Department of Electronic Science

Kurukshetra University, Kurukshetra

Programme Name : M.Sc Electronic Science

Programme Objectives

1. Manpower generation for academic institutes, research institutes and Electronic Industries

2. Skill Development for Higher Studies and Self employment

3. Provide a foundation for higher studies in cutting edge technologies

4. Complete exposure to the NET/SET syllabus of Electronics framed by UGC as well as to some extent the syllabus of GATE laid down by AICTE

5. Develop strong laboratory skills for undertaking independent projects

 Programme Outcome 

1. Students would be able to acquire essential skills for gaining employment in VLSI Design companies, Microelectronics Companies, Electronics and Telecommunication Industry, Research and Development laboratories

2. Students would acquire essential knowledge and eligibility to gain employment in teaching 

3. Lay a strong foundation for Higher studies in India and Abroad

EL 11   Mathematical & Computational Techniques in Electronics

Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting one from each unit in addition to the compulsory question. All questions will carry equal marks.

Credits- 4
Maximum Marks: 75,        Time = 3 hours;
Internal Assessment: 25 Marks

Learning Objectives: 

1. To understand the role of mathematics & computational methods in Electronics

2.  To acquire the knowledge of various applied mathematical techniques/methods to develop simulation 

     analysis tools for digital and analog electronic circuits
3. To understand the use of various analysis i.e. AC, DC & transient techniques for solving linear and non 

     linear electronic & electrical circuits
4.  To design various simulation & modeling software tools for electronic circuits
Learning Outcomes:

1. Ability to understand the role of applied mathematical techniques for their use in designing, simulation & 

    modeling of for digital and analog electronic circuits 

2. Ability to design software tools for simulation & modeling of electronic circuits
3. Ability to understand different techniques for simulation & modeling of electronic circuits 
4. Develop skill for competitive exams like NET/SET/IES/GATE examinations for 

    jobs/research/higher education etc.
Unit 1
Role of simulation in IC design, DC Analysis of linear networks, Node analysis, Loop analysis, Hybrid formulation techniques, 2b Method, Tableau Method, Modified node analysis, Transient analysis of linear and non-linear circuits, Possible formulation techniques, Numerical solution of ordinary differential equations, Associated circuit models for inductors and capacitors, Use of associated circuit models
Unit II

DC analysis of Non-Linear circuits, DC analysis of Non-linear equation in one unknown, Newton-Raphson techniques for many variables, Linearised equivalent for Newton-Raphson technique, General Consideration in solving Non-linear Circuits, Network graphs: basic concepts, formation of incidence matrix and its properties, Cut set matrix, State variable analysis: Introduction, State Space model, State-Space model applicable for electrical circuits. 

Unit III

Laplace transforms: Definition, Fundamental rules, Operational methods in applied mathematics; Integral transform, Application of the operational calculus to the solution of partial differential equations, Evaluation of integrals, Laplace transforms of periodic functions, Applications of the Laplace transform to the solution of linear integral equations, Systems of linear differential equations with constant coefficient, solving electrical circuits using Laplace transform.

Unit IV

Digital signal analysis, Continuous and discrete-time signal, sampling theorem, Fourier series, Examples of Fourier expansions of functions, Fourier transform and its properties, applications of Fourier transform in circuit analysis, Discrete Fourier transform and its properties, DFT and Fourier transform, Relation to the Fourier transform: Aliasing, DFT and Fourier series, Fast Fourier transform, Redundancy in the DFT, Z-transform: definition, Z-transforms of some common sequences, Properties of the Z-transforms.

References:

1. Applied Mathematics for Engineers and Physicists by Louis A. Pipes and Lawrence R. Harvill.

2. Digital Signal Analysis by Samuel D. Stearns and Don R. Hush.

3. Computer Simulation of Electronic Circuits by R. Raghuram.

4. Scientific and Engineering Applications with PC's by Raymond Annino & Richard Drives.

5. Schaum's Outline of Laplace Transforms by Murray R Spiegel (Author)

6. Schaum's Outline of Signals and Systems by Hwei Hsu (Author)

7. Circuit Theory by Abhijit Chakrabarthi, Dhanpat Rai & Sons.

8. Basic Engineering Circuit Analysis by J. David Irwin, 3rd Ed., Macmillan Publishing      

    Company, New York.

