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1.1 INTRODUCTION 

Recent Advancements in the wireless communication systems utilizes 

miniaturized devices based on Micro – Electro – Mechanical System technology for 

present and future 5G wireless applications. Now a days, RF devices are utilizing the 

frequencies upto 30 GHz and a huge traffic in signal propagation occurs which leads 

to the slow data rate. In other hand, there is a huge spectrum available in the 

millimetre wave frequency range of 30 – 300 GHz. The millimetre wave spectrum is 

attractive for development of smart systems based on 5G technology [1].  

Transmitters, Receivers, Antennas, Filters and Phase Shifters are extensively 

using these RF MEMS switches for better performance and excellent reconfigurable 

characteristics [2]. The reconfigurable antenna integrated with MEMS switches are 

utilized for wide range of applications that serves for present day and future 

communication systems / networks. 

This chapter explains the background associated with RF MEMS switches and 

Reconfigurable antennas with the research gap present in integration with Patch 

antennas. The chapter also outlines the motivation and organization of thesis. 

1.2 OVERVIEW OF MEMS TECHNOLOGY 

Microsystems are generally referred with MEMS acronym where it is 

abbreviated as Micro – Electro – Mechanical System which deals with sub-
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millimeter/micrometer scale devices. MEMS are one of the prominent technologies 

for 21st century which integrates large number of micro components on a chip and 

permits the microsystem for both sensing and controlling the environment. Micro 

means small in size and micro fabricated, electro means suitable to control the 

electrical signals, mechanical means includes the mechanical motion, and systems are 

devices, system controls. In MEMS devices, mechanical movement of structural 

components are always involved in realizing the transduction function between two or 

more physical domains [3].  

 

Figure. 1.1. Basic Components in MEMS Technology.  

1.2.1 Micro Sensor 

MEMS sensor constantly gather data from the environment and pass data for 

processing, it include accelerometers, force sensors, humidity sensors, pressure 

sensors etc. There are different types of micro sensors which are widely used in 

industry. The sensors are mainly built for the sensing purpose to sense the existence 

and the intensity of temperature, chemical, biological and optimal. There are different 

types of sensors like temperature, pressure, force, sound, light, nuclear radiation, 

magnetic flux, and chemical composition. Biomedical sensors and biosensors have 

great demand in the market, the micro sensors are accurate and sensitive in minimal 

amount of sample [4]. The working principle of micro sensor flow is illustrated by 

Figure. 1.2. 

 

Figure. 1.2. MEMS as Micro Sensor. 
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1.2.2  Micro Actuators 

MEMS actuators act as trigger to external device. There are different methods for 

actuating the devices mainly consists of electromechanical, electrostatic, 

piezoelectric, thermal and magnetic. The most popular method is electrostatic in this it 

generates the force by the charges parallel conducting plates or electrodes separately 

by the dielectric and air. The applied voltage is input to the plates for actuating the 

plates which result in electrostatic forces [4]. The functioning of micro actuator is 

depicted in Figure. 1.3. 

 

Figure. 1.3. MEMS as Micro actuators. 

1.2.3 Microstructures 

Microstructure is the very small-scale structure of a material, defined as the 

structure of a prepared surface of material as revealed by an optical microscope above 

25% magnification. The microstructure of a material (such 

as metals, polymers, ceramics or composites) can strongly influence physical 

properties such as strength, toughness, ductility, hardness, corrosion resistance, 

high/low temperature behavior or wear resistance [4].  

 

Figure. 1.4. MEMS as Microstructure. 

1.2.4 Microelectronics 

Microelectronics that receives data from micro sensor ‘brain’ that receives 

processes and make decisions [4]. The figure 1.5 shows the components of 

microelectronics and Microsystems. 



Introduction                                                                                            Chapter 1 

 

  4 
 

 

Figure. 1.5. Components of Microelectronics and Microsystems. 

Integrated Circuit (IC) batch process technique is utilized for fabrication of these 

MEMS devices, which have ability to sense, actuate and control on microscale and 

generates the responses at macroscale [5]. The MEMS devices adopts 

micromachining technology, a sophisticated process which manipulates the silicon or 

other substrates in developing these microstructures. Micromachining is a batch 

process which fabricates dozen to thousands number of identical elements or devices 

simultaneously on single wafer. Wafer processing, Deposition, Etching, Lithography 

are the four main basic steps involved in development of micromechanical structures. 

