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CHAPTER 7 

CONCLUSION & FUTURE SCOPE 

7.1 Conclusion 

7.2 Future Scope  

 

7.1  CONCLUSION 

 The RF-MEMS switches exhibits high isolation and low insertion losses at high 

frequencies and this is an important requirement for communication systems especially 

for 5G mobile or satellite implementations. Their small size and ability to get integrate 

monolithically with the antenna elements make them best solution for microwave 

reconfigurable antennas structures. In spite of high RF performance characteristics, 

these RF - MEMS switches possess high actuation voltage. Thus, the main goal of the 

work is focused on exploration of design feasibility of RF-MEMS switches to reduce 

pull – in voltage with better RF characteristics and more reliability. 

In this thesis, a low pull-in voltage RF - MEMS shunt switch is proposed to operate 

at millimeter wave frequencies (above 30 GHz) and the monolithic integration on 

micropatch antenna is processed to reconfigure the frequency of the antenna. The work 

is carried out in the aspects of: design optimization based on resonant frequency of the 

transmitted RF signal; simulation analysis of switch with and without incorporating 

perforations; Modelling of capacitance generated in the switch by incorporating 

parasitic, fringing field and parallel plate capacitance components; fabrication and 

characterization of switch and antenna.  

A novel optimization model based on Multiphysics simulations is proposed which 

is an intensive method to optimize the dimension of the switch to transmit 

Millimeterwave frequencies.  Three types of switches such as fixed – fixed beam, fixed 

– fixed flexure and iterative meander switches are designed and simulated according to 

the proposed optimization technique. Among them Iterative meander type switch shows 

good performance and is suitable to operate at low pull-in voltage. 
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Besides the numerous advantages, capacitive shunt type RF MEMS switches suffers 

from air damping effect, stiction and complexity in releasing the membrane. 

Introducing perforations on the beam not only useful for releasing the membrane but 

also reduces the damping effect and stiction problems. The performance analysis is 

carried out for perforated switch and observed that the switch is efficient to work on 

proposed frequency ranges (above 30 GHz). 

The S - parameters of switch are mainly depending on up and down state capacitance 

and a proper estimation of these capacitance values is a major assignment in developing 

RF MEMS Switches for high frequency applications. Evaluation of performance 

parameters using conventional formulas results in large deviation in values from 

simulated results. Hence, an empirical formula for capacitance is developed including 

parallel plate, fringing filed and parasitic capacitance components. The deviation of 

empirical values from the simulated values is very less when compared to the other 

benchmark models. 

Capacitive type RF MEMS switch with iterative meanders is proposed and 

fabricated on antenna using monolithic surface micromachining process. The proposed 

switch operates at low pull – in voltage of 1.85 V and shows good quality factor of 1.4 

and exhibits strong restoring force. The switch is monolithically integrated on the CPW 

feeds of two circular patch antennas. The reconfigurability in the frequency of the 

antenna is achieved by alternatively switching the two circular patches to radiate the 

signal at 40 GHz and 60 GHz. The antenna shows high bandwidth of 5.6 GHz and 7 

GHz in both the cases and can be effectively used in millimeter wave applications. 

7.2  FUTURE SCOPE 

Owing to immense good electromechanical and electromagnetic characteristics 

the switch has a trade-off between pull-in voltage and switching time. This can be 

reduced by implementing the switch structure with further low spring constant meander 

structures and efficient contact forces. 

In this thesis, the switch is integrated with the antenna to reconfigure its 

frequency of radiating signal. The work can be extended to reconfigure the other 

parameters such as radiation pattern and polarization of the antenna.  
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The proposed switch can be integrated with phase shifters for accurate beam 

steering in radar applications. Generally, beam steering in radar depends on time delay 

units, the proposed RF MEMS switch offers very less time delay and can be effectively 

utilized to develop switched line MEMS – based phase shifters. 

The proposed switch can also act as variable capacitor and resonating element 

which can be efficiently used to develop variable high Q oscillators. 

The proposed switch can be integrated over EBG, DGS and CSRR based filters 

to achieve frequency tunability by redistribution or electric currents in the filter.     

The proposed switch can be used in Autonomous RADAR designs to 

reconfigure the frequency of the RADAR from 22 GHz to 77 GHz. 

The operating frequency of the RF MEMS switch can be extended to few 

gigahertz to serve for ADAS (22GHz, 76 – 81 GHz), Satellite Communications (75 – 

98 GHz) and Body scanner (70 – 80 GHz) Applications. The proposed switch can be 

effectively utilized for IoT applications as a switching circuitry between the 

components. 

 


