on the specific design
and application, but typically involves integrating one or more reconfigurable elements into
the antenna structure. These elements can include switches, varactors, or other components
that can change the electrical properties of the antenna, such as its resonant frequency,
radiation pattern, or impedance. The reconfigurable elements are typically controlled by a
controller, such as a microcontroller or software-defined radio, that can adjust the antenna
configuration in real-time to adapt to changing communication conditions

Antenna impedance: The impedance of an antenna is a key parameter that determines how
well the antenna can transfer energy between the antenna and the surrounding environment.
The impedance can be calculated using the following formula:

Z = R + jX Where R is the resistive component of the impedance, and X is the reactive
component.

Smith chart: The Smith chart is a graphical tool that is commonly used in the design of

antennas to visualize the complex impedance of the antenna. The Smith chart can be used to
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match the impedance of the antenna to the impedance of the transmission line or other
components in the system.

Resonant frequency: The resonant frequency of an antenna is the frequency at which the
antenna is most efficient at radiating energy. The resonant frequency can be calculated using
the following formula: f = ¢/A

Where f is the resonant frequency, c is the speed of light, and A is the wavelength of the
electromagnetic wave.

Radiation pattern: The radiation pattern of an antenna describes the directional distribution of
the electromagnetic energy radiated by the antenna. The radiation pattern can be calculated
using various mathematical formulas, such as the far-field pattern equation, which is given
by:

E(0, 9) = (jow/4n) * e’-jkr) * [[E(x, v, z) * eM(-j(kxx+Kyy)) * eM-jot) * dxdy

Where E(0, @) is the electric field in the far-field, ® is the angular frequency, p is the
permeability of free space, k is the wave number, r is the distance from the antenna, and the
integral is taken over the aperture of the antenna.

5.3 METHOD OF IMPLEMENTATION

Reconfigurable antennas can be implemented using a variety of methods, including:

1. Tunable capacitors: These allow for dynamic tuning of the antenna’s resonant frequency by
adjusting the capacitance value.

2. PIN diodes: These are used to switch the antenna between different modes or to alter its
radiation pattern by changing the current distribution.

3. MEMS switches: These micro-electromechanical systems (MEMS) devices can be used to
reconfigure the antenna by changing the position or shape of the radiating elements.

4. Liquid crystal polymers: These materials can be used to alter the dielectric constant of the
antenna, which can change its resonant frequency or radiation pattern.

5. Ferroelectric materials: These materials can be used to create tunable capacitors or phase
shifters that allow for dynamic tuning of the antenna’s characteristics.

Each method of implementation has its own advantages and disadvantages, and the choice of
which method to use will depend on the specific application requirements, such as frequency
range, tuning range, power consumption, and cost. Reconfigurable antennas offer several
benefits over traditional antennas, including improved performance, flexibility, and reduced

size and weight, making them ideal for many wireless communication and radar applications.
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5.4 OUTPUT SCREENS AND RESULT ANALYSIS

Voltage Standing Wave Ratio (VSWR)

— 1swich on
—— Off State
On State

2 3 4 5 6 7 8 9 10 11
Frequency / GHz

Figure 5.4.1 VSWR plot for the diode all conditions
The Figure 5.4.1 shows the VSWR plot for the diode for three conditions when both swithes

are on, when both swithes are off and when single swith is in on condition.

S-Parameters [Magnitude in dB]

0
— 1 switch on
£ — 0ff State
~— On State
.10 4
i
0
.15 4
" | A— — I | ) S — SRS SN ST S— N—
-25 : : i i : : ﬁ :
2 3 - 5 6 7 8 9 10 11

Frequency / GHz
Figure 5.4.2 S Parameter comparison of reconfigurable antenna in different conditions

The Figure 5.4.2 shows the S Parameter for the diode for three conditions when both swithes

are on, when both swithes are off and when single swith is in on condition.

Farfield Drectty Abs (Phi=0)

— farfield (broadband) (1] Fared Drecity Abs (Ph=90)
— farfied (broadband) [1]

Frequency = 3.8 GHz Frequency = 38 Gz

Man lobe magntude = 3,06 dBi Man obe magniude = 3,06 dB
Man lobe drecton = 2.0 deg. Man bbe drecton = 2.0 deg.
Theta / Degree vs. dB Anguiar width (3 dB) = 354.9 deg. Theta | Degree vs. dBi Anguar vidth (3 6B) = 830 deg.

