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ABSTRACT 

 

In wireless communication systems, antennas are pivotal element for transmitting and 

receiving signals as electromagnetic waves. Conventionally, antenna geometry is optimized for 

particular frequencies, polarizations or radiation patterns. Nonetheless, the recent development 

and deployment of multiple wireless standards has enabled the faster connectivity and large 

volume of data exchanged between portable devices and owes to the exponential growth of 

wireless communication in recent times. The abovesaid motivates the antenna researcher to 

investigate and develop novel, compact, multiband, multimode and feature rich devices that 

are suitable for adapting in fast changing requirements for communication standards in the next 

and currently developing generation of wireless communications known as 5G, hence 

influences the hardware design process including antenna and front end in portable gadgets. 

Reconfigurable antennas have drawn a lot of research attention in next generation wireless 

communication systems due to their dynamic adaptability in changing environment conditions 

or system requirements and greatly enhances its usability and versatility. On the account of 

adaptive design, reconfigurable antennas are preferred over multiple fixed performance 

antennas, as they ensures miniaturization, boosted bandwidths, affordability, simplifies system 

integration etc., and enables multiple wireless services in single device. The reconfiguration 

can be achieved by altering the electrical current on antenna’s structure through several 

techniques like geometric variation, electrical switches or tuners, modification in material 

characteristics and optical switches.  

But the use of these techniques results in non-uniform /inconsistent performances of RA under 

variable frequencies, patterns and polarizations and also engagement of numerous feeding and 

impedance matching networks and regulating mechanisms raises its volume with govern 

complications. The RA ideas are established with the intention of circumventing complex feed 

network, lossy biasing arrangements and avoid the use of multiple antennas for multi-

functionality, thus facilitating the miniaturization of antenna system configuration with even 

results for all probable changeable states.  Reconfigurable antennas are broadly classified in 

single characteristic tunable antenna and hybrid reconfigurable antennas. Here, two or more 

tunable antenna characteristics are integrated simultaneously in single antenna element without 

much affecting their individual operations.  As the communication environment become more 

complex nowadays, so hybrid antennas are preferred as they bring versatility to antenna 
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systems in various wireless scenarios. In this context, novel PIN diodes loaded hybrid 

reconfigurable antennas with wide performance range are proposed in this thesis.   

The first chapter of this thesis proposed a Y – shaped patch antenna with DGS for WiMAX 

and WLAN band application. Here, initially designed UWB antenna is modified into triple 

band (One WiMAX and two WLAN bands) antenna by incorporating two hook shaped slits of 

optimized dimensions at suitable position on the ground element. The prototyped antenna 

structure realized the wide band impedance of 24 % with omnidirectional radiation pattern at 

lowest frequency and bidirectional radiation pattern at other remaining frequencies.  

The remaining two chapters in this thesis, discussed the compound (hybrid) reconfigurable 

antenna designs by integrating two or more functionalities in single element antenna by 

utilizing electrical switching elements. By integration, we mean that a portion of antenna is 

shared among other antenna elements to achieve the desired reconfigurable functionality. This 

strategy might be suitable in designing multimode wireless terminals with modest antenna 

footprints. The optimization procedure (parametric study) including a study of relevant design 

parameters is also presented.  

The frequency and polarization reconfigurable antenna have many advantages like efficient 

spectrum utilization by frequency reuse, minimizing multipath fading with increased system 

capacity and can be utilized in emerging wireless communication system like cognitive radio 

(CR) etc. In chapter 2, a circular rings antenna with integrated frequency agility and 

polarization diversity is discussed. Here, circular polarization was realized by extruding a 

horizontal slit below one ring on the ground plane. While the loading or unloading of an arc on 

another ring via PIN diodes changes current distribution on suggested structure, which provides 

the swapping between linear and circular polarization state in WLAN band, this also changes 

the  effective electrical length which in turn gives the frequency reconfiguration between 

WiMAX and WLAN band. 

Pattern reconfigurable antennas are preferred for a variety of uses including RADAR, remote 

sensing, mobile and satellite communication and etc. As they enhance the antenna 

performances by steering antenna beam in desired direction and improving the signal-to-noise 

(SNR) in noisy environment. Chapter 3 reported a multi-functional reconfigurable antenna 

concepts that integrate frequency tunability, polarization diversity and pattern reconfigurability 

with very few switching elements. Here, initially designed UWB antenna is modified into 
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frequency – polarization – pattern reconfigurable antenna via loading or unloading of stubs on 

ground plane via PIN diodes. The antenna can reconfigure between dual (WiMAX, WLAN) 

and single (WLAN) band, polarization switching between circular and linear state in WLAN 

band with 0.13 GHz ARBW and pattern reconfiguration of WLAN band between -55° to -90° 

for different states of PIN diodes.  

The electromagnetic simulator is used to foresee the performance of reported antennas with 

experimental validation of prototyped in the measurement lab. To verify the idea and design 

performance, the described antennas are correlated with other antennas that have been 

presented for comparable uses. The demonstrated antenna concepts and outcomes can be used 

as design thoughts when creating new reconfigurable antenna (or antenna array) designs for 

upcoming communication systems for different frequency bands, provided that appropriate 

switching/tuning gears are available in the desired operating bands. 
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INTRODUCTION 

1.1 Background  
 
The substantial growth of wireless communication technology over the last few years has 

changed people's life activities in all sorts of useful ways. The recent advances in wireless 

systems not only revolutionized the telecommunication industry, but also brought significant 

changes in healthcare, medical diagnosis medication, automotive production and industrial 

remote monitoring systems, etc. The development in emerging technologies have led to the 

development of different wireless standards (technologies) like Bluetooth, global positioning 

systems (‘GPS’), wireless fidelity (‘Wi-Fi’), worldwide interoperability for microwave access 

(‘WiMAX’), wireless local area network (‘WLAN’), universal mobile telecommunication 

service (‘UMTS’), Cognitive Radio etc. These technologies are expected to progress in future 

to cater the increased number of end users, their needs and to decongest the spectrum. The 

deployment of emerging communication technologies requires innovative and versatile devices 

equipped with the new standards of mobile communication, capable of supporting the large 

amount of data exchange between devices at very high speed with low latency. The devices 

require antenna and associated radio frequency (RF) circuitry with specific characteristics to 

support the multiple service. 

In wireless communication networks, antennas are a critical and indispensable component for 

receiving or transmitting the signal. Antenna is a time invariant device and it transforms the 

electrical signals into electromagnetic (EM) waves to radiate (transmit) or receive the 

information [1]. Recently, the emergence of the wireless communication industry has led 

antenna designers to develop new antenna designs for numerous target applications such as 

sensing, navigation, imaging, short/long range communication, mobile application, biomedical 

application, etc. Broadly antennas are divided into many categories on the basis of antenna 

structure, operating principle or feeding mechanism, including monopoles / dipoles, loop 

antennas, slot/ horn antennas, microstrip patch antennas, log periodic, helical, dielectric/lens 

and waveguide based antennas have been explored in the literature [2–9]. The inherent merits 

and demerits of each antenna type helps to determine their suitability for any particular 

applications. 
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The rapid surge in wireless communication has led to the demand of a physically, economically 

viable and technically compatible antenna that can support multiple wireless standards with 

simultaneous miniaturization of mobile units. The microstrip antennas [10] are widely used for 

this purpose, as they offer multiple advantages like low profile, planar, conformal, light weight, 

easy to fabricate, efficient radiation, easy integration with other microwave devices over the 

conventional antennas. Nowadays, the majority of antennas used in wireless platforms or 

communication systems have static or fixed antenna characteristics (frequency, polarization 

and radiation pattern) and may be utilized for single services only. However, the usage of 

multiple static antennas in a single device for supporting multiple standards can enhance the 

productivity and ease of communication leading to a number of issues like increased system 

size, interference among adjacent antenna elements, control complexity and huge installation 

cost. Thus, fixed characteristics of static antennas limit the overall performance of the 

transceiving system. Futuristic wireless communication techniques requires a smart and 

multifunctional antenna systems that can adapt their characteristics accordingly to changing 

system requirements [11–14].  

Furthermore, because wireless-based services across different segments are changing so 

quickly, it becomes more difficult to deliver more services without increasing the system 

complexity, number of antenna elements, and device size. The current and future 

communication technologies will redefine connectivity and present new technologies in order 

to manage enormous data needs, rapid connectivity, seamless communications and data 

services. Owing to the demands of existing and imminent wireless systems, it is crucial to 

conceptualize, design and develop antennas having flexible and manageable features. Due to 

their adaptability for changing conditions, the antennas with reconfigurable frequency, 

radiation, and polarization characteristics become a promising and practical solution [15–16]. 

They can help overcome the limits imposed by many single-functional or fixed (static) 

performance antennas and also improves system efficiency with enhanced functionalities. Also, 

the additional functionalities offered by reconfigurable antennas can be used in variety of 

applications like spectrum sensing, security, throughput maximization and managing multipath 

interference [17–23]. 

1.2 Overview of the Reconfigurable Antennas 
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Reconfigurable antennas have gained much attention after Schaubert patented the first 

frequency and polarization agile antenna design [24] in 1983. From IEEE Standard Definitions 

[1] of 2014 release, reconfigurable antenna is defined as an antenna ‘capable of changing its 

performance characteristics (resonant frequency, radiation pattern, and polarization) by 

mechanically or electrically changing its architecture’. The working mechanism involves a 

controlled and reversible distribution of surface current or electric field on radiating structure 

with the help of active or passive components that produces the reversible antenna 

characteristics [15], [25]. Thus, a reconfigurable antenna is a one-of-a-kind device that can 

acquire the radiation performance of a multi-antenna system by utilizing dynamically adjustable 

geometry. In this situation, antenna design optimization for specific requirements should 

attempt to improve system effectiveness and power efficiency by removing superfluous 

additional radiating components.  

1.2.1 Classification of Reconfigurable Antennas 

Based on the number of integrated reconfigurable parameters, the reconfigurable antennas are 

broadly classified in two types (i) Reconfigurable antenna with single tunable parameter (ii) 

Hybrid or Compound or Multi-parameter Reconfigurable antenna as presented in figure 1.1. 

On the basis of tunable properties, antennas are termed as frequency reconfigurable, pattern 

reconfigurable and polarization reconfigurable antenna. 

In compound reconfigurable antennas, two or more antenna characteristics are integrated and 

controlled simultaneously without affecting their individual operations. These antennas are 

classified as ‘frequency – polarization’, ‘frequency – pattern’, ‘polarization – pattern’ and 

‘frequency – pattern – polarization’ reconfigurable antennas. The conceptual presentation of 

basic three reconfigurability types are presented in below figure 1.2.  

(a) Frequency Reconfigurable Antennas: The antenna geometry exhibits the capability 

of tuning its operating frequencies either by smooth transition or discretely within the 

control range is termed as frequency reconfigurable antenna. The basic principle for 

frequency reconfigurability involves the change in effective electrical length of antenna 

by different tactics like impedance loading, switching, material property tuning, etc. 

[27–29]. The dynamic frequency switching attribute gives frequency selectivity to these 

antennas for filtering out interference.   

 



CHAPTER 1 

5 
 

 

 

Figure 1.1 Classification of reconfigurable antennas 

 

                         

                                          (a)                                                                                          (b) 

      

(c) 

Figure 1.2 Reconfiguration categories [26] (a) frequency reconfiguration (b) pattern reconfiguration 

                                 (c) polarization reconfiguration 
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(b) Polarization Reconfigurable Antennas:  The orientation of the E – field vector or 

current flow direction on the radiating structure determines the polarization state of the 

radiated wave in the far-field of the antenna. Any alteration on antenna structure, 

material property and feed configuration have changed the direction of current flow or 

electric field vector on antenna structure provides the polarization reconfigurability. The 

polarization reconfiguration involves the switching between in different states of linear 

polarization like vertical or horizontal or any other orientation, left hand or right hand 

in circular polarization and in between linear and circular polarization [30]. The 

polarization reconfiguration gives the immunity against interfering signals, minimizes 

the polarization miss-match loss and boosts the signal reception for portable devices. 

 

(c) Pattern Reconfigurable Antenna:  An antenna that can change its radiation pattern in 

terms of shapes, beam direction, beamwidths etc. over a frequency range in any 

direction is categorized as pattern reconfigurable antenna [31-32]. The purposefully 

alteration in charge distribution on radiating geometry by movable structures, 

switchable parasitic elements and reactive loading provides reconfiguration in radiation 

pattern. Beam steering and null scanning are accomplished with the pattern 

reconfigurable antennas. The gain of antenna can be maximized by directing the 

maximum radiation in intended direction and retain a steadfast link with portable 

gadgets.   

 

(d) Compound or Hybrid Reconfigurable Antenna: Here, multiple reconfigurable 

characteristics are integrated in a single antenna geometry and controlled by different 

means with minimal or no disturbances on the other characteristics. Thus, individual 

control of multiple parameters in a single entity makes it very effective in a fast 

changing communication atmosphere. Also, they present a viable substitutes for 

minimizing complexities of diversity methods [15], [33].   

 

1.3 Overview of Design Methods for Reconfiguration Operations 

The antenna with a single reconfigurable characteristic can be realized by a number of design 

methods. The design methods for realizing reconfigurability in microstrip antennas are divided 

into following electrical, optical, physical and material reconfigurations categories of [34– 35], 

which are further sub-divided in various types as depicted in figure 1.3.   
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Figure 1.3 Classification of antenna reconfiguration techniques [34] 

The implementation of compound reconfiguration in a single antenna requires careful design 

strategies so that they do not hinder each other during antenna operations. Generally two design 

approaches are used for achieving the multi – parameter reconfiguration characteristics. The 

first method involves the integration of multiple reconfigurable elements by utilizing different 

methods. The second method involves the reconfigurable aperture or pixel antennas to achieve 

the hybrid reconfiguration in a single entity. Here, the radiating surface is divided into small 

sections or pixels and RF switches are used for interconnection between adjacent pixels [36]. 

The activation of suitable RF switches reshaped the radiating surface into various 

configurations for realizing the compound reconfiguration. 

The physical method involves the movement or mechanical adjustment of radiating elements 

in antenna structure for various reconfiguration operations. In electric tuning, different kinds of 

switches like p-i-n diodes, radio frequency microelectromechanical systems (‘RF–MEMS’) and 

varactor diodes are utilized in electrical tuning methods to redirect the surface current for 

realization of different reconfiguration characteristics. In optical switching, photoconductive 

switches utilize the light signals for reconfiguration operation, thus eliminating the need of 

electrical wires. Finally smart materials such as ferrites, ferroelectric, liquid metal, liquid 

dielectrics and liquid crystals [37–38] are utilized to achieve different reconfiguration 

operations. The advantages and disadvantages [39] of these approaches are summarized in 

Table 1.1. 
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Table 1.1 Advantages and disadvantages of the reconfiguration methods 

 

S. No.  Techniques Advantages Disadvantages 

1 Electrical  Fast Tuning Speed 

 Low Cost 

 Compatible for 

Integration 

 Insertion Loss 

 Requires DC lines 

 Reduced Antenna 

Efficiency 

2 Physical  No biasing lines 

 High Power Handling 

capacity 

 Low Losses 

 Continuous Tuning 

 Suitable for high 

frequency 

 Very slow Response 

time 

 Bulky & Complicated 

Structure 

 Small life cycle due to 

wear-and-tear 

 

3 Optical  No biasing lines  Bulky  

 Complex switch 

activation 

 Slower switching 

compared to electrical 

4 Material   Antenna miniaturization 

due to high value of 

permittivity and 

permeability 

 Complex biasing 

network 

 High DC power 

consumption 

 Low Antenna efficiency 

 

1.3.1 Components for Electrical Tuning 

 

In reconfigurable operation modes, the interface amid radiating and reconfiguration element is 

very critical to obtain the best impedance matching with anticipated pattern attributes. The 

antenna design must contain a reconfigurable element with controllable attributes to regulate 
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its operating conditions of governing surface current dispersal for pattern and impedance 

matching aspects, so it needs to be applied to the antenna geometry with care.  

The electrical tuning is widely used reconfiguration methods in comparison to other techniques 

owing to easy access and many advantages of tuning components make it attractive for real 

implementations. The electrical tuning  components including PIN diodes, varactor diodes, 

digital tunable capacitor (DTC) and RF-MEMS switches are of low cost, very high switching 

speed, easy access, compatible and easy integration and having very good electrical 

characteristics. Depending upon the design complexity, besides advantages they also have 

various disadvantages like inclusion of extra circuit elements, DC power network and biasing 

lines may disturb the beam pattern which reduces the antenna proficiency by adding losses to 

the antenna system. A comparative study on advantages and disadvantages of different 

electrical tuning component [16], [34], [39] is presented in Table 1.2. 

Table 1.2 Comparison of different electrical switching elements 

Characteristics PIN diode RF-MEMS Varactor  

Operation  ON state 

  (Forward DC bias)       

 OFF state 

    (Reverse DC bias) 

 ON and OFF 

state controlled 

by mechanical 

movements 

 Variable capacitor 

by biasing DC 

voltages 

Function Discrete Switching Discrete Switching Continuous Switching 

Biasing DC voltage Low (around 1V) High (20 – 100 V) Moderate (0 – 30 V) 

Tuning Speed Fast  (nsec scale)   Low  (μsec scale)   Fast  (nsec scale) 

Power 

Consumption        

(mWatt) 

Low   

(5 -100) 

Extremely Low     

   (< 0.1) 

Moderate  

(around 250) 

Loss Low Extremely Low         Moderate 

Cost Extremely Low        High Low       

Reliability Excellent Poor Excellent 
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The RF tunable components such as PIN diodes, DTC and RF-MEMS produces the discrete 

frequency response, while the reverse biasing of varactor diodes generates the continuous 

frequency switching within the tunable range. As each electrical tuning component has unique 

features makes them suitable for distinct applications. The PIN diodes are generally used for 

designing reconfigurable antennas below 10 GHz frequency band, because of low cost, high 

reliability, faster switching speed and minimal insertion loss features. While above 10 GHz, 

losses in PIN diodes increases drastically and isolation deterioration at the same time restricts 

the use of PIN diodes at higher frequency. The RF-MEMS utilizes the mechanical force 

(microelectromechanical movement) to achieve the short or open circuit effect so that 

performance can be maintained throughout a wide frequency range, thus making it a good 

substitute for PIN diodes in high frequency applications. Although RF-MEMS are expensive 

and need high DC biasing voltages during operation, they are used in reconfigurable antenna 

designs for Ku bands. The digital tunable capacitor can adjust their capacitance via altering   

properties of the material between plates via electronic signal, which results in fast and fine 

adjustment of resonant frequency within the wider band. Apart from PIN diode and MEMS 

switch, another element i.e. varactor diode can be used for electrical tuning. The varactor diode 

achieves smooth tuning through steady variation of capacitance by changing the bias voltage in 

continuous manner unlike discrete tuning obtained from remaining switching elements.  This 

capability is particularly useful for applications like beam steering, frequency sweeping, 

beamwidth shaping, and other similar tasks. Although many reconfigurable antenna designs 

have been implemented by utilizing electrical tuning methods, still there is much scope for us 

to explore. 

1.4 Applications of Reconfigurable Antennas   

The reconfigurable antennas with multiple functionalities found their utilization in present and    

emerging wireless communication systems. An overview of various prospective applications 

are presented below.  

1.4.1 Frequency Reconfigurable Antennas 

A number of single or multi band antennas [40–44] are incorporated in a single device to handle 

a variety of communication protocols for access to the different wireless services and thus 

occupy a huge chunk in space constrained portable devices as shown in figure 1.4(a). The 
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frequency switching antenna is particularly suited in substituting multiple static antennas, since 

it would reduce the overall size of the system and fulfill several requirements to meet 

compactness and portability [28], [45–46].  Apart from this, they can also be used for replacing 

the conventional wideband antennas that cover all frequency channels in multi-channel 

communication systems. 

 
                                                                                       (a) 

 
(b) 

 
(c) 

Figure1.4 Applications of frequency reconfigurable antennas (a) multiple antennas in portable devices   

           [45], [53] (b) interference rejection (c) cognitive radio (CR) platform for spectrum sensing [54] 
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Figure 1.4(b) illustrates how the frequency agile antennas may also be used for interference 

rejection. By purposefully making band notches in the antenna's frequency response, the 

interference signals from nearby bands are reduced or eliminated. Filtering is necessary to 

prevent congestion in wideband applications where several communication channels overlap. 

This approach lessens the requirement for extra filters that are employed at different phases of 

a communication system [47–49]. 

In addition to above, frequency reconfigurable antenna plays a vital role in recently developed 

cognitive radio systems. The CR transceivers decide the spectrum allocation and adjust the 

frequency channel to operate within a free or unused band based on the current spectrum 

allocation, usage, and available (white spaces) channel behaviour. This allows them to conduct 

concurrent communications and enhance radio operating performance. Figure 1.4 (c) illustrates 

how frequency reconfigurable antennas may change the frequency spectrum to suit the system's 

requirements. Over its operational band, the CR system is significantly enhanced by the 

antenna's frequency tunability function [50–52].  

1.4.2 Pattern Reconfigurable Antennas 

In order to meet the constantly changing needs of various wireless applications, such as radar 

systems, cellular and satellite communication, tracing and remote sensing, vehicle-to-vehicle 

communication, on-the-go communication, and so forth, pattern reconfigurable antennas can 

change the radiation pattern characteristics [55–57]. The ability of pattern reconfigurable 

antennas to steer or scan the main beam or null spot in the desired direction is their most alluring 

feature.  

