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2.1 INTRODUCTION 

The future generations of wireless communication systems are being driven by 

convergence of three technologies: Microelectromechanical systems (MEMS), Digital 

circuits and explosive rapid communication services. MEMS is an evolutionary 

technology that produce miniaturized components / devices with low weight, low 

power consumption and cost effective which made it highly reliable to develop 

portable wireless communication devices / systems [1]. Among different 

manufacturing technologies, Micromachining is an eminent technology to produce 

precision miniaturized MEMS components. Microsystems or MEMS devices are 

manufactured with establishing connection between the individual devices either by 

monolithic integration or by hybrid packaging technology (wire or fusion bonding). 

Micromachining technology supports monolithic fabrication of devices which 

eliminates the disadvantage of producing parasitics in wire bonding. Now – a – days, 

most of the reconfigurable antennas contains PIN diodes or FETs connected between 

the patches to reconfigure frequency of the antenna by altering electrical current 

length. These are produced by wire bonding between the patches and terminals of PIN 

diodes or FETs and this type of integration of antenna and switches produces high 

noise effects and parasitics during signal transmission in systems. Hence, Monolithic 

integration of RF MEMS with the antenna overcomes the problems related to wire 

bonding and enhances the performance of antenna at high microwave and 

millimeterwave frequencies.  
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This chapter reviews the research background and literature survey on different 

methodologies implemented to overcome design challenges including state of art of 

RF - MEMS switches and reconfigurable antennas. 

The organization of the chapter is as follows: In section 2.2, the literature survey 

on reconfigurable antennas is explained. In section 2.3, a brief literature on RF 

MEMS switches and their design challenges is presented. In section 2.4, state of the 

art of the problem is presented in tabulated form with key features and results, In 

section 2.5, the research gap identified and scope of the thesis is presented and in 

section 2.6, the chapter is concluded with major inferences. 

2.2 SURVEY ON RECONFIGURABLE ANTENNAS 

An antenna is transducer, an impedance matching device, a radiator and a sensor 

of electromagnetic waves. It is an essential device in all types of wireless 

communication systems and can be considered as a source of electromagnetic waves. 

An antenna with reconfigurability feature would enable change of radiation pattern, 

impedance bandwidth, polarization, operating frequency. The reconfigurability 

paradigm is most widely discussed area in both industries and researcher. The 

reconfigurability in terms of frequency is the smart sign to fulfill the requirement in 

present day and future communication applications in the aspects of and fine tuning 

based upon application requirement and increased data rate (speed). The simple 

method to develop frequency reconfigurable antennas is achieved by extending / 

reducing its radiating electrical current length using matching switches. The switch 

mismatching may affect impedance bandwidth and operating frequency of antennas. 

The switch based reconfigurable antennas can be designed using different 

switches like PIN diodes, Varactor Diodes, MEMS switches, Field Effect Transistors, 

optical controlled switches. The efficient reconfigurable antenna can be design by 

interfacing the two antennas with RF MEMS switches. From the literature it is clear 

that RF MEMS switches based reconfigurable antennas are offering best performance 

compared with other switches. The major literature survey carried out in this thesis 

work on reconfigurable antennas is as follows: 

 The first MEMS based frequency reconfigurable antenna is introduced by J.J.Lee 

and his research group in 1996. In their research, they developed a planar dipole 
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antenna consisting of metal – to – metal contact type RF MEMS series switches 

placed approximately equidistance to driving gap and ends of the arms. Based upon 

the placement of these switches, the antenna frequency is shifted by a factor of two 

between ON and OFF states [2].  

In 1998, E. R. Brown et al. proposed a planar reconfigurable antenna based on RF 

MEMS switches schematically which consisting of series of micro – patches over the 

substrate and MEMS switches are placed between them. The MEMS switches can be 

ON or OFF in different combinations to activate or deactivate the micropatch 

elements to radiate [3]. 

In 2001, K. J . Vinoy and K. V. Vardan proposed a fractal antenna integrated with 

bridge type RF MEMS switch to reconfigure the frequency and radiation pattern of 

antenna for microsatellite applications. The patches present in the antenna are 

connected and disconnected to each other by using the proposed RF MEMS switch 

through impedance mismatch technique realized by formation of capacitance at ON 

and OFF states. The switch is operated by pull – in – voltage of 10 V with switching 

time of 88 µs and the antenna integrated can able to produce self – similar 

reconfigurable patterns at various wide range of microwave frequencies [4]. 