EL 12  Physics of Solid State Devices

Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting one from each unit in addition to the compulsory question. All questions will carry equal marks.
Credits- 4
Maximum Marks: 75,        Time = 3 hours;
Internal Assessment: 25 Marks

 Learning Objectives& outcomes
The main objective of this paper is to familiarize the students with device physics essential for understanding the working of semiconductor devices and obtain I-V characteristics of device for designing circuits and systems. The outcome of this course is that students will be able to understand the physics involved in getting I-V characteristics of the devices.They should be able to derive the I-V relationships of various devices and use it in designing various basic circuit blocks.

Unit 1:The main objective of this unit is to discuss the origin of energy bands in crystalline solids and on the basis of it discussthe electrical conduction in solids.The outcome of this unit is that students will be able to understand the difference in energy bands structure of metals,semiconductors and insulators and explain the electrical conduction process based on that.Students should be able to estimate the important electrical parameters  like carrier concentration,carrier mobility and carrier electrical conductivityof semiconductors in particular.

Unit 2:In depth discussion of carrier transport mechanism in doped semiconductors.The outcome expected is that students should be able to understand the electrical behaviour of semiconductors and derive I-V relationships of inhomogeneously doped semicnductors under DC and AC conditions.

Unit 3:Based on the junction theory discusssed in unit 2 physics of operation of Bipolar Junction transistor is discussed.The outcome is that students should be able to understand the BJT operationThey should be able to obtain the various currents flowing in BJT.Obtain the DC and AC models of it which they should be to use in designing basic BJT amplifier and logic gate.

Unit 4:Discussion about the different field effect devices like JFET,MESFET and IGFET and their operation.The major outcome is that students should be able to understand the difference between PN juction and field effect devices.They should be able to obtain the electrical characteristics of FET devices and understand the effect of scaling down of dimensions on these devices. 

Unit I

Energy bands in solids, Metals, Semiconductors & insulators, Direct and indirect band gap semiconductors, charge carriers in S.Cs electrons & holes, effective mass, intrinsic & extrinsic material, carrier conc. Fermi level, electron & hole conc. at equilibrium, temperature dependence if carrier conc. Conductivity & mobility, drift & resistance, Hall effect

Unit II

Diffusion of carriers, Built in fields, Equilibrium conditions, the contact potential, forward and reverse biased junctions, steady state conditions, reverse break down, transient & AC condition. Time variation of stored charge, reverse recovery metal- Semiconductor junction.  

Unit III

Fundamentals of BJT operation, amplification with BJT's, Minority carrier distribution & terminal currents, coupled diode model, charge control analysis, switching, specification for switching transistors, HF & hetro-junction BJTs. 

Unit IV

Field effect transistors, JFET's, MESFET, The MISFET, the ideal MOS capacitor Effects to real surfaces, Threshold voltage C-V analysis, MOSFET, output characteristic, Transfer characteristics, Mobility models, short channel MOSFET I-V characteristic substrate Bias effects

References:

1.      Solid State Electronic Devices (6th edition) Ben G Streetman & S.K.Banerjee, (PHI, New    

          Delhi,. 2009)

2.       Physics and Technology of Semiconductor Devices by A.S. Grove.

3.       Physics of Semiconductor Devices by S.M.Sze.

Additional ref: Device Electronics for Integrated Circuits (3rd Edition) Muller & Kammins- John Wiley

EL 13   IC Fabrication Technology

Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting one from each unit in addition to the compulsory question. All questions will carry equal marks.

