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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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: Return Loss

: Rockwell Scientific Centre

: Surface Acoustic Wave

: Silicon capacitive pressure sensor

: single crystal reactive etching and metallization
: Silicon

: System in Package

: Silicon di-Oxide

: Society for Integrated Circuit and Applied Research
: System on Chip

: Silicon —On-Insulator

: Silicon-on-Sapphire

: Single-Pole Single-Throw

: Single Pole Double Throw

: Single Pole N throw

: Self-resonant frequency

: Silicon Sacrificial Layer Dry Etching

XiX



STAR-C

STO

TEM

TiO;

T

TRM

TSV

TTD

UAVs

UMTS

VCOs

VSWR

WLAN

WLCSP

YIG

: Semiconductor Technology and Research Centre
: Strontium Titatnate Oxide

: Transverse-Electric-Magnetic

: Titanium Oxide

: thermal inkjet technology

: Transmit Receive Module

: Through Silicon Vias

: True-time delay

: Unmanned Aerial Vehicles

: Universal mobile telecommunications system
: Voltage controlled oscillators

: Voltage Standing Wave Ratio

: Wireless Local Area Network

: Wafer Level Chip Scale Package

: Yitrium-iron-garnet

XX



Cup

Cdown

Ci
Con
Cotr
Cratio

Ct

LIST OF SYMBOLS

: Area of the capacitor plate
: Gold

: Damping Co-efficient

: Alpha-Line loss in Np/m

: Up-state Capacitance

: Down state capacitance

: Capacitance

: Capacitance associated with the MEMS Bridge
: Parallel plate capacitance
: Fringing field capacitance
: Loaded Line Capacitance
: On-state capacitance

: Off-state capacitance

: Capacitance Ratio

: Unit Length Capacitance

: Delta

XXi



dB

€0

Eeff

Er

fF

fo
fcutoff
Fe

Fe

K.
i
e
K (k)

Ks

L

: Skin depth

: Decibel

: Young’s Modulus

: Permittivity of the air

: Effective Dielectric constant

: Relative permittivity of the medium

: Femto-farad

: Resonant Frequency

: Cut-off Frequency

: Vander-wall force

: Electrostatic Pull-down force

: Torsional modulus

: Moment of Inertia

: Torsional constant

: Spring Constant

: Total spring constant

: Spring constant due to stiffness of the bridge
: Spring constant due to biaxial residual stress within the bridge
: Complete elliptic integral of the first kind
: Stress stiffening spring constant

: Inductance

: Unit Length Inductance

: Saturation Magnetization
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MV/cm : Mega-volts per centimeter

Ko . Permeability of the medium in air

u : Permeability

us : Micro-second

Np : Neper- Ratio of gain or Loss of electronic signals
® : Omega- Angular Frequency

pF : Pico-Farad

Ploss . Power loss in the bridge

R : Resistance

Rs : Series Resistance

ta : Dielectric thickness

£0 : Initial Gap Height

us : Micro-second

T : 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

Repw : Resistance of CPW line

p : Resistivity

Psi : Resistivity of the substrate

A : Delta- difference between two entities
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c : Sigma-Conductivity of the medium

Go : Bi-axial residual stress

S : Periodic spacing between two adjacent MEMS bridges
St : Reflection Coefficient

Sa1 : Transmission Coefficient

SFs : Sulpher Hexa Fluoride

SiO» : Silicon di-Oxide

Si3Ny4 : Silicon Nitride

t : Thickness of the beam

ta : Thickness of the Dielectric layer
ts : Switching Time

Vpull-in : Pull-in voltage

Vs : Applied Voltage

Vi : Phase velocity

Vin : Threshold voltage

v : Poission’s Ratio

OB : 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

Zo : Characteristic Impedance
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Zb : Impedance of the beam

7 : Characteristic impedance of loaded line
Z : Characteristic impedance of loaded line in UP state
Zid : Characteristic impedance of loaded line in DOWN state
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