Figure 5.4.3 far-field radiation pattern of the Reconfigurable antenna when both switches
on and phase shift is 0 and 90.
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Farfield Drrectivty Abs (Phi=0)

— farfied (broadband) [1] Farfeld Drecity Abs (Ph=90)
— farfield (broadband) [1]

Frequency = 11 GHz
Man kbe magntude = 231 dBi Man bbe magntude = -2.68 dB
Man lobe drection = 56,0 deg. Man lobe drecton = 26.0 deg.
Anguir width (3 dB) = 126.9 deg. Anguir width (3 dB) = 62.7 deg.
Theta / Degree vs. dBi Sde lobe level = 1.4 dB Theta Degre v, & Side obe kvel = 7.3 &8

Frequency = 11 GHz

Figure 5.4.4 far-field radiation pattern of the Reconfigurable antenna when both switches
off phase shift is 0 and 90.

Farfied Drectiviy Abs (Phi=0)
— farfield (broadband) [1]
Farid Drectvty Abs (Phi=%0)

~—— fafild (broachend) [1

Frequency = 6.5 GHz

Man lbe magntude = 3.95 dBi
Mah lobe drection = 90.0 deg.
Anguiar vidth (3 dB) = 92.9 deg.
Theta / Degree vs. dBi Side lobe level = -5.0dB

Frequency = 6.5 GHiz

Man obe magniude = 0.523 dBi
Man obe drecton = 19,0 deg.
Theta / Degee vs. dBi Anguiar victh (3 dB) = 289.8 deg.

Figure 5.4.5 Far-field radiation pattern realization of the Reconfigurable antenna when one

switch is on, and phase shift is 0 and 90.

The Figure 5.4.3 shows the far-field radiation pattern of the Reconfigurable antenna when
both switches on and phase shift is 0 and 90. The Figure 5.4.4 shows the far-field radiation
pattern of the Reconfigurable antenna when both switches off phase shift is 0 and 90. The
Figure 5.4.5 shows the Far-field radiation pattern realization of the Reconfigurable antenna

when one switch is on, and phase shift is 0 and 90.
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Figure 5.4.6 3D Radiation pattern realization of the Reconfigurable antenna when one
switch is on.
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Figure 5.4.7 3D Radiation pattern realization of the Reconfigurable antenna when both
switch is on.
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Figure 5.3.8 3D radiation pattern realization of the Reconfigurable antenna when both
switch is off.

The Figure 5.4.6 the 3D Radiation pattern realization of the Reconfigurable antenna when
one switch is on. Figure 5.4.7 the 3D Radiation pattern realization of the Reconfigurable
antenna when both switch is on. Figure 5.3.8 the 3D radiation pattern realization of the
Reconfigurable antenna when both switch is off.
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5.5 CONCLUSION

In conclusion, the implementation of reconfigurable antennas offers a promising solution for
a wide range of wireless communication applications. By allowing the electrical properties of
the antenna to be adjusted in real-time, reconfigurable antennas can adapt to changing
communication conditions and improve communication range, reliability, and efficiency. The
implementation of reconfigurable antennas requires careful design and optimization of the
antenna structure and associated electronics, as well as testing and validation to ensure that
the antenna meets the desired performance criteria. The design considerations for
reconfigurable antennas include the choice of reconfigurable elements, the antenna topology,
and the control system. The types of reconfigurable elements that can be used include
switches, varactors, and other components that can change the electrical properties of the
antenna. The benefits of reconfigurable antennas include improved communication range,
reliability, and efficiency, as well as support for multiple communication protocols and

frequency bands with a single antenna.
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CHAPTER-6
TESTING AND VALIDATION

6.1 INTRODUCTION
CST STUDIO SUITE is a design and simulation environment that aids in designing

reconfigurable antenna. The testing of reconfigurable antennas is a crucial step in the design
and implementation process, as it allows the antenna to be evaluated and validated against the
desired performance criteria. Reconfigurable antennas can adjust their electrical properties,
such as their resonant frequency, radiation pattern, or impedance, in real-time, making it
important to test the antenna's ability to adjust these properties accurately and reliably.
Additionally, the performance of the antenna must be tested under different operating
conditions and in various communication environments to ensure that it meets the intended
application requirements. Testing of reconfigurable antennas can be done using various
methods, such as simulated testing using electromagnetic simulation software or hardware
testing in an anechoic chamber or outdoor environment. The testing process can be time-
consuming and require specialized equipment, but it is necessary to ensure that the antenna
meets the desired performance criteria and functions reliably in the intended application. This
article will provide an overview of the testing of reconfigurable antennas, including the
testing methods, the performance criteria, and the challenges and considerations in testing

reconfigurable antennas.
6.2 DESIGN OF TEST CASES AND SCENARIOS

Outputs:
Tables\1D Resutts

' i i ——8— Max Gain over Frequency

4.588

ain (IEEE),3D,Max. Value (Sold Angle) : 2.0874975

Max Gain over Frequency : 2.0874975

2.2471 4.0893 6 8 10.143
Frequency / GHz

Figure 6.2.1 Max gain over frequency when one switch is on.