Credits- 4
Maximum Marks: 75,        Time = 3 hours;
Internal Assessment: 25 Marks

Learning Objectives: 

1. To understand the basic concepts of microelectronic processing techniques for physical implementation 

     of VLSI circuits in IC Technology

2. To understand vacuum techniques & their application in VLSI fabrication technology

3. To acquire the knowledge of various fabrication steps for the fabrication of VLSI chips in 

     microelectronic industries

4. To understand the applications of various VLSI fabrication techniques for IC fabrication

5. To acquire knowledge of various VLSI Process Technologies e.g. BJT, MOS, NMOS, PMOS, CMOS & 

     BiCMOS etc. for IC fabrication 

Learning Outcomes:

1. Ability to understand the basic concepts of Integrated Circuit (IC) technology 

2. Ability to design software tools for simulation & modeling of electronic circuits

3. Ability to understand different VLSI processing techniques for the fabrication of VLSI integrated circuits 

4. Develop basic skill in various microelectronic processing for further research in microelectronics area 

5. Build up skill for competitive exams like NET/SET/IES/GATE examinations for jobs/higher education 

6. Competency to work in microelectronics industry

Unit I

Microelectronics processing: Introduction, Clean Room, Pure Water System, Vacuum Science and Technology, Practical vacuum systems, Operating principle: Rotary Pump, Cryo Pump and Turbo Molecular Pump, Vacuum Gauges: Pirani and Penning Gauge, Sources for vacuum deposition, Sputtering (DC, RF and RF Magnetron), Chemical Vapor Deposition, reactors for chemical vapor deposition, CVD Applications, PECVD, Metallization, Epitaxy: Introduction, Vapor phase epitaxy, Liquid phase epitaxy and Molecular beam epitaxy, Hetroepitaxy.

Unit II

Thermal Oxidation of Silicon, Oxide Formation, Kinetics of Oxide Growth, Oxidation Systems, Properties of Thermal Oxides of Silicon, Impurity Redistribution during Oxidation,Uses of Silicon Oxide,  Basic diffusion process,  Diffusion Equation, Diffusion Profiles, Evaluation of Diffused Layers, Diffusion in Silicon, Emitter-Push Effect, Lateral Diffusion, Distribution and Range of Implanted Ions, Ion Distribution, Ion Stopping, Ion Channeling, Disorder and Annealing, Multiple Implantation and Masking, Pre-deposition and Threshold Control.

Unit III

Photolithography, Negative and Positive Photoresist, Resist Application, Exposure and Development, Photolithographic Process Control. E-Beam Lithography, X-Ray Beam Lithography and Ion Beam Lithography. Wet Chemical Etching, Chemical Etchants for SiO2, Si3N4, Polycristalline Silicon and other microelectronic materials, Plasma Etching, Plasma Etchants, Photoresist Removal, Lift off process, Etch Process Control, 

Unit IV

Fundamental considerations for I.C processing, PMOS and NMOS IC Technology, CMOS I.C technology, MOS Memory technology- Static and Dynamic, Bipolar IC Technology, BiCMOS Technology, Packaging design considerations, Special package considerations, Yield loss in VLSI, Reliability requirements for VLSI.

References:

1. Microchip Fabrication: A Practical Guide to Semiconductor Processing by Peter Van Zant (2nd Edition) (McGraw Hill Publishing Company).

2. Vacuum Technology by A. Roth

3. Microelectronic Processing: An Introduction to the Manufacture of Integrated Circuits  by W. Scot Ruska (McGraw Hill International Edition).

4. VLSI Technology By S.M.Sze (2nd Edition)

5. Semiconductor Devices: Physics and Technology by S.M. Sze.

6. VLSI Fabrication Principles: Silicon and Gallium Arsenide by Sorab K. Ghandhi  (John Wiley & Sons).

7. Fundamentals of Microelectronic Processing by Hong H. Lee (McGraw Hill Chemical   Engineering Series).

8. Thin Film Processes Part I & II by John L. Vossen and Wirner Kern (Academic Press).

EL 14 EM Theory and Electronic Communication

Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting one from each unit in addition to the compulsory question. All questions will carry equal marks.