The basic steps involved in the micromachining process is presented in the Figure.1.6. 

Among them, the lithography is a significant process to develop delineation of 

accurate and specified patterns of miniaturized structures.  

 

Figure. 1.6. Basic Fabrication steps in micromachining process. 
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1.3 OVERVIEW OF RF MEMS TECHNOLOGY 

Today’s electronic communication systems are presenting more functionalities 

which consequently make the electronics architectures bulky, more complex and more 

energy consuming. Despite these complexities, the devices need to be small enough to 

fit into the pocket and have to consume very small amount of energy in order to 

guarantee an optimal battery life. This need is also present in Defense applications: 

the tactical radios have to do a lot of things but need to be small enough to fit in the 

soldier's backpack and have a reasonable battery life to ensure connection on the 

battlefield. In the Space domain: the telecommunication satellites have to be 

multifunctional in a small volume to reduce the payload and costs [6]. 

Therefore, RF MEMS is a breakthrough technology which allows engineers to 

realize RF systems that are consuming less energy and which are either more 

performing or less bulky. RF MEMS is an acronym of Radio Frequency 

Microelectromechanical system with electronic components constitutes of micro sized 

moving parts that provides radio frequency functionality.  Besides RF MEMS 

technology, III-V compound semiconductor (GaAs, GaN, InP, InSb), ferrite, 

ferroelectric, silicon-based semiconductor (RF CMOS, SiC and SiGe), and vacuum 

tube technology are available to the RF designer. RF MEMS technology can reach 

extremely good performances over a wide frequency band compared to 

semiconductor devices [7]. This advantage allows engineers to rethink electronic 

architectures and upgrade performance or reduce the size of their devices. It is a 

breakthrough technology since it provides: 

(a) Very good isolation and very low losses over a 40 GHz wide band and more. 

(b) No power consumption. It is a real advantage over current solutions to reduce 

power consumption on portable devices in order to increase battery life or 

decrease battery volume. 

(c) Excellent linearity. Multi-tone signals can be applied to the device over a wide 

band without any distortion. Third order Interception Point (IP3) is typically 

better than 65 dB, outcompeting todays state of the art semiconductor 

performance. 
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RF MEMS devices possess extremely high-performance characteristics at radio 

frequencies when compared to the conventional semiconductor devices. These are 

broadly classified into three types based on the presence of MEMS component in RF 

circuits [8], they are:  

RF extrinsic devices: where the MEMS components present outside the RF circuits 

and controls the actuation mechanism & RF functionality of devices which are 

present inside the RF circuits. 

RF intrinsic devices: where the MEMS components present inside the RF circuit to 

control the actuation mechanism & RF functionality of devices which are present 

inside the RF circuits. 

RF reactive: Both MEMS components and RF circuits have coupled each other for 

RF functionality. 

Now – a – days, RF MEMS devices have been employed for tremendous modern 

5G mobile communication systems, Internet of Things (IoT), Millimeterwave therapy, 

automotive, military, aerospace, medical, telecommunications and industrial 

applications [9].  

 

Figure. 1.7. Applications of RF MEMS Technology.  
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Over the past five years, the emphasis on RF MEMS technology has shifted to 

system integration and reconfigurability in output functional characteristics. Many 

researchers, academicians and industries have developed RF MEMS devices such as 

RF MEMS switches, tunable capacitors and tunable inductors. Among them, RF 

MEMS switches have been identified as a significant primitive device in many of the 

reconfigurable devices (tunable Phase shifters, tunable filters and tunable antennas) 

and reconfigurable RF circuits [10]. 

    

                    (a)          (b)                                            (c)  

  

   (d)     (e) 

Figure. 1.8. RF MEMS Devices (a) RF MEMS Switches (b) Voltage tunable 

capacitors (c) High quality integrated inductors, (d) Reconfigurable filters  

(e) Reconfigurable antennas. 