In 2006, D. E. Anagnostou et al., developed a self – similar planar antenna 

integrated with cantilever type RF MEMS switches. The antenna along with switch is 

fabricated over high resistivity silicon with switch pull – in – voltage approximately 

equal to 40 V. The switch produces an insertion loss of 0.2 dB at 15 GHz and can be 

utilized for antenna applications upto 40 GHz. By integrating the switch on proposed 

Sierpinsky antenna structure, the antenna can be able to reconfigure the frequency 

from 9.2 GHz to 15 GHz during switch transition between ON and OFF state [5]. 

In 2006, C. W. Jung et al., developed a fully integrated reconfigurable rectangular 

spiral antenna with a set of three RF MEMS switches employed for scan – beam 

applications. The switch and antenna structures are monolithically integrated on a 

PCB substrate having εr = 3.27. The proposed model for switch is a bridge type and is 

operated with a pull – in – voltage of 40 V with capacitance ratio of 94. Based upon 

the actuation of these three switches, nine different combinations have been achieved 

to reconfigure the frequency of the antenna [6]. 
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In 2008, Harish Rajagopalan et al., proposed a reconfigurable antenna integrated 

with commercially available RF MEMS switch [Radant MEMS SPST – RMSW 100]. 

This work utilizes reflect array elements consisting of microstrip patches on the top 

surface of slots with varying length of the ground plane by RF MEM switch. The 

antenna and switch is integrated using wire bonding technique and able to reconfigure 

the frequency of the antenna around 2 GHz [7]. 

In 2009, K. Topalli et al., fabricated a rectangular ring antenna with bridge type 

RF MEMS switches placed over the slot incorporated in the antenna patches. The 

antenna structure is fed by CPW technique and contains stubs connected with ground 

planes present below the switch bridges. The biasing electrodes are place on either 

side of the stubs to actuate the bridge structure. During actuation, the switches acts as 

variable capacitors and produces the frequency reconfigurability from 7.7 GHz to 

10.57 GHz [8]. 

In 2011, D. S. Escuders et al., proposed a rectangular slot array antenna using RF 

MEMS switches. This antenna contains a series of rectangular slots on top surface of 

the waveguide and switches are placed over the slots to change the electrical length of 

the antenna during signal radiation. The switches are actuated with biasing electrodes 

and grounding is realized by using stubs in the structure. The switches are actuated 

with pull – in – voltage of 38 V such that by regulating them between ON and OFF 

states, the antenna able to change its radiating wavelength to provide frequency 

reconfigurability around 10.3 GHz [9]. 

In 2012, C. G. Christodoulou have presented different reconfiguration techniques 

based on structure, material and MEMS switches for wireless and space applications. 

He compared various frequency reconfiguration techniques for different micropatch 

structures. Among them, he concluded that RF MEMS switches are efficient than PIN 

diodes and FETs for wide range of wireless applications dealing with microwave and 

millimeterwave frequencies [10]. 

In 2012, Chi – Yuk Chiu et al., designed and fabricated a novel structure antenna 

and named it as pixel slot antenna for frequency reconfigurable applications. The 

design is formed by having a canonical slot elements concated together and switched 

at different combinations by RF MEMS switches to form different radiating 
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structures. The feature size of the antenna is 40 × 40 mm2 mounted on a substrate 

made up of FR-4 epoxy material. Radant SPST – RMSW101 is the commercial RF 

MEMS switch placed over the slots to reconfigure the frequency of the antenna from 

3.3 GHz to 15.6 GHz [11]. 

In 2013, Vishal kumar et al., developed a frequency reconfigurable antenna using 

RF MEMS switches for S – band applications. The antenna structure is rectangular 

micropatch antenna fed by coaxial feeding technique where the cantilever type RF 

MEMS switches are connected between micro patches and stubs. The cantilever beam 

touches the stubs while actuated and results in shift in the resonant frequency of the 

antenna. The switch is designed to actuated with high pull – in – voltage of 67 V to 

achieve frequency reconfigurability from 3 GHz to 2.75 GHz [12]. 

In 2013, Ali Pourziad et al., proposed a new antenna structure with U – shaped 

slot in its micropatch which is fed by microstrip feeding technique. The switch 

consists of three beam actuated in nine different combinations and frequency is 

reconfigured from 2 GHz to 6.7 GHz respectively [13]. 

In 2014, H. Rajagopalan et al., proposed an E – shaped antenna integrated with 

RF MEMS switch for cognitive radio applications. Two MEMS switches have been 

placed between the horizontal patches in E – shape. The antenna produces a frequency 

reconfigurability from 2 GHz to 2.58 GHz during actuation and deactuation of 

switches [14]. 

In 2015, Paras Chawla & Rajesh Khanna developed a multiband reconfigurable 

antenna design using RF MEMS switches. The antenna structure consists of 

rectangular spiral patches where three cantilever types of MEMS switches are placed 

in between the spiral length by creating a slots in the structure. The three switches are 

located at three different places on spiral antenna and are actuated in nine different 

combinations such that the radiating frequency of the antenna is varied from 3.5 GHz 

to 9 GHz [15]. 

In 2017, Ahmed A. Ibrahim et al., proposed ultrawide band monopole single 

notch antenna for cognitive radio application. In the proposed design, the notch 

feature is achieved by proposing a switch over meander shaped slot on the octagonal 

shape micropatch present on the top surface of the substrate. A fixed – fixed beam 
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type switch is taken by having pull – in – voltage of 22 V to reconfigure the frequency 

of the antenna from 3.1 GHz to 12 GHz [16].  

In 2018, Y. Xu et al., proposed a novel antenna design with rectangular and 

circular patches connected to each other through microstrip feed lines. The fixed – 

fixed type RF MEMS switches are placed over the feeding line of the circular patches 

such that by actuating the switches alternatively with pull – in – voltage of 14 V, the 

antenna can able to activate and deactivate the circular patches to achieve the 

frequency reconfiguration from 14 GHz – 17 GHz [17].    

2.3 SURVEY ON RF MEMS SWITCHES 

Now a days, most of the RF MEMS switches are shunt type capacitive switches 

rather than series contact type switches due to increase of capacitance coupling effect 

between parallel plates at higher frequencies [18]. MEMS switches are having high 

linearity, low power consumption and high isolation when compared to the 

semiconductor switches [19]. Despite these advantages, MEMS switches also have 

some disadvantages such as low speed (3 – 40 µs), high or moderate pull in voltage 

than the semiconductor switches. Hence the optimization of the MEMS switches will 

create a great impact to overcome these disadvantages to a larger extent [20, 21]. The 

optimization of the MEMS Devices for a particular response can be carried out by 

different techniques such as topology optimization, Artificial neural networks, genetic 

algorithms, development of complex mathematical models of devices, and FEM 

simulations etc and these are confined to the single physics domain with a logical 

combination of individual designs which provides an overall optimization. However, 

these techniques are not be an efficient approach for the MEMS devices which are 

involved with complex designs and also with the Multiphysics interactions such as 

Electrical – thermal, Electrical – mechanical, Thermal – Electrical – mechanical, 

Electrical – magnetics, Fluid – mechanical etc [22].  

Design of Experiments (DOE) and Response surface Methodology (RSM) has 

been used in the literature for optimization of MEMS devices. These are completely 

based on the blocking, replication and output random response due to variation in 

experimental conditions. The optimization of MEMS devices through physical 

experiments is impossible and impractical due to high fabrication mechanism and 

cost. [23-24].  
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Pattern swarm optimization is a evolutionary technique which is based on 

population and swarm intelligence. This technique is fast and simple but may not be 

good because of being random process [25].  

Simulated annealing is a probabilistic technique which is derived from the 

annealing process in solids. This technique is based on trajectory of the search path. It 

is good and efficient for unordered data also but trade off arises between the 

computational speed and quality of the solution [26].   

A pattern search algorithm is used to optimize the RF MEMS switch and 

Reconfigurable antenna. This technique has a disadvantage of probability in wrong 

selection of the starting point may result in sticking at local minima [27].  