Credits- 4
Maximum Marks: 75,        Time = 3 hours
Internal Assessment: 25 Marks

Learning Objectives: 

1. To understand the basic theory of EM waves

2.  Acquire knowledge of different Radio wave propagations
3. To understand different parameters and calculation of transmission lines

4.  To understand the different pulse and digital modulation techniques

5. Acquire knowledge of modern telephone networks and satellite communication
Learning Outcomes:

1. Ability to explain wave equation and boundary conditions
2. Ability to understand sky wave, surface waves and Ionospheric propagation
3. Ability to use Smith chart for impedance matching

4. Ability to explain and calculate S parameters 
5. Ability to explain various pulse and digital modulation techniques

6. Ability to explain the definition pertaining to satellite communication

6. Develop essential concepts for appearing in NET/SET/IES/GATE examinations
Unit I

Wave Equation and Boundary conditions, Plane monochromatic wave in non-conducting media,

conducting media, Reflection and refraction at the boundary of two non-conducting media-oblique incidence, Reflection from a conducting plane-total internal reflection, Poynting Vector, Propagation between parallel conducting plates, Radio Wave propagation: Propagation in Free space, Tropospheric Propagation, Ionospheric propagation, Surface wave propagation, Sky wave propagation, Propagation losses.

Unit II

Transmission lines, Characteristic impedance, standing waves, quarter and half wavelength lines,

Impedance matching, Use of Smith Chart, Impedance matching using Smith Chart, Losses in Transmission lines, Wave-guides: Rectangular, losses in Wave-guides, S Parameters, Basics of

Antennas: Antenna parameters, Dipole antennas, Radiation pattern, Antenna gain.

Unit III

Pulse Communication, Pulse Amplitude modulation (PAM), Pulse Width Modulation, Pulse Position Modulation (PPM), Pulse Code Modulation and application.

Digital Communication, Characteristics of Data Transmission Circuit, Data Transmission speeds,

Noise, Cross talks, Echo suppressors, Distortion, Equalizers, Bit transmission, Signaling rate, Digital Communication techniques, FSK, PSK, BPSK, QPSK, DPSK. Error Detection and Correction codes.

Unit IV

Modern Telephone networks, mobile telephone network, intelligent network and services (in brief) Satellite Communication: Introduction, Orbits, Station keeping, Satellite Attitude, Transmission Path, Path Loss, Noise considerations, the Satellite Systems, Saturation flux density, Effective Isotropic radiated Power, Multiple Access Methods.

References:

1. Foundations of Electromagnetic Theory JR Reitz and FZ by Reitz and Milford (Addison

 Wesley).

2. Electromagnetics by B.B.Land (Wiley Eastern).

3. Basic Electromagnetic fields by H.P. Neff (Harper & Row).

4. Theory and Applications of Microwaves by Brownwell and Beam (McGraw Hill).

5. Advanced Electronic Communication by Gray M.Miller.

6. Electronic Communication by George Kennedy.

7. Basic Electronic Communication by Roody & Coolen.

8. Satellite Communication by Robert M. Gagliord.

9. Electronic Communication System by W.Tomasi

10. Networks and Telecommunication Design & Operation by Martin.P.Clark

11. Digital Communication with Fiber Optics and Satellite Application by Harold.B.Killen

EL 15 Electronic Instrumentation & Control System

Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will 

consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting one from each unit in

addition to the compulsory question. All questions will carry equal marks.