1.4 RF MEMS SWITCHES 

RF MEMS switch is also named as microwave switch where it is used to 

propagate high frequency signals through transmission lines and used for signal 

routing between the RF circuits and RF devices. RF MEMS shunt switches are the 

emerging devices in the present and future communication applications. Reliability of 

these switches plays a crucial role to outperform the other microwave switching 
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technologies. Development of RF MEMS switches has been seriously under way 

since 1995 by several researchers and industrialists. The application of RF MEMS has 

already proven to provide revolutionary (rather than evolutionary) improvements in 

electronic switching performance for phase shifters, filters and reconfigurable 

antennas at microwave and millimeterwave frequencies [11]. RF MEMS switches are 

better when compared with traditional FETs and PIN diodes in many applications. 

The conventional Switches weakens the RF characteristics of the device and can be 

overcome by proposing RF MEMS switches [12]. 

Table. 1.1. Comparison of RF MEMS Switch with Semiconductor switches [12]. 

Parameter RF MEMS PIN FET 

Output Response Linear Non - Linear Non - Linear 

Power Dissipation 

Low Power 

Dissipation 

(µW) 

High Power 

Dissipation (mW) 

High Power 

Dissipation (mW) 

Latching 

No Latching is 

formed  in the 

circuit 

Latches will form 

due to parasitises 

Latches will form 

due to parasitises 

Leakage Currents Very Low High Medium 

Noise Effect Low High High 

Voltage [V] 20 – 100 3 – 5 3 – 5 

Power Consumption [mW] 0.05 – 0.1 5 – 100 0.05 – 0.1 

Switching Time 1 – 200µs 1 – 100ns 1 – 100ns 

Capacitance Ratio 40 – 500 10 -- 

Isolation (1 - 10 GHz) Very high High Medium 

Isolation (10 - 40 GHz) Very high Medium Low 

Isolation (60 - 100 GHz) High Medium --- 

Insertion Loss (1 - 100 GHz) [dB] 0.05 – 0.2 0.3 – 1.2 0.4 – 2.5 

Despite these advantages, the RF MEMS switches confronts major design 

challenges such as High pull – in – Voltage, slow switching time, low life cycles, 

stiction problems, intermodulation distortion effects and difficulties in membrane 

releasing process and High packaging cost etc. Broad exploration in the aspects of 

switch design have been in advancement from 10 years for limiting these issues. 

1.4.1 Classification of RF MEMS Switches 

RF MEMS switches are broadly classified based on actuation mechanism, 

movement (axis of deflection), contact type and circuit configuration coupled with 

input RF signal [13]. 
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Figure. 1.9. Classification of RF MEMS Switches. 

1.4.1.1 Based on Actuation Mechanism 

RF MEMS switches are micro – scale mechanical devices having two stable 

states (onstate and offstate). These switches are employed in the transmissional lines 

to regulate RF signal propagation from input to output terminal depending upon their 

mode of operation. In onstate, the RF signal is transmitted to output terminal whereas 

the RF MEMS switch blocks the propagation in offstate. Transition between these 

states is achieved through mechanical movement of a suspended structure which can 

be essentially a cantilever beam structure fixed at one end or bridge type structures 

fixed at both ends. This mechanical deflection of suspended structures is 

accomplished by different actuation mechanism such as piezoelectric [14], 

electrothermal [15] and electromagnetic actuation [16] and electrostatic [17]. Among 

these actuation techniques electrostatic actuation is proven to be good in the aspect of 

low power consumption. 

 

Figure. 1.10. Piezoelectric RF MEMS Switch. 
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Figure. 1.11. Electrothermal RF MEMS Switch. 

 

Figure. 1.12. Electromagnetic RF MEMS Switch. 

 

Figure. 1.13. Electrostatic RF MEMS Switch. 
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1.4.1.2 Based on Movement 

Most of the RF MEMS switches are designed with 1 – Degree of freedom (DoF) 

based on the standard electrostatic actuation technique. The mechanical movement of 

the suspended structure (beam) [18 – 19] mainly constitutes of vertical and lateral 

deflections. The actuation electrodes are present below the suspended structure to 

deflect it vertically downwards as shown in Figure. 1.14. Hence this type of deflection 

is called out – of – plane deflection whereas in lateral deflection type switches, these 

biasing electrodes will present on the same plane of suspended structure giving rise to 

in – plane deflection as shown in Figure. 1.15. Among the two deflection types, lateral 

deflection type switches occupies more area and bulk in size such that it cannot 

effectively utilized in system integration. Whereas the vertical deflection type are easy 

to realize with small area and can be utilized effectively in system integration to place 

between RF devices or circuits. 

 

Figure. 1.14 Vertical Deflection type RF MEMS Switch. 

 

Figure. 1.15. Lateral deflection type RF MEMS Switch. 
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1.4.1.3 Based on Contact  

There are two types of contact achievements in RF MEMS switches: a) metal – to 

– metal contact type which establishes a physical contact between suspended structure 

and transmission line; b) capacitive coupled RF MEMS switch that contains 

capacitance developed between suspended structure and lower electrode [18 – 19]. 

Generally, metal – to – metal contact type switches are of cantilever type which 

establishes an ohmic contact when suspended structured membrane or beam is pulled 

down by electrostatic force generated by lower electrodes. This provides minimal 

insertion loss during RF signal transmission enabling onstate of switch. when 

suspended structure membrane or beam is not actuated by lower electrodes, it 

provides high isolation between input and output terminals enabling offstate of 

switch. This type of switches maintain minimum contact resistance and low parasitic 

capacitances such that these are suitable for low frequency applications ranging upto 

10 GHz. 

 

Figure. 1.16. Metal – to – Metal contact type RF MEMS Switch. 

The capacitive coupled switches are generally bridge type structures where the 

suspended structure membrane or beam anchored at both ends. The lower electrodes 

are initially not supplied with any DC voltage and makes the membrane or beam 

(upper electrode) to suspend over RF transmission line with an air gap present 

between them. At this stage no capacitive coupling occurs and the RF signal is 

propagated through transmission line enabling onstate of switch. When the DC 

voltage is supplied to lower electrodes the suspended structure membrane or beam 

gets deflected towards lower electrode giving rise capacitance coupling between 

them. The capacitance offers high impedance for transmission of RF signal in 
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transmission line enabling offstate of switch. The capacitance ratio between offstate to 

onstate is called capacitance ratio which is often term as Figure – of – Merit of RF 

MEMS switches.     

 

Figure. 1.17. Capacitive contact type RF MEMS Switch. 

1.4.1.4 Based on Configuration 

RF MEMS switches are classified into Series, Shunt and Series – Shunt types 

based on the capacitance configuration with transmission line [18 – 19]. In Series 

switches the capacitance is in series with the transmission line as shown in Figure. 

1.17 and offers high impedance for RF signal propagation enabling open state of 

switch. Later, when it is actuated to downstate by applying DC voltage, the 

capacitance vanishes and forms a pure resistive path which propagates RF signal 

enabling closed state of switch.   

 

Figure. 1.18. Series configuration RF MEMS Switch. 
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The shunt configured RF MEMS switch are mostly capacitance coupled type 

which are mainly realized by bridge type structures. The capacitance 

developed in these switches is in parallel with transmission line and the total 

impedance developed by the switch is given as  

Cj
LjRZ SS




1
++=              (1.1) 

 

Figure. 1.19. Lumped Model of Shunt type RF MEMS Switch. 

Initially, when no DC voltage is applied to suspended structure membrane or 

beam, the shunt type switch is in upstate with small capacitance values and provides 

low insertion losses for RF signal propagation. When DC voltage is applied, the 

suspended structure beam is actuated and increases the capacitance which provides 

high isolation and does not propagates RF signal to output terminal. 

In series – shunt configuration RF MEMS switches, both series and shunt models 

are employed on a single transmission line where it provides very high isolation 

during offstate. In these type switches, the shunt and series models are alternatively 

actuated to regulate the RF signal propagation.   

 

Figure. 1.20. Schematic of Series – shunt type RF MEMS Switch. 
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1.4.2 Performance Parameters of RF MEMS Switch 

The performance of electrostatic shunt type capacitive RF MEMS switches 

depends on various mechanical, electrical and electromagnetic parameters [19] and 

these are illustrated as follows: 

1.4.2.1 Spring Constant  

The mechanical structure of RF MEMS switch is realized by using Hooke’s law 

mass – spring – damper system where, the stiffness of the suspended structure is 

termed as spring constant. It is obtained by analyzing beam displacement w.r.t 

electrostatic force which can be given as 

𝐾 =  
𝐹

𝛿
      (1.2) 

Where K is spring constant, F is force generated by on the suspended structure 

and δ is the displacement proportional to F. 