Design optimization of RF - MEMS switch using RSM (Response Surface 

Methodology) have been proposed based on Multiphysics co - simulations. This 

technique is completely based on design factors and output responses and does not 

take the frequency of the transmission signal into considerations. Large number of 

simulations are to be carried for optimization which makes this as a time taking 

process [28].  

Taguchi’s optimization technique is majorly used for robust designs. It doesn’t 

need any statistical or technical background like neural network or genetic algorithm. 

This technique is not widely accepted for designing RF - MEMS switches, but it is 

more commonly used during packaging or product optimization. [29]. 

An extensive survey has been carried out on electrostatic RF MEMS switches to 

understand the influencing factors to develop low pull – in – voltage switches. A brief 

survey is also conducted in the other aspects of switching time, insertion losses, 

isolation and reliability.  

In 1978, K. E. Pietersen, the founder of microelectromechanical systems field 

made the first series type RF MEMS switch by using micromachining technology. In 

this research, he developed a cantilever model made up of metal coated on SiO2 

having thickness of 3500 A0. The switch is fabricated to operate with deflection 

voltage of 60 V and takes less than 40 µs to change its state from OFF to ON 

condition [30]. Although, Pietersen’s switch requires high operating voltage and can 
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be used for low frequency applications, he provided a good ideology of developing 

RF MEMS switches for future generation that we are utilizing the technology today. 

In 1995, C. Goldsmith and his research group, Texas Instruments have developed 

first bridge type RF MEMS switch with thin metal and proved that RF MEMS 

switches can be better replacement of semiconductor switches. In their research, they 

developed the switch structure with aluminum metal of thickness 0.4 µm coated on 

3.5 µm thick SiO2 layer which acts a membrane having vertical movement during 

actuation. The switch able to operate at 30 – 50 V with contact resistance of 1.5 Ω – 

2.5 Ω having offstate capacitance of 35 fF [31]. 

In 1998, S. Pacheco et al., developed two designs of RF MEMS switches with 

serpentine and cantilever type spring models for low pull-in-voltage. The spring 

constant obtained for serpentine spring model is 0.478 N/m whereas the cantilever 

model possess 0.654 N/m and operates at 4.95 V and 5.79 V respectively. The 

stability of the switch is improved by placing a top electrode to deactuate the switch. 

The switch possess high isolation of -30 dB upto 40 GHz at offstate and low insertion 

loss of less than 0.2 dB at 20 GHz [32]. 

In 1999, Z. Jamie Yao et al., proposed a shunt type switch having bowtie shaped 

membrane place over CPW transmission line. The switch operates with high pull – in 

– voltage of 50 V with fast switching on speed less than 6 µs and fast switching off 

speed less than 4 µs. The switch shows a low insertion loss of 0.14 dB at 20 GHz and 

0.25 dB at 35 GHz, and an isolation of 24 dB at 20 GHz and 35 dB at 35 GHz [33]. 

In 2000, S. Pacheco et al., developed a shunt type RF MEMS switch with 

serpentine meanders used to suspend the membrane. The serpentine meanders are 

constructed with eight parallel beam having total spring constant of 0.521 N/m and 

membrane is electroplated with nickel having thickness 2µm and produces a low pull 

– in – voltage of 1.94 V. The switch shows a low insertion loss less than 0.16 dB at 40 

GHz and an isolation of -15 dB at 40 GHz. The proposed switch highly prone to self-

biasing due low spring constant and less reliable with low life cycle [34].  

In 2000, S-C Shen et. al proposed a hinged model RF MEMS switch for high 

reliability. The top membrane is electroplated with gold material with thickness as 

1µm. silicon nitride is taken as a dielectric layer to produce high capacitance effect. 
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The device topology utilizes 7 – mask MMIC fabrication process on GaAs substrate. 

The performance of the switch is intended to be low pull – in – voltage of 10 V with 

insertion losses less than 0.1 dB and high isolation of 25 dB over 0.25 GHz – 40 GHz 

frequencies [35]. 

After 2000, more companies and research institutions saw the potential of MEMS 

RF switches and joined to the research of RF MEMS switch. Those companies and 

research institutions include TI, Michigan University, Berkeley UC University, MIT 

University, ADI, Raytheon, Omron, Motorola, Samsung, etc. Because numerous 

research institutions joined in, a large number of different structures, principle, and 

driving mode RF MEMS switches were reported [36 – 38].  

Various RF-MEMS capacitive switches with diverse structures and 

characteristics have been proposed and developed in the last two decades. In 2004, D. 

Peroulis et al., proposed a shunt switch model to overcome the issues of self-

actuation, hot switching and stiction problems generated due to incident high RF 

power. The switch structure utilizes serpentine spring models containing 1 – 5 

meanders to suspend the membrane, among them the single meander structure with 

high spring constant of 26.9 N/m is chosen as the best model to actuate the beam with 

low pull – in – voltage 6 V. The proposed switch able to handle RF power upto 0.8 W 

and exhibits good insertion loss of −0.17 dB at 40 GHz. The isolation of the switch is 

not very large of -15.5 dB at 40 GHz [39]. 

In 2005, K. J. Rangra proposed a symmetric toggle switch with torsional springs 

used to suspend the membrane. The design of membrane consists of three rectangular 

beam area connected with each other through connecting levers. The center beam is 

dedicated to capacitive area and the other two beams are for actuation mechanism. A 

total of four electrodes are placed below the membrane, among them extreme 

electrodes are used for actuation and inner electrodes are used for deactivation. The 

switch possess low pull – in – voltage of 9.5 V and low insertion loss of  -0.2 dB and 

good isolation of 35 dB at 10 GHz [40].  

In the period of 2005 – 2007, C. L. Dai et al., fabricated low pull – in – voltage 

RF MEMS switches using 0.35µm DPFM CMOS process and maskless wet etching 

process [41 – 43]. The switches utilizes 7 V to actuate the beam [42], to improve the 
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RF performance characteristics a series inductor is inserted in the design which shows 

insertion loss of -1.7 dB 21 GHz. The isolation of the switch is observed as -19 dB at 

21 GHz which is not satisfactory due to low resistivity silicon used in fabrication 

process. 

In 2006, Seong - Dae Lee proposed a unique design for RF-MEMS capacitive 

switch with actuation voltage as low as 4.5 V, lifetime of 200 billion cyclic actuation 

under cold-switching condition and short switching time (namely <1 µs) was 

fabricated in 2006 [44]. As compared to the conventional design, the moveable 

electrode of the switch is totally free from any anchor, pulled up by electrostatic force 

to turn on the switch and released back by the gravitational force to turn off the switch 

without any elastic deformation. The only limitation of the switch is that it must be 

operated at a predefined angle range (<28o) to maintain its good performance. 

In 2006, E. K. I. Hamad proposed a fixed – fixed shunt type RF MEMS switch 

with the gap of 1.5 µm between the beam and lower electrodes. The switch has a low 

pull-in voltage of 8 V, which occurred by reducing the gap and exhibits high isolation 

by increasing the downstate capacitance. The electrostatic actuation has been derived 

by using Laplace's equation in the homogenous regions and Gauss's law at the 

interface nodes. The reduction in the gap to achieve low pull-in voltage is not a 

reliable methodology as it increases the RF losses during signal transmission due to 

the increase of upstate capacitance [45].  

In 2006, Hamed Sadeghian et al. proposed a new approach based on a distributed 

Pull-in model. In this model, non – linear modelling is carried out by considering non 

– uniform electrostatic pressure applied on the beam. The pull-in voltage obtained for 

the proposed fixed – fixed switch is 36 V in the lumped parameter model and 40 V for 

the electrostatic model. These results are very high when compared to the other 

switches and can be reduced further [46].  

In 2009, Park et al., fabricated a novel non – contact capacitive shunt switch 

designed for short range millimeterwave radar applications. The switch is fabricated 

by using selective silicon on insulator (SSOI) technology. In this technology, 

horizontal dielectric layers are implanted at arbitrary depths in any desired region of a 

wafer, using the sacrificial bulk micromachining (SBM) process. The switch structure 
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contains variable capacitors in comb drive structure such that increase in capacitance 

produce impedance mismatch to turn off switch. The switch operates with DC voltage 

of 28 V and posses high power handling capability upto 0.9 W. The switch is not 

satisfactory in terms of insertion loss 1.43 dB at 24 GHz [47]. 

In 2010, Yu LIU et al. designed a multilayered microbridge and proposed a new 

trail solution for bending of microbridge which has subjected to voltage induced load. 

At pull – in state of device, Energy method is utilized to derive the relation between 

the voltage applied and deflection of the microbridge. The analytical value of pull-in 

voltage derived from the equations is obtained as 34.2 V whereas the simulated value 

of multilayered microbridge is obtained as 40 V having the error of only 2.48%. The 

proposed methodology and the structure yield greater pull – in voltage above 10V due 

to residual stress developed by the multilayered bridge. [48]. 

In the period 2012 – 2014, M. Manivannan et al., has focused on reducing the 

pull-in voltage of switch by proposing a suspended spring in the form of a cantilever 

beam with variable sections and composite materials [49, 50]. The proposed switch 

operates at low voltage of 5.22 V at beam thickness = 1 µm [49]. Composite beams 

made up of aluminum and polysilicon is proposed in the research work to reduce pull-

in voltage without degrading the restoring forces. The pull-in voltage obtained with 

methodology is 47.31 V, and the restoring force of 27.59 µN with an error of only 

5.1% which are very high when compared to state of the art. [50]. 

In 2012, Sharma Jaibir, proposed a new technique for fabrication of recessed 

CPW configured RF MEMS switch on a glass substrate. In this research work, he 

proposed two switch models with serpentine meander and six – strip beam for low 

pull – in – voltage achievement. The pull – in – voltage and pull – out – voltage of six 

– strip beam is observed to be 9 V and 6 V respectively and 5.8 V – 9 V & 3 – 7 V for 

two meander membrane respectively. The switches does not shows the satisfactory 

results with less isolation of 20 dB where, the two-meander membrane have the 

resonance at 61 GHz and 73 GHz for six – strip beam for V- band applications [51]. 

In 2016, K. Demirel proposed a novel fabrication technique of RF MEMS switch 

to overcome the compressive stress developed on the membrane due to temperature 

effect by introducing amorphous silicon as a sacrificial layer. The switch uses folded 
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leg structure beams as a meanders to suspend the beam to achieve low pull – in – 

voltage of 22.4 V at a residual stress of 20 MPa. The switch shows good actuation 

before and after heat treatment at 2000C and posses 29 V of pull – in – voltage and -

20 dB of isolation after heat treatment, which are not satisfactory for present day low 

power wireless devices [52]. 

In 2016, Muhua li et al., proposed a novel design of RF MEMS switch with low 

capacitive area and four spring models to reduce upstate capacitance and pull – in – 

voltage of switch. The switch shows low insertion loss of -0.29 dB at 35 GHz and 

exhibits pull – in – voltage of 18.3 V having isolation of -20.5 dB at 35 GHz which 

are not satisfactory for a low power communication system [53]. 

In 2017, T. L. Narayana & K. Srinivasa Rao et al., developed a non – uniform 

meander switch with aluminum nitride as a dielectric layer. The non – uniform 

meander offers low spring stiffness to produce low pull – in – voltage of 4.2 V with 

high capacitance ratio of 65.22. But, the proposed switch does not shows satisfactory 

results in terms of isolation which is 20 dB occurs around 2 GHz for X – band 

applications [54]. 

In the period 2015 – 2018, K. Guha et al., proposed different uniform and non – 

uniform meanders to reduce pull – in – voltage. He proved that, non – uniform single 

meander offers low pull – in – voltage to 4.9 V. In these models, the dielectric layer is 

varied from silicon nitride to hafnium oxide to improve the RF performance 

characteristics of switch. The isolation of proposed non – uniform meander switch 

produces 90 dB at 40 GHz. But, the structure of the meanders are satisfactory to 

overcome the bouncing effect during deactuation the beam [55]. 

In 2018, S. Shekar et al., recently proposed an electrostatic actuated RF - MEMS 

switch for Millimeterwave applications is designed and fabricated with L – shaped 

beams as a spring and achieved a low pull in voltage of 4.8V, the switch also good RF 

performance characteristics of -27.5 dB at 40 GHz. The switch also shows good 

reliability, quality factor of 1.2 and fast switching time of 33 µs [56]. 
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2.4 STATE OF THE ART OF THE PROBLEM 

Table. 2.1 Comparison of the work with the survey based on the reconfigurable 

antenna using RF MEMS switches. 

