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PAPER Ill : Special Papers

1. Modern Sensors : Physics, DesighfAgpplications
2. Recent Trends in Thin Film Techmyylo



Special Paper - IModern Sensors: Physics, Designs and Applications

Unit I: Sensor Characteristicsand Principles

Sensor Classification - sensor characteristiceysieal principles of sensing - electric charges,
fields, and potentials - capacitance — magnetisimduction - resistance - piezoelectric effect -
pyroelectric Effect - Hall effect - Seebeck andtidelEffects - SoundWaves - temperature and
thermal properties of materials - heat transfeight.- Dynamic Models of Sensor Elements.

Unit 11: Sensor Components and Circuits

Optical Components of Sensors : radiometry - phetoy- windows - mirrors - lenses - Fresnel
lenses - fiber optics and waveguides — concensatopatings for thermal absorption - electro-
optic and acousto-optic modulators - Interferonadfiber-optic Modulation, Interface Electronic
Circuits: input characteristics of interface citsu amplifiers - excitation circuits - analog-to
digital converters direct digitization and processi- ratiometric circuits - bridge circuits -tda
transmission- Noise in Sensors and Circuits -eliats for low power sensors

Unit I11: Types of Sensor |

Occupancy and Motion Detectors : ultrasonic sensorgrowave motion detectors - capacitive
occupancy detectors - triboelectric detectors -oelgctronic motion detectors, Position,
Displacement, and Level : potentiometric sensogsavitational sensors - capacitive sensors -
inductive and magnetic sensors - optical sensoigasonic sensors - radar sensors - thickness
and level sensors, Velocity and Acceleration: kroeneter characteristics - capacitive
accelerometers - piezoresistive Accelerometers ezaalectric accelerometers - thermal
accelerometers - gyroscopes - Piezoelectric Cablese, Strain, and Tactile Sensors: strain
gauges - tactile sensors - piezoelectric force@sn®ressure Sensors : concepts of pressure -
units of pressure - mercury pressure sensor -Wegjlmembranes, and thin plates-piezoresistive
sensors- capacitive sensors- VRP Sensors- optomecsensors - vacuum sensors.

Unit 1V: Typesof Sensor 11

Flow Sensors : basics of flow dynamics - presguaglient technique - thermal transport sensors -
ultrasonic sensors - electromagnetic sensors -oftogv sensors - breeze sensor - coriolis mass flow
sensors - drag force flow sensors, Acoustic Sengasstive microphones - condenser microphones
- fiber-optic microphone - piezoelectric microplesn - electret microphones - solid-state acoustic
detectors, Humidity and Moisture Sensors : concéptumidity - capacitive sensors - electrical
conductivity sensors - thermal conductivity sensooptical hygrometer - oscillating hygrometer.
Light Detectors : introduction - photodiodes -oftransistor - photoresistors - cooled detectors
thermal detectors - gas flame detectors, RadidDetectors : scintillating detectors - ionization
detectors, Temperature Sensors: thermoresistivesosen thermoelectric contact sensors-
semiconductor P-N junction sensors-optical tempegatsensors- acoustic temperature sensor-
piezoelectric temperature sensors.



Unit V: Nanosensors

Chemical Sensors : chemical sensor characterisspgcific difficulties - classification of chemiea
sensing mechanisms - direct sensors - complex senshemical sensors versus instruments, Sensor
Materials and Technologies : materials - surfagegssing - nano-technology - photolithography,
Chemical and Molecular Sensors — Displacement aatioM Sensors — Force Nanosensors — Pressure
Sensing — Thermal Nanosensors — Electric and Mag$sinsing — Cellular Bioscanning — Non-
invasive Neuroelectric Monitoring— Macrosensing-oAstic Macrosensing — Electric and Magnetic
Macrosensing — Neural Macrosensing
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Special Paper - 2Recent Trends In Thin Film Technology

Unit I: Vacuum Science and Technology

Kinetic theory of gases — molecular velocities egsure — gas impingement on surfaces — Gas
transport and pumping - gas flow regimes — condoeta- pumping speed — vacuum pumps and
systems — pumps — rotary mechanical pump — diffugpamp - turbo molecular pump —
cryopumps — sputter ion pumps — systems — systenpiog consideration — vacuum gauges —
thermal conductivity vacuum gauges — ionizationwag gauges.

Unit 11: Preparation of thin films

Film deposition methods - introduction — fundaméntd film deposition — thermal evaporation
— Spray Pyrolysis - Flame Pyrolysis - molecularmespitaxy — pulsed laser deposition — dc/rf
magnetron sputter deposition — chemical vapour sipn — layer by layer growth and ultra thin
films — chemical solution deposition — Langmuir &gt films

Unit 111: Electrical and Optical Propertiesof Thin films

Introduction of electrical properties of thin filmsmeasurement of resistivity - conduction in
metal films — electrical transport in insulatingnfs — semiconductor contacts and MOS
structures - Hall Effect and Magneto Resistancghetoconduction —field effect thin film
transistors- Insulation films — Dielectric propegi— dielectric losses — Ohmic contacts — metal-
insulator and metal contacts — DC and AC conduatiechanism.

Unit 1V: Magnetic properties of Thin films

Electron transport in magnetic multi-layers — GMRspintronics - spin polarized electron
tunneling — interlayer exchange coupling — spiaxation in magnetic metallic layers and multi-
layers - non-equilibrium spin dynamics in laterallgfined magnetic structures.

Unit V: Optical propertiesof thin filmsand thin film solar cells

Thin Film optics — theory — optical constants ahthims — experimental technique-multilayer
optical systems — Interferences — filters — Ant@etion coatings. Thin film solar cells: Role and
progress and production of thin film solar cellsfvoltaic parameters. Thin film silicon
(Polycrystalline) solar cells. Current status ofkbsilicon solar cells — fabrication technology
photovoltaic performance — Emerging solar cell@A&and CulnSe.

Booksfor Study:
The Materials Science of Thin Films, Milton Ohri(i®92) Academic Press.
Fundamentals of Vacuum technology, Walter Umra@98)
Hand book of thin film Technology, L. Meissel anth&g
Thin Film Phenomena, K. L. Chopra
Ultra thin Magnetic Structures Il — FundamentaisNanomagnetism, J.A. C. Bland and
B. Heinrich, Springer (2004) ISBN 3540219536
6. Thin Film Solar Cells, K. L. Chopra and S. R. Das
Books for reference:
1. Vacuum Deposition of thin films, L. Holland
2. The Use of Thin Films in Physical InvestigationCJ.Anderson
3. Thin Film Technology, Berry, Koil and Horris
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