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Code: PHD - 100A

RESEARCH METHODOLOGY
PhD (Common Subject)

No. of Credits: 4 Sessional: 25 Marks
L|T|P|Total Theory: 75 Marks
410|014 Total: 100 Marks

Duration of Exam: 3 Hours

Course Objectives:

Understand research process in order to plan a research proposal
Learn methods to devise and design a research set-up

Plan and perform data collection methods and its analysis
Conclude research in report writing

Course Outcomes: The research scholar shall be able to

Co1 Plan a research proposal and design the research.

Cco2 Collect data through experiments or surveys as per research requirement.
Cos3 Understand and apply sampling and sampling distributions.

CO4 Understand and perform quantitative and qualitative data analysis.

CO5 Write research report with proper citations.

Unit 1 Introduction to Research: Definition, need and purpose of research, types of research,
research process, approaches to research, planning a research proposal, literature review.

Unit 2 Measurement Scales: Indexes vs. Scales, Types of Scale, construction of Scale, Bogardus
social distance scale, Thurstone Scale, Likert Scale, Semantic Differential Scale, Guttmann
Scale.

Unit 3 Data Collection Methods: Experiments and Surveys, Experiments: Classical Experiments,
Independent & Dependent Variables, Pre Testing & Post Testing, Double Blind
Experiment, Subject Selection, Variation on Experiment Design. Survey Research: Topics
appropriate for survey research, Guidelines for asking questions, Questionnaire
Construction, Strengths & Weakness of Survey Research, Types of Surveys.

Unit 4 Sampling: Types of sampling methods: Non Probability Sampling, Probability Sampling,
Theory & Logic of Probability Sampling, Sampling Distributions & Estimates of Sampling
Error.

Unit 5 Data Analysis: Qualitative v/s Quantitative data analysis, Qualitative Data Analysis:
Discovering Patterns, Grounded Theory Method, Semiotics, Conversation Analysis,
Qualitative Data Processing. Quantitative Data Analysis: Quantification of Data,
Univariate Analysis, Bivariate Analysis, Multivariate Analysis, Regression Analysis,
Description Analysis. Hypothesis. Multiple Attribute Decision Making.

Unit 6 Report Writing, Ethical Issues and Outcomes: Report Preparation, Structure of Report,

Report Writing Skills, Citations, Research Papers, Intellectual Property Rights, Plagiarism,
Patent, Commercialization, Ethical Issues.



References:
1. Research Methodology by R. Panneerselvam, 2" Ed. PHI
Research Methodology by C.R. Kothari & Gaurav Garg, 3" Ed. New Age Publishers
Research Methodology and Scientific Writing by C. George Thomas, Ane Books
The practice of social research by Earl Babbie, 14" Ed. Cengage
Multiple Attribute Decision Making, Gwo-Hshiung Tzeng and Jih-Jeng Huang, CRC Press
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Computational Control of industrial Process (PhEE-170-01)

LTPCR Theory : 75

4004

Class Work : 25
Total : 100
Duration of Exam : 3 Hrs.

Course Obijectives:

To introduce the basic principles & importance of process control in industrial process plants

To analyse First order, second order, and integrating systems including dead time are treated with basic
controller algorithms.

To introduce the dynamic behaviour of processes in different situations

To introduce about defining controller structure with respect to controlled process and perform parameters
tuning in order to assure required performance of the system.

To introduce the concepts involved in multiple single loops in various applications.

To introduce about theoretical and empirical mathematical models of different processes
To introduce about the design of different types of controllers

To introduce about the key concepts in adaptive control system

To introduce about the Review of z transform, modified Z transform and Delta transform Relation
between discrete and continuous transfer function

To introduce about the Open loop and closed loop response of SDS design and implementation of
different digital control algorithm

Stability analysis of Discrete systems

Course Outcomes: The research scholar shall be able to

COo1

COo2

COs3

CO4
COs5

CO6

Understand the basic principles & importance of process control in
industrial process plants.

Model and analyze first order and integrating systems including dead time and
their characteristics.

Understand different types of controller, their tuning and their effect on system
performance.

Describe different control values used in industrial applications.
Understand concept of single loop, multiple loop, single variable and
multivariable controlled process.

Understand adaptive, self tuning, interaction and decoupling of loops.

Unit 1 Historical prospective: Incentives of process control, synthesis of control system,

classification and definition of variables. Need and application of mathematical
Modeling, lumped and distributed parameters, analogies, thermal, electrical and chemical

systems, Modeling of CSTR, heat exchanger.

Unit 2 Multicapacity Systems: Interacting and non-interacting type of systems, dead time

elements.

Unit 3 Control modes: Definition, characteristics and comparison of P, PI, PD, PID controllers.

Dynamic behaviour of feedback-controlled process for different control modes, control



system quality, 1AE, ISE, IATE criterion, tuning of controllers, Ziegler-Nicholas, and
Cohen coon methods. Realization of different control modes in electric and electronic

controllers.

Unit 4 Multi-loop and Multi-variables Systems: Review and limitation of single loop control,

need for multi loop systems. Principle, analysis and application of cascade, ratio, feed
forward, feedback, override, split range, selective, auctioneering control.

Unit 5 Introduction to adaptive and self-tuning control: Interaction and decoupling of loops.

Unit 6 Stability Analysis in Z domain: Jury’s criterion and Bilinear transformation, mapping

between Z plane and S plane.

Text Books-
1. George Stephnopolous “Chemical Process Control” Prentice Hall
2. Peter Herriot, “ Process control” Tata McGraw Hill
3. Donald R caughanowr “ Process System Analysis and control” McGraw Hill international edition.
4. D.P.Eckmen ““ Industrial instrumentation” Wiley Eastern.
5. Katsuhiko Ogata , Discrete Time Control Systems, 2™ edition, printice hall international edition.
6. P. Deshponde and ash, computer controlled system ISA Press, USA
7. Richard H. Middieton Graham Goowin,, Digital control and estimation A unified Approach;
prentice Hall NJ, 1999
8. Astrom A.J,Bjorn Witten mark ,Adaptive Control, Second Edition ,Prentice Hall of India , New Delhi,

1994



HIGH SPEED ELECTRONIC DEVICES AND CIRCUITS

PhEE-190-01 Theory : 75
LTPCR Class work : 25
300 3 Total : 100
Duration of Exam : Hrs.

Course Objectives:
Students will try to learn:
e The issues associated with high performance of devices and circuits.
e The materials requirements for high speed devices and circuits.
e The energy band diagram in Metal semiconductor contacts, MESFET and MESFET
characteristics
e The principle of operation and features of HEMT.

Course Outcomes: The research scholar shall be able to
Co1 Understand the material requirements and issues associated with high
performance of devices and circuits.
co2  Analyse MESFET characteristics and energy band diagram.

co3  Learn HEMT based high speed devices.

Unit 1 Materials and parameters governing the high speed performance of devices
and circuits Parameters which limit high speed performance of circuits:
Transit time/frequency of charge carriers, junction capacitances, ON-resistances,
carrier mobility and temperature, how cut off frequency differs from transit
frequency. Material requirements for high speed devices and circuits, Compound
Semiconductor: [11-VI, 1l -V(GaAs,InP) and V-1V compounds, Ternary
compound semiconductors and their applications(AlGaAs, GaAsP, GalnAs,etc).
Dopant and impurities in GaAs and InP, Overview of GaAs Technology for High
Speed Devices: Epitaxial Techniques for GaAs High Speed Devices (VPE, LPE
and MBE), Device fabrication approach (Epi-layer approach, Implantation
approach, Epi-layer with proton implantation), Can MOSFET be realized with
GaAs and InP.

Unit 2 Metal semiconductor contacts and MOS devices: Native oxides issue for MOS
devices, Metal semiconductor contacts Energy band diagram of MS contacts
under thermal equilibrium, forward bias and reverse bias, Effect of interface states
on the barrier height and the I-V characteristics. MS contacts for MESFET:

Energy band diagram of Rectifying contacts under thermal equilibrium, forward



bias and reverse bias, Effect of interface states on the barrier height and the 1-V
characteristics. Fermi level pinning. Comparison of I-V characteristics of GaAs
an Si Schottky diode, Comparison of (Si and GaAs) Schottky barrier and (Si and
GaAs) pn junction.

Unit 3 Metal semiconductor Field Effect Transistors (MESFETs): MESFET operation
& |-V characteristics, I-V Characteristics Shockley's Model, Pinch off voltage and

threshold voltage of MESFETS. D.C. characteristics and analysis of drain current.
Velocity overshoot effects and the related advantages of GaAs, InP and GaN
based devices for high speed operation. Sub threshold characteristics, short

channel effects and the performance of scaled down devices.

Unit 4 High Electron Mobility Transistors (HEMT): Hetero-junction devices. The
generic Modulation Doped FET(MODFET) structure for high electron mobility
realization. Principle of operation and the unique features of HEMT. InGaAs/InP
HEMT structures.

Textbooks:
1. High-Speed Devices and Circuits with THz Applications, Jung Han Choi, CRC

Press

2. CMOS Analog Integrated Circuits: High-Speed and Power-Efficient
Designs, Tertulien Ndjountche, CRC Press.

3. Handbook of I11-V High Electron Mobility Transistors Technologies, D. Nirmal and
J, Ajyan, CRC Press

4. J. Lindmayer and C. Y. Wringley, Fundamentals of Semiconductor Devices,
Affiliated East-West Press Pvt. Ltd.

5. S. M. Sze, ed., High-Speed Semiconductor Devices

6. C.Y.Chang, F. Kai, GaAs High-Speed Devices: Physics, Technology, and Circuit
Applications , Wiley, 1994

This course will mostly follow the lines of NPTEL course whose link is given below.
https://nptel.ac.in/courses/117106089/#



javascript:loadvideo('div21','frame21','wckzrp9zBqk');
https://nptel.ac.in/courses/117106089/

EMBEDDED SYSTEM & INTERNET OF THINGS (1OT)

PhEE-190-02 Theory : 75
LTPCR Class work : 25
300 3 Total : 100

Duration of Exam : 3Hrs.

Unit 1 Fundamental of 8051: Introduction to microcontroller, pin diagram, architecture,

timer/ counter, interrupts, addressing modes, instruction set.

Unit 2 Programming for 8051: Assembly programming model, programming for
arithmetic & logical operation, generation of digital signals of different duty
cycle, interfacing with LCD, interfacing with DC motor, interfacing with stepper

motor.

Unit 3 PIC Microcontroller: Introduction to PIC microcontroller, characteristics
description of PIC, architecture description of PIC 18 XXX Series, Pin description
of PIC18XXX series microcontroller, instruction set explanation and planning for

basic mathematical functions.

Unit 4 ARM Processor: Introduction to ARM processor, architecture of ARM processor,

ARM Processor-Modes, ARM CPU registers, Introduction set description.

Unit 5 Internet of Things (IOT): Introduction to 10T, architectural model for internet of
things (I0T) based system, component for Internet of Things system, application

for 1OT devices.



MEIE302 MEMS

LTP CR Theory : 75
300 3 ClassWork : 25
Total : 100

Duration of Exam : 3Hrs.

Course Objectives:

To introduce about MEMS & Micro fabrications.

To give exposure about essential material properties.

To introduce about various transducers techniques

To introduce about various fabrication & maching process of MEMS.

Syllabus

Unit 1: Introduction and Historical Background, Scaling Effects. Micro/Nano Sensors,
Actuators and Systems overview, Case studies, Review of Basic MEMS
fabrication

Units2:Oxidation, Deposition Techniques, Lithography (LIGA), and Etching.
Micromachining, Surface Micromachining, sacrificial layer processes, Stiction,
Bulk Micromachining, Isotropic Etching and Anisotropic Etching, Wafer
Bonding,Mechanics of solids in MEMS/NEMS, Stresses, Strain, Hookes"s law,
Poisson effect, Linear Thermal Expansion, Bending, Energy methods, Overview
of Finite Element Method, Modeling of Coupled Electromechanical Systems.

Unit 3: MEMS types and their applications: Mechanical MEMS, Strain and pressure
sensors,Accelerometers etc., Electromagnetic MEMS, Micromotors, Wireless
and GPS MEMS etc Magnetic MEMS, all effect sensors, SQUID
magnetometers, Optical MEMS, Micromachined fiber optic component, Optical
sensors, Thermal MEMS, thermo-mechanical and thermo-electrical actuators,
Peltier heat pumps.

Course Outcomes: On successful completion of this course, the students should be able to:
e Appreciate the underlying working principles of MEMS and NEMS devices.
e Be comfortable with the design, analysis & testing of MEMS. .
e Apply the MEMS for different applications.
e Understand about the different MEMS process used in MEMS/NEMS devices.

Text/Reference Book:
1. G. K. Ananthasuresh, K. J. Vinoy, S. Gopalkrishnan K. N. Bhat, V. K.
Aatre, Microand Smart Systems, Wiley India, 2012.
S. E.Lyshevski, Nano-and Micro-Electromechanical systems: Fundamentals
of Nano-and Microengineering (Vol. 8). CRC press, (2005).
S. D. Senturia, Microsystem Design, Kluwer Academic Publishers, 2001.
M. Madou, Fundamentals of Microfabrication, CRC Press, 1997.
G. Kovacs, Micromachined Transducers Sourcebook, McGraw-Hill, Boston, 1998.
M.H. Bao, Micromechanical Transducers: Pressure sensors, accelerometers,
andGyroscopes, Elsevier, New York, 2000.
7. R.C Jaeger, “Introduction to Microelectronics Fabrication”, 2" edition,
AddisonWesley, 2000.
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