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ABSTRACT 

Comprehensive studies on Radio Frequency Micro Electro Mechanical Systems (RF 

MEMS) based devices followed by implementation of novel design and fabrication process to 

optimize the performances of these devices are presented in this thesis. The work aimed at 

development of RF MEMS shunt switches, switch based MEMS phase shifter, tunable capacitor 

and bulk-micromachined inductors to be implemented in the futuristic next generation systems for 

airborne applications. 

To start with Tri-layer (nitride-metal-nitride) membrane rather than all metal membrane 

have been investigated to enhance the membrane properties and to realize the stress free, thermally 

stable, and stictionless structure. The process flow was optimized as per the established MEMS 

process of the Indian foundry named Semiconductor Technology & Applied Research Centre, 

STAR-C (formerly known as Society for Integrated Circuit and Applied Research, SITAR), 

Bangalore. All these structures are fabricated on high resistivity Silicon substrate to ensure low 

RF loss as well as low parasitic capacitance.  

Chapter 2 presents an electrostatic RF MEMS shunt switch using the novel tri-layer 

membrane which results low actuation voltage less than 15V, high isolation better than 35 dB and 

has stictionless operation. Inductance tuning is implemented by creating the narrow trench in the 

CPW ground to lower the resonant frequency and enhance the isolation.  

Chapter 3 presents the MEMS shunt switch based low actuation voltage, wideband 

Distributed MEMS Transmission Line (DMTL) phase shifter which exhibit a highly linear phase 

shift through the entire band. The phase shifter uses the same switch developed during the research. 

This 1-bit phase shifter can be cascaded with the other bits and can be used in phased array based 

systems. 

Keeping the requirements of tunable devices in futuristic wireless communication 

architecture in view, two basic components such as tunable capacitor and inductors are developed 

with enhanced linearity and improved Q factor respectively as mentioned in chapter 4 and chapter 

5. The same tri-layer membranes were used to realize capacitor plate and the inductor coil. The 

thesis concludes by suggesting the room for improvement of these devices as well as the future 

task directions in this field.  
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Ploss  :  Power loss in the bridge 

R  : Resistance 

Rs  : Series Resistance 

td  : Dielectric thickness 

g0  : Initial Gap Height  

µs  : Micro-second 

  : Pi 

P  : Load distributed across the entire beam 

Ploss  : Power loss in the bridge 

q(x,z) :  Distributed load due to the electrostatic actuating force and the mechanical 

contact force 

Q  : Quality factor 

Rcpw  : Resistance of CPW line 

  : Resistivity 

si  : Resistivity of the substrate  

  : Delta- difference between two entities 



 

xxiv 
 

  : Sigma-Conductivity of the medium   

0  :  Bi-axial residual stress 

s  : Periodic spacing between two adjacent MEMS bridges 

S11  : Reflection Coefficient 

S21  : Transmission Coefficient 

SF6  : Sulpher Hexa Fluoride 

SiO2  : Silicon di-Oxide 

Si3N4  : Silicon Nitride 

t  : Thickness of the beam 

td  : Thickness of the Dielectric layer 

ts  : Switching Time 

Vpull-in  : Pull-in voltage 

Vs  : Applied Voltage 

Vt  : Phase velocity 

Vth  : Threshold voltage 

   

B  : Bragg Frequency 

w  : Width of the beam 

W  : Width of the actuation electrode 

wb  : Width of the bridge 

Xe  : Weighted volumetric average 

  : Force per unit length 

Z0  : Characteristic Impedance 
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Zb  : Impedance of the beam 

Zl  : Characteristic impedance of loaded line 

Zlu  : Characteristic impedance of loaded line in UP state  

Zld  : Characteristic impedance of loaded line in DOWN state