1.4.2.2 Pull – in – Voltage 

The pull-in voltage of electrostatic RF MEMS shunt switch is defined as – 

“Amount of voltage required to displace the suspended beam or membrane to its 1/3rd 

of the airgap “. It can be calculated by using  

38

27
P

Kg
V

A 
= Volts    (1.3) 

Where, g is a gap between the suspended beam and lower electrodes, ε0 is 

permittivity of free space, A is actuation area. 

1.4.2.3 Onstate Capacitance (CON) 

The onstate capacitance of switch is developed by overlapping area formed 

between the suspended beam and RF signal line. At this state, the lower electrodes are 

not supplied with any DC voltage whereas the RF signal line is supplied with small 

RF voltage in terms of milliwatts. Hence, potential difference exists across suspended 

membrane or beam and RF signal line which give onstate capacitance in terms of 

femtofarads and it can be expressed as:  
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Where, Cup – upstate capacitance; ε0 – permittivity of free space; Ws: width of 

signal line; wb: width of suspended membrane, ga: air gap; td: dielectric thickness and 

εr: relative permittivity of the dielectric medium. 

1.4.2.4 Offstate Capacitance (COFF) 

When DC voltage is applied on lower electrodes, the suspended beam or 

membrane gets deflected by vanishing airgap. This develops the capacitance between 

suspended membrane and lower electrodes in terms of picofarads and is expressed as: 

r ov
OFF

d

A
C

t

 
=   pF      (1.5) 

1.4.2.5 Capacitance Ratio ( ratioC ) 

The capacitance ratio is termed as Figure – of – Merit (FoM) of RF MEMS 

switches and is obtained as: 

OFF
ratio

ON

C
C

C
=      (1.4) 

1.4.2.6 Mechanical Resonant Frequency 

The mechanical resonant frequency is the natural frequency possessed by the 

suspended structure membrane or beam. It is used to realize the switching and release 

time of switch during actuation. It is expressed as:  

0

1

2

K

m
 =


     (1.5) 

1.4.2.7 Switching Time  

The switching time of RF MEMS switch is defined as – “minimum time taken by 

switch to change its state from onstate to offstate”. It is mainly depends on 

mechanical resonant frequency, pull – in – voltage and actuation voltage and is 

expressed as:   

0

3.67 p

s

s

V
T

V 
=      (1.6) 

Where VP -pull-in voltage, Vs-supply voltage, Vs = 1.4Vpi, 0 - Resonant frequency. 
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1.4.2.8 Quality Factor 

Quality factor is an important parameter to assess RF MEMS switches in the 

aspects of switching time and restoring time. Generally, for RF MEMS switches it 

should be in between 1 – 2. The switches with Q<1 suffers from slow switching time 

and with Q>2 suffers from slow restoring time. It can be evaluated as:  

02

K
Q

f b
=      (1.7) 

Where, K: spring constant, f0: Resonant frequency, b: damping ratio. 

 

1.4.2.9 Return Loss 

Return loss of the switch occurs due to impedance mismatch at ports when the 

switch is in transmission mode (onstate). It defined as – “amount of power (in 

decibels) reflected back to the same input terminal during signal transmission in 

switch at onstate”. It is evaluated by measuring reflection coefficient in S – 

parameters which be less than -10 dB for effective propagation of RF signal. 

1.4.2.10 Insertion Loss 

Insertion loss is a transmission loss which occurs due to resistive contacts and 

low dielectric material properties of switch. It is defined as – “amount of power loss 

occurred at output port w.r.t to the input power when switch is in transmission mode”. 

It is evaluated by measuring transmission coefficient in S – parameters which should 

be less than 1dB for effective signal propagation. 

1.4.2.11 Isolation 

Isolation describes the potentiality of RF MEMS switch that prevents 

transmission of RF signal from input port to output port. I is defined as – “amount of 

power generated at the output terminal when switch is in offstate”. It is evaluated by 

measuring transmission coefficient in S – parameters which should be less than -10 

dB for effective signal suppression. 
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1.5 RECONFIGURABLE ANTENNA TECHONLOGY 

In today’s evolutionary world, the rapid growth of wireless communication 

systems and demand for integration of multiple wireless standards urges the 

development of reconfigurable antenna for establishment of communication between 

the devices or networks without increasing the size of the system. The traditional 

wireless system contains antenna which cannot alter their functionality based upon the 

application requirement and involves large number of antenna elements for 

multifunctionality character. This makes the system bulky by increasing the total 

count of components on a single platform. As the present and future generations are 

moving ahead for miniaturization, the use of traditional single configuration antennas 

is a major disadvantage and can be overcome by proposing single reconfigurable 

antennas having multiple configurations [20]. 

Reconfigurable antennas are capable of modifying their functionality based upon 

the operating requirements of application systems. These can be able to generate 

multiple radiation patterns and polarizations at various frequencies and vice versa. A 

single reconfigurable antenna can replace large number of single functional antennas 

and provides same functionality as that given by multiple antennas having single 

functionality. Based on the operational properties adjustment, the reconfigurable 

antennas are broadly classified [21] as follows: 

• Frequency reconfigurable antennas 

• Radiation pattern reconfigurable antennas 

• Polarization reconfigurable antennas 

• Compound reconfigurable antennas. 

Among the different reconfigurable antennas, Frequency reconfigurable 

antennas used for wide range of microwave and millimeter wave applications such as 

5G, Advanced driver autonomous system (ADAS), Wireless LANs, Radar and 

Satellite communications [22]. Frequency reconfigurable antennas (FRAs) 

dynamically alters its operating frequency based upon the requirement over wide 

range frequencies with smooth tuning. This tuning in frequency is fulfilled by 

modifying the antenna radiating elements [23] which can be achieved by 
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• By altering the shape of the antenna mechanically 

• By changing the materials 

• By changing the electrical current path in antenna with integration of 

switches between the radiating elements. 

Among these reconfiguration techniques, altering the shape of the antenna and 

changing the materials involves hectic process to optimize the desired shape, 

dimensions, and materials according to the frequency of desired applications. Hence, 

reconfiguration in frequency of antenna electronically is an easy process achieved by 

integration of switches between the antenna radiating elements (patches). The shifting 

between the frequencies is carried out by altering its radiating wavelength by using 

switching elements such as PIN diodes, FETs and RF MEMS switches. Among them 

RF MEMS switches are efficiently used due to their low power consumption, good 

RF performance characteristics and miniaturization [24]. 

1.6 THE CONTEXT AND MOTIVATION OF THESIS 

Recent Advancements in the wireless communication systems utilizes 

miniaturized devices based on Micro – Electro – Mechanical System technology 

which are the best alternatives to become a part of present and future 5G wireless 

applications. Now a days, RF devices are utilizing the frequencies upto 30 GHz and a 

huge traffic in propagation occurs which leads to the slow data rate. In other hand, 

there is a huge spectrum available in the millimetre wave frequency range of 30 – 300 

GHz. The millimetre wave spectrum is attractive for development of smart systems 

based on 5G technology [25]. 

RF MEMS devices can be successfully employed in the future communication 

systems which overcomes issues related with semiconductor technological devices 

such as leakage current and noise effects. Especially, RF MEMS switches and MEMS 

antennas plays a significant role in every system for signal routing as well as signal 

propagation between multiple devices. The commercialization of these RF devices is 

established a total annual growth incremented from $ 15B to $ 35B with +14% 

increment in CAGR from 2017 to 2023. RF MEMS switches contribution in total 

annual growth in 2023 is predicted to be $ 3B with +15% CAGR whereas the antenna 

contribution is predicted to be $ 1B with +15% CAGR.  
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By observing the Yole’s development chart, it is clearly projected that future 

communication systems highly depends on these RF front – end modules for noise 

free rapid communication establishment.  

 

Figure. 1.21. Yole’s market forecast chart on RF Modules from 2017 – 2023 [26]. 

Yole forecasts the MEMS market for RF and other devices over a period from 

2017 to 2023. A total of +17% CAGR is observed for RF MEMS devices when 

compared to other MEMS devices with a total amount of $ 16B. 

 

 

Figure. 1.22. Yole’s market forecast chart on RF MEMS switches [27]. 
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The major applications of reconfigurable antennas and RF MEMS switches and 

market forecast on future communication systems have motivated to carry out this 

thesis work on “Design, Modelling, Fabrication & Characterization of RF MEMS 

Switch integrated with Micropatch Antenna for Frequency Reconfigurable 

Millimeterwave Applications”.    

1.7 STATEMENT OF THE PROBLEM 

The major research challenges occurs while carrying out the thesis work are: 

• Development of RF MEMS switch at high millimeterwave frequencies: As 

RF MEMS switches provides a large bandwidth over RF frequencies, designing 

and fixing the dimension of switch at particular resonant frequency to achieve 

high RF performance characteristics is a major challenge. Proposing a model to 

optimize the switch dimensions can serve to design switch at desired frequency.  

• High Pull – in – Voltage of electrostatics RF MEMS switches: An extensive 

research has been carrying out to lower the pull-in-voltage of these switches so 

that they can be accommodated in portable wireless devices with low power 

consumption. Proposing a low spring stiffness meanders to suspend the beam 

lowers the pull-in-voltage and supports for linear deflection during actuation. 

• Improving RF performance characteristics: RF MEMS switches possess good 

performance characteristics at high RF frequencies but still insertion losses can 

be further reduced to avoid noise effects and isolation in offstate can be increase 

to avoid leakage effects in RF MEMS switches. 

• Monolithic integration of Antenna and RF MEMS switch: Difficulties in 

integration of antenna in millimeters (mm) with RF MEMS switch in 

micrometers (µm) arises due to their incompatible dimensions. Proposing a 

common feeding technique (50Ω) without having impedance matching circuitry 

can overcome these integration problems.  

• Difficulties in Fabrication: Fabrication of these type of switches and integrated 

antennas is sophisticated process in the aspects releasing the suspended 

membrane associated with the meanders, stiction problems and buckling effects. 

These can be avoided by implementing CPD technique during fabrication. 
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1.8 AIM AND OBJECTIVES 

The main aim of the thesis is to develop an electrostatic low actuation switches with 

main emphasis on the pull-in voltage and RF responses. Later, the proposed switch is 

monolithically integrated on micropatch antenna to achieve reconfigurability in the 

radiating frequency over millimeter wave frequency range. 

1. To design and optimize the novel electrostatic shunt switch based on Multiphysics 

co – simulations at millimeter wave frequencies (desired frequency). 

2. To design, simulate and analyze the proposed structured RF MEMS capacitive 

shunt switch and integration on micropatch antenna at millimeter wave 

frequencies. 

3. To propose a novel capacitance model including Parasitic Capacitance of Switch 

and comparison with the benchmark models. 

4. To fabricate the proposed RF MEMS switch integrated on Micropatch Antenna 

and measuring the characteristics. 

1.9 THESIS ORGANIZATION 

This thesis is mainly focused on design, optimization, simulation, modelling, 

fabrication and characterization of RF MEMS capacitive shunt switch with iterative 

serpentine meandering technique for low actuation voltage. The chapters discussed in 

this thesis are as follows: 

Chapter 1 illustrates the introduction of RF MEMS switches, its advantages and 

design challenges in integration with antenna. 

Chapter 2 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. 

Chapter 3 describes the novel optimization model of shunt switch based on RF signal 

transmission frequency. The optimization is carried out using multiphysics co – 

simulation where electromechanics and electromagnetic analysis has been 

implemented. The parametric analysis has been performed to optimize thickness of 

each layer and iterative meander is introduced to reduce the pull-in-voltage of the 

proposed switch. 

Chapter 4 illustrates the two type of iterative meander switch designs: Switch – A: 

without having perforation in the membrane; Switch – B: having perforations in the 
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suspended membrane. The two structures are simulated using FEM tools (COMSOL 

& HFSS) to understand the performance characteristics. 

Chapter 5 presents the development of new analytical formula for capacitance 

induced between the electrodes in which the ligament efficiency parameter contained 

in it. The formula is based on parallel plate and fringing field and parasitic 

capacitances. The contribution of each capacitance component in total capacitance is 

analyzed to identify the dominant capacitance component. The error percentage 

analysis is carried with the help of simulation results and the obtained analytical 

results of proposed empirical model are compared with benchmark models for 

validation. 

Chapter 6 discusses the detailed fabrication process involved in developing proposed 

iterative meander structured switch integrated with antenna using clean room 

technology. The fabricated switch and antenna are underwent for electrical and 

electromagnetic characterization to observe their performance at high frequencies. 
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