






































Syllabi for Comprehensive Examination of Eligible Ph. D Scholars 

(Only for the Courses relating to Research Domains for both Full Time & Sponsored Part Time) 

Date of Comprehensive Exam: 24/02/2023 

Department: ___EC______________ 

1) Research/Specialization Group: 1 

(Name of the Group): Microelectronics & VLSI System 

1. Microelectronics: 

Basics of Semiconductor and device parameters. Review of physics of semiconductor. 

Characterization Tools used for semiconductor, Fabrication of the semiconductor devices, Photo 

lithography, RF and DC sputtering, XRD, FESEM, AFM, XPS, UV -visble absorption, Spin coating, Annealing, 

Diffusion and Ion Implantation 

Basics of semiconductors, energy band diagrams, Basics of PN junction and its IV characteristics, Basics of 

Transistors : BJT & MOSFET and their IV characteristics, MOS Structures, basics of MEMS devices, Various 

transduction techniques in MEMS, Fabrication techniques for Semiconductor & MEMS Devices: ; Impurity 

incorporation, Oxidation, Photolithography, Thin film deposition techniques (CVD & PVD); Etching 

techniques. 

Course Code & Course Name: MEMS and microsystem (EC 535 ),  Concepts of Electronics and 

Communication (EC 701) 

 

2. Analog and Mixed Signal system (VLSI) - Current mirror, Single ended amplifier, Differential amplifier, 

Cascode amplifier, Cascade Amplifier, Folded cascode, Telescopic folded cascode, OPAMP, OTA, gm/Id 

methodology, DAC, ADC, PLL, Machine learning Algorithms. 

Course Code & Course Name: Analog VLSI (EC 502), Mixed Signal System (EC 515) 

2)Research/Specialization Group: 2 

(Name of the Group): Image and signal processing 

1. Signals and systems- Classification of Signals, Operation on Continuous Signals and Discrete 

Signals, Properties of Signals, Classification of Systems and Properties of Systems. Properties of LTI 

systems, Convolution of Finite Sequences, Correlation of signals. Properties of The Fourier 

Transformation For Continuous- time and Discrete-Time signals, Frequency Sampling Method of 

Designing FIR Filters, Introduction of Laplace-transform,Properties of the Laplace 

transforms,Inversion of the Laplace transform,Analysis of Linear-Time-Invariant Systems using 

Laplace transforms. Introduction of Z- transform, Properties of the Z-TransformationsInversion of 

the z-transform,One-Sided Z transformationAnalysis of Linear-Time-Invariant Systems in the Z-

Domain 

Course Code & Course Name:  Concepts of Electronics and Communication (EC 701) 

2. Digital Image processing-  



Origin of digital image processing, human visual system and image perception,       

image acquisition, display, storage, colour image fundamentals - RGB, HSI models, image  

sampling, quantization, 2D transforms - DFT, DCT, KLT, SVD, DWT.  Image enhancement, image     

restoration, image segmentation. 

Course Code & Course Name:  Digital Image Processing(EC 529) 

3. Adaptive and Statistical Signal Processing  

Discrete Random Processes: Random variables, random processes, filtered random processes, 

ensemble averages, correlation, covariance, power spectrum, cross power spectrum, stationarity, 

ergodicity, time averages, Wiener-Khinchin theorem, white noise and Gaussian processes.  

Digital Wiener Filtering: Minimum mean squared error (MMSE) estimation, principle of 

orthogonality. Wiener filters. Wiener smoothing and prediction filters, application of Wiener filters 

to noise cancelling, application of Wiener prediction filters. Adaptive equalization.   

Least Mean Squares Adaptive Filter: Method of steepest descent, convergence speed analysis, 

choice of step size parameter. LMS adaptive algorithm, performance analysis of LMS adaptive 

filter, normalized forms, applications to adaptive equalization. Convergence analysis. Method of 

Least Squares: Windowing, normal equations, Riccati equations, recursive Least Squares (RLS) 

algorithm, complexity, performance (convergence speed, steady state mean squared error) 

analysis, applications to channel equalization, convergence analysis.   

Course Code & Course Name: Adaptive and Statistical Signal Processing (EC 549) 

3) Research/Specialization Group: 3 

(Name of the Group): Microwave and Communication 

1.Communication: 

Wireless communications and diversity: Fast Fading Wireless Channel Modeling, Rayleigh/Ricean Fading 
Channels, BER Performance in Fading Channels, Diversity modeling for Wireless  communications, BER 
Performance Improvement with diversity, Types of Diversity – Frequency, Time, Space.  Broadband 
wireless channel modeling: WSSUS Channel Modeling, 

RMS Delay Spread, Doppler Fading, Jakes Model, Autocorrelation, Jakes Spectrum, Impact of Doppler 
Fading. Cellular communications: Introduction to Cellular Communications, Frequency reuse,  multiple 
Access Technologies, Cellular Processes ‐ Call Setup, Handover etc. MIMO: Introduction to MIMO, MIMO 
Channel Capacity, MIMO Spatial Multiplexing, MIMO Diversity, MIMO, OFDM. Neural Networks: Feed-
forward Network Functions, Network Training, Error Backpropagation, The Hessian Matrix, Regularization 
in Neural Networks, Bayesian Neural Networks. Statistical Decision Theory: Bayesian, minimax, and 
Neyman-Pearson decision rules, likelihood ratio test (LRT), receiver operating characteristics, composite 
hypothesis testing, locally optimum tests, generalized LRT. Estimation of Signal Parameters: Minimum 
variance unbiased estimation, Fisher information matrix, Cramer-Rao bound, sufficient statistics, 
maximum likelihood estimation, minimum mean square error estimation, maximum a posteriori 
estimation. 



Course Code & Course Name: Concepts of Electronics and Communication (EC 701), wireless and mobile 

communication  (EC 527), Machine Learning for Communications and signal processing (EC 546), Signal 

Detection and Estimation Theory (EC548) 

2. Microwave: 

Microwave Frequency bands, Applications of Microwaves: Civil and Military, Medical, EMI/ EMC. 

Rectangular waveguide, Concept of Mode, Characteristics of TEM, TE and TM Modes, Losses associated 

with microwave transmission, Concept of Impedance in Microwave transmission, Field analysis of 

transmission line, Coaxial Line, Circular waveguide, Stripline, Microstrip Line, CPW Line, Equivalent 

Voltages and currents for non-TEM lines, Network parameters for microwave Circuits, Scattering 

Parameters. 

Review of Maxwell’s Equation; Condition of radiation of electromagnetic waves and introduction 

to Antenna; Vector Potential and Retarded Vector Potential; Radiation fields of a Hertzian dipole(electric); 

Duality Principle, Radiation fields due to short magnetic dipole. Antenna Characteristics: Radiation 

Pattern, Beam Width; Radiation Resistance and efficiency; Directivity and Gain, Impedance, VSWR, 

Polarization; Effective height and Receive Aperture; Noise Temperature of Antenna. Radiation fields and 

Characteristics of λ/2 dipole; discussion on λ/4 monopole antenna; Current distribution and Radiation 

patterns of center-fed dipoles of length λ, 3λ/2 and 2 λ. Horizontal and Vertical antennas over a plane 

ground, design and analysis of Microstrip Patch Antenna. 

Course Code & Course Name: Microwave Engineering (EC 561), Antenna Theory and 

Propagation(EC 540) 

 

Syllabus Content {should be an extract from the course syllabus (not the entire syllabus) which will be 

helpful for the research work of the scholar}: 

Signatures and Names of DRC Members: 

1. _________________________________    4. ______________________________ 

2. _________________________________    5. ______________________________ 

3. _________________________________    6. ______________________________ 

 

Signature of DRC Chairman 

 



 

Syllabi for Comprehensive Examination of Eligible Ph. D Scholars 

(Only for the Courses relating to Research Domains for both Full Time & Sponsored Part Time) 

Department: Electrical Engineering 

1) Research/Specialization Group: 1 

(Name of the Group): Power & Energy System 

• EE 502: Computer-Aided Power System Analysis 

Syllabus Content: Network modeling, Y-bus & Z-bus formation, power flow techniques, symmetrical 

domain components, unsymmetrical & symmetrical fault analysis, rotor angle stability, multi-machine 

swing equations, state estimation techniques, contingency analysis methods.   

• EE 504: Renewable & Distributed Energy Systems 

Syllabus Content: Renewables Resources, Microgrid, DERs, Grid connected DERs, Hydrogen Energy, 

Wave Technologies, Distributed Generations and associated Technologies.  

 

• EE 502: Power System Interconnection & Control 

Syllabus Content: P-f loop, V-Q loop, Cross-coupling between P-f loop and V-Q loop, control area, 

governor control, two-area power system, tie-line power flow, Load frequency control, Blackouts.  

 

2) Research/Specialization Group: 2 

(Name of the Group): Power Electronics & Drives 

• EE 503: Advanced Power Converter:  

Syllabus Content: Single-phase and three-phase controlled rectifiers, Buck, Boost, Buck-boost and Cuk 
converters – topology, current and voltage waveforms, voltage and current ripple. DC-AC converters: 
Single-phase and three-phase bridge inverters, PWM switching scheme, space vector modulation 
(SVPWM), Reduction of harmonics, output voltage control. Resonant Converters, the concept of zero 
current switching (ZCS) and zero voltage switching (ZVS).  

• EE 529: Special Electrical Machines:  

Syllabus Content: Control of PM Motor Drives Control strategies, modeling, vector control, flux-
weakening operation, design of controllers, sensor-less control & rotor position estimation.  

Brushless DC Motor & Permanent Magnet Synchronous Motor Drives: Construction, operation, sensing 
and switching logic scheme, Drive and power circuit, Theoretical analysis and performance prediction, 
transient Analysis.  

• EE 510: Advanced Control Systems: 

Syllabus Content: Continuous Time Systems in State-Space: Introduction of State-Space, modelling of 
dynamic systems. Concepts of Controllability, Observability, Sterilizability & Detectability. Design of 
state variable feedback, Regulator design via pole placement method, determination of full state 



feedback gain using Direct-comparison method, controllable canonical form method and Ackermann’s 
formula. state observers, Design of Full order state observers, reduced order State observers. 

• EE 504: Renewable & Distributed Energy Systems 

Syllabus Content: Renewables Resources, Microgrid, DERs, Grid connected DERs, Hydrogen Energy, 
Wave Technologies, Distributed Generations and associated Technologies. 
 

 

Signatures and Names of DRC Members:     

1. _________________________________    4. ______________________________ 

2. _________________________________    5. ______________________________ 

3. _________________________________    6. ______________________________                                                                     

 

Signature of DRC Chairman 

Date 

 