29



Tables\1D Resutts
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Figure 6.2.2 Max gain over frequency when both switches are off.

Tables\1D Results
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Figure 6.2.3 Max gain over frequency when both switches are on.
The Figure 6.2.1 shows the Max gain over frequency when one switch is on. The Figure 6.2.2
shows the Max gain over frequency when both switches are off. The Figure 6.2.3 shows the

Max gain over frequency when both switches are on.
6.3 CONCLUSION

In conclusion, designing reconfigurable antennas is a challenging but promising area of
research with the potential to revolutionize wireless communication systems. Reconfigurable
antennas offer the ability to dynamically adjust their radiation properties to adapt to changing
communication requirements, leading to improved performance and functionality. The design
process involves a combination of theoretical analysis, numerical simulations, and
experimental measurements to optimize factors such as antenna size, bandwidth, efficiency,
and complexity. There are various techniques for achieving reconfigurability, including

frequency, polarization, and beam steering.
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CHAPTER-7
CONCLUSION

7.1 CONCLUSION

In conclusion, the design of reconfigurable antennas is an active area of research that has
significant potential for improving the performance and functionality of wireless
communication systems. Reconfigurable antennas offer the ability to dynamically adjust their
radiation properties, such as frequency, polarization, and beam direction, to adapt to changing
communication requirements. Various techniques, such as frequency reconfigurability,
polarization reconfigurability, and beam steering, can be used to achieve this adaptability.
The design of reconfigurable antennas involves a combination of theoretical analysis,
numerical simulations, and experimental measurements, and requires careful consideration of
factors such as antenna size, bandwidth, efficiency, and complexity. Future work in this area
is likely to involve the integration of reconfigurable antennas with other technologies, the use
of novel materials and fabrication techniques, and the optimization of antenna designs using

advanced technigues such as machine learning and genetic algorithms.

7.2 FUTURE WORK

There are several areas of potential future work for designing reconfigurable antennas,
including:

Integration with other technologies: The integration of reconfigurable antennas with other
technologies, such as wireless communication systems, Internet of Things (loT), and smart
devices, can lead to the development of more efficient and effective systems.

Novel materials and fabrication techniques: The use of novel materials and fabrication
techniques, such as metamaterials, nanotechnology, and 3D printing, can enable the
development of reconfigurable antennas with improved performance and functionality.
Optimization techniques: The use of optimization techniques, such as machine learning,
genetic algorithms, and neural networks, can help to improve the design and performance of
reconfigurable antennas.

Multi-band and multi-functional designs: The development of reconfigurable antennas that
can operate at multiple frequency bands and perform multiple functions can enable the

creation of more versatile and adaptable systems.
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Security and privacy: The development of reconfigurable antennas with enhanced security
and privacy features, such as anti-jamming and anti-eavesdropping capabilities, can help to
address security and privacy concerns in wireless communication systems.

Overall, the future work in designing reconfigurable antennas is likely to involve a
combination of these and other emerging technologies and techniques and will require
collaboration between researchers from multiple disciplines. In future due to its good feature,
it is used to design active filters, it used to propose phase detection of operational
transconductance amplifier. It is used to lower power or voltage which is used for all
purposes.

In this project multi input single output filter has been implemented later it can be
implemented with multi-input multi output filter. Here the mode of operation is voltage mode
further it can be implemented as multi-mode. Further it can be increased the capacitance

value by changing values of capacitor.

32



REFERENCES

[1] Wu, Z. H., Wang, Z., & Zou, X. (2016). Reconfigurable antennas: design and
applications. John Wiley & Sons.

[2] Chen, X., & Werner, D. H. (2011). Reconfigurable antennas: a review of recent
developments. IEEE Transactions on Antennas and Propagation, 59(8), 2716-2730.

[3] Jolani, F., & Sarabande, K. (2015). Design of reconfigurable antennas using RF MEMS
technology. IEEE Transactions on Antennas and Propagation, 63(10), 4341-4351.

[4] Gao, S., Ammann, M. J., & Zircher, J. F. (2013). Design and optimization of
reconfigurable antennas for cognitive radio applications. IEEE Transactions on Antennas and
Propagation, 61(7), 3474-3484.

[5] Li, X., & Werner, D. H. (2019). Reconfigurable antennas for wireless communication
systems. IEEE Antennas and Propagation Magazine, 61(1), 48-63.

[6] Huang, J., & Xue, Q. (2017). Design of reconfigurable antennas for cognitive radio
systems. IEEE Access, 5, 21007-21019.

[7] Abbasi, A., Salim, M. A., & Ullah, S. (2020). Reconfigurable antennas: current state-of-
the-art and future trends. Electronics, 9(4), 562.

[8] Oraizi, H., & Keshtgari, M. (2018). A review of reconfigurable antenna for wireless
communication. International Journal of Communication Networks and Information Security,
10(3), 89-96.

[9] Cui, Y., & Guo, Y. (2015). Design of reconfigurable antennas for cognitive radio
applications. IET Microwaves, Antennas & Propagation, 9(13), 1421-1428.

[10] Ali, R., & Gogineni, S. (2017). A review on the design of reconfigurable antennas.
International Journal of Electronics, 104(8), 1344-1361.

[11] Yang, F., & Rahmat-Samii, Y. (2014). Electromagnetic optimization of reconfigurable
antennas. John Wiley & Sons.

[12] Rao, K. V. S. V., & Reddy, K. R. (2018). A review on reconfigurable antenna for
cognitive radio applications. Journal of Microwaves, Optoelectronics and Electromagnetic
Applications, 17(3), 247-262.

[13] Sahu, S., & Patnaik, S. (2016). Reconfigurable antennas for cognitive radio applications:

a review. Journal of Electrical and Computer Engineering Innovations, 4(1), 24-35.

33



[14] Mishra, D., & Yadav, R. (2016). Design and analysis of reconfigurable antennas for
cognitive radio applications. International Journal of Electronics, 103(2), 236-259.

[15] He, S., & Li, Y. (2016). Design and optimization of reconfigurable antennas for
cognitive radio systems. IEEE Access, 4, 949-957.

[16] Boutejdar, A., & Kaiser, T. (2018). Reconfigurable antennas for cognitive radio: a
survey. Wireless Personal Communications, 101(4).

[17] Gao, S., Ammann, M. J., & Zwick, T. (2013). Novel reconfigurable antennas based on
liquid metal. IEEE Transactions on Antennas and Propagation, 61(11), 5599-5607.

[18] Hao, Z. C., & Wen, G. Y. (2012). A frequency reconfigurable antenna using RF MEMS
switches. IEEE Transactions on Antennas and Propagation, 60(10), 4906-4910.

[19] Han, S., & Kim, Y. (2011). A novel compact reconfigurable antenna for
WLAN/WIMAX applications. IEEE Antennas and Wireless Propagation Letters, 10, 622-
625.

[20] Ali, M., & Khan, F. U. (2018). A review on different types of reconfigurable antennas
for wireless applications. Journal of Sensors, 2018, 1-22.

[21] Khandelwal, N., & Chaudhary, R. K. (2017). A review on reconfigurable antennas for
modern wireless communication systems. Journal of Microwave Engineering and
Technologies, 1(1), 1-12.

[22] Li, Y., Liang, J., & Li, C. (2013). Frequency reconfigurable antennas using varactors: a
review. International Journal of Antennas and Propagation, 2013, 1-14.

[23] Azam, S., Ahmad, S., & Qarage, K. A. (2019). Reconfigurable antennas and their
applications: a review. IET Microwaves, Antennas & Propagation, 13(14), 2489-2497.

[24] Hossain, M. 1., & Islam, M. T. (2018). A comprehensive review on reconfigurable
antennas: historical development, recent innovations, and future directions. IEEE Access, 6,
32260-32280.

[25] Abdalla, M. A., & EI-Morshed, M. A. (2016). A comprehensive review of
reconfigurable antennas: principle, technology, and applications. IEEE Antennas and
Propagation Magazine, 58(1), 19-36.

[26] Liu, H., Zhai, H., & Zheng, X. (2018). A review of the latest advances in reconfigurable

antenna technology. Progress in Electromagnetics Research C, 84, 135-152.

34