Beam-steering antenna can redirect the high gain radiation beam towards desired direction for 

sustaining a robust line-of-sight communication link among immoveable and moveable 

portable equipment as depicted in figure 1.5(a), thus provide a wide coverage with increased 

data transmission rate [11], [60–61]. Similarly figure 1.5 (b) illustrates the interference [58] 

avoidance by redirecting the null position towards irrelevant angle. Moreover, in-band 

interferences are notoriously hard to filter out using traditional techniques for out-of-band 

interference suppression [62], but they can be effectively suppressed or filtered out by 

combining these two properties. In this case, the antenna is rotated to evade interference by 

pointing the null against the interference direction and the highest gain pattern towards the 

incoming signal. Figure 1.5(c) illustrates a satellite and terrestrial communications network 
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application scenario for outdoor networking of moving vehicles [59]. The moving vehicles are 

able to preserve a continual communication hookup with each other thanks to the roof-mounted 

pattern reconfigurable antennas with directing beam scanning function. Increased efficiency 

and high signal-to-noise (SNR) would result from switching high directed beams. 

                                                                       

                                      (a)                                                                                                   (b)  

     

 

Figure 1.5 Applications of pattern reconfigurable antenna designs (a) beam-scanning (b) 3D pattern of null 

scanning [58], © 2013 IEEE (c) outdoor networking scenario [59], © 2017 IEEE (d) adaptive MIMO system 

with beam-steering antennas 

 

Another intriguing use of pattern reconfigurability is the adaptive MIMO system. Here, as 

schematically shown in figure 1.5(d), pattern reconfigurable antennas are used in place of the 

MIMO system's static antennas. The MIMO system's spatial variety and antenna pattern 

diversity offer an extra degree of flexibility to reduce spatial correlation between signals and 

increase connection capacity [63–66].  
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Nowadays, portable wireless communication devices are becoming increasingly popular. The 

excessive radiation exposure from the device will have a negative impact on the individual’s 

health. Portable devices that use pattern reconfigurable antennas can reduce the specific 

absorption rate (SAR) by rerouting the radiation that is released away from the user's body.  

1.4.3 Polarization Reconfigurable Antennas 

The movement of mobile devices changes the orientation or polarization of the radiated signal. 

The polarization mismatch between communicating devices results in signal loss.  A very 

interesting idea to overcome the aforementioned transmitter-receiver restriction is the 

polarization agile antenna.   

Polarization reconfigurable antennas are a natural choice in a linearly polarized system, where 

line of sight path is crucial for signal gathering [67–68]. The fading loss due to multipath can 

be minimized with the help of polarization reconfigurable antennas. Dual transmission channels 

that are appropriate for frequency reuse can be obtained by using reconfigurable antennas that 

have swapped two orthogonal polarization modes. Because of poor correlation between two 

orthogonal polarizations in non-LOS settings, it can be used as a diversity technique in non-

LOS communications.  

The indoor wireless sensor networks [69] comprises a receiving antenna engulfed by multiple 

wireless sensors as depicted in figure 1.6(a).  If random polarized signals from sensors are 

incident on a single polarized receiving antenna, a polarization mismatch will occur on it. 

Similarly in body centric wireless communication [70] as shown in figure 1.6(b), the 

polarization mismatch will happen again due to random positioning of implanted devices. The 

losses due to polarization mismatch can be easily mitigated by employing a polarization 

reconfigurable antenna at receiver’s end.  

Additionally Numerous applications, including satellite and radar applications, mobile earth 

stations, ground systems for satellite monitoring and tracking, etc., can make advantage of 

polarization reconfiguration [71–72]. Additionally, they improve the systems' performance and 

connection capacity by offering polarization diversity in MIMO systems. 
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                                                                         (a)  

 
(b) 

Figure 1.6 Polarization reconfigurable antenna (a) wireless sensor network [69], © 2017 IEEE (b) body centric 

wireless communication system [70], © IEEE 

 

1.4.4 Hybrid Reconfigurable Antenna 

Incorporation of certain combinations of reconfigurable characteristics in hybrid reconfigurable 

antennas are of particular interest, because they provide flexibility with enhanced performances. 

An example of integrating frequency and pattern together in antenna design can improve the 

spectral efficiency significantly by concurrently shifting the frequency to less congested 

spectrum and enhancing the link budget by redirecting the beam in different directions [15], 
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[73]. Thus, interference reduction is done by frequency selectivity while link budget 

enhancement is obtained through the use of highly focused beams, both at the same time. The 

strong interference rejection capability with higher signal-to-interference (SIR) ratio is 

provided by the combined out-of-band and in-band interference suppression by frequency and 

polarization reconfigurability [74], respectively. The polarization and pattern diversity are 

integrated and studied simultaneously in an adaptive MIMO system. Allowing a transition 

between available pattern and polarization reconfiguration can increase the system's overall 

capacity [34], [65]. By diverting radiation away from the device and rerouting the frequency to 

the proper band, compound reconfigurability in personal communication devices also lowers 

the SAR value while conserving battery life. Due to their numerous reconfigurable features, 

compound reconfigurable antennas have a lot of promise and can be applied to a variety of 

situations. 

1.5 Advantages of Reconfigurable Antennas  

The dynamic capability and flexibility of reconfigurable antennas, which also improve system 

performance, give them numerous advantages over fixed performance antenna (FPA) types 

[26], [39]. Some advantages are listed below: 

1) Reconfigurable antennas are adaptable to work as a single element or an array of multiple 

elements to have reconfigurable integrated multi-functionality.  

2) Multiple communication protocols are supported by reconfigurable antennas to access the 

wireless services makes the antenna system economical and space efficient with better 

selectivity 

3) Replacement of multiple static antennas by single RA reduces the complexity in antenna 

and associated feed circuitry resulting in energy efficient and easy integration with other 

microwave devices.  

4) System performances are improved in terms of robust interference rejection capability, 

enhanced communication link efficiency, increased speed and data capacity by 

employing reconfigurable antennas. 

5)  In next generation communication, reconfigurable antennas must be able to learn from 

and adjust to varying scenarios possess the flexibility to learn from and adaptable to 

changing scenarios through automatic controller unit.  
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1.6 Challenges, Motivation and Research Objectives  

The recent advancements in  next generation wireless communication, identification and 

sensing technologies has fostered the research activities in adaptive devices or reconfigurable 

antennas to achieve high performance designs with very good flexibility in functionalities. 

Although extensive research work has been undertaken on the reconfigurable antennas, but 

numerous limitations still exist in reconfigurable antenna designs, which challenges the antenna 

engineers to see them new research opportunities. In order to achieve reconfigurability, some 

geometries incorporate impedance matching networks, whereas many reconfigurable design 

techniques rely on multiple feeds or extended excitation networks with radiating components. 

The antennas physically enlarge with more external circuitry, and their performance is 

hampered by certain losses in the external feed network. Limited reconfigurability range, 

asymmetrical beam-steering, and inconsistent reconfigurable performances between states are 

further issues that diminish the usefulness of reconfigurable antennas. Although several 

thoughtful methods have been employed to tackle these problems, they seem to be hindered by 

high-profiles, intricate design, and reconfigurability processes. 

  

Besides these challenges, the adaptive devices or reconfigurable antennas have a very 

promising future in next generation wireless communication technology. As they have many 

attractive attributes like adaptability in different application scenarios, support multiple 

communication protocols, multi-functionality, improved antenna performances etc. that attracts 

more researchers to put efforts in this areas continually. Implementing reconfigurable 

characteristics in an antenna design is motivated by the need to address the various issues like 

extensive demand, miniaturization at low frequency and increasing requirement of minimizing 

the number of antennas. It also provides extra features that improve the antenna systems 

performance by assisting in the regulation of the device’s polarization and radiation pattern. 

This thesis offers innovative reconfigurable antenna concepts and designs to overcome the 

reconfigurable design difficulties. 

The primary aim of the research project is to design and develop reconfigurable microstrip 

antennas for wideband applications. The aim is achieved in the following three steps, these 

steps have emerged as the three objectives of our thesis.  

1) Create a compact, planar multi-band microstrip antenna 
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2) Generation of frequency – polarization reconfigurable characteristics in compact, planar 

microstrip antenna 

3) Design a compact, planar wide-band antenna with frequency–polarization–pattern 

reconfiguration characteristics 

1.7 Original Contribution 

The first contribution of this Ph.D. thesis is in the design of a planar antenna structure with slits 

on the ground plane. This antenna is capable of producing three wideband resonating 

frequencies (Wi-Fi, WiMAX and WLAN) for radio communication below 6 GHz band.   

The integration of multiple reconfigurable characteristics in a single antenna design has 

significant advantages with a wide range of capabilities. Furthermore, two antenna designs with 

multiple tuning properties are developed by combining multiple reconfigurable elements using 

electrical tuning devices in this research. The first antenna is developed by combining an arc of 

suitable length on a truncated ring in annular rings antenna design via PIN diodes. The antenna 

reconfigures in between from circularly polarized single WLAN band antenna to linearly 

polarized dual WiMAX & WLAN band antenna, by controlling the switching state of PIN 

diodes.  

In process of work, we have realized a novel wideband antenna design with simultaneous 

frequency-pattern-polarization reconfigurable characteristics by using a combining 

reconfigurable elements method. The design is composed of truncated ring with tunable stubs 

of asymmetric lengths on a partial ground plane. With independent tuning, the antenna switched 

its frequency response from single (WLAN) to dual (WiMAX & WLAN) band, maximum beam 

scanning range upto ± 35° between radiation patterns and polarization switching between linear 

and circular state in WLAN band with ARBW of 0.16 GHz.  

1.8 Research Methodology  

The universal research methodology to carry out the research work is presented as flow – 

diagram in figure 1.7. Normally we start with a design idea and basic antenna layout. Now the 

antenna design is evaluated on comparative literature surveys of similar kind and helped to 

finalize the design idea. 
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Figure 1.7 Flow chart for antenna designing  

In the next step, the simulation model was simulated using full wave ‘CST-MWS’ (‘Computer 

Simulation Technology–Microwave Studio’). The parametric operations and corresponding 

modifications are performed on designs until the desired results are obtained. After expected 
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results, the antenna design is fabricated on substrate by photolithography process and lumped 

elements are soldered on antenna PCB (printed circuit board), if any. 

1.8.1 Software / Simulation / Programming Language / Tools used 

 

CST software has been used for antenna simulation and optimization, as it is a convenient tool 

for 3D electromagnetic modelling of microwave and RF components. It provides the rapid and 

accurate analysis of RF devices, including filters, circulators, resonators, power dividers, 

couplers, antennas, and single- or multi-layer structures, as well as electromagnetic compliance 

impacts [75]. There are several steps involved in the production of microstrip antennas.  

Computer-aided antenna geometry design is the initial step. The design’s negative was 

embossed on a transparent sheet to create the mask. The copper coated FR-4 sheet is cleaned 

and dried with acetone. So no dirt or other contaminants are on the surface, as their presence 

on the surface may disturb the etched pattern and ultimately the resonant frequency. Now, a 

negative mask is applied to the copper-clad substrate with photo-resist laminate. The exposed 

photoresist solidifies and turns dark blue, while unexposed photoresist is light blue and 

dissolves in the developer solution of sodium carbonate. A ‘ferric chloride’ (‘FeCl3’) solution 

is then used to chemically remove the produced copper-clad substrate. Except for the glued 

photo resist, the copper particles break down in ‘FeCl3’. The treated substrate is cleaned to get 

rid of any leftover etchant before it is truly dried. Sodium hydroxide is used to dissolve the 

damaged photo-resist. An SMA (Sub Miniature version) connection is connected to a microstrip 

antenna. Fabrication facilities of the RF fabrication lab at Swami Keshawanand Institute of 

Technology (SKIT) Jaipur were used to fabricate the antenna.  

1.8.2 Measurement 

The measurement for S – parameter, VSWR, resonant frequency and input impedance is carried 

out with Agilent N5234A VNA (vector network analyzer) at Govt. Mahila Engineering 

College, Ajmer and JUIT Waknaghat. Also, radiation pattern, axial ratio and gain of the 

prototypes are measured in the anechoic chamber available at Govt. Mahila Engineering 

College, Ajmer.  

The anechoic chamber setup is presented in figure 1.8. The fabricated antenna or antenna under 

test (AUT) is mounted on the top of a computer controlled turntable with 360° rotation. The 

standard gain horn (SGH) is kept fixed and placed 5 meter away from the turntable. The AUT 
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and SGH antennas are connected to VNA through RF cables and via control cables to a personal 

computer loaded with Labview software. The desired frequency signal is generated with a 

sweep generator and the corresponding radiation pattern for the antenna is recorded by changing 

elevation angle from 0° to 360°.  In axial ratio measurement, AUT antenna is rotated in 

azimuthal plane from -90° to +90° and SGH is kept fixed [76]. The axial ratio of AUT is 

obtained by subtracting the highest and minimum values of the received signal levels for a 

specific frequency. At frequencies when the axial ratio value is less than 3 dB, the AUT is 

regarded as a circularly polarized antenna.   

 

Figure 1.8 Antenna measurement setup 

The FRIIS transmission equation is used to calculate the gain measurement at each frequency 

[3]. The equations is given as: 

𝑃𝐴𝑈𝑇

𝑃𝑇
 (𝑑𝐵) = 𝐺𝐴𝑈𝑇(𝑑𝐵) + 𝐺𝑇(𝑑𝐵) + 20 𝑙𝑜𝑔10 (

𝜆

4𝜋𝑅
)          (1.1) 

Where,  

              𝑃𝑇   =  Transmitted power of reference antenna 

            𝑃𝐴𝑈𝑇 =   Received power at AUT 

              𝐺𝑇   =  Gain of reference Antenna 

           𝐺𝐴𝑈𝑇 =   Gain of AUT        

                 λ  =  Wavelength of transmitted signal 
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                R  =   Distance in reference antenna and AUT 

           
𝑃𝐴𝑈𝑇

𝑃𝑇
  =   Maximum measured value of S21 of AUT by VNA      

 

The connecting cables between AUT, reference antenna and VNA have introduced some losses 

in the measurement setup, known as cable losses. These losses must considered in the 

calculation of AUT gain as: 

𝐺𝐴𝑈𝑇 (𝑑𝐵) = 𝑆21(𝑑𝐵) − 𝐺𝑇(𝑑𝐵) − 20𝑙𝑜𝑔10 (
𝜆

4𝜋𝑅
) − 𝑐𝑎𝑏𝑙𝑒 𝑙𝑜𝑠𝑠𝑒𝑠 (𝑑𝐵)    (1.2) 

  

Where, Gain (GT) of reference antenna is taken from the datasheet of a SGH antenna and cable 

losses are measured with the help of VNA.  

1.9 Organization of Thesis 

The primary aim of this project work is to design reconfigurable microstrip antenna for 

wideband applications, so the suggested antenna design may be used in next generation wireless 

applications. The above mentioned requirement is achieved in three steps. First, we started work 

to design a multi-band antenna, which is further optimized to be frequency-polarization 

reconfigurable and ultimately frequency-polarization-pattern reconfigurable antenna with 

simple control circuitry. This dissertation's research is divided into six chapters, which are 

outlined below: 

The Chapter 1 presents a brief overview on reconfigurable antennas, kinds of reconfiguration, 

their application, advantages, design challenges and motivation with objectives for the research 

project on one of the emerging technologies in recent years.  

The Chapter 2 briefly reviewed the previously and currently developed different antenna 

designs,  techniques with their associated circuitry for achieving the single (frequency, 

polarization, pattern) or multi-parameter reconfigurable characteristics, also potential and 

constraint of each design method. 

Chapter 3 illustrates the process of designing and developing a Y – shaped antenna with 

defected ground structure (DGS) for multi-band operation in short radio communication.  The 

design steps, operation principles are also presented in this chapter. The simulated results are 
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validated from measurement of prototyped antenna. The performance comparison of suggested 

antennas with other similar structures and in last a comprehensive summary is include. 

In Chapter 4, a frequency-polarization reconfigurable annular rings antenna design is 

presented with a minimum count of p-i-n diodes. The architecture details orderly explains the 

working mechanism, which is further cemented by corresponding simulated and measured 

results at each step. The chapter concludes with a general review after comparing the antenna's 

performance with that of more contemporary, comparable reconfigurable antennas. 

A new frequency-pattern-polarization reconfigurable antenna design with a truncated annular 

ring and asymmetric I-shaped stubs on a partial ground plane is presented in Chapter 5. This 

chapter describes the design process used to create the suggested antenna, tuning techniques, 

and performance outcomes. 

The thesis is finally concluded in Chapter 6 with recommendations for further study on hybrid 

reconfigurable antennas. This thesis concludes with a reference section comprising documented 

work in related subjects. 
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LITERATURE REVIEW 

2.1 Overview 

In this chapter, a wide review on reconfigurable antenna designs with critics’ perspective have 

been carried out. The reconfigurable antennas are capable of customizing their operations by 

altering the geometry via different means and provides the same or more throughput as multiple 

antenna systems. Generally, the tuning mechanism can be classified as continuous and discrete, 

which are further subdivided into electronic, mechanical, optical and material types, on the 

basis of current distribution control on antenna structure.  Significant amounts of research have 

been done to explore the reconfigurable patch antennas by modifying antenna structures with 

radio frequency lumped elements, modifying substrate characteristics with tunable constituents 

and employing metamaterial based structures. Besides existing technologies, additional design 

ideas like altering radiator configuration or slot shape/ slot transition, using multiple radiators 

or switchable radiators, adding parasitic elements, parasitic layer/ multilayer configuration, dual 

feed structures, monopole and loop combination etc. are also suggested by antenna engineers 

for realizing the reconfigurable antenna designs. The upcoming sections are dedicated to the 

types of reconfigurable antennas and different approaches of their implementation with much 

emphasis on electrical tuning using RF switches. 

2.2 Review of recent development in reconfigurable antennas  

Wireless technologies are constantly developing for next-generation wireless communication, 

which will enable connectivity for billions of devices with high data communication speeds 

(giga-bit-per-second), low latency, and high reliability. This could lead to applications such as 

tele-surgery, fully automated industries, driverless autonomous cars, and many more [77]. 

Hence, a mobile device must be compatible with different wireless standards for maintaining 

smooth services. Microstrip antennas are used extensively due to their small size, low profile, 

light weight, affordability although they give low radiation efficiency, limited bandwidth and 

gain etc. For any portable or small communication system, incorporating several fixed 

performance antennas to satisfy different needs is a major difficulty. In order to meet these 

requirements, antenna designers had to create flexible, adaptive antennas that worked well with 

wireless devices [78–83]. A number of investigations have been conducted to study planar 
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adaptable antennas for altering the antenna structure via a variety of methods like changing 

substrate properties using tunable materials, using RF lumped elements, etc. [84 –165]. 

2.2.1 Frequency Reconfigurable Antennas  

In frequency reconfigurable antennas, the resonating frequency bands can tune either in discrete 

or continuous manner without significant changes in radiation pattern and polarization state. 

Here, a wide selection of frequency bands are offered by a single device and can be used in 

such systems that support multiple communication protocols to access different wireless 

services. The mobile terminals are the direct application of frequency reconfigurable antennas. 

The basic mechanism involves the alteration in effective electrical length of antenna structure 

by applying different methods such as switching (electrical or optical), reactive loading, 

metamaterial and tuning material [84–101] produces the variation in operating frequency bands 

or central resonance frequencies. The frequency agility can be realized in various radiator types 

like patches, monopoles, dipoles, slot antennas, vivaldi, dielectric resonator antennas (DRA) 

and PIFA (planar inverted F – antennas) etc. by utilizing electrical tuning components to 

achieve a reliable system performance. The PIN diode is preferred over the RF-MEMS and 

DTC as they are inexpensive, consistent, lightning-fast swapping speed and high capacity to 

handle power.  

A frequency reconfigurable antenna design [84] comprises of inverted-F antenna with PIN 

diodes between radiators for coarse tuning between 1.85 – 1.99 GH, 1.92 -2.18 GHz and 5.15 -

5.825 GHz, also varactor diodes on antenna’s shorting line gives the fine tuning within the 

resonating bands is suggested by Lim et al. In [85], Jung et al. utilized a combination of 

switching (PIN diode) and reactive (varactor diode) tuning elements in meander monopole 

radiator to achieve the coarse tuning of frequency bands between 2 GHz and 5 GHz band and 

fine tuning within the resonating frequencies respectively. An annular slot antenna with RF-

MEMS [86] for switchable resonant frequencies is prototyped by Cetiner et al. Here, the 

radiating annular slot with two RF-MEMS actuator and microstrip feed line with single RF-

MEMS actuator is fabricated on two layers, which are bonded together. The activation or 

deactivation of the MEMS actuator within antenna geometry produces the switching between 

2.4 GHz and 5.2 GHz. A center fed circular patch antenna surrounded by four sector shaped 

patches with four pairs of varactor diodes across the gap are realized for frequency 

reconfiguration by Ge et al. [88]. The antenna can be continuously tuned to different resonant 
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frequencies in the frequency range from 1.64 – 2.12 GHz with a stable radiation pattern by 

varying the capacitance of the varactor diode through reverse biasing. Rhee et al. [89] designed 

a folded unipole (or biconical unipole) antenna with gasket (ground) and a single PIN diode for 

aircraft communication. The antenna is a V-type travelling antenna for the ON state of the diode 

and radiates from 30-300 MHz & 960 – 1150 MHz, otherwise the antenna acts as a unipole 

antenna with resonating bands from 300 – 400 MHz & 1120-1250 MHz band. A coaxial fed 

square patch antenna with optical loaded stub [90] for frequency reconfiguration through 

photoconductive switch is suggested by Pendharker et al., the illumination of photoconductive 

switch via laser turned it ON, so stub is loaded on the patch thus switching the resonant 

frequency. The four dielectric resonators with PIN diodes located on the feed line midway 

between each pair of resonators are realized by Danesh et al. [91] for frequency reconfiguration 

in LTE/WWAN and WLAN bands. The antenna exhibits frequency reconfiguration between 

1.89, 2.14, 2.53 and 2.77 GHz resonant frequencies for all diodes switched ON simultaneously 

and switching OFF one diode alternatively. A double sided printed bow-tie shaped antenna [92] 

for frequency reconfiguration is realized by Li et al., the switching of embedded six PIN diodes 

on bow-tie arm changes the effective electrical length of antenna results in frequency switching 

in between 2.2 – 2.53 GHz, 2.91 – 3.71 GHz and 4.51 – 6 GHz band with same radiation pattern. 