Credits- 4
Maximum Marks: 75,        Time = 3 hours
Internal Assessment: 25 Marks

Learning Objectives: 

1. Understand the role of instrumentation in Electronics

2.  Acquire knowledge of transducers and actuators used in Electronic Technology and that use electronics

3. To understand the need of control systems quantitatively and qualitatively

4.  To design controller for a specific response and specific applications

Learning Outcomes:

1. Ability to design sensors for given specification

2. Ability to understand and compare different methods for measuring a physical quantity

3. Ability to understand the role of different instrumentation required for measuring physical quantaties

4. Ability to understand the role of electronic instrumentation in bio-medical applications

5. Ability to identify different control systems and design them for specified purpose

6. Develop essential concepts for appearing in NET/SET/IES/GATE examinations

Unit I

Basic concepts of measurement: Introduction, system configuration basic characteristics of measuring

devices, Transducer Classification :Introduction, Electrical transducer, classification, basic 

requirements, Performance characteristics of an instrumentation system: generalized system, zero 

order, first order, second order system, Measurement of displacement: principle of transduction, 

Variable resistance device, LVDT, Variable capacitance transducer, Hall effect devices, Measurement 

of pressure: Thin film pressure transducer, piezoelectric pressure transducer vibrating element pressure transducer
Unit II

Measurement of position,velocity, force, torque (basics only)

Measurement of flow: Head type flow meters based on differential pressure measurements, 

Anemometers

Temperature measurements: resistance type temp. sensors, thermistors, thermocouples, solid state 

sensors, optical pyrometers

Measurement of humidity, thickness, pH (basics only)

Unit III

Instrumentation amplifier, Signal processing, manipulation and transmission, Data acquisition systems Q meter, Digital storage oscilloscope, Lock-in Amplifier, Bioelectrical signals and 

their measurment, Electrodes for ECG , transducer for blood pressure measurement 

Control System: 

Introduction: Basic components of a control system, Example of control system 

applications, Open loop and closed loop control system, Feedback and its effect

s, Types of feedback control systems, Transfer functions, block diagram 

Unit IV

Stability of linear control systems : introduction, Methods of determining stability, Routh –Hurwitz 

stability, Nyquist Stability Criterion, Signal flow graphs, Root loci technique for analysis of LTI control system, Bode plots and Nyquist plots

Design of Control system: Design with P, I PD, PI and PID controller

References:

1.Modern Electronic Instrumentation and Measurement Technique by Alfred D. Helfrick and 

William D. Cooper, Eastern Economy Edition

2.Instrumentation Devices and Systems by C.S. Rangan, G.R. Sarma and V.S.V Mani, Tata McGraw 

Hill

3.Principles of Measurement and Instrumentation by Alan S. Morris, Prentice Hall 

4.Automatic Control Systems by Benjamin C. Kuo, Prentice Hall India

5.Modern Control Engineering by K. Ogata, PHI

6.Bio-Medical Instrumentation By R.S Khandpur
EL 21 Digital Circuits and System Design

Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting one from each unit in addition to the compulsory question. All questions will carry equal marks.

Credits- 4
Maximum Marks: 75,        Time = 3 hours
Internal Assessment: 25 Marks

Learning Objectives: 

1. Understand the theory and practical aspect of CMOS Circuits
2.  Acquire knowledge of Programmable Logic Devices 

3. To understand the analysis and designing of Clocked Synchronous State- machine
4.  To understand the Synchronous Design Methodology

5. Obtain basic Knowledge of VHDL and FPGA.
Learning Outcomes:

1. Ability to design CMOS Circuit
2. Ability to understand and compare different CMOS logic families
3. Ability to understand types of CMOS PLDs
4. Ability to analyses and designing of State Machines 
5. Ability to define Impediments to Synchronous Design Methodology

6. Ability to perform experiments related to FPGA

6. Develop essential concepts for appearing in NET/SET/IES/GATE examinations
Unit I

Introduction to CMOS Circuits, Logic families, CMOS logic, Electrical behaviour of CMOS circuits, CMOS steady state electrical behaviour, CMOS dynamic electrical behaviour, CMOS Input and Output structures, CMOS logic families, CMOS/TTL interfacing, Timing Hazards, Quine-McCluskey Method of finding Minimal SOP and POS Expressions.