Ref. Topic Discussed Antenna Design Limitations 

Harish 

Rajagopalan 

et al. [14] 

RF MEMS 

switches, Particle 

swarm 

optimization, 

Impedance 

Bandwidth, 

Antenna Shape. 
 

RMSW100HP – 

SPST 

Wire bonding 

technique for 

integration 

High parasitics 

Tony J. 

Jung et al.  

[57] 

Linear and 

circular 

polarization, 

switch packaging, 

Impedance 

Bandwidth,  

Frequency 

reconfiguration not 

so effective 

Less bandwidth 

High Pull – in – 

voltage switch for 

frequency 

operation 

Chi-Yuk 

Chiu et 

al.[11] 

Re-configurability 

with RF MEMS 

switches. 

 

High pull – in – 

voltage of 67 V. 

Less bandwidth 

(0.3 GHz) 

Caner 

Guclu et 

al.[58] 

Circularly 

polarization,  

reflectarray (RA), 

sequential 

rotational 

principal. 

 

High pull – in – 

voltage switch is 

used. 

High power 

dissipation 
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Table. 2.2 Comparison of the work with the survey based on the RF MEMS switches. 

Ref. 
Topic 

Discussed 
Antenna Design Limitations 

Jaehong 

Park et al. 

[47] 

A Non-Contact-

Type RF MEMS 

Switch for 24-

GHz Radar 

Applications 

 

Technique:  

Comb drive 

actuator is 

utilized 

 

High pull – in – 

voltage (25V) 

High switching 

time (8 ms) 

Anna 

Persano et 

al. [59] 

A fixed–fixed 

bridge with a 

perforated 

central plate 

 

Technique:  

Electrostatic 

actuation  

High Pull – in – 

voltage (35 V) 

RF Performance 

is not discussed 

M. Angira 

& 

K.J.Rangra 

[60] 

Double beam 

structure on 

CPW for high 

isolation. 

Technique:  

Electrostatic 

actuation  

High pull – in – 

voltage (12.75 V) 

Low switching 

time 

S. Shekhar 

et al., [56] 

Crab Leg 

structure RF 

MEMS switch 

for millimeter 

wave 

application. 

Technique:  

Electrostatic 

actuation 
 

Capacitance 

charging and 

discharging is not 

discussed. 
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2.5 RESEARCH GAP & SCOPE OF THE THESIS 

RF - MEMS switches eliminate the substrate leakage currents in both ON state and 

OFF state and causes low signal losses. RF - MEMS switches possess linear electrical 

characteristics and produce good RF performance during actuation. Besides these 

advantages, RF - MEMS switches possess high pull – in voltage (20 V – 100 V) and 

low switching speed (where Ts=1 µsec – 200 µsec). Based on the literature survey 

carried out on RF – MEMS switches, A research gap of high actuation voltage (above 

5 V) has been recognized and there is a huge scope on designing efficient RF - 

MEMS switches with low pull-in voltage (less than 5 V) and monolithic integration of 

RF - MEMS switches on micropatch antennas for frequency reconfigurability at 

millimeterwave frequency range (30 GHz – 300 GHz). 

• No work in the literature has been reported to optimize the dimensions of the 

switch based on RF resonate frequency. Hence there is a scope of work to 

optimize the design parameters using Multiphysics co – simulations. 

• Till now, the capacitance of RF MEMS switch is analysed by considering 

Parallel plate and Fringing field effect. Hence, there is huge scope to develop a 

new empirical formula for capacitance including parasitic capacitance 

component. 

• The RF MEMS switch and antennas are integrated through wire bonding 

technique which leads to high noise effect and low RF performance. Hence, a 

large scope of work can be carried out on monolithic integration of RF MEMS 

Switch and antenna on a same substrate. 

 

2.6 SUMMARY 

In this chapter, a detailed literature survey has been presented on RF MEMS 

switches integrated on Reconfigurable antennas. the literature survey is carried out in 

the aspects of frequency reconfigurability, bandwidth of the antennas, pull – in – 

voltage, switching time and RF performance characteristics of RF MEMS Switches. 

No work in the literature has presented reconfigurable antenna operated by low pull – 

in voltage (< 3.5V) RF MEMS switches. The state of the art is studied to be 4.8 V for 

RF MEMS switch and monolithic integration with antenna is not so well developed.   
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