A low profile monopolar antenna [93] with varactor controlled shorting rods and symmetric 

slot for frequency reconfiguration between two bands is developed by Nguyen et al. The 

equivalent magnetic-current loop through center fed patch with shorting post gives the lower 

resonating frequency (0.76 – 1.04 GHz) band, while four symmetrical slots on patch are 

responsible for higher resonating frequency (1.50 – 1.87 GHz) band by creating another 

magnetic-current loop. A CPW fed flexible [94] circular patch with strips for spiral shaped 

structure is prototyped by Idris et al. for frequency reconfiguration. The antenna can switch 

between five frequency bands i.e. .19–4.48, 5.98–6.4, 3.42–4.0, 5.4–5.68, and 6.8–7.0 GHz 

with the help of a dual pair of PIN diodes. Wright et al. [95] developed a multilayer antenna 

pixelated, which is composed of fiberglass composite, Rohacell foam, graphite fiber and 

conductive epoxy with RF-MEMS for frequency diversity. The foam has the conducting pixel, 

whose connection or disconnection generates reconfiguration between 1.16 GHz, 1.28 GHz and 

1.6 GHz resonant frequencies respectively. Tawk et al. [96] developed a novel software 

controlled monopole antenna for frequency diversity. Here, antenna is comprised of three 

meandered radiating elements joined at two positions via PIN diodes. A GUI (graphical user 

interface) enabled microcontroller controls the biasing current to change the switching state of 
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PIN diodes to exhibit frequency reconfiguration between four bands in LTE, UMTS and GSM 

channels. A novel monopole antenna [97] with PIN diodes is designed by Shah et al. for 

frequency reconfiguration between six frequencies involving two single frequencies 3.5 GHz, 

4.5 GHz and two dual frequencies of 2.10, 4.15 GHz and 2.4, 5.2 GHz. In [98], Das et al. 

designed a CPW fed monopole antenna with Minkowaski fractal square ring on backside of 

monopole with a PIN diode and a metamaterial superstrate for enhancing gain and impedance 

bandwidth. The switching of PIN diode ON or OFF produces multiple resonant frequencies 

within frequency range from 1 – 10 GHz. A CPW fed flexible monopole antenna having two 

balanced arms with frequency selective surface placed behind the monopole is designed by 

Ibrahim et al. [100] for frequency reconfiguration. The loading of arms on monopole through 

PIN diodes produces frequency reconfiguration between 2.4, 3.5 and 4 GHz resonant 

frequencies with gain value more than 5 dBi in each band. An inset fed microstrip patch with 

underneath slot antenna [101] on ground plane having PIN diodes across slot and reflector is 

developed by Majid et al. for frequency reconfiguration. The overall antenna structure produces 

the six switchable frequencies with directional radiation pattern in the frequency range from 

1.7 – 3.5 GHz. Trinh et al. suggested DTC controlled frequency reconfigurable antenna for 

frequency band from 470 – 700 MHz. The radiating element is comprised of folded monopole 

structure [102] with a digital tunable capacitor is mounted on the monopole. Five strip lines 

with r.f. inductor are placed to connect the DTC and control unit. The capacitance adjustment 

from 0.9 to 4.6 pf of DTC across thirty two states via digital control produces the frequency 

switching in white space frequency band. Jaume et al. [104] prototyped a multi-band 

reconfigurable antenna by using a non-resonant parallelepiped antenna element in conjugation 

with a MEMS based reconfigurable matching network of shunt tunable capacitor. The value of 

capacitance is selected from available 32 states via serial digital line exhibiting multi-band 

performance in 698 – 960 MHz and 1710 – 2690 MHz band.  

2.2.2 Polarization Reconfigurable Antennas 

As we know, the direction of current flow on antenna surface determine the polarization state 

of the radiated signal in the far-field of antenna. A polarization mismatch likely to occur at 

receiver’s end, as complex propagation channel alter the polarization of the radiated beam. If 

polarization of incident beam is not matched with the polarization of receiving antenna results 

into the loss of signal or no signal is received. Maintaining a good polarization matching is 

needed in wireless system to avoid the above said. The application of any suitable 
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reconfiguration method like change in antenna structure, material properties and feed 

configuration has altered the way of current flows on the antenna geometry led to the 

polarization diversity. Thus polarization reconfigurable antennas not only mitigates the 

polarization mismatch but also enhances the channel capacity by suppressing multipath 

interference and also improves the link quality [67], [105–107].  

Stimulating two adjacent modes with 90° phase difference simultaneously contributes to the 

creation of circular polarization, whereas stimulating the modes individually results in creation 

of linear polarization. Also, multi-mode stimulation is a useful method for reconfiguring 

antenna polarizations since it facilitates the achievements of circular polarization with a broad 

bandwidth because the frequency responses of the two modes overlap. These antennas are 

capable of switching from linear polarization (LP) to circular polarization (CP), between 

different orientation in LP, circular polarization with left and right hand rotation (LHCP, 

RHCP) and vice-versa [3], [108]. Generally two design strategies i.e. designing of 

reconfigurable radiator or realization of reconfigurable feed network can be adopted for 

polarization switching by utilizing tuning or switching elements. The polarization 

reconfigurable antennas are mainly used in indoor with multipath environment and satellite 

communication applications.  The accomplishment of polarization diversity must be done 

carefully without much disturbances in frequency characteristics. 

The first technique involves the introduction of RF switches in antenna structure and controlling 

their ON/ OFF state gives the different polarization behaviour. Sung [109] et al. designed a 

corner truncated square patch antenna for polarization diversity. The simultaneous loading or 

unloading of all triangular elements on patch via PIN diodes produces the linear polarization, 

while alternate loading of two diagonally placed triangular elements via PIN diodes generates 

circular polarization with left and right hand sense of rotation in the radiated beam. Sulakshana 

[110] et al. realised CPW fed based rectangular and circular shaped designs for polarization 

reconfiguration. Here, the main radiator is vertically segmented at symmetric placed location 

in horizontal direction and having two PIN diodes at center of each segment for bridging the 

gap. The simultaneous ON or OFF switching of PIN diodes produces the linear polarization in 

radiated beam and alternate switching of one diode at a time produces the LHCP and RHCP. 

Nishamol et al. designed a proximity [111] coupled antenna by etching X – shaped slot on cross 

shaped substrate and utilizing PASS (patch antenna with switchable slot) configuration for 

polarization diversity by putting two PIN diodes at the center of slot to control the behaviour of 
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current. The proper activation of PIN diodes produces vertical, horizontal linear polarization 

and RHCP in the resonating frequency bands. A CPW fed square-ring slot antenna [112] with 

four stubs of unequal length and widths protruded from upper and inner sections of ring 

suggested by Zhou et al. for polarization diversity. The loading of lower stubs produces the 

linear polarization in radiated beam, while loading of oppositely placed lower and upper stub 

via PIN diodes produces the LHCP, RHCP respectively in the beam. A square patch antenna 

with each edge is connected to ground plane through metallic vias [113] controlled by PIN 

diode and energized by diagonally placed feed network through aperture coupling is suggested 

by Qin et al. On activating the proper PIN diodes on antenna structure produces the polarization 

switching in vertical, horizontal and 45° direction for the 2.4 and 5.8 GHz resonant frequencies. 

Kim et al. [114], designed a circular patch antenna having a rectangular slot near the upper edge 

and fed by microstrip line with diode loaded matching stubs for polarization reconfiguration. 

The antenna can switch between linear (horizontal, vertical) and circular (LHCP, RHCP) states 

on loading of respective stubs on antenna geometry. Yadav et al. [115] prototyped a circular 

patch antenna with rectangular shaped DGS for resonant frequency of 5.5 GHz with linear 

polarization. The inclusion or exclusion of respective stubs of quarter wavelength on radiating 

patch via PIN diodes produces polarization reconfiguration between LP, LHCP and RHCP in 

the frequency range from 5.23 – 5.75 GHz.  

Polarization reconfiguration can also be achieved through tunable feed networks. A multilayer 

antenna for polarization switching is designed by Aïssat et al. [116] comprises of a circular 

patch energized by diagonally slotted CPW feedline loaded with the PIN diodes below the 

radiating element. The switching of PIN diodes in feedline reconfigures the polarization state 

of resonating frequency between RHCP and LHCP. A circular slot antenna [117] fed by arrow 

shaped coupling strips with two PIN diodes at their ends is realized by Row et al. The activation 

of alternate PIN diodes generates the LHCP or RHCP, while linear polarization is obtained for 

simultaneously OFF state of both diodes in the resonating frequency. Lin et al. [118] designed 

a multilayer antenna structure with reconfigurable feed network for polarization diversity. The 

antenna is composed of square patch radiator in top layer, reconfigurable feed network and L – 

shaped probes with PIN diodes in the middle layer and biasing lines and DC battery in the 

bottom layer. The alternate activation of feed probes generates the beam with switchable LHCP 

and RHCP. Yang et al. [119] prototyped a polarization rotation artificial magnetic conductor 

(PRAMC) based multi polarized dipole antenna with RFIC switched network to realize the 
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polarization reconfiguration between LHCP, RHCP and 45° linear polarization. The SP3T and 

SPDT fed four dipole antennas are placed in plus – shaped configuration above on the PRAMC 

substrate. The activation of all diodes produces the 45° linear polarization and LHCP, RHCP 

in the radiated beam on energizing the alternate horizontal or vertical dipoles. 

2.2.3 Pattern Reconfigurable Antennas  

The arrangement of either electric or magnetic current on metallic structure determines the 

radiation pattern and also accounts for its magnitude and phase. The adaptability of the radiation 

pattern in terms of direction, shape or gain is desired without much changes in frequency and 

polarization of the antenna. Generally, any alteration in dominant current distribution on 

radiating surface by applying any of the different reconfiguration methods provides the 

reconfiguration in radiation pattern. The radiation pattern reconfigurable antennas are classified 

in three types i.e. direction switching, shape switching and radiation beam steering. The pattern 

reconfigurable antenna serves different purposes like increased reliability in communication 

link, object detection or tracking, increased coverage and enhanced channel capacity [120– 

123]. 

In pattern direction switching antennas, the main beam is switched in different directions but 

the shape of the pattern remains intact. Such an antenna involves tunable parasitic elements 

arranged symmetrically around the primary radiator and according to paired current, they act 

as reflector / director to guide the main beam in different directions. The input impedance 

matching is also not disturbed severely for different radiation modes, because of isolation 

between driven and parasitic elements, hence shape remains intact. The second type includes 

pattern shape switch antennas, which enhances the radiation coverage range by reconfiguring 

pattern shapes between unidirectional, omnidirectional, broadside and conical radiation 

patterns. The basic idea involves the activation of different modes corresponding to a particular 

pattern on the antenna radiator. Both methods change the radiation pattern in discrete manner 

with RF switching, while in the third category i.e. beam steering, the radiation patterns are 

steered in continuous manner by using reactive loading (varactor diode). 

Kang et al. [124] designed a symmetrical vertical dipole antenna with two open wires and a pair 

of PIN diodes at each end of the wire. The alternate loading of one loop and open wire acts as 

director and produces switching of the main beam in two directions. A CPW fed step shaped 

two patches with four PIN diodes for pattern reconfiguration is realized by Zhang et al. [125]. 
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Here, the activation of proper PIN diodes can switch the patches as reflector-radiator 

alternatively and give rise to the beam switching in opposite directions at the resonant 

frequencies. Qin et al. [126] suggested a square patch antenna having an embedded U-shaped 

slot with a pair of shorting posts connected at vertical or horizontal edges through PIN diodes. 

The unloaded antenna structure has boresight radiation pattern, while alternate loading of 

vertical or horizontal post via PIN diodes generates the conical radiation pattern with different 

orientations. Yong et al. [127] developed a center fed cross shaped patch with varactor diodes 

loaded with rectangular parasitic elements at each corner for a reconfigurable null scanning 

antenna. The identical frequency at all elements generates null at broadside in radiated pattern, 

while continuous change in matching frequency via varactor diodes tilt the null direction in 

continuous manner. Ren et al. [128] prototyped a novel pattern reconfigurable antenna 

composed of dipole and periodic H-shaped resonator (HSR) with PIN diodes between each 

HSR. The HSR acts as either director or reflector for the OFF or ON state of PIN diodes 

respectively, which in turn reconfigures the radiation pattern between end fire and broadside. 

Jusoh et al. [129] designed a two layered beam reconfigurable patch antenna by placing four 

parasitic circular elements around center fed circular patch antenna. The switching of PIN diode 

controlled shorting pins activates the appropriate parasitic element steers the direction of main 

beam in azimuthal planes 0°, 45° , 135° , 225° , and 315°, while  0° , 13° , 15° , 10° , and 12° 

in elevation plane. A five element linear array with Yagi microstrip and two parasitic strips 

having varactor diodes are realized by Xiao et al. [130]. The phase progressive input fed at each 

successive element of an array steers the main beam direction from -70° to + 70°.  A 

combination of director-reflector for pattern reconfiguration is used by Alam et al. in his design 

[131]. Here, two radial sectors are placed on both sides of the center feeder at the top layer with 

a pair of stubs surrounding the radiator on a truncated ground plane. The activation of the 

radiator together with reflector and director in top & bottom layer respectively via PIN diodes 

produces the beam switching in 0°, 45°, 135° and 180° direction. Yang et al. [132] prototyped 

a pattern reconfigurable antenna based on a switchable feed network of symmetric stepped 

probes having PIN diodes. The in-phase and out-of-phase excitation through stepped probes 

gives the reconfiguration in between conical and broadside radiation pattern respectively. 

2.2.4 Hybrid Reconfigurable Antennas 

Hybrid or compound reconfiguration is an emerging research area that open new horizons for 

antenna applications in latest communication devices. In this case, a single device incorporates 
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two or more reconfigurable antenna characteristics without significantly altering their 

individual operations. Antenna parameters present a number of implementation strategy issues 

due to their interdependency and sensitivity.    

2.2.4.1 Frequency – Polarization Reconfigurable Antennas 

A type of smart antenna capable of altering its frequency and polarization characteristics 

dynamically to adapt to an ever changing communication environment and enhances the overall 

performance by providing multi-band operation, enhanced spectrum utilization, improved 

signal reliability, cost effectiveness, etc. 

The four trapezoidal shaped radiating elements can be connected to a center fed square patch 

via eight varactor diodes and interconnected through capacitor is developed by Korosec et al. 

[133] for frequency and polarization diversity. The proper and asymmetric application of bias 

voltage to varactor diodes produces the continuous frequency tuning in L – band (890 – 1500 

MHz) with polarization switching within and between linear and circular states. Hu et al. [134] 

prototyped a corner truncated square patch fed through cross slot coupling on the other side of 

the substrate for frequency and polarization switching. On switching both diodes OFF 

simultaneously from ON state, the antenna can switch resonant frequency from 2.416 GHz with 

LHCP to 2.464 GHz with RHCP. The design concept for frequency – pattern reconfiguration 

is slightly extended by Nguyen-Trong et al. [135] for frequency – polarization reconfiguration 

by replacing multiple vias on patch with single vias at the center and placing of varactor diodes 

enabled open stubs around diagonal fed square patch antenna. The continuous sweeping of 

biasing voltages across the horizontal or vertical stubs produces the frequency tuning from 2.4 

– 3.6 GHz. While the equal biasing voltages produce the LP wave and alternate finite difference 

between voltages produces the LHCP or RHCP for the resonating frequency range. Similarly 

Qin et al. [136] realized frequency and polarization diversity in diagonal fed square patch 

antenna with loading / unloading of shorting posts on both vertical and horizontal sides via three 

switching elements. The loading of the shorting post on square patch via varactor diodes 

produces the continuous frequency switching from 1.35 – 2.25 GHz. The linear polarization 

with vertical or horizontal orientation is obtained on loading of either shorting post on square 

patch via PIN diodes in the above resonating band. While simultaneous loading of all shorting 

posts through PIN diodes on patch generates 1.35 – 1.9 GHz frequency band with linear 

polarization in 45° direction. Hu et al. in [137] designed a PIN diode controlled shorting posts 
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placed diagonally on patch for frequency switching in eight discrete bands within 1.7 – 2.8 GHz 

and four perturbation segments at each corner and their alternate or simultaneous loading via 

PIN diodes produces the LHCP, RHCP and LP respectively in the corresponding resonating 

frequency range. 

Row et al. [138] designed a multi-layered antenna with a top layer composed of an annular slot 

ring on one side of substrate and tunable coupler with two open ended microstrip lines for feed 

network on other side of substrate. Also capacitors for frequency tuning are symmetrically 

placed below the slot along circumference and a reflector in the bottom layer. The activation of 

coupler modes in combination with a tunable capacitor generates the switchable frequencies in 

L – band with polarization diversity between two circular and one linear polarization. 

Babakhani et al. [139] realized frequency and polarization diversity patch antenna by tunable 

feed network. The patch antenna composed of two concentric circular patches joined at vertical 

and horizontal mid points via varactor diode and fed at two orthogonal positions from the 

external feed network. The alternate excitation signals at single port and activation of vertical 

or horizontal diodes produces the continuous tunable frequency from 1.17 – 1.58 GHz with 

vertical or horizontal linear polarization, while activating all PIN diodes and using signal of 90° 

phase difference at both ports produces the circular polarization with left or right hand rotation. 

Chun Ni et al. [140] developed a novel frequency and pattern agile antenna by utilizing a 

metasurface above the double slot antenna structure. The relative difference between antenna 

and metasurface gives the frequency tuning, while rotation of the metasurface relative to base 

antenna gives the polarization diversity between LP, LHCP and RHCP. Utilizing the liquid 

metal for reconfiguration in frequency and polarization in an antenna structure is also designed. 

Wang et al. [141] utilizing two dipoles having arms of liquid metal placed in cross configuration 

for frequency and polarization diversity. The shortened and lengthened arm's length by applying 

voltages produces the two independent resonating frequency bands with polarization switching 

from linear to circular in 0.8 – 3 GHz band. In [142] Liu et al. suggested a slot antenna with 

polydimethylsiloxane (PDMS) structure having five orthogonal microchannels located at 

different heights in PDMS structure. The suggested antenna structure has three different 

channel lengths to achieve frequency reconfiguration and polarization reconfiguration between 

linear and circular polarization through EGaIn liquid metal. The antenna exhibits linear 

polarization in frequency bands ‘2.03–2.28 GHz, 1.97–2.3 GHz, LHCP in 1.76–2.78 GHz, 1.8–

3 GHz, 1.79 – 3.18 GHz’ and RHCP in ‘1.96–2.75 GHz, 2.01–3.13 GHz, 1.86 – 3.13 GHz’. 
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Yang et al. suggested a flexible antenna design [143] for vehicle communication systems. Here, 

a square patch having two annular slots and four PIN diodes is placed on an appropriate position 

for achieving frequency and polarization reconfiguration in resonating bands. The activation or 

deactivation of PIN diodes produces resonating frequency 1.45 -1.47 GHz with linear 

polarization and 1.50-1.53 GHz with linear, LHCP and RHCP. Metamaterial inspired antenna 

design [144] is suggested by Lavanya et al. for frequency and polarization reconfiguration. The 

antenna design comprises a square patch having split ring resonator with PIN diodes and 

parasitic element. The proper activation or deactivation of diodes produces polarization and 

frequency switching in ‘2.4 GHz, 3.5 GHz’ and ‘5.8 GHz’ resonant frequencies. 

2.2.4.2 Frequency – Pattern Reconfigurable Antennas 

Frequency-pattern reconfigurable antennas can change their frequency and radiation pattern 

dynamically to adapt continuously changing communication conditions to improve signal 

quality and reliability by interference rejection.   

A single turn square microstrip spiral patch fed by coaxial probe at edge of inner spiral with 

two tuning elements is suggested by Huff et al. [145] for compound reconfiguration of 

frequency and pattern. The antenna is capable of switching its resonating frequencies between 

3.68 GHz and 6.02 GHz and broadside pattern reconfiguration in two directions at lower 

frequency. In [146], Nikolaou et al. etched an annular slot on one side of the square patch and 

printed a microstrip feed line with matching stubs on the other side of the substrate. The antenna 

can switch between 5.2, 5.8 and 6.4 GHz resonant frequencies by connecting / disconnecting 

stubs to feedline via PIN diodes and also controlling two diodes placed at 45° orientation on 

radiating element reconfigures the null direction. Rodrigue et al. [35] presented a novel pixel 

antenna design for frequency and pattern reconfiguration. Here, multi-size radiating elements 

are arranged in matrix configuration and twelve PIN diodes are utilized for interconnection 

among the radiating elements. The energizing of radiating elements by activation of proper PIN 

diodes produces the frequency reconfiguration L, S and C – frequency bands with beam steering 

in five directions with angular range upto 180°. Guo et al. realized a frequency-pattern 

reconfigurable antenna based on parasitic array [147]. The antenna configuration involves six 

rectangular radiating and PIN diode loaded parasitic elements, a circular patch with three 

rectangular strips in feeding structure and circular patch for ground plane with circular slots and 

rectangular strips. The proper activation of PIN diodes generates frequency reconfiguration 
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between 2.28 -2.58 GHz and 2.62 – 2.73 GHz with twelve different radiation patterns for the 

above resonating bands. Majid et al. [148] realized a slot antenna with embedded slits on the 

four edges at ground plane for frequency and pattern reconfiguration. The integration of two 

PIN diodes in slot feed line and their proper activation produces three switchable frequencies 

at 1.82 GHz, 1.93 GHz and 2.10 GHz, while three PIN diodes in each slit produces the switching 

of main beam in -15°, 0°, +15°direction. A dual band antenna consisting of square patch having 

shorting vias at the center with varactor diodes enabled open stubs for continuous tuning of 

frequency and pattern is designed by Trong et al. [149]. The continuous variation in bias voltage 

forces the antenna to switch from broadside pattern to omnidirectional radiation pattern for 

frequency tuning range from 2.68 – 3.51GHz. By extending the above design idea, Zainarray 

et al. [150], designed a two element array antenna with varactor diode loaded open stubs for 

frequency and pattern reconfiguration. The relative biasing between varactor diodes not only 

produces the continuous frequency tuning from 2.15 – 2.38 GHz, but also beam steering from 

-23° to + 23° through adjusting the phase difference between two elements obtained by 

optimizing the effective electrical length of patches. Patel et al. [151] simulated a multilayer 

antenna composed of three truncated corners microstrip patch antenna loaded with three split 

ring resonators (SRR) having RF-MEMS for frequency and pattern reconfiguration. On 

activating from none switch to four switch ON successively, the antenna can tune at 6.646, 

6.685,6.708 and 6.761 GHz frequencies respectively and direction of main beam is shifted in 

different directions. A flexible and novel antenna geometry developed by Zhu et al. [152] for 

reconfigurability in frequency and pattern. The design has two switchable and symmetric 

radiating elements, where each element is composed of a circular monopole branch and 

hexagon open ring with extended branches. The radiating element with integrated PIN diodes 

is responsible for frequency switching in ‘1.9 GHz’ and ‘2.4 GHz’ band and selection of PIN 

diodes between feedline and radiating element accounts for the beam steering in two directions 

for each frequency. Singh et al. [153] prototyped a CPW fed ELC (electric-inductive-

capacitive) resonator enclosed by a closed ring resonator (CRR) with four vertical metal strips 

surrounding it. The change in state of the PIN diode between ELC and CRR provides the 

frequency reconfiguration, while four PIN diodes between metal strips and ground plane gives 

the pattern diversity. An inset fed rectangular patch antenna having inverted U – shaped slot 

and single PIN diode [154] is suggested by Palsokar et al. The antenna has resonant frequency 

of 3.8 GHz with broadside radiation pattern tilted at -30°for the OFF state of diode, while 

activation of PIN diode produces dual 2.47GHz, 5.36 GHz resonant frequencies with 
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bidirectional radiation pattern tilted at +30°. Zhang et al. prototyped a liquid metal based 

antenna design for frequency and pattern reconfigurability [155]. The suggested patch antenna 

design consists of three elements of Yagi-Uda structure having slots in the middle of the director 

and reflector. Six microfluidic channels of polytetrafluoroethylene (PTFE) are filled with 

Galinstan and adhered to the front side of the patch. The air pumped positioning of Galinstan 

has led to shorting/opening of slots on the elements of patch produces the frequency and pattern 

diversity in the frequency range from 1.52 – 3.2 GHz. Li et al. fabricated an antenna structure 

[156] for continuous frequency tunable and controlled scanning of radiation pattern from 0° – 

360° in 25.7° step through varactor and PIN diodes respectively. Firstly, four bending dipoles 

are designed to realize the omnidirectional radiation pattern and varactor diodes are placed for 

continuous frequency tuning from 2.2 – 2.52 GHz band. Now, double layer petal shaped 

parasitic elements with PIN diodes are placed around the antenna for radiation pattern diversity. 

An antenna design is prototyped by Ganesh et al. for achieving multiband and polarization 

diversity [157] with enhanced gain. Here, respective loading of two symmetrical rectangular 

split ring on half hexagonal shaped radiating patch via PIN diodes produces frequency 

reconfiguration between sub-6GHz and Wi-Fi 6E (3.3, 3.5, 5.1, 5.3, and 6.5 GHz) wireless 

standards and pattern diversity in 265°, 13°, 337° for 6.5 GHz, also placing a frequency reflector 

surface (FSS) below the radiating element improves gain by 2 – 4 dBi for each frequency. 

2.2.4.3 Pattern – Polarization Reconfigurable Antennas 

Similarly antennas can alter their polarization and pattern dynamically to adapt complex 

communication conditions. Also they enhance the performance of the antenna system by 

mitigating signal fading and multipath interference, high data rates, energy efficient and 

enhanced network coverage by beam steering in intended directions [158].   

Liu et al. [159] developed a co-axial probe fed L – shaped strip within a square ring antenna 

and PIN diode enabled shorting walls at each edge of the patch for pattern and polarization 

reconfiguration. The alternate activation of diodes connects the respective shorting walls and 

edges, which in turn produces the broadside radiation pattern with vertical and horizontal 

polarization respectively, whereas conical radiation pattern is obtained on activation of all 

diodes. In [160], four rectangular patches are arranged in square configuration and fed from the 

tunable feed network is realized by Cao et al. for polarization and pattern diversity. Energizing 

all elements with signal of same magnitude and phase, a metamaterial antenna results with 
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linear polarization and conical beam. Whereas, signals of same amplitude and 90° successive 

phase difference are fed to each adjacent input which leads to a wide band antenna having 

circular polarization with broadside radiation pattern. A microstrip fed, two meandered strips 

lines placed orthogonally with truncated ground plane is designed by Raman et al. [161] for 

pattern and polarization switching. The alternate energizing of orthogonal strips produces the 

switchable linear polarization with omnidirectional radiation pattern in orthogonal planes. Gu 

et al. [162] prototyped a dual fed square patch antenna with electronically reconfigurable feed 

network and parasitic dipoles around the driven element for linear polarization diversity with 

vertical and horizontal orientation and radiation pattern switching from 0° to 360°respectively. 

Shaw et al. designed a square shaped antenna with switch loaded octagonal shaped ring [163] 

and fed with quad coaxial probes for polarization and pattern reconfiguration at 2.492 GHz. 

The antenna exhibits polarization switching between RHCP or LHCP on energizing antenna 

via ports having phase difference of 90° and simultaneously loading of octagonal ring gives 

switching in pattern beamwidth.  

2.2.4.4 Frequency – Polarization – Pattern Reconfigurable Antennas 

Here, antennas can change their frequency, polarization and pattern dynamically without much 

changing their other characteristics. Rodrigue et al. [164] prototyped a novel antenna design to 

achieve frequency-polarization-pattern reconfigurable antenna by using pixel method. Here, a 

multilayered antenna composed of a square patch as driven element at bottom layer and 

parasitic layer of 6 × 6 elements with 60PIN diodes over it. The proper activation of diodes 

configuration tunes the operating frequency above 25%, steers the main beam in ± 30° in E and 

H planes and switches in four polarization states i.e vertical LP, horizontal LP, LHCP and 

RHCP. In [165], Ge et al. realized a grounded CPW- fed cavity back antenna for reconfiguration 

in frequency, polarization and pattern. The two cross slots of same length are etched back to 

back and twelve pairs of PIN diodes are placed at respective positions on both sides of the 

substrate with SIW (surface integrated waveguide or metallized via) backed cavity. The 

activation of all diodes in alternate layers reconfigures the radiation pattern in opposite direction 

with switching in frequency and polarization state by controlling the ON/ OFF state of PIN 

diodes in other layers. Here, antenna can change their frequency, polarization and pattern 

dynamically without much changing their other characteristics.  

 



CHAPTER 2 

39 
 

2.3 Summary 

The progress of wireless communication technology in recent years has revolutionized 

connectivity, which ultimately led to the exponential increase in wireless devices like IoT 

devices, smartphones and other smart gadgets. However, the manifold rise in wireless devices 

also presents multiple challenges like network congestion, signal interference, security threats, 

power consumption, higher operational cost, etc. in space and bandwidth constrained scenarios. 

In addition to being smaller and more effective than static antennas, multiband and 

reconfigurable antennas seemed to be the answer to the aforementioned problems. A brief 

discussion of the effects of growing numbers of wireless devices and services on hardware 

configuration and spectrum management and also different design methodologies, designs, and 

related difficulties for creating multi-band, reconfigurable antennas are presented.  

In this chapter, selected antenna designs having single and compound adaptable characteristics 

like frequency, polarization, pattern, frequency–polarization, frequency–pattern, polarization–

pattern and frequency–polarization–pattern were presented. The various mechanisms like 

electrical, optical, mechanical and material changes can be used to actuate reconfigurable 

antennas. In most of the reviewed articles, appropriate calculations were performed to 

determine the suitability of the diversity scheme in communication systems. 

This chapter has discussed reconfigurable antenna designs and mainly focused on hybrid 

reconfigurable antenna designs. Here, two or all antenna characteristics are made 

reconfigurable by using electrical switching mechanism via PIN diodes, varactor diodes, RF-

MEMS and etc. over other mechanisms, as it offers many advantages like creating simple planar 

design, low power consumption, low manufacturing cost, very high switching speed and 

concurrent working of several antenna in the system. Majority of the presented hybrid antennas 

can reconfigure at most two characteristics simultaneously using electrical switching. Although 

some novel work has been reported on frequency-polarization-pattern reconfigurable antennas, 

these antennas suffer from complex antenna structure, large number of switching elements and 

associated control circuitry. The exploration of many aspects, which were unexplored earlier, 

could lead to the development of reconfigurable antennas with very less number of switch 

elements as well as desired adaptive performance. The remaining part of the thesis will continue 

with description of application, domains, advantages, challenges and contribution towards 

designing reconfigurable antennas.   
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TRIPLE BAND Y-SHAPED ANTENNA WITH SLIT FOR WLAN AND 

WIMAX APPLICATIONS 

3.1 Introduction 

Several wireless standards are extending or overlapping particular in short range radio links like 

Bluetooth, wireless fidelity (‘Wi-Fi’), wireless local area network (‘WLAN’) and worldwide 

interoperability for microwave access (‘WiMAX’) bands. To avail these services, mobile 

devices are equipped with Bluetooth/ Wi-Fi/ WiMAX modules for simultaneous functioning at 

numerous frequency bands [166–170]. This leads to the designing of antennas, which are 

compact, economically viable, wideband and capable of communicating in different wireless 

standards with good antenna performances for portable wireless communication devices. The 

appealing features of microstrip patch antenna includes low profile, inexpensive and easy to 

integrate with other devices makes it most appropriate candidate for above said applications. 

The federal communication commission (‘FCC’) specified the 2.4 – 2.484, 5.15 – 5.35 and 

5.725 – 5.85 GHz spectrum for ‘WLAN’ and 2.5 – 2.69, 3.4 – 3.69 and 5.25 – 5.85 GHz for 

‘WiMAX’ operation. A number of antenna designs with rigorous approaches such as loading 

of stub or slots on radiating/ ground element, bow-tie, metamaterial etc. have been discussed in 

literature [171–190] to achieve multi-band performance with overall reduced size and enhanced 

performances in WLAN/WiMAX applications. Multi-band antenna is useful for devices, in 

which a single antenna is operating at desired frequencies rather than having multiple antennas 

serving the same. Also, they can be used in internet of things (IoT) applications including 

Bluetooth, ‘WiMAX’, ‘WLAN’, ‘Industrial IoT’, medical body area network (‘MBAN’), 

Wireless body area network (‘WBAN’) and etc., which are operating from 2–5 ‘GHz’ [171]. 

Verma et al. [78] suggested a microstrip line fed inverted L-shaped monopole as radiating 

element with branched configuration of parasitic element near to the monopole and attached to 

the partial ground plane to generate triple resonant bands for WLAN/ WiMAX application. A 

narrowband coaxial probe fed ring antenna is designed on FR-4 substrate by Mathew et al. 

[172] to produce resonance in UMTS, WiMAX and WLAN band with asymmetrical V-shaped 

slits on the respective edges of the ring to produce circular polarization in the UMTS band. Two 

F-shaped slots of equal dimension are etched on left and right side of radiating element having 

modified ground structure is suggested by Gautam et al. [174] to generate 2–2.76, 3.04–4 and 

5.2–6 GHz frequency bands. Liu et al. [175] prototyped a compound loop antenna consisting 
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of an outer rectangular ring having three splits,  an inner rectangular ring with a single split and 

a parasitic metallic strip between these. The electric-magnetic coupling between rings generates 

a higher and lower frequency band and metallic strip is responsible for the middle band. A 

circular monopole patch antenna design with parasitic double T-shaped stubs and two inverted 

L-shaped stubs of unequal length behind the monopole patch on the partial ground plane is 

designed by Kumar et al. [178] to achieve four resonating frequencies of 2.5, 4.5, 5.7 and 7.7 

GHz. Mathew et al. [179] proposed a coaxial probe fed sector shaped antenna with truncation 

at three corners. The truncation at respective corners produces three resonating frequencies of 

range ‘1.92 – 2.17’ GHz for UMTS, ‘3.3–3.6’ GHz for WiMAX and ‘5.1–5.3’ GHz for ISM 

band. 

A CPW fed asymmetric coplanar strip antenna designed by Li et al. [182] with reverse G-shaped 

slot and an U-shaped stub. In suggested antenna design, U-shaped stub is responsible for 2.4 

GHz, asymmetric strip excites 5.2 GHz and reverse G – shaped slot produces the 3.5 and 5.8 

GHz resonant frequencies respectively. Li et al. [183] suggested a CPW fed slot dipole antenna 

with two identical slot stubs with parasitic slots placed symmetrically along the arms of slot 

dipole antenna for generating three resonating frequency bands of range from 2.375 – 2.525 , 

3.075 – 3.8 and 5.0 – 6.9 GHz respectively. Xu et al. in [184] proposed a CPW fed dual layer 

metallic structure composed of a square ring with S-shaped strip attached to the feed line and 

crooked U-shaped strips and three horizontal stripes on the other layer for generating triple 

resonating bands of range from 2.34 – 2.50, 3.07 – 3.82 and 5.13 – 5.89 GHz for 

WLAN/WiMAX applications. A bow-tie slot antenna and a thin strip line on it with rectangular 

tuning stub is designed by Yoon et al. [186] for producing three resonant frequencies of  2.4, 

5.2 and 5.8 GHz in the ‘WLAN’ band. A cylindrical dielectric resonator antenna (CDRA) fed 

by modified microstrip line with vertical segment is prototyped by Sharma et al. [188] for 

producing multiband characteristics. The suggested antenna structure has five resonating 

frequencies ranging from ‘2.5 – 2.76 GHz, 3.38 – 3.54 GHz, 4.9 – 5.3 GHz, 5.5 – 5.61 GHz’ 

and ‘5.78 -5.98 GHz’ with broadside radiation pattern. Daniel et al. [189] developed an antenna 

for WiMAX and WLAN application by utilizing a ring monopole antenna in conjugation with 

ELC (Electric – Inductive – Capacitor) resonator and partial ground plane. The change in 

current direction on the suggested antenna by ELC metamaterial yields 3.74 and 5.1 GHz 

resonant frequencies. A dual band antenna using metamaterial based split ring structure with 

hexagonal complementary split ring resonator (HCSRR) and partial ground plane is designed 
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by Murugeshwari et al. [190] for ISM, WiMAX and WLAN band applications. The split ring 

excites the single resonant frequency from 3.44 – 5.84 GHz and HCSRR is responsible for 2.42 

– 2.60 GHz frequency band. 

The complex geometries, large size, and narrowband are some disadvantages of such structures. 

A modest and squeezed antenna design is discussed in this chapter to by-pass these 

shortcomings. The suggested antenna structure comprised of Y-shaped radiating element 

having horizontal, square and two hook shaped slits at opposite edges on partial ground plane 

to produce resonating frequencies in the WLAN/WiMAX band.  

3.2 Antenna Design Configuration and Analysis 

 3.2.1 Design Procedure 

The suggested antenna geometry is designed, optimized and analysed with full wave ‘CST -

Microwave studio’. Evolution process for final design is systematically explained by 

designing antenna designs from A–1 to A–4 as shown in figure 3.1 

 
(a) Front side 

 

(b) Rear side 

Figure 3.1 Evolution steps of proposed design 

The proposed antenna structure is fed by a single microstrip feed line having two segments of 

varying lengths and widths to attain impedance matching of 50 Ω for all the resonating 
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frequency bands [191].  The parametric analysis and sweep are utilized to optimize antenna 

design and dimensions, which will be explained in the following sub-sections. 

3.2.2 Ultra wideband (UWB) antenna design (A – 1) 

In a number of UWB antenna designs [192-193], a combination of monopole radiating patch 

over partial ground plane is utilized for achieving compact, wideband antennas with stable 

radiation pattern. Here, a gap is devised between lower and upper edges of radiating patch and 

partial ground plane respectively to produce coupling capacitance. The coupling capacitance 

modifies the input impedance of the antenna and also helps in exciting closely spaced multiple 

harmonics of fundamental frequencies and their overlapping leads to wideband behaviour of 

the antenna structure [194].  Therefore, shape and design of ground plane is crucial to radiating 

structure as they determine the current flow. Any disturbance on ground plane modifies the 

current arrangement and ultimately the antenna performance.  

The basic resonant frequency of antenna can be estimated by correlating antenna’s area to that 

of a corresponding cylindrical monopole antenna of identical length and radius [194] is 

calculated from equation 3.1. 

 

    𝑓𝑟 =
14.4

𝐿𝑝 + 𝐿𝑔 + 𝑔 + 𝑅𝑝 + 𝑅𝑔
𝐺𝐻𝑧               (3.1) 

                     

Where,        𝐿𝑝 = Radiating patch length 

                    𝐿𝑔 = Ground plane length    

                    𝑔  = Gap  

And 𝑅𝑝 and 𝑅𝑔 are the radius of cylindrical dipole corresponding to radiating and ground 

plane patch respectively as given by: 

                                         

𝑅𝑝 =
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑎𝑡𝑐ℎ

2𝜋𝐿𝑝√𝜀𝑟𝑒

   =  
𝐿𝑝𝑊𝑝

2𝜋𝐿𝑝√𝜀𝑟𝑒

                 (3.2) 

                                                      

𝑅𝑔 =
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑔𝑟𝑜𝑢𝑛𝑑

2𝜋𝐿𝑔√𝜀𝑟𝑒

   =  
𝐿𝑔𝑊𝑔

2𝜋𝐿𝑔√𝜀𝑟𝑒

              (3.3) 
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    𝜀𝑟𝑒 =
𝜀𝑟 + 1

2
                                                           (3.4) 

              Where,  

                                 𝜀𝑟  = Dielectric constant of substrate 

                                𝜀𝑟𝑒 = Approximate effective dielectric constant of air-substrate interface 

 

In this design step, we start with a Y-shaped radiating patch with two arms of unequal length 

over partial ground plane with ℎ𝑔 × 𝑊𝑔 mm2 dimension as presented in figure 3.2. This 

asymmetry helps to achieve better impedance matching and also introduce multiple resonances 

to enhance the bandwidth. Together, the Y-shaped patch, the gap, and the ground plane work 

like the two arms of a dipole antenna. One arm is the monopole radiating patch and other arm 

is represented by mirror currents on the ground plane (due to image theory). Thus an analogous 

dipole antenna is formed by the gap (g), partial ground plane, and radiating patch. Since the 

radiation patterns and performance of planar printed monopole antennas typically resemble 

those of dipole antennas, they can be considered printed dipole antennas [195].  

 

 

       Figure 3.2 Suggested antenna A-1 
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For lowest cut off frequency, the radiating element length should be nearly equals to   
1

4
(𝜆𝑒), 

Where 𝜆𝑒 is effective wavelength. The ground element and radiating patch are optimized in 

simulation software for better impedance matching in the UWB.  The value of lower cut off 

frequency is ≈ 2.97 GHz as approximated from equations 3.1 – 3.4 for ‘𝐿𝑝 = 4.84 cm’, ‘𝐿𝑔 = 

1.15 cm’, ‘g = 0.05 cm’, ‘𝑅𝑝 = 0.23 cm’ and ‘𝑅𝑔 = 0.02 cm’. It is observed from a simulated 

reflection coefficient plot against frequency that the antenna has resonating frequency band 

from 2.85 – 10.34 GHz, thus almost covers UWB, as shown in fig. 3.3. 

 

 
 

 

             Figure 3.3 Simulated reflection coefficient vs frequency for antenna A-1  

  

3.2.3 Wideband Antenna Design (A – 2) 

As we know, the etching of slits on partial ground element is an effective technique to enhance 

the antenna performance by changes the surface current flow. When slits are introduced, they 

alter the natural path of current distribution on the ground plane, which directly affects the 

antenna's electromagnetic properties. These disruptions result in changes to the effective 

inductance and capacitance of the antenna structure. The geometry, length, and placement of 

the slits determine the degree to which these parameters are modified, thereby influencing the 

antenna’s input impedance. This modification is critical because it allows the antenna 

impedance to be more closely matched with that of the microstrip feed line, typically 50 ohms. 
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Improved impedance matching leads to a reduction in reflected power and ensures that more 

energy from the feed line is efficiently transferred to the antenna for radiation [196–197]. 

Consequently, this enhances key performance metrics such as return loss, voltage standing 

wave ratio (VSWR), radiation efficiency, and bandwidth.    

   
  

            Figure 3.4 Simulated reflection coefficient (S11) vs frequency for antenna A-2 

 

In this design step, a horizontal slit having  length of ‘12.4 mm’ and ‘0.4 mm’ width is engraved 

on  partial ground patch close to upper edge while keeping the other antenna dimensions intact 

as illustrated in figure 3.1(b). From reflection coefficient plot in figure 3.4, it is noticed that the 

antenna has single resonating band from 2.98–6.24 GHz with resonant frequency of ‘5.51 GHz’. 

Thus, a slit on the ground element modify the UWB antenna into a single wideband antenna. 

The resultant structure is termed as antenna A-2. 

3.2.4 Multiple band Antenna design (A –3) 

In this design step, the wideband antenna A-2 undergoes further modification to achieve 

triple-band operation. This transformation is accomplished by engraving two hook-shaped 

slits into the ground plane, originating from the respective side edges, as illustrated in Figure 

3.5(b). These hook-shaped slits serve as additional resonant structures that introduce new 

current paths and localized resonances. By altering the current distribution and creating 
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specific reactive effects (inductance and capacitance), these slits help to generate and isolate 

multiple resonant modes within the desired frequency bands. The resulting structure, labelled 

as antenna A-3.  The above mentioned is further evidenced from the plot of reflection 

coefficient against frequency for various vertical  and horizontal slits as depicted in figure 3.6 

(a)-(b). These plots clearly demonstrate how the introduction of the hook-shaped slits 

contributes to the emergence of multiple resonance dips, confirming the successful 

transformation from a wideband antenna to a triple-band antenna. This design approach 

highlights the usefulness of geometrical manipulation in ground plane engineering to tailor 

antenna performance for specific multi-band applications. 

 

            

      (a)  Front side                                                                (b)  Rear side 

Figure 3.5 Proposed geometry of antenna A-3 

 

From presented plot in figure 3.6(a), it is noticed that for vertical and horizontal slit on the 

partial ground plane from the upper edge that an additional second band of range from ‘2–3 

GHz’ starts appearing for respective slots from 1–4. The engraving of the second hook from 

the lower side of the partial ground plane by successive horizontal and vertical slits adjusts the 

second band within prescribed frequency range and also produces an additional band from ‘3–

4 GHz’ as shown in figure 3.6(b). Thus etching of two hooks on ground structure transforms 

the wide band antenna into a triple band antenna. The antenna has three resonating frequencies 

ranging from ‘2.54 – 2.74, 3.1– 4.4 and 4.6 – 6.1 GHz’ with ‘2.64, 3.40’ and ‘5.64 GHz’ 

resonant frequencies.   
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(a) First hook from upper edge 

 

 

(b) Second hook from lower edge 

           Figure 3.6 Simulated reflection cofficient (S11) vs frequency for antenna A–3  
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3.2.5 Final Antenna Design A – 4 

Although, the three resonating frequencies of antenna A-3 covers the notified frequency bands 

for WLAN and WiMAX. The range of these bands are quite large compared to the prescribed 

limit. A square slit of 0.5 mm is engraved on partial ground plane near to bottom hook without 

changing the other dimensons, squeeze the frequency bands with the prescribed limit as shown 

in figure 3.7 (b). The new antenna layout is labelled as A-4.    

           

(a) Front side                                                            (b) Rear side 

 

Figure 3.7 Final proposed antenna design A-4 

 

 

                Figure 3.8 Simulated reflection coefficient (S11) vs frequency for antenna A-4 
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The simulated reflection coefficient vs frequency plot for antenna A– 4 presented in figure 3.8 

supports the above stated. The new resonating band  covers frequency range from ‘2.52 – 2.72, 

3.1 – 3.94’ and ‘4.86 – 6.1 GHz’ with ‘2.63, 3.34’ and ‘5.67 GHz’ resonant frequency. A 

squeeze in the frequency bands are visible when compared with the resonating bands of antenna 

A–3. Although insignificant compression in the first and second band is observed, significant 

compression is obtained in the third band. 

3.2.6 Surface Current Distribution  

The surface current distribuitions of antenna A-4 at resonant frequencies ‘2.63, 3.34’ and 

‘5.67’ GHz are illustrated in figure 3.9(i)–(ii) explains the working mechanism [7] and 

interdependence between resonant frequencies and antenna parameters. At the first resonant  

 

 

 

 

 

                    (a) f = 2.63 GHz                          (b) f = 3.34 GHz                             (c) f = 5.67 GHz  

        (i) 

 

                                                                                                                                           

                                                                                                                                                              

 

 

 

            (d) f =2.63                                   (e) f =3.34 GHz                           (f) = 5.67 GHz 

                                                                                  (ii) 

Figure 3.9 Surface current distribution at resonant frequencies (i) front view (ii) rear view 
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frequency of 2.63 GHz, figures 3.9(a) & (d) show that the surface current is predominantly 

concentrated around the upper hook of the radiating element, with significantly weaker 

current observed across the remaining portions of the structure. This indicates that the upper 

hook plays a dominant role in determining the resonance at this frequency. While at ‘3.34’ 

GHz, the surface current is more intensely concentrated along the shorter arm of the radiating 

element rather than the longer arm as depicted in figure 3.9 (b) & (e) . Additionally, there is 

noticeable current flow around the horizontal slit and both hook-shaped slots, suggesting their 

combined influence in enabling resonance at this intermediate frequency. At the highest 

observed resonant frequency of 5.67 GHz, figures 3.9(c) & (f) reveal that the surface current 

becomes more uniformly distributed across both arms of the radiating element, with a higher 

density of current around the horizontal slit and the lower hook on the ground plane. This 

pattern indicates that these features contribute significantly to the antenna's response at higher 

frequencies.  

3.3 Final Antenna Design for WLAN/ WiMAX bands  

Final antenna structure is presented in figure 3.10 (a)–(b), is fabricated on a ‘1.59 mm’ thick 

‘FR-4’ substrate with ‘relative permittivity (εr )= 4.4’ and ‘loss tangent (tan δ) = 0.025’. The 

antenna has an overall volume of ‘30×30×1.59’ mm3. The optimized dimensions of antenna 

structure are tabulated in Table 3.1.  

 

 

                                                (a)                                                                                      (b) 

Figure 3.10 Proposed antenna geometry (a) top side (b) bottom side 

 



CHAPTER 3 

53 
 

TABLE 3.1 Optimized dimensions of proposed antenna design 

 

3.4 Simulated and Measured Result 

The final optimized antenna design is prototyped on ‘FR-4’ substrate as displayed in figure 3.11 

(a). The fabricated antenna is tested for reflection coefficient with Agilent (N5234A) vector 

network analyzer (‘VNA’) and beam pattern is observed in an anechoic chamber. The 

photograph of antenna under test is depicted with VNA and in an anechoic chamber in figure 

3.11 (b) and (c) respectively.   

           

         (a) Fabricated antenna with top and bottom view 
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(b) S11 measurement of prototyped antenna with VNA       (c) Fabricated antenna under measurement in   

                                                                                                    anechoic chamber 

Figure 3.11 Antenna measurement setup 

 

                   Figure 3.12 Simulated and measured reflection coefficient vs Frequency plot  

The measured and simulated reflection coefficient of the fabricated design is presented in figure 

3.12 shows very good matching of result with minor discrepancies. The -10 dB impedance 
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bandwidths of suggested design are ‘150 MHz’, ‘920 MHz’ and ‘1210 MHz’ in the frequency 

range of ‘2.55 – 2.70 GHz’, ‘3.06 – 3.98 GHz’ and ‘4.99 – 6.2 GHz’ respectively with resonant 

frequencies at ‘2.68’, ‘3.75’ and ‘5.72 GHz’. 

The simulated and measured radiation pattern for ‘E-field’ (xz – plane) and ‘H – field’ ( yz – 

plane) at ‘2.68’, ‘3.75’ and ‘5.72 GHz’ is presented in figure 3.13. Omnidirectional radiation 

pattern is observed for E- field at 2.68 GHz with bidirectional patterns are observed for 

remaining frequencies, while toroidal shaped radiation patterns are obtained in H-field for all  

three frequencies.  The peak antenna gains of 0.5, 1.08 and 2.4 dBi for frequencies at 2.68, 3.75 

and 5.72 GHz are obtained respectively from the gain plot as displayed in figure 3.14. Also, 

from total efficiency vs frequency plot in figure 3.15, it is observed that the total efficiency of 

designed antenna is lying between 50 – 80%, 58 – 74% for first and second resonant band 

respectively and also more than 70% for third resonant band. The simulated and measured 

results are tabulated in Table 3.2. 

             

(a) f = 2.68 GHz 

                 

(b) f = 3.75 GHz 
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(c) f = 5.72 GHz 

 

            
(d) f = 2.68 GHz 

           

(e) f = 3.75 GHz 
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(f) f = 5.72 GHz                                  

Figure 3.13 Simulated and measured radiation pattern for 2.68, 3.75 and 5.72 GHz 

 

 

Figure 3.14 Gain vs frequency 
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Figure 3.15 Total Efficiency vs frequency 

Table 3.2 Summarized results of antenna 

 

3.5 Comparison with Similar Antennas 

Table 3.3 compares the measured outcomes of the suggested antenna design with earlier 

research. Comparing the presented antenna to other published designs, it is comparatively 

small, has a straightforward structure, and has many resonating bands with a respectable 

impedance bandwidth (IBW).  

 

S. No. Operating Band BW Meas. 

Reso. 

Frequency 

Gain 

Simulated 
Measured 

Simulated 
Measured 

(GHz)                  (GHz) (GHz) (dBi) 

1 2.52 - 2.71 2.55- 2.70 0.19 0.15 2.68 0.5 

2 3.11 – 4 3.06- 3.98 0.89 0.92 3.75 1.08 

3 4.84 - 6.05 4.99 – 6.2 1.21 1.21 5.72 2.4 
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Table 3.3 Comparison of suggested antenna design with reported work 

Reported 

Works 

Dimensions 

(mm) 

Material Frequency 

Bands  (GHz) 

Resonant  

Freq. (GHz) 

BW  

(%) 

[172] 50×50×1.6 FR-4 2.08 - 2.17 

3.47 - 3.54 

5.325 - 5.675 

2.12 

3.5 

5.6 

4.2 

2 

6.2 

[173] 40×54×1.6 FR-4 2 - 2.6 

3.21 - 3.51 

3.8 - 6.38 

2.4 

3.4 

5.8 

26 

8.9 

50.6 

[176] 28.1×32×1.6 

 

FR-4 1.5 - 2.2 

4 - 4.3 

6 - 7 

8.2 - 10.68 

1.85 

4.15 

6.5 

9.5 

40 

7.23 

15.4 

26 

[177] 30×35×1.6 FR-4 2.3 - 2.62 

2.63 - 2.9 

3.3 - 4.8 

5 - 8.02 

2.46 

2.765 

4.05 

6.51 

13 

9.74 

37 

46.4 

[179] 40×50×1.6 

 

FR-4 1.92 - 2.16 

3.5 - 3.68 

5.16 - 5.36 

2.06 

3.56 

5.2 

11.2 

5.14 

3.9 

[180] 35×45×1.5 Arlon 

AD255A 

2.33 - 2.55 

3.40 - 3.56 

2.4 

3.5 

9.16 

7.43 
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3.6 Summary 

This chapter presents the stepwise design process and detailed working mechanism of a 

microstrip line fed Y-shaped patch antenna having slits on ground patch to achieve multiple 

resonating bands in the frequency range from 2-6 GHz. The proposed design has resonating 

frequencies from 2.55 – 2.7, 3.06 – 3.98 and 4.99–6.2 GHz with fractional bandwidth of 5.6 %, 

26.67 %, 21.53 % and 0.5, 1.08, 2.4 dBi gain respectively. The antenna design is appropriate 

for WLAN and WiMAX applications owing to its simplistic shape, small size, wideband, 

numerous bands, and steady radiation pattern. 

4.26 - 8.11 5.8 66.4 

[181] 26×36×1.6 εr = 3.5 2.38 - 2.82 

3.32 - 3.88 

5.13 - 6.53 

2.6 

3.6 

5.83 

16.9 

15.6 

6.86 

[182] 35×19×1.6 

 

FR-4 2.38 - 2.5 

3.35 - 3.67 

4.76 - 6.55 

2.45 

3.5 

5.5 

4.89 

9.14 

32.5 

[183] 30×65×1.6 FR-4 2.375 - 2.525 

3.075 - 3.8 

5 - 6.9 

2.45 

3.5 

5.2,  

5.8 

6.1 

21.1 

31.9 

[185] 70×44×1.6 FR-4 2.35 - 2.77 

5.47 - 6.10 

2.5 

5.8 

16.4 

10.9 

Proposed 

Design 

25.5×26×1.6 FR-4 2.55 - 2.7 

3.06 - 3.98 

4.99 - 6.2 

2.68 

3.75 

5.72 

5.6 

26.67 

21.53 
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ANNULAR RINGS ANTENNA WITH 

FREQUENCY & POLARIZATION AGILITY 

4.1 Introduction 

In recent times, wireless communications are evolving rapidly and led to the development of 

various innovative services like GPS, Wi –Fi, GSM, WLAN, WiMAX, Bluetooth etc. to meet 

the end user requirement. Each application involves a unique frequency band with polarization 

and radiation characteristics, hence requiring a dedicated antenna [97], [110], [198–199]. So to 

avail these services, generally antennas with fixed properties like frequency, polarization and 

radiation pattern are integrated in a wireless system. The integration of multiple antennas in a 

single entity results in an expensive and bulky structure with increased complexity. Thus we 

need an efficient antenna system of smaller size, wide band, multifunctional and inexpensive 

to accommodate the needs of emerging wireless communication technologies. The 

reconfigurable antennas appeared as suitable candidates to address these issues. 

Reconfigurable antennas by utilizing adaptable and dynamically controlled geometries offer 

more functionalities over conventional antennas and deliver improved performances with same 

throughput as a multi–antenna system without enlarging its size [25], [32]. 

The reconfigurable antennas are broadly classified into two types on the basis of the number 

of reconfigurable parameters i.e. single and compound reconfigurable antennas. The single 

reconfigurable antenna is of frequency reconfigurable, polarization reconfigurable and pattern 

reconfigurable types. In literature, several antenna designs with single tunable parameters like 

frequency [200–203], pattern [125], [204–206] and polarization reconfigurable [112], [117], 

[207–208] have been reported. In the rapidly changing world, it is expected that reconfigurable 

antennas must possess the ability to alter multi-parameters. So compound reconfigurable 

antennas have received considerable attention in next generation wireless communication 

because of various attractive features which add more flexibility, diversity in the existing 

antenna system and enhance its performance in diverse communication environments. The 

compound reconfigurable antennas are further subdivided on the basis of integrated 

characteristics and are of following types like ‘frequency–polarization’, ‘frequency–pattern’, 

‘polarization–pattern’ and ‘frequency–polarization–pattern’ reconfigurable antennas. Hybrid 

reconfigurable antennas have many advantages over the single reconfigurable antenna but pose 

significant challenges to antenna engineers in terms of implementing reconfigurability 
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functionality into the system to make it more efficient without severely degrading the antenna 

performance [33], [209]. 

The frequency and polarization diversity antenna has offered various advantages such as 

efficient spectrum utilization by frequency reuse, minimizing multipath fading with increased 

system capacity and may be used in next generation communication system like cognitive radio 

(CR), frequency hopped spread spectrum (FHSS) and software defined radios (SDR), which 

can be reconfigured for communicating using diverse protocols operating at different 

frequencies and polarizations. A number of antenna designs with frequency and polarization 

reconfigurability had fabricated successfully by employing PIN diodes, varactor diodes, 

MEMS switches and other methods [136–137], [139], [191], [210 – 216]. 

A diagonal fed square patch antenna with shorting post on vertical and horizontal sides for 

frequency and polarization diversity is designed by Qin et al. [136]. The loading of the shorting 

post on square patch via varactor diodes produces the continuous resonant frequency switching 

in 1.35–2.25 GHz frequency band. The loading of either vertical or horizontal shorting post via 

PIN diodes produces either vertical or horizontal linear polarization in the above band, while 

simultaneous loading of all shorting posts produces the resonating frequency band from 1.35–

1.9 GHz with linear polarization in 45° direction. Trong et al. [210] designed a circular patch 

antenna fed at midpoint with switchable shorting post on its periphery that can be loaded on 

patch through PIN diodes for reconfiguration operations. The switching ON/ OFF of a set of 

PIN diodes creates a radiating slot and cavity of variable lengths with controllable location, 

which can produce the multiple resonance frequencies with linear polarization of different 

orientation angles. Hu et al. [137] designed a square radiating element antenna having PIN 

diode controlled shorting posts on patch and perturbation elements on its corner for frequency 

and polarization switching. The switching of shorting posts on square patch via PIN diodes 

gives the eight discrete resonant frequencies within 1.7–2.8 GHz and loading of alternate 

diagonal and all perturbation elements gives the LHCP, RHCP and linear polarization 

respectively for the resonating frequencies.  

The switchable radiating elements with trimmed corner techniques are employed in [211–212] 

to achieve the frequency and polarization diversity. Anantha et al. in [211] designed a square 

patch antenna with trimmed corners and rectangular ring within square patch for 

reconfiguration operation. Activation of PIN diodes between patch and ring produces the 

frequency switching between 5.2 GHz and 5.8 GHz, while loading of either alternate diagonal 



CHAPTER 4 

64 
 

or all corners via PIN diodes produces either LHCP and RHCP or linear polarization 

respectively for each frequency band. A square patch having diagonally trimmed two corners 

with L-shaped radiating elements on both sides of the patch at upper portion is designed by 

George [212] for frequency and polarization switching. The loading or unloading of L-shaped 

elements via PIN diodes gives the frequency reconfiguration between GLONASS (global 

navigation satellite system), WLAN and WiMAX bands. On the other hand loading of 

truncated corners on patch via p-i-n diodes provides polarization reconfiguration in between 

linear and circular states. A rectangular monopole antenna was built by Liu et al. [213] with a 

reflector for frequency and polarization agility and two PIN diodes across the slotted ground 

plane. The simultaneous switching ON or OFF both diodes produces the linearly polarized 

radiation with resonant frequency reconfiguration between 2.35 GHz and 2.62 GHz 

respectively. Meanwhile, alternate switching of PIN diodes produces circular polarization in 

resonant frequency of 2.22 GHz with left and right hand orientation respectively. Liang et al. 

[214] suggested an antenna geometry for frequency and polarization agile operation by 

utilizing electronic band gap (EBG) structure. The EBG comprises two identical orthogonal 

metallic rectangular patches array with varactor diodes in each layer. The wideband CPW fed 

monopole antenna is upper positioned on EBG surface and adjusting the biasing of varactor 

diodes in each layer provides the LHCP and RHCP switching for each resonating frequency in 

1.03–1.54 GHz band.    

A tunable feed network is utilized for reconfiguration operations. Two concentric circular patch 

antennas joined at vertical and horizontal locations via varactor diodes and fed at two 

orthogonal positions designed by Babakhani et al. in [139]. The alternate activation of vertical 

or horizontal sets of diodes with excitation at single port produces the continuous varying 

resonating frequency from 1.17–1.58 GHz with vertical and horizontal linear polarizations 

respectively, while activating all the diodes and employing excitation at both ports with 90° 

phase difference results in circular polarization with left and right hand switching. Sedhaghara 

et al. [191] designed a concentric rings slot antenna with tunable stubs on both sides of the 

substrate. The loading or unloading of stubs on radiating elements and feed network via PIN 

diodes gives frequency and polarization diversity. The activation of the outer ring and tunable 

stubs produces 2.4 GHz resonant frequency with linear and circular polarization with left and 

right hand rotation. Similarly, excitation of the inner ring with alternate tuning stubs in the feed 

network produces a resonant frequency of 3.5 GHz having LHCP and RHCP. A circular patch 

with an outer circular ring fed at two ports by ‘open stub cascaded branch-line coupler’ 
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(OSCBLC) feed network [215] is designed by Muthuvel et al. for frequency and polarization 

reconfiguration. The biasing of four varactor diodes between ring and patch produces 

continuous frequency tuning from ‘2–3’ GHz and polarization switching in horizontal and 

vertical linear polarization via exciting one port at a time, also switching in left and right hand 

circular polarization via activating both ports with phase difference of  ± 90°. 

Ni et al. developed a metasurface based antenna for frequency and polarization diversity [140]. 

Here, a metasurface composed of sixty four identical patches is placed above on dual slot 

antenna and a metallic reflector placed behind this configuration. Relative adjustment between 

antenna, metasurface and reflector produces the resonant frequency reconfiguration in 8–11.2 

GHz band, while the rotation of metasurface relative to the center of the slot antenna gives the 

linear, LHCP and RHCP in the resonating band.  

The methods like switchable shorting posts, tunable radiating and feed network, trimmed 

corners, metasurface, EBG and etc. are utilized in above discussed antennas for frequency and 

polarization diversity. In this chapter, we primarily design a simple microstrip line fed 

reconfigurable annular rings antenna with slit etched on partial ground plane and PIN diodes 

on one ring for frequency and polarization diversity. The following sections of this chapter 

provide a systematic presentation and explanation of the design process and outcomes of the 

suggested antenna. 

4.2 Antenna Design Specifications and Analysis 

‘Computer Simulation Technology−Microwave Studio (CST-MWS)’ is utilized to simulate 

the proposed antenna arrangement. This section involves the systematic description of antenna 

design steps from Antenna–1 to Antenna–4 as shown in figure 4.1 along parametric analysis 

and organized explanations in terms of performances are provided in detail for better 

understanding the relationship between antenna dimensions, axial ratio and impedance 

bandwidth.  

       

(a) 
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                                                                                      (b) 

Figure 4.1 Evolution steps of proposed antenna deign (a) top view (b) rear view 

 

 

4.2.1 Empirical Equations and Design Procedure to Narrowband Antenna – 1 (A – 1) 

The proposed antenna design utilizes annular rings as the primary radiating elements, which 

significantly enhances its radiation characteristics. Unlike traditional antenna structures with a 

single outer edge, an annular ring features two distinct edges—an inner and an outer radius. 

This dual-edge configuration results in an increased number of discontinuities where the 

electric field can "fringe" or extend into the surrounding space, thereby generating stronger 

fringing fields. These intensified fringing fields contribute directly to improved radiation 

performance, making the annular ring-based design superior to those using simpler, single-

edged radiating structures [217]. 

From the cavity model, the peripheries of a ring [218] are replaced by magnetic walls. This 

modelling approach assumes that there is no magnetic field component in the direction of wave 

propagation, which is a key characteristic of Transverse Magnetic (TM) modes. These modes 

are referred as TMnm modes, and describes the field distribution within the ring structure. The 

ability of the annular ring to support multiple TM modes further contributes to its versatile and 

enhanced radiation performance, making it a suitable candidate for modern multi-band or 

broadband antenna applications. 

The average circumferential length of the ring is equated to wavelength in order to approach 

the resonance frequency of dominant mode (TM11) for typical annular ring patch antennas 

[191], [219]. The following are the empirical equations. 

                       𝜆 = 𝜋(𝑅𝑖 + 𝑅𝑜)                       (4.1)                     

                     𝑓 = 
c

π (𝑅𝑖+𝑅𝑜)√𝜀𝑒𝑓𝑓
               (4.2) 
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                      𝜀𝑒𝑓𝑓 = 1 + 𝑞(𝜀𝑑𝑟 − 1)                (4.3) 

                         Where,      

                        c = Speed of light 

                          𝑓 = Frequency of dominant mode 

                          𝜆 = Wavelength of dominant mode 

       π (𝑅𝑖 + 𝑅𝑜) = Mean circumference length 

                   𝜀𝑒𝑓𝑓 = Effective dielectric constant 

                   𝜀𝑑𝑟 = Relative permittivity 

                     q =  Correction factor for presence of different dielectric 

materials on both sides of antenna patch 

Here, antenna geometry comprises of annular rings with rectangular ground is presented in 

figure 4.2. In this design step, dimensions of ground plane and radiating element are optimized 

for resonating frequencies covers WLAN band. The size of the rectangular ground plane is ‘26 

× h3’ mm2, and Ri = 4 mm, Ro = 6 mm are the radius of inner and outer radius of annular ring. 

Antenna is fed by a W1 mm (3 mm) wide single microstrip feed line, which is divided into two 

sections of 1 mm width and respective length at height h1 mm as shown in below figure. From 

equations 4.1 – 4.3, the calculated value of resonant frequency is ≃ 5.82 GHz. 

        

                                            (a)                                                                                 (b) 

Figure 4.2 Layout of suggested antenna (a) front view (b) rear view 

The parametric study of ground plane height (h3) is carried out to study its impact on 

impedance bandwidth is presented in fig. 4.3. This investigation reveals a clear relationship 
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between the height of the ground plane and the resonant behaviour of the antenna. Specifically, 

as the value of h3 is increased, the entire resonant frequency band shifts toward the lower end 

of the frequency spectrum. This downward shift indicates that a larger ground plane height 

effectively increases the electrical length of the antenna, thereby lowering its natural resonant 

frequencies.  At ground plane height h3 = 21 mm, the antenna has a single resonating frequency 

band from ‘5.25 – 5.38’ GHz with resonant frequency ‘5.32’ GHz is best impedance matched 

to -43 dB. The antenna has impedance bandwidth (IBW) of 130 MHz and fractional bandwidth 

of 2.4 %, hence design A – 1 is narrowband antenna. The optimized dimensions for antenna 

A–1 are as follows:  𝑅𝑖 = 4 𝑚𝑚, 𝑅𝑜 = 6 𝑚𝑚, 𝑊1 = 3 𝑚𝑚, ℎ1 = 12 𝑚𝑚 and ℎ3 = 21 𝑚𝑚.  

 

 

              Figure 4.3 Simulated reflection coefficient vs frequency plot for different ground plane heights  

4.2.2 Circularly Polarized Wide Band Antenna Design (A – 2) 

It is well known that circular polarization (CP) can be achieved when two orthogonal electric 

field (E-field) components of equal amplitude are generated with a phase difference of 90 

degrees (i.e., in quadrature) [76]. The originally linearly polarized antenna A-1 can be 

effectively transformed into a circularly polarized wideband antenna by etching a narrow slit 

of 0.5 mm width and one-quarter of the wavelength (λ/4) in length denoted as W4 mm on the 

partial ground plane from the left edge at a vertical height of h6 mm [220–221].  The 

introduction of this asymmetrical slit disturbs the current distribution on the ground plane in a 
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controlled manner, thereby facilitating the generation of the two required orthogonal E-field 

components with the necessary phase difference. In conjunction with this structural alteration, 

simultaneous optimization of the ground plane height is carried out to fine-tune the antenna's 

impedance characteristics and maintain broadband performance. The resultant antenna 

geometry is presented in figure 4.4 and labelled as antenna – 2 (A – 2).  

 

                 
         

      (a) Front side                                                               (b) Rear side 

 

Figure 4.4 Design of simulated antenna structure (Antenna – 2) 

 

 

           Figure 4.5 Effect of variation in slit length on reflection coefficient for A – 2  
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           Figure 4.6 Effect of variation in slit length on AR bandwidth for A – 2  

The impact of varying slit lengths on reflection coefficient and axial ratio against frequency is 

presented in figure 4.5 and 4.6 respectively for fixed ground plane height  ℎ3 = 17 𝑚𝑚 and 

corresponding result is tabulated in Table 4.1.  

Table 4.1 Variation of slit length on IBW and ARBW 

S. No. Slit Length  (W4) in mm Resonating 

Frequencies (GHz) 

Axial Ratio Bands 

(GHz)  

 

     1 

             7.3 

5.38 – 5.74 5.59 – 5.61 

6.21 – 6.61  

       

     2 

             7.4 

 

5.43 – 5.82 5.58 – 5.63 

6.19 – 6.63  

     3             7.5 

5.48 – 5.88 5.59 – 5.63 

6.18 – 6.64  
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It is observed that the introduction of a strategically etched slit into the ground plane of the 

antenna yields multiple performance enhancements. Primarily, the slit facilitates the generation 

of circular polarization within the existing resonating frequency band by altering the surface 

current distribution. In addition to this, the presence of the slit introduces a new resonant mode, 

effectively transforming the antenna from a single-band to a multi -band configuration. This 

occurs because the physical discontinuity introduced by the slit modifies the current path and 

electromagnetic field distribution, allowing the antenna to support an additional resonant 

frequency. As a result, not only is circular polarization achieved, but the impedance bandwidth 

(IBW) is also significantly improved across both bands. The best optimized value of slit length 

W4 = 7.4 mm is selected, because 50 MHz axial ratio bandwidth is obtained in comparison to 

other lengths, although impedance matching at resonant frequency is not matched good. At slit 

length of W4 = 7.4 mm, the dual resonating bands cover the frequency range from ‘5.43 – 5.82 

GHz’, ‘6.19 – 6.63 GHz’ with 5.6 and 6.5 GHz resonant frequencies respectively and also 

exhibit circular polarization with axial ratio band from ‘5.58 – 5.63 GHz’. The optimized 

dimensions are given as: 𝑅𝑖 = 4 𝑚𝑚, 𝑅𝑜 = 6 𝑚𝑚, 𝑊1 = 3 𝑚𝑚, 𝑊4 = 7.4 𝑚𝑚, ℎ1 = 12 𝑚𝑚, 

ℎ3 = 17 𝑚𝑚, ℎ6 = 15 𝑚𝑚 and ℎ7 = 1.5 𝑚𝑚  

The etching of slit on partial ground plane has led to quasi-symmetrical antenna structure. The 

slit is positioned near the upper edge of the ground plane, just beneath the right annular ring, 

acts as a perturbation that influences the surface current distribution. It alters the surface current 

vector primarily in the horizontal direction, effectively changing the current path length along 

this axis, while leaving the vertical component largely unaffected. This deliberate disturbance 

leads to the splitting of the antenna’s fundamental mode, TM11, into two orthogonal degenerate 

modes of equal amplitude but with a 90° phase difference—an essential condition for 

generating circular polarization in the radiated wave [110], [191]. The above mention is further 

verified from the dispersal of surface current vector on antenna structure at 5.6 GHz as depicted 

in figure 4.7 for different phase angles. The surface current vector undergoes directional 

changes near the etched slit, forming a rotational motion in an anti-clockwise manner. This 

rotating current vector indicates the presence of left-hand circular polarization (LHCP) [222]. 

Additionally, it is observed that the surface current vectors at phase angles of 0° and 180°, as 

well as at 90° and 270°, are equal in magnitude but opposite in direction—meaning they are 

180° out of phase. This phase relationship further confirms the successful generation of LHCP 

in the proposed antenna design [223]. 
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Figure 4.7 Surface current distribution of antenna A – 2 at 5.6 GHz 

4.2.3 Single Band Antenna Design (A – 3) with Circular polarization 

The resonating frequency band from 6.19 – 6.63 GHz of design A - 2 is suppressed in this 

design step by modifying the microstrip feed line. Here, the 3 mm wide feed line is segmented 

into two sections of optimized lengths and widths as presented below. This segmentation serves 

a dual purpose in refining the antenna's performance. Firstly, by adjusting the physical 

dimensions of the feed line, the modified structure effectively suppresses unwanted higher-

order resonant frequency bands. These higher bands, which may lead to undesired radiation or 

interference, are eliminated or significantly reduced, allowing the antenna to focus its operation 

within a more controlled frequency spectrum. Secondly, this segmentation impacts the primary 

operational band—specifically, the WLAN band—by compressing or "squeezing" its 

bandwidth. This narrowing helps in precisely targeting the desired frequency range for WLAN 

applications, improving selectivity and efficiency. Additionally, the modification influences 

the polarization characteristics of the antenna. The original design, which supported circular 
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polarization, is altered by the segmented feed structure in such a way that the balance and 

quadrature phase relationship between orthogonal electric field components are disrupted. As 

a result, the polarization state transitions from circular to linear.  The circular polarization is 

again restored in the WLAN band by changing horizontal slit length value to 7.65 mm.  The 

resultant antenna design with front and rear view is shown in figure 4.8 and labelled as antenna 

– 3 (A – 3). The optimized dimensions are as follows: 𝑅𝑖 = 4 𝑚𝑚, 𝑅𝑜 = 6 𝑚𝑚, 𝑊1 =

3 𝑚𝑚, 𝑊2 = 6.2 𝑚𝑚, 𝑊3 = 1.6 𝑚𝑚, 𝑊4 = 7.65 𝑚𝑚, ℎ1 = 7.5 𝑚𝑚, ℎ2 = 4 𝑚𝑚, ℎ3 =

17 𝑚𝑚,  ℎ4 = 1.5 𝑚𝑚, ℎ6 = 15 𝑚𝑚 and ℎ7 = 1.5 𝑚𝑚.  

        

        (a) Front side                                                                            (b) Rear side 

 

Figure 4.8 Layout of antenna – 3 (A – 3) 

 

From simulated reflection coefficient plot against frequency as shown in fig. 4.9, it is observed  

that a single resonating frequency band covers the frequency range from ‘5.24 – 5.53 GHz’ 

with resonant frequency at ‘5.38 GHz’ is best impedance matched to -22 dB. The simulated 

design also exhibits circular polarization in 5.28–5.33 GHz band with ARBW of 50 MHz as 

observed from axial ration plot in figure 4.10. Thus modification in feed line and minor 

adjustment of slot length shifts the resonating band and axial ratio bands towards the lower 

frequency side with impedance and axial ratio bandwidths are conserved.  

4.2.4 Reconfigurable Antenna Design – 4 (A – 4) 

Antenna A – 3 can be transformed into a reconfigurable antenna by forming an arc of suitable 

length through etching of vertical and horizontal slits at appropriate locations on the left ring. 
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The truncated ring and arc can be connected to form a complete ring via two PIN diodes placed 

over the slits. Thus reconfiguration in frequency and polarization is achieved in the suggested 

antenna through loading or unloading of arc on left ring. The description of PIN diode will be 

presented in subsequent section 4.3. The resultant antenna is labelled as A-4 as displayed in 

figure 4.11 (a) – (b) with front and back side respectively.   

 

                 Figure 4.9 Simulated reflection coefficient plot against frequency 

 

 

 

      Figure 4.10 AR vs frequency 



CHAPTER 4 

75 
 

Figure 4.12 and 4.13 displayed the plot of reflection coefficient and axial ratio against 

frequency respectively for antenna design A–4. It is noticed from the plot that activating both 

PIN diodes simultaneously completes the left ring and produces a single resonating band of 

frequency range from 5.24 – 5.52 GHz and circular polarization of ARBW of 30 MHz at 

resonant frequency of 5.3 GHz. On the other hand, dual band behaviour with linear polarization 

in the later band is exhibited by the same antenna structure on switching both PIN diodes 

simultaneously OFF. The resonating frequencies for OFF state are ranging from 3.21 – 3.54, 

5.21 – 5.42 GHz and cover WiMAX and WLAN band respectively.  

 

    

                                     (a) Front side                                                                     (b) Back side 

       Figure 4.11 Proposed reconfigurable antenna design A-4 

 

                     Figure 4.12 Simulated reflection coefficient vs frequency plot for ON / OFF state of PIN diodes 
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             Figure 4.13 AR vs frequency for ON and OFF states of both diodes 

4.2.4.1 Principle of Reconfiguration Operation  

(i) Frequency Reconfiguration:  It is known that the effective electrical length of an 

antenna design defines its operating frequency and related bandwidth. Any change 

in electrical length of antenna by removing or adding in antenna element via various 

means like electrically, optically or mechanically translates the resonating 

frequency to a new value [224]. In the present design, this principle is exploited by 

incorporating PIN diodes to dynamically include or remove an arc segment on the 

annular ring. The state of these diodes controls whether the arc is electrically 

connected to the ring or isolated, thereby redirecting the surface current flow within 

the antenna. This redirection effectively alters the antenna’s electrical length, 

enabling frequency reconfiguration between the WiMAX and WLAN bands. The 

underlying mechanism of this frequency tuning is illustrated through surface current 

distribution plots at the respective resonant frequencies, as shown in Figure 4.14. 

When the diodes are in the OFF state (non-conducting), the arc is disconnected, and 

the surface current is primarily concentrated near the slit and partially below thefeed 



CHAPTER 4 

77 
 

lines, resulting in a resonant frequency of 5.37 GHz as depicted in Figure 4.14(a). 

This corresponds to the antenna operating predominantly within the WLAN band. 

Upon forward biasing diodes D1 and D2, they behave like short circuits, electrically 

joining the arc to the radiating ring and thus completing the circular path. This 

connection allows the surface current to flow over a longer path on the left ring and 

below the feed lines, as shown in Figure 4.14(b), which introduces an additional 

resonance at 3.36 GHz corresponding to the WiMAX band, alongside the existing 

WLAN resonance. 

                    
                              

(a) f = 5. 37 GHz diodes OFF                           (b) f = 3.36 GHz diodes OFF 

                                                          
 

(c) f= 5.37 GHz diodes ON 

Figure 4.14 Surface current distribution at resonant frequencies for ON / OFF state of diodes 

 

Further, Figure 4.14(c) illustrates that with the diodes ON and the arc connected, the 

surface current density near the same locations becomes more concentrated. This increase  
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in current density enhances the impedance matching of the antenna at the new resonant 

frequency, improving the antenna’s efficiency and overall performance. In summary, the 

clever use of PIN diodes to control the inclusion of the arc segment enables effective and 

flexible frequency reconfiguration, making the antenna suitable for multi-band wireless 

applications by switching between WiMAX and WLAN operating bands dynamically.   

(ii) Polarization Diversity: The activation or deactivation of both PIN diodes plays a crucial 

role in controlling the polarization characteristics of the antenna. When both diodes are 

forward biased, they connect specific sections of the antenna structure, creating a quasi-

symmetrical geometry. This quasi-symmetry enables the antenna to generate two 

orthogonal electric field components of equal amplitude. In this state, the antenna radiates 

circularly polarized waves within its resonant frequency band, enhancing signal robustness 

and reducing multipath fading effects, which are beneficial for many wireless 

communication applications. This operating principle is consistent with the detailed 

explanation provided earlier in Section 4.2.2. 

      Conversely, when the PIN diodes are reverse biased, the electrical connection is broken, 

disrupting the quasi-symmetrical configuration. This structural asymmetry alters the 

surface current distribution such that the necessary phase relationship between orthogonal 

electric field components is lost. As a result, the antenna no longer supports circular 

polarization and instead radiates linearly polarized waves within the same frequency bands. 

Therefore, by simply switching both PIN diodes ON or OFF simultaneously, the antenna 

achieves a dynamic polarization reconfiguration between circular and linear polarization 

states specifically within the WLAN frequency band.  

4.3 Antenna Design with Biasing Pads  

The final antenna design with optimized dimensions are presented in figure 4.15 and Table 4.2 

respectively. For independent biasing of PIN diodes, two biasing pads of size 2×1 mm2 are 

printed at 0.8 mm distance from the inner edge of ring and two 47 nH surface mount inductors 

are placed in series with each dc feed line to choke the radio frequency signals [225] as shown 

below.  
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 (a)                                                                                    (b) 

Figure 4.15 Final antenna design with biasing pads (a) front side (b) rear side 

 

Table 4.2 Optimized dimensions of final antenna design 

Parameters h1 h2 h3 h4 h5 h6 h7 W1 W2 W3 W4 Ro Ri 

Value (mm) 7.5 4 17 1.5 1 15 1.5 3 6.2 1.6 7.65 6 4 

 

4.4 Measured Results and Analysis 

The final optimized antenna design is realized on ‘1.6 mm’ thick ‘FR – 4’ dielectric substrate 

with dielectric constant of ‘4.4’ and loss tangent of ‘0.025’ as shown in figure 4.16. The Alpha’s 

planar surface mountable DGS 6474 PIN diode [226] having very low value of capacitance 

(0.02 pF) and resistance (4 Ω) is utilized for switching purposes.  

The equivalent circuit model of PIN diode for ON/ OFF switching state is presented in figure 

4.17.  In forward biasing, it includes a 4Ω resistance in series with 0.2 nH inductor, while in 

reverse biasing, the equivalent model includes a 0.2 nH inductor in series with shunt 

combination of resistor (15 kΩ) and capacitor (0.02 pF). A DC bias of + 1.5 V from the battery 

is applied to the PIN diode for forward biasing. The reflection coefficient (S11) of suggested 

antenna structure are measured with Agilent N5234A Vector Network Analyzer (VNA) and 

normalized radiation pattern in an anechoic chamber as displayed in figure 4.18 (a)–(b) 

respectively. 
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                                             (a)                                                                                 (b) 

Figure 4.16 Printed antenna (a) radiating side (b) ground plane side 

                   

Figure 4.17 RF equivalent circuit of p-i-n diode (DSG6474) (a) forward biased (b) reverse biased 
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(a) 

 

 

 

(b) 

Figure 4.18 Fabricated antenna under measurement (a) VNA (b) anechoic Chamber 
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(a) Diode Off 

 

  

(b) Diode ON 

Figure 4.19 Simulated and measured reflection coefficient plot 
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            Figure 4.20 AR vs frequency for ON state of both diodes 

In the first scenario, when reverse bias is applied to both PIN diodes i.e. both diodes are 

switched OFF, as a result arc is not connected to the ring because diodes behave as open 

circuited. The  resonating behavior of given configuration has dual bands as shown in figure 

4.19 (a) and covering  3.0 – 3.28 GHz, 5.13 – 5.42 GHz frequency bands for S11 ≤ -10 dB with 

resonant frequencies at 3.21 GHz, 5.24 GHz respectively.The simultaneously forward biasing 

of PIN diodes completed the left ring by connecting arc to radiating structure, thus producing 

a single resonating frequency band of range from 5.24 – 5.68 GHz with resonant frequency of 

5.38 GHz is matched to -28 dB as displayed in figure 4.19 (b). The measured results have very 

good agreement with the simulated reflection coefficient and have only minor deviation in  the 

lower frequency band. The minor mismatch in results is attributed due to fabrication tolerance, 

measurement environment etc.  

Also, antenna exhibits the circular polarization in WLAN band for ON state of diodes with 

axial ratio band from 5.29–5.32 GHz with ARBW of 290 MHz as depicted in figure 4.20. Thus, 

reconfiguration in frequency and polarization is attained in the suggested design via switching 

diodes ON or OFF simultaneously. The gain plot against frequency in the boresight direction 

is shown in figure 4.21, confirms the gain variation from 0.9–2.34 dBi for switching states PIN 

diodes. The total efficiency of suggested antenna is lying between 60-70%, 50 – 55% in 3.0 – 

3. 28 GHz, 5.13 – 5.42 GHz resonating bands respectively for OFF state of PIN diodes and 
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also total efficiency is more than 50% in 5.24 – 5.68 GHz for ON state of PIN diodes as 

depicted in figure 4.22. The simulated and measured results are tabulated in Table 4.3. 

 

               Figure 4.21 Gain vs frequency plot for ON/OFF states of diodes  

 

            Figure 4.22 Total efficiency vs frequency plot for ON/OFF states of diodes  
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Table 4.3 Diode states and antenna operations 

 

 

    (a) E-field pattern at f = 3.17 GHz for diodes OFF 

 

        (b) E-field pattern at f = 5.3 GHz for diodes OFF 

S. No. Diodes State 
Sim. Freq. 

Band (GHz) 

Meas. Freq. 

Band (GHz) 

ARBW 

(GHz) 

Gain 

(dBi) 

1     ON 5.27 – 5.55 5.24 – 5.68      0.029 

(5.29 -5.32) 
0.91 

2     OFF 3.21 – 3.54 3.0 – 3.28        -- 1.15 

5.21 – 5.42 5.13 -5.42       -- 1.90 
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      (c) E-field pattern at f = 5.3 GHz for diodes ON  

 

                      

           (d) H-field pattern at 3.17 GHz for diodes OFF 
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     (e) H-field pattern at 5.3 GHz for diodes OFF 

                            

         

  (f) H – field pattern at 5.3 GHz for diodes ON 

Figure 4.23 Simulated and measured radiation pattern for switching states of 

                                                   PIN diodes in antenna structure at 3.17,5.3 GHz 
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Figure 4.23 presents the 2D simulated and measured normalized radiation pattern of antenna 

geometry in xoz and yoz planes at ‘3.17’,  ‘5.3 GHz’. The measured antenna’s radiation patterns 

are almost alike with minor discrepancies, which may be due to the measurement arrangement 

and rotating table shakings. The E – field radiation pattern is unidirectional at both frequencies 

for OFF state and bidirectional radiation pattern is witnessed for the ON state of diodes. While 

in the H- field, almost omnidirectional radiation patterns are observed for both frequencies 

irrespective of switching states.  

4.5 Performance Comparison with Similar Antennas 

The performance of suggested antenna design has been compared with previously reported 

frequency and polarization reconfigurable antenna designs and tabulated in Table 4.4. In 

comparison to other designs, the suggested antenna has a simple design, completely planar, 

small in size, utilizes fewer PIN diodes for switching which also requires less power (≈ 40 mW) 

and simple feed network. Also, it adds more flexibility, freedom to select different working 

modes for various applications as required by the users in a crowded WiMAX/ WLAN 

environment and provides satisfactory antenna performances.   

Table 4.4 Performance analysis of proposed antenna with earlier reported designs 

Ref. Antenna 

Dim.  (mm3) 

Substrate 

Material 

No. of  

Diodes 

Resonant Freq.       

      (GHz) 

Polarization 

Reconfiguration  

[136] 70×70×3.175 RT duroid 

5880 

4 PIN 

8 Varactor 

Discrete 

frequencies in 1.35 

– 2.25  

Horizontal, 

vertical and 45° 

Linear Polarization 

[137] 120×120× 

3.175 

Rogers 

5880 

16 PIN Eight discrete 

frequencies in  

1.83-2.65  

LP, LHCP and 

RHCP 

[139] 150×150× 

3.05 

Arlon AD 

450 

4 Varactor 

Diodes 

Discrete operating 

frequencies in 1.17 

– 1.58  

LP, LHCP and 

RHCP 

[140]  80×80×32 Rogers 

RO4003C 

 Continuous in    

 8 – 11.2  

LP, LHCP and 

RHCP 
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[191]  ×  ×1.6 FR-4 5 PIN 2.4 GHz  

 

3.5 GHz 

LP, LHCP and 

RHCP  

LHCP, RHCP 

 

[211] ×  ×0.8 RT duroid 

5880 

 

8 PIN  

 

5.2 

 

5.8 

LP, LHCP, RHCP 

 

LP, LHCP, RHCP 

[216]  60×65×1.6 FR-4 2 PIN 

diodes 

2.41 

3.4 

4.18 

LP 

LHCP, RHCP 

LP 

Propos-

-ed 

Design 

26× 26 ×1.6 FR-4  

2 PIN 

  

3.21 

 

5.38 

LP 

 

LP, LHCP  

 

4.6 Summary 

The construction of frequency-polarization reconfigurable antennas using the fewest possible 

PIN diodes was the focus of this chapter. Simulation and supplementary test findings from the 

prototype measurement are used to demonstrate the antenna design and analysis. The 

conceptualized idea is realized with simple electronic control without any reflecting surface to 

achieve multi-state reconfigurability. Here, annular rings have a microstrip antenna design 

having an arc on the left ring and horizontal slit etched on partial ground plane. The loading or 

unloading of arc on ring through switching of PIN diodes ON or OFF simultaneously, realizes 

the  frequency reconfiguration between single and dual resonating frequency bands with 

frequency ranges from 5.24 – 5.68 GHz and 3 – 3.28, 5.13 – 5.42 GHz respectively. Also, 

polarization reconfiguration between circular and linear state respectively in WLAN band with 

axial ratio bandwidth of 290 MHz. The developed antenna's potential is studied and compared 

to other similar reported antennas to unearth advantages and disadvantages. The suggested 

antenna is of planar, small size with simple reconfiguration network makes it highly suitable 

for communication operations in next generation wireless systems. 
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OPEN ANNULAR RING SHAPED PATCH ANTENNA WITH 

FREQUENCY, POLARIZATION & PATTERN RECONFIGURATION 

5.1 Introduction 

In the preceding chapter, we discussed that research and innovation in wireless communication 

developed numerous applications with unique frequency, polarization and pattern to meet the 

end user requirements. To avail these services, multiple antennas with fixed characteristics are 

integrated in a single entity have led to a complex, bulky and expensive system. Thus we need 

a low cost, smaller size, wideband and efficient antenna design with multiple functions and 

capabilities for emerging mobile technologies.  The planar antennas with multiple 

reconfigurable characteristics have appeared as suitable candidates to address these issues for 

different applications in wireless, mobile and satellite communication [25], [33], [97], [227]. 

Briefly reconfigurable antennas, their classification and advantages are presented in the 

previous chapter. Because of flexibility and diversity features, the compound reconfigurable 

antennas can enhance the performance of a system in a diverse communication environment 

and are preferred in next generation wireless communication systems. There are two methods 

by which compound reconfiguration is implemented successfully in a single device without 

much affecting its individual operations. In the first method, individual reconfigurable elements 

are joined together by different means to form hybrid reconfigurable antenna, while in the 

second method or pixel technique, the radiating surface is sub-divided into small sections or 

pixels and interconnected by RF switches. The activation of proper switch configuration 

reshapes the radiating surface of the antenna for different individual reconfiguration operations 

[36]. In literature, several antenna designs with compound reconfiguration implemented in a 

single entity by both methods are reported. 

Li et al. [228] proposed a configuration of microstrip patch, ground plane with bottom 

monopole and PIN diodes for frequency and pattern reconfiguration. The grouping of bottom 

monopole and upper patch through PIN diodes is responsible for 2.21 – 2.79 GHz band with 

omnidirectional radiation pattern, while activating the PIN diodes between bottom monopole 

and ground plane produces the unidirectional radiation pattern in 5.27 – 5.56 GHz and finally 

the dual mode simultaneously for switched OFF state of all diodes. Slot based antenna designs 
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with loaded PIN diodes across the slots on radiating patch with reconfigurable feed networks 

are designed for frequency and pattern reconfiguration. In [146] Nikolaou et al. designed PIN 

diodes loaded an annular ring slot antenna with a reconfigurable matching network on opposite 

sides of the substrate. The association or separation of stubs on microstrip feed line via PIN 

diodes generates the reconfiguration in 5.2 GHz, 5.8 GHz and 6.4 GHz resonant frequencies, 

while switching of PIN diodes across the annular slot antenna shifts the null position in 

radiation pattern within 150° of antenna plane. Han et al. [229] proposed a PIN diode loaded 

symmetric sickle shaped slot antenna on FR – 4 substrate and fed by a fork-shaped microstrip 

feed line.  microstrip feed line. The switching of PIN diodes on the slot is responsible for 

frequency switching in ‘3.4 – 3.8 GHz’ and ‘3.7 – 4.2 GHz’ band and PIN diodes in the feed 

line steers the radiation pattern in 20° and 25° direction for each band. A microstrip line fed 

rectangular patch antenna with two horizontal slots and pair of PIN diodes across slots is 

designed by Selvam et al. [230] for frequency and pattern reconfiguration. The change in state 

of PIN diodes across slits is responsible for frequency agility between ‘4.5 GHz, 4.8 GHz, 5.2 

GHz and 5.8 GHz’ and radiation pattern tilt of ‘-30°’, ‘0°’, ‘+30°’. A single turn spiral antenna 

layout is proposed by Huff et al. in [145] for frequency and pattern switching. The design can 

be reconfigured in two frequency bands with pattern diversity in lower frequency band and 

non- reconfigurable radiation pattern at higher frequency. Singh et al. in [153] suggested a 

novel CPW fed closed ring resonator (‘CRR’) with enclosed ELC (‘Electric-inductive-

capacitive’) resonator and four metal strips of asymmetric length on both sides of CRR along 

horizontal axes. The switching of PIN diodes between CRR and ELC resonator is responsible 

for reconfiguring multiple resonant frequencies within 1–5 GHz, while the connection of metal 

strips and ground plane via PIN diodes steers the omnidirectional radiation pattern to bi-

directional and unidirectional end fire radiation pattern. Rodrigo et al. [36] designed a multi-

size pixel antenna with twelve r.f. switches for achieving reconfiguration in frequency and 

radiation pattern. 

Cao et al. [160] suggested a reconfigurable feed network based antenna design for pattern and 

polarization diversity. Here, four rectangular elements are arranged in square design and 

energized by a four-way power divider. A metamaterial antenna with conical beam pattern and 

linear polarization is achieved, when all elements are energized by sources with equal 

amplitude and phase, while all sources of same amplitude and progressive phase difference of 

90° for each adjacent output results in wideband radiated wave having broadside radiation 

pattern with circular polarization. Raman et al. [161] suggested a microstrip fed, symmetric 
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truncated meandered monopole antennas placed side by side with a partial ground plane for 

reconfiguration in pattern and polarization. The alternate activation of monopole via PIN 

diodes produces the reconfiguration in radiation pattern and polarization in orthogonal planes 

at resonant frequency 2.4 GHz. Rodrigo et al. [164] designed a patch antenna with parasitic 

pixel layer of ‘6 × 6’ elements and ‘60’ PIN diodes between each pair of adjacent pixels for 

frequency switching, steers the radiation pattern in ±30° in antenna planes and reconfiguration 

in horizontal, vertical, RHCP and LHCP. In [165], a cavity backed antenna with back to back 

cross shaped slots having 48 PIN diodes is prototyped by Ge et al. for frequency, polarization 

and pattern reconfiguration. The activation of all switching elements on alternate layers 

generates the radiation pattern in opposite direction, while switching of PIN diodes in 

remaining layer produces three resonant frequencies of 2.29, 2.33 and 2.38 GHz with linear 

polarization and two frequencies of 2.31 and 2.35 GHz with circular polarizations. 

However, most of the above reported designs have limitations in terms of huge size, large 

number of switching elements, complex feed network, increased power consumption, 

multilayered and less flexible etc. In [164–165], both designs utilize a huge number of PIN 

diodes to achieve all reconfiguration operations, so they have limitations in terms of complex 

feed network and tuning operations. In this chapter, an innovative open annular ring antenna 

design with two stubs of unequal lengths having two PIN diodes for loading / unloading on the 

partial ground plane gives rise to switching in frequency, pattern and polarization. The design 

development of the proposed structure along with parametric study and results are explained 

systematically in the upcoming sections of the chapter. 

5.2 Antenna Design Configuration and Analysis 

The proposed antenna is designed and optimized in ‘CST – Microwave studio’ software. The 

final design configuration is printed on inexpensive on 1.6 mm thick, inexpensive FR-4 

substrate with dielectric constant of 4.4 and loss tangent has value of 0.025. In the subsequent 

sections, the systematic description of antenna design along with parametric analysis has been 

performed to optimize the antenna layout and for understanding of the interdependence 

between antenna dimensions and antenna characteristics in terms of impedance and axial ratio 

bandwidths. The evolution of final antenna geometry is systematically explained in five design 

steps from antenna-1 (A-1) to antenna-5 (A-5) as shown in figure 5.1 and their organized 

explanation in terms of antenna performances are provided in detail. 
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(a) Front side 

 

 

 

 

 

(b) Rear side        

Figure 5.1 Evolution design steps of the proposed antenna design 

5.2.1 Designing of Wideband antenna (A – 1) and Empirical formulas 

 

Figure 5.2 Proposed antenna design (A – 1) 
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In the first design step, an annular ring is selected as a radiating element over other available 

shapes, because more fringing fields are emitted at inner and outer edges at respective radii 

resulting in larger bandwidth and higher radiation performance [217]. It has been reported that 

the gap between radiating patch and partial ground plane in wide band antenna geometry 

exhibits coupling capacitance [52], [194]. The coupling capacitance is critical in generating 

wide band behaviour in the antenna. Hence, ground element plays a crucial role in antenna 

structure and any modification on it disturbs the current arrangement and ultimately the 

radiation characteristics.  

The suggested antenna design comprises an annular ring with partial ground plane having a 

gap (G) between lower side of radiating element and upper outline of partial ground plane as 

displayed in figure 5.2 and labelled as antenna - 1 (A – 1). The antenna structure is fed by single 

microstrip feed line of two sections with varying lengths L1, L2 and widths W1, W2 

respectively. The first section from the lower edge is matched to 50 Ω and next section is 

equated to the antenna impedance. The calculated value of resonant frequency from equations 

4.1 – 4.3 is ≈ 5.82 GHz for inner and outer radius value of 4 mm and 6 mm respectively. The 

ground plane height (hg) and feed height (L1) are simultaneously optimized by parametric 

operations to obtain the almost UWB frequency response.  

 

                  Figure 5. 3 Simulated reflection coefficient of proposed design A – 1 

The simulated reflection coefficient against frequency is presented in figure 5.3, which depicts 

the dual resonating bands with 5.59, 10.39 GHz resonant frequencies lies in the UWB 
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frequency range from 3.7–12 'GHz. The optimized dimensions of the design A–1 are as 

follows:  𝐿1 = 8 𝑚𝑚, 𝐿2 = 2.05 𝑚𝑚,  𝑊1 = 3 𝑚𝑚, 𝑊2 = 1.6 𝑚𝑚, 𝐺 = 0.5 𝑚𝑚  and ℎ𝑔 =

10 𝑚𝑚.  

5.2.2 Designing of Dual Band Antenna (A-2) with circular Polarization 

As we know, two electric field vectors same in magnitude and 90° in phase produces circular 

polarization (CP) in the radiated field [195]. In this design step, the removal of arc 

approximately quarter wavelength  long from annular ring and adjusting the ground plane 

height modifies the design A – 1 into open ended ring antenna – 2 (A – 2) as shown in figure 

5.4. The above modification transforms the linearly polarized UWB antenna into a dual 

(WiMAX and WLAN) band antenna with linear and circular polarizations in ‘WiMAX’ and 

‘WLAN’ bands respectively.  

 
                                  (a) 

 
                                   (b) 

Figure 5.4 Proposed Antenna Geometry of A-2 (a) Front side (b) Back side 
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    (a)  Reflection coefficient vs frequency for different ground plane heights in A – 2 

 

 

         (b) Axial ratio vs frequency for different ground plane heights in A - 2 

           Figure 5.5 Simulated plot of proposed antenna design A – 2  
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Figure 5.6 Surface current distribution at 5.4 GHz of proposed design at different phase angles 

For fixed feed height , the parametric analysis of ground plane height on resonating frequency 

and axial ratio bands are presented in figure 5.5(a)–(b) respectively. From the plot, it was 

observed that the change in ground plane height to new value either 5 or 5.5 mm modifies the 

UWB antenna into circularly polarized dual band antenna. From available hg =  5 and 5.5 mm, 

we select ground plane height hg = 5.5 mm because at this ground plane height the impedance 

matching is very good in WLAN band with ARBW is slightly more than in comparison to other 

values of ground plane height. Thus at hg = 5.5 mm, the antenna design has two resonating 

frequency bands covering the frequency ranges from ‘3.06–3.83 GHz’ , ‘5.37–5.93 GHz’ with 

circular polarization in the ‘WLAN’ band with 170 MHz axial ratio bandwidth extended in 

5.34 – 5.51 GHz. 

The mechanism behind the generation of circular polarization (CP) in this antenna design is 

rooted in the interplay of capacitive and inductive effects introduced by the asymmetrically 

shaped arcs on the radiating patch. These asymmetries cause the dominant resonant mode to 

split into two orthogonal resonant modes of equal magnitudes with phase difference of 90°. 

This behaviour is clearly evidenced in the surface current distribution plots at the resonant 

frequency, as shown in Figure 5.6. The figure helps visualize how the surface currents behave 



CHAPTER 5 

99 
 

across the structure. Specifically, the longer arc of the radiating patch and the upper end of the 

ground plane support surface currents flowing in the same direction, forming a strong vertical 

current component. Conversely, on the shorter arc, the surface current flows in the opposite 

direction relative to the current on the ground plane, leading to partial cancellation of their 

contributions. This cancellation results from the inductive nature of the shorter arc. Due to this 

behaviour, the longer arc becomes capacitive, producing an electric field (E-field) component 

that is phase-advanced, while the shorter arc, exhibiting inductive behaviour, generates an E-

field that lags in phase[110], [198]. This capacitive–inductive interaction between the arcs 

results in the required quadrature (90°) phase difference between the two orthogonal E-field 

components. Also, surface current vectors are equal in magnitude and opposite in phase for 0° 

and 180°, for 90° and 270°, also rotates in clockwise direction giving rise to right hand circular 

polarization (RHCP). 

The horizontal and vertical truncations of the annular ring are combined with precise 

adjustments to the ground plane height (hg), significantly influence the electrical behavior of 

the antenna. These changes redirect the flow of surface current to specific regions of the patch, 

effectively modifying the antenna's electrical length. This redefinition of current paths shifts 

the frequency response from an ultra-wideband (UWB) nature to a more selective dual-band 

response that is capable of covering distinct communication bands (e.g., WiMAX and WLAN). 

After extensive simulation and optimization steps, the final optimized design was achieved by 

removing a radiating patch segment of 8.5 mm in length and setting the ground plane height to 

hg = 5.5 mm. All other geometrical parameters were kept constant. 

5.2.3 Circularly Polarized Modified Dual Band Antenna A – 3 

The proposed antenna A – 2 has a limitation that the starting edges of axial ratio and resonating 

frequency band are not coinciding or the starting edge of axial ratio is not contained within 

the  resonating frequency band. This limitation can be eleminated in this design step by 

optimizing the feed length (L1) via parameteric study and keeping the other parameters 

unchanged. The modified antenna is presented in figure 5.7 and lablled as antenna – 3 (A – 3).  

The parametric operation for optimization of feed length L1 is carried out and its impact on 

S11and axial ratio are plotted in figure 5.8 and 5.9 respectively. From both plots, it was 

observed that resonating frequency bands are shifted towards the lower frequency side and 

engulfs the axial ratio band within it. We select the best optimized feed length L1 = 6.5 mm,   
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Figure 5.7  Proposed antenna geometry (A – 3) 

                     

                    Figure 5.8  Reflection coefficient vs frequency for different feed lengths in A - 3  
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                     Figure 5.9 AR vs frequency for different feed lengths in A – 3 

better ARBW and impedance matching is obtained at L1 = 6 mm in comparison to other values. 

Because at this feed length, the first resonating band lies quite away from the prescribed limit 

of WiMAX band. So at L1 = 6.5 mm, the impedance bandwidth (IBW) of 750, 500 MHz are 

extended in the frequency range ‘3–3.75 GHz’ and ‘5.31–5.81 GHz’ respectively. Also circular 

polarization in the WLAN band with enhanced ARBW of 240 MHz (5.32–5.56 GHz) is also 

observed. The optimized dimensions of design A – 3 are as follows: are  𝐿1 = 6.5 𝑚𝑚, 𝐿2 =

3.55 𝑚𝑚,  𝑊1 = 3 𝑚𝑚, 𝑊2 = 1.6 𝑚𝑚 and ℎ𝑔 = 5.5 𝑚𝑚.   

5.2.4 Stub loaded frequency and Polarization Reconfigurable Antenna – 4 (A–4) 

The circularly polarized dual-band antenna, referred to as Antenna A–3, which is originally 

designed to operate within the WiMAX and WLAN frequency bands, is further enhanced in 

functionality by introducing reconfigurability in both frequency and polarization. This is 

achieved through the loading or unloading of 1 mm wide and L3 mm long, I – shaped stub on 

the partial ground plane through PIN diode (D1) as shown in figure 5.10. When the diode is 

forward-biased (ON state), the stub becomes an active part of the ground plane, influencing the 

surface current distribution and introducing a perturbation that alters the electromagnetic 

behaviour of the antenna. This change modifies the effective electrical length and resonant 
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conditions of the antenna, leading to a shift in the operating frequency and a potential change 

in the polarization characteristics. Conversely, when the diode is reverse-biased (OFF state), 

the stub is electrically isolated from the ground plane, returning the antenna to its original 

configuration similar to that of A–3. This switching mechanism enables the antenna to alternate 

between different functional states —effectively providing reconfigurability in both frequency 

(shifting between WiMAX and WLAN bands) and polarization switching between linear and 

circular polarization modes. The newly resulting structure, after the addition of the PIN-

controlled I-shaped stub, is referred to as Antenna A–4. 

 

 

Figure 5.10 Rear view of suggested antenna design A-4 

 

The forward biasing of D1 loaded I – shaped stub on the partial ground plane, which in turn 

varies the effective electrical length of antenna, thus translating circularly polarized dual band 

antenna into a single band antenna with linear polarization. While on reverse biasing, design 

A–4 has the same characteristics as that of design A – 3 but having enhanced values. The 

surface current distribution at respective frequencies further concreted the above said. 

The effect of stub lengths (L3) on impedance bands are carried out through parametric analysis 

and corresponding reflection coefficient and axial ratio results are displayed in figure 5.11 and 
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5.12 respectively. From S11 plots, it is noticed that the resonating behavior of the antenna 

remains the same with negligible variations in IBW for different stub lengths and both 

switching states of PIN diode. The best optimized value of L3 is set to 6.6 mm, because axial 

ratio bandwidth (ARBW) reaches maximum value at this stub height as depicted in figure 5.12. 

Hence at L3 = 6.6 mm, antenna has impedance bandwidth (IBW) of 400 MHz in resonating 

band from 5.30 – 5.70 GHz for the ON state of diode D1. Similarly for the OFF state of PIN 

diode, the antenna has two resonating frequencies from ‘3.03–3.73’, ‘5.33–5.81 GHz’ with 

resonant frequencies at ‘3.32 GHz’ and ‘5.52 GHz’ respectively. The proposed design has 

linear polarization when the stub is loaded on the ground plane and unloading of stub produces 

the circular polarization with ARBW of 170 MHZ extended in 5.34 – 5.51 GHz band. The axial 

ratio plot in figure 5.13 further confirms the reconfiguration between linear and circular 

polarization state of the antenna on switching PIN diode ON / OFF respectively. Thus, the 

presence of stub changes antenna behaviour from dual band to single band with slight shift and 

shrink in the resonating frequency bands and ARBW as well. 

To understand the frequency reconfiguration mechanism in A-4, surface current distribution at 

frequencies ‘3.32’ and ‘5.4 GHz’ are displayed in figure 5.14. At 3.32 ‘GHz’ for the OFF state 

of diode D1, the surface current is more distributed on annular ring and around the feed line as 

shown in figure 5.14 (a). The activation of diode, withdrew the surface current from the 

truncated ring and partially redistributed on stub and upper side of the ground patch as 

displayed in figure  5.14 (b) thus suppressing the WiMAX band. While surface current 

distribution at ‘5.4 GHz’ remains the same for both switching states of PIN diode as depicted 

in figure 5.14(c)–(d). 

Also from the plotted 2D radiation pattern at ‘5.4 GHz’ for switching states of PIN diode as 

shown in figure 5.15.  It is noticed that the main beam direction is slightly shifted its orientation 

from -85° to -90° as the diode changes its state from OFF to ON. Thus we concluded that the 

loading or unloading of stub on a partial ground plane via PIN diode successfully exhibited the 

frequency, polarization reconfiguration operation with very small pattern diversity.  The 

optimized dimensions of A – 4 are as follows: are  𝐿1 = 6.5 𝑚𝑚, 𝐿2 = 3.55 𝑚𝑚, 𝐿3 =

6.6 𝑚𝑚,  𝑊1 = 3 𝑚𝑚, 𝑊2 = 1.6 𝑚𝑚 and ℎ𝑔 = 5.5 𝑚𝑚. 
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 (a) 

 

                       

    

  (b) 

                                  Figure 5.11 Reflection coefficient for A-4 (a) diode ON (b) diode OFF 
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                                                      Figure 5.12 Simulated AR vs frequency plot for OFF state 

 

       

                

             Figure 5.13 AR plot for ON or OFF states of proposed antenna A – 4  
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(a)                                                                (b)                                                     

           

                                     (c)                                                                    (d)                                                  

Figure 5.14 Simulated surface current distribution (a) f = 3.32 GHz diode OFF (b) f = 3.32 GHz diode ON 

(c) f = 5.4 GHz diode OFF (d) f = 5.4 GHz diode ON 

 

 

          

(a) Diode OFF                                                           (b) Diode ON              

            

         Figure 5.15 Normalized E-field radiation pattern at 5.4 GHz 



CHAPTER 5 

107 
 

5.2.5 Designing of Frequency, Pattern and Polarization reconfigurable Antenna–5 (A–5) 

As we know that any alteration in the current dispersal on radiating structure gives the pattern 

diversity [60]. Here in this design step, the inclusion or exclusion of another I – shaped stub of 

length L4 on a partial ground plane through PIN diode D2, worked as a reflector and changed 

the effective electrical length of the ground element to realize the pattern switching. Because 

of this element, the current has to cover the extra distance which leads to path difference that 

produces the phase difference in excitation current results in pattern tilting [153],  [230–231] 

in the modified antenna geometry. The modified antenna structure with asymmetric stubs is as 

depicted in figure 5.16 and labelled as antenna–5 (A–5). 

     

                                    (a) Front View                                                                (b) Rear View                                                             

Figure 5.16 Layout of proposed antenna -5 (A-5) 

 

After running several parametric processes, the optimized value of stub length L4 is set equals 

to 2.7 mm, as satisfactory IBW, ARBW and pattern steering in different angles are obtained. 

At this stub length, the simulated reflection coefficient, axial ratio, gain, radiation efficiency 

and 2D, 3D radiation pattern are presented in figures 5.17–5.21 respectively for all possible 

states of PIN diodes and corresponding outcomes are summarized in Table 5.1. The antenna 

has single and dual resonant band for state II, IV, I, III respectively, circular polarization in 

state I. The antenna gain is ranging from 0.5 – 3 dBi with total efficiency more than 50% for 

all four states as depicted in figure 5.20 and 5.21 respectively. 
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                     Figure 5.17 Simulated reflection coefficient for proposed antenna A – 5  

 

    

             Figure 5.18 Simulated AR vs frequency for proposed antenna A – 5 
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Figure 5.19 Gain vs frequency plot for proposed antenna A – 5 

             

                Figure 5.20 Total Efficiency vs frequency plot for proposed antenna A – 5 
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(a) Both diodes OFF 

                              

(b) Diode D1 ON 

                       

(c) Diode D2 ON 
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(d) Both Diodes ON 

Figure 5.21 Simulated 2D and 3D radiation pattern at 5.4 GHz for different states of PIN diode 

  

Table 5.1 Operation States of Antenna A-5 

State PIN Diodes 

 

Reso. Freq.      

     Band  

    (GHz) 

Reso. 

Freq. 

    (GHz) 

 ARBW 

  (GHz) 

Pol. Main Lobe 

Direction at  

5.4 GHz (  °) 

 

D1 D2 

 I 

 

OFF OFF 3.03 – 3.72 3.31 

 

    LP  

5.30 – 5.78 5.51 

 

 0.20  

(5.33 – 

5.53) 

CP -85 

II ON OFF 5.29 – 5.68 5.48 

 

 LP -90 

III OFF ON 3.02 – 3.68 3.31 

 

LP  

5.21 – 5.65 5.41 

 

LP -55 

IV ON ON 5.21 – 5.56 5.38 

 

LP -70 
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(a) State I                                                      (b) State II 

                                  

                                               (c) State III                                                        (d) State IV 

                                        Figure 5.22 Surface current distribution at 5.4 GHz for states I – IV  

The depicted surface current dispersal at 5.4 GHz in figure 5.22 explains the pattern 

reconfiguration mechanism for various states of PIN diodes. In state I, surface current is mainly 

concentrated on open annular ring with small amount of current on upper edge of partial ground 

plane towards the shorter stub provides the direction of main beam towards -85° direction. The 

forward biasing of diode D1 in state II connects the longer stub to partial ground patch and act 

as reflector by redirecting the small amount of surface current from annular ring and 

redistribute  on itself, while most of the surface current concentrated on the radiating patch. 

This arrangement minutely shifts the direction of main beam in -90° direction. While 

deactivating the diode D1 and activating the diode D2 in state III connects the short stub to 

partial ground plane,which in turn redistribute the current on smaller arc and smaller stub 

produces the switching in main beam direction towards -55° angle.  The activation of both 

diodes in state IV connects both stubs with partial ground plane. This arrangement redistributes 

the considerable amount of  surface currents on both stubs, partial ground plane and truncated 
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annular ring shifts the direction of main beam to -70° orientation. Thus suggested antenna A – 

5 successfully exhibited the ‘frequency’, ‘polarization and pattern’ reconfiguration operations 

by governing the switching states of PIN diodes. 

5.3 Final Reconfigurable Antenna Design with Inductance Pad and Lumped          

Elements 

To realize the reconfiguration operation, two PIN diodes D1, D2 with DC biasing circuit are 

embedded on the ground plane side. The DC biasing circuit includes three inductor pads of 2×1 

mm2 size placed at 0.8 mm distance from edges, three 47 nH RF chokes to isolate the RF signal 

from biasing lines and 1.5 V DC battery as displayed in figure 5.23 for driving Alpha’s PIN 

diode ( DGS 6474) [226]. The final antenna design with optimized dimensions is presented in 

figure 5.23 and Table 5.2 respectively. 

    

   (a)                                                                                  (b)  

Figure 5.23 Final antenna layout (a) Front side (b) Rear side 

 

Table 5.2 Optimized dimensions of antenna layout 

Parameters  hg L1 L2 L3 L4 W1 W2 Ro Ri 

Value  

(mm) 

5.5 6.5 3.55 6.7 2.7 3 1.6 6 4 

5.4 Measured Results and Analysis 

The final optimized antenna design is printed on inexpensive ‘1.6 mm’ thick ‘FR–4’ substrate 

as shown in figure 5.24. For the validation of reconfigurability operations at all four states, the 
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prototyped antenna is measured with ‘Vector Network Analyzer’ for S11 parameter and 

radiation pattern in microwave chamber as displayed in figure 5.25. 

                   

                                             (a) Front view                                                        (b) Rear view 

    Figure 5.24 Fabricated Antenna  

The simulated and measured -10 dB impedance bandwidth of the antenna for all possible four 

states of PIN diodes are displayed in figure 5.26. It is noticed from the reflection coefficient 

plot that the measured resonance bands are in good agreement with simulated bands in the 

higher frequency band with minor variations in lower frequency ranges. A number of factors, 

including fabrication tolerance, biasing wires, soldering, DC power supply, and measuring 

environment, may be responsible for the little discrepancy between the simulated and measured 

results. The realized ARBW of the design as a function of frequency is displayed in figure 5.27 

that depicts the circular polarization characteristics with ARBW of 160 MHz. Antenna gain for 

resonating frequency bands varies from 1.25 – 2.35 dBi for all states of PIN diodes. 

The 2D simulated and measured normalized radiation patterns in the xoz and yoz planes at 5.4 

GHz and 3.38 GHz are depicted in figure 5.28–5.30 respectively. The measured radiation 

patterns for E and H –plane are in agreement with simulated radiation patterns at all 

frequencies. The E- field radiation patterns are directional radiation pattern for both resonant 

frequencies. The simulated and measured results for different states are tabulated in Table 5.3.  
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Figure 5.25 AUT (Antenna under test) in anechoic chamber 

 

 

(a) 
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(b) 

                    Figure 5.26 Measured and simulated reflection coefficient of fabricated antenna design 

 

 

         Figure 5.27 AR vs frequency plot for state I  
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(a) State I 

              

(b) State II 

             

(c) State III 
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(d) State IV 

   Figure 5.28 Simulated and measured E- field radiation pattern at 5.4 GHz  

      

    (a) State I 

         

 (b) State II 
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(c) State III 

 

            

(d) State IV 

                                 Figure 5.29 Simulated and measured H- field radiation pattern at 5.4 Hz 
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Figure 5.30 Simulated and Measured E - Field, H – field radiation pattern at 3.38 GHz 

Table 5.3 Measure antenna characteristics for different states 

State Sim. Reso. 

Bands 

(GHz) 

Meas. Reso. 

Bands 

 (GHz) 

Sim.  

Reso.  

Freq. 

(GHz) 

Meas. 

Reso. 

Freq.  

(GHz) 

Sim. 

ARBW 

(GHz) 

Meas. 

ARBW 

(GHz) 

Gain 

I 

3.03 – 3.72 

 

5.30 -5.79 

3.23 – 3.76 

 

5.29 – 5.74 

3.32 

 

5.51 

3.38 

 

5.45 

 

 

 0.20 

(5.33 –    

      5.53) 

 

 

0.16 

(5.35 –  

       5.49) 

1.4 

 

1.61 

II 5.29 – 5.68 5.25 – 5.68 5.48 5.51   
1.27 

 

III 

3.04 – 3.70 

 

5.21 – 5.67 

3.16 – 3.39 

 

5.18 – 5.70 

3.33 

 

5.41 

3.24 

 

5.38 

  

1.25 

 

2.37 

IV 5.21 – 5.56 5.19 – 5.68 5.38 5.34   
 

2.53 

 

The comparison of proposed antennas with other reported hybrid reconfigurable antennas is 

carried out and presented in Table 5.4. The suggested antenna is compact in size, simple design, 
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least complex biasing network and fewer PIN diodes successfully exhibited all the three 

reconfiguration characteristics.  

Table 5.4 Comparison of hybrid reconfigurable Antennas 

Ref. Ant. Type Size (mm) Substrate No. of  

Switching 

Elements 

Reconfiguration 

Type 

[136] Patch 

Antenna 

70×34×3.175 RT/Duroid 

5880 

4 PIN 

 

8Varactors 

Freq. – Two bands 

 1.35 – 2.25 GHz 

 1.35 – 1.9 GHz 

Pol. –  

Vertical / Horizontal   

  LP in first band 

 45° direction LP in   

  second band 

[140] Patch with  

Metasurface 

 

80×80×32 RO4003C  Freq. –  

Continuous 8 – 11.2  

 GHz 

Pol. – LP, LHCP,  

          RHCP  

[146] Slot 

Antenna  

50×50×h 

 

h = 0.635 μm 

 

 

Rogers 

RO3006 

 

4 PIN 

Diodes 

Freq. – Three central     

frequencies at  5.2, 

5.8, 6.4 GHz     

Pattern –Null direction  

between 0° to 50°              

[160] Patch 

Antenna  

100×100×5  

 

𝜀𝑟2 = 3.5 

    

𝜀𝑟1 = 2.2 

 

 

 

 

12 copper 

strips 

Freq. – 2.1 GHz 

central freq. with 2.1%  

fractional BW 

Second band 1.55 –      

2.37 GHz with  41% 

fractional BW  

Pattern – Conical in 

first  Band 
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 Broadside in second 

band 

[164] Patch and 

pixel 

parasitic 

layer  

240×120×3      

   (Patch) 

 

240×120×3 

 (Pixel layer) 

 

RO4003 60 PIN  

diodes 

Freq. – Discrete,  

  ± 25% of central  

  frequency of driven      

  element 

Pol. – Two linear pol.,                   

LHCP, RHCP 

Pattern  –   ± 30° in E 

& H planes 

[165] Cavity 

backed slot 

antenna  

 

136×124× 

1.575 

Rogers 

5870 

48 PIN 

diodes 

Freq. – 20 different    

states 

Pol. – Two LP, LHCP,  

           RHCP 

Pattern – ± Z– 

direction  

[228] Patch 

Antenna 

80×46×1.5 

 

 

 

Rogers 

RO4350 

 

5 PIN 

Diodes 

 

Freq. – Two bands  

    2.21 – 2.79 GHz 

   5.27 – 5.56  GHz 

Pattern –   

    Omnidirectional 

    uni-directional 

Proposed 

Design 

Patch 

antenna 

24×24×1.6 FR - 4 2 PIN 

diodes 

Freq. – WiMAX,   

 WLAN bands 

Pol. –  LP, CP in   

 WLAN band 

Pattern – Max. 35° 

shift 

 

5.5 Summary 

The multiple reconfigurable characteristics are realized in the proposed antenna design with 

single feed excitation by utilizing simple electronic switching. Here, a novel wideband antenna 

design consisted of a truncated annular ring as a radiating patch and two asymmetric I-shaped 
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stubs on a partial ground plane. The loading or unloading of stubs on ground patch via two PIN 

diodes realizes frequency, polarization and pattern reconfigurability in the suggested design. 

Together with simulation and test findings from prototype measurements, the antenna design 

and analysis are provided. The loading of long stub and both stubs on the ground plane 

transforms the dual band antenna having resonating frequencies from 3–4 GHz, 5–6 GHz to 

single band antenna with resonating frequency lies within 5–6 GHz band. The antenna without 

any loaded stub exhibits circular polarization in the WLAN band with axial ratio bandwidth of 

160 MHz. The loading of either or both stub on it realizes the polarization switching from 

circular to linear state in the WLAN band and it also steers the main beam orientation from  

-55° to -90°, thus achieving the pattern reconfiguration. The proposed antenna has simple, 

planar and reconfigurable characteristics with the least number of PIN diodes, hence can found 

application in the next generation wireless communication devices.  
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CONCLUSION & FUTURE SCOPE 

6.1 Conclusions 

In the modern world, wireless communication greatly influences daily human life where data 

transfer, connectivity, navigation, audio-visual communication and so on are important aspects 

nowadays. The revolutionary services and application has led to the unprecedented growth in 

wireless industry, but also presents the challenges in spectrum management and hardware 

implementation in front of regulatory bodies and designers at the same time. 

Antenna is vital and frontier component in wireless communication systems for receiving or 

transmitting signals in the form of electromagnetic wave. Multi-standard portable devices are 

in high demand as a result of the extensive use of wireless communication in many 

applications. Such antennas that can function across many frequency bands are practically 

necessary to facilitate multi-standard functioning in mobile devices. Generally, conventional 

antennas with fixed performances in terms of frequency, pattern and polarization are used for 

a variety of services, which turns the communication system into an expensive, bulky and 

complex structure with limiting its performances in fast changing communication scenarios. 

To address these issues, multiband and reconfigurable antennas have appeared as potential 

candidates to address the above issues due to their lucrative features like low profile, compact 

size, inexpensive construction, lightweight and easy integration with other microwave devices. 

Hence, the present and futuristic applications of multi-band and reconfigurable antennas over 

conventional antennas necessitates and motivates to this research work.    

A detailed and comprehensive literature survey on electric tunable reconfigurable antennas was 

presented in Chapter 2, prior to the discussion of prototyped antenna designs. Also, it provides 

an insight into reconfigurable antenna types from single to multiple characteristics, design 

methods, applications etc. The recent developments and various aspects were reported in this 

manuscript to ascertain the research area.  

A wideband ‘Y – shaped’ microstrip antenna with slits on the partial ground plane is discussed 

in Chapter 3 for multi-band applications. Initially, an UWB antenna is achieved by ensuring a 

small gap between upper and lower edges of the partial ground plane and radiating element 

respectively. The above designed structure is modified into triple (Wi-Fi, WiMAX and WLAN) 

band antennas by etching two hook shaped, single horizontal and vertical slits on a partial 
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ground plane at appropriate locations. Although, a triple resonating band antenna is prototyped 

successfully but can’t exploit its full potential because a separate radiating element is needed 

for transmission or reception of signal at each frequency. 

The limitations of multi-band antennas and to fulfill the requirements of emerging advanced 

communication systems led to the development of reconfigurable antennas. The reconfigurable 

antennas also enhances the channel capacity, link robustness and also reduce the interference 

by considerable amount among adjacent wireless networks. One could refer to the 

communication systems with reconfigurable antennas as early prototypes of intelligent and 

self-organizing networks. The profile reduction, performance steadiness throughout the many 

reconfiguration phases and firm gain characteristics are fundamental norms for designing 

reconfigurable antennas. Two hybrid reconfigurable annular ring antenna designs based on 

integration of reconfigurable elements concept are developed and presented in Chapter 4 and 

Chapter 5 respectively with detailed procedure and explanations.  

In Chapter 4, antenna geometry of annular rings for frequency and polarization agility has been 

discussed. First, two annular rings with a partial ground plane fed from the microstrip line are 

designed for the WLAN band. The CP characteristics in the WLAN band is obtained by 

extruding a slit of suitable length below one ring, which divides the dominant mode in two 

degenerate modes of same amplitude and 90° phase difference and IBW of the resonating band 

is also enhances. To realize frequency and polarization reconfigurability, a switchable arc of 

suitable length is implemented on the left ring via PIN diodes. The simultaneous control of PIN 

diodes between ON / OFF states transforms the circularly polarized single (WLAN) band 

antenna into dual WiMAX and WLAN band antennas with linear polarization. The fractional 

impedance bandwidth of 8.30 % with 0.03 GHz ARBW for ON state and 8.33 %, 5.47 % in 

WiMAX, WLAN band respectively for OFF state are obtained that demonstrates the wideband 

behavior in resonating bands. 

 Chapter 5 is aimed to enhance the radiation coverage with operation impedance and axial ratio 

bandwidths of an antenna design for indoor or outdoor applications. Based on the same 

principle of Chapter 3, an UWB annular ring antenna with two resonating bands is initially 

designed. The optimization of the ground plane in combination with truncated radiating 

elements results in an asymmetric open ring antenna with two resonating bands that covers the 

prescribed frequency range for WiMAX and WLAN band with circular polarization in the later 

band. The loading or unloading of I–shaped stubs of unequal lengths on partial ground element 
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through two p-i-n diodes realizes reconfiguration in antenna characteristics. The application of 

stubs provides frequency reconfiguration from dual to single band, polarization switching 

among CP, LP in WLAN band and direction switching of main beam upto 35° while 

maintaining the shape of radiation pattern almost the same. The fractional bandwidth is above 

5 % for all resonating band with 15.68 %, 9.66 % in WiMAX and WLAN band respectively, 

which establishes the wideband behavior, also 0.16 GHz ARBW is achieved in later band for 

the OFF state of PIN diodes. 

6.2 Future Scope 

The accomplished research work in this manuscript presented some innovative antenna designs 

to address few challenges in the evolution of reconfigurable antennas. However, more efforts 

would be put in reconfigurable antennas, as some research areas still remain unexplored and 

could find applications in emerging next generation communication systems. Some of the 

suggested potential areas are discussed below. 

(a) Frequency-Polarization-Pattern Reconfigurable Array: The array antennas give us 

more flexibility to operate the system as per the requirement with few limitations. The work 

reported in the present manuscript printed can be extended and optimized to realize an antenna 

array with enhanced antenna performances in wide range of reconfigurability and diversity 

functions. 

(b) Green Energy Harvester: Nowadays, capability to accumulate power from adjacent 

wireless networks or dedicated devices is being utilized to wirelessly charge the devices. This 

innovative technique has potential to eliminates the need for batteries and also enhance the 

lifespan of electrical systems. The outcomes of this manuscript suggested that the use of 

reconfigurable antennas will surge the amount of energy transfer between the power transmitter 

and receiver, reduces the charging time by directing the beam in intended direction and also 

data throughput in the same device.  

(c) Tuning Range Enhancement: At present, the adjustable bandwidth or frequency range of 

the antenna is greatly influenced and restricted by the tunable components. The use of 

sophisticated tuning elements in near future might be extended the tunable frequency range or 

bandwidth without any change in antenna structure. 
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(d) Automatic Control: The incorporation of software based digital control circuit instead of 

analog circuit on antenna geometry may be subdue their effect on antenna characteristics and 

improves the antenna efficiency by speed up the antenna operations. Though, the original 

reconfigurability and modest volume of antenna’s profile should be preserved. 

(e) Future Application Scenario: Reconfigurable antennas in mobile gadgets, interconnected 

services for ‘Internet of Things’ operations, massive ‘MIMO’ operations, ‘CR’, device-to-

device communication, diversity applications and etc. will all become much more necessary 

when 5G communication is implemented in the near future. In order to connect future upper 

mm-wave 5G services with current 3G/4G microwave frequency ranges, standardized devices 

may find that reconfigurable antennas are a reasonably simple solution. Additionally, 

upcoming biomedical applications, wearable gadgets and military applications may be made 

possible by reconfigurable antennas based on low loss malleable materials with adjustable 

characteristics. Reconfigurable antennas would provide more functionality and flexibility 

while also making it simpler to run many services concurrently. 
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