Unit II

Combinational Logic Design Practice: Documentation standards, circuit timing, combinational PLDs:PLA's, bipolar PLDs and CMOS PLDs, Combinational PLD applications. Implementation of following in VHDL decoders, encoders, three state devices, multiplexers, exclusive-OR gates and parity circuits, comparators, adders, combinational multipliers.
Unit III

Bistable elements, Latches and Flip-Flops, Clocked Synchronous State-machine Analysis, Clocked Synchronous State- machine Design, Designing State Machines using State Diagrams, State-machine Synthesis using Transition Lists.
Unit IV

Sequential PLDs, Counters, Shift Registers, Iterative versus Sequential Circuits, Synchronous Design Methodology, Impediments to Synchronous Design, Synchronizer Failure and Meta stability, Field Programmable Gate Arrays

References:

1. Digital Design: Principles & Practices-John F. Wakerly (4th edition, Prentice Hall).

EL 22 - Device Models & Circuit Simulation

Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting one from each unit in addition to the compulsory question. All questions will carry equal marks.

Credits- 4
Maximum Marks: 75,        Time = 3 hours
Internal Assessment: 25 Marks

Objectives:

Students are desired to learn:

1. Definition and concepts of modeling 

2. How to model and simulate various devices

3. Implementation of basic components in Integrated Circuits (ICs)

4. Basic construction and concepts of different types of amplifiers and comparators 

Outcomes:

By the end of the course the students will be able to:

1. Extract mathematical relations of MOSFET, BJT and Diode parameters

2. Making equivalent circuit diagrams of MOSFET, BJT and Diode in different regions of operation

3. Draw the practical circuits of MOSFET and BJT, implemented as different basic building blocks to be used in ICs, which can be simulated in lab sessions using SPICE

4. Understand explicitly the different components and issues related to amplifiers and comparators  

Unit I

Device Modeling, DC models, small signal models, use of device models in circuit analysis, diode models, dc diode model, small signal diode model, HF diode model, BJT models, dc BJT models, small signal BJT model, HF BJT model, MOS models, dc MOSFET model, small signal MOSFET model, HF MOSFET model, short channel Devices, sub-threshold operation, Modeling noise sources in MOSFET’s.

Unit II

Circuit simulation, Circuit simulation using SPICE, Diode model, Large signal diode current, HF diode Model, BJT model, HF BJT model, MOSFET Model, Level 1 large signal model, HF MOSFET model, IC Building blocks: switches (BJT & MOS), Active Resistors (BJT & MOS), Current sources and sinks-BJT and MOS as Current Source/Sinks, Widlar Current source, Wilson current source, Current sources as active load. CE/CS amplifier with depletion load, CE/CS amplifier with complementary load.

Unit III

Inverting Amplifiers, General concepts of inverting amplifiers, MOS inverting amplifiers, CMOS Cascode amplifiers: current and voltage driven cascode amplifier, Differential amplifiers-CMOS differential amplifiers, Frequency and noise response of CMOS differential Amplifiers. CMOS output amplifiers with and without feedback.

Unit IV

Operational Amplifiers - Characterization, CMOS two stage OP Amp, OP Amp macro-model, Simulation and measurement of OP Amps, comparators, characterization of comparators, High gain comparators, Propagation delay of two-stage comparators, Comparators using positive feedback, Autozeroing.

References:

1. VLSI Design Techniques for Analogue and Digital Circuits by R.L. Geiger, P.E. Allen and N.R. Strader.

2. Analysis and Design of Analogue I.C’s (2nd edition) by P.R. Gray, R.G. Meyer.

3. The SPICE book by Andrei Vladimirescu.

4. Computer Simulation of Electronic Circuits by Raghuram.

Additional References:

1. Semiconductor Device Modeling with SPICE by P. Antogneth & G. Massobrio.

EL 23 – Verilog - Hardware Description Language

Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting one from each unit in addition to the compulsory question. All questions will carry equal marks.

Credits- 4      Maximum Marks: 75        Time = 3 hours          Internal Assessment: 25 Marks

Learning Objectives:
1. Understand the evolution and role of  CAD in design of  Digital Circuits.

2. Acquire knowledge of syntax and working of Verilog HDL

3. To understand the design in form of Behavirol, Gate, Dataflow and Structural levels.

4. Be able to design a digital circuit according to given delay specifications. 
Learning Outcomes:
1. Ability to write a Behavirol type of Verilog model for a digital circuit. 

2. Ability to write a Dataflow type of  Verilog model for a digital circuit.

3. Ability to write a Gate based Verilog model for a digital circuit.

4. Ability to write a Structural type of  Verilog model for a digital circuit.

5. Ability to incorporate delays in the Verilog models and simulate these.

Unit-I
Benefits of CAD, Integrated circuit design techniques, Hierarchical design, Design abstraction, Computer aided design, Concepts of CPLD, FPGA.

Introduction to HDLs, Verilog and its capabilities,  Hierarchical Modeling Concepts: Design Methodologies, Modules, Instances, Components of  Simulation and Test Bench. Basic Concepts: Lexical Conventions, Data Types, System Tasks and Compiler Directives. Modules and Ports.
Unit-II
Gate-Level Modeling: Gate Types, Gate Delays. Dataflow Modeling, Continuous Assignments, Delays, Expressions, Operators, and Operands, Operator Types, Switch-Level Modeling: Switch-Modeling Elements. 
Unit III
Behavioral Modeling: Structured Procedures, Procedural Assignments, Timing Controls, Conditional Statements, Multiway Branching, Loops, Sequential and Parallel Blocks, Generate Blocks.Tasks and Functions. 

Unit IV
Timing and Delays, Types of Delay Models, Path Delay Modeling,  Timing Checks, Delay Back-Annotation

User-Defined Primitives (brief), Programming Language Interface (brief),  Logic Synthesis with Verilog, Synthesis Design Flow, Verification of Gate-Level Netlist.

Verification Techniques (brief) : Traditional Verification Flow, Assertion Checking, Formal Verification
References
1. Custom VLSI Microelectronics by Stanley L.Hurst (Prentice Hall 1992)

2. Verilog HDL - Samir Palnitkar (Pearson)

3. A Verilog HDl Primer - J. Bhaskar (Pearson)

4. Modern VLSI Design- A systems Approach- Wayne Wolf-PTR Prentice Hall-1994

EL 24 –System Design Using Embedded Processors

Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting one from each unit in addition to the compulsory question. All questions will carry equal marks.
Credit – 4, Maximum Marks: 80, Time = 3 hours Internal Assessment: 20 Marks

Learning Objectives : 

1. Understand the difference between Microprocessor and Microcontroller

2. Familiarization with architecture and Instruction set of 8 bit and 16 bit Microcontroller

3. Develop programs and learn the techniques of Memory Interface & Management in ARM Architecture

4. Learn programming techniques for handling interrupts and interfacing peripherals
Learning Outcomes :

1. Student would be able to understand the architecture, programming techniques and applications of 8 bit and 32 bit microcontrollers

2. Student would be able to develop assembly language programmes for simple applications

3. Student would geared up to undertake advance studies/ project work in embedded systems

Unit I

Introduction to Embedded Systems: Definition, Difference between Microprocessor and Microcontroller. 8-Bit 8051 Microcontroller: Architecture: CPU Block diagram, Memory Organization, Program memory, Data Memory, Interrupts, Peripherals: Timers, Serial Port, I/O Port Programming: Addressing Modes, Instruction Set, Programming Microcontroller based System Design: Timing Analysis A typical application design from requirement analysis through concept design, detailed hardware and software design using 8-bit 8051 Microcontrollers. 

Unit II

32-Bit ARM920T Processor Core: Introduction: RISC/ARM Design Philosophy, About the ARM920T Core, Processor Functional Block Diagram Programmers Model: Data Types, Processor modes, Registers, General Purpose Registers, Program Status Register, Exceptions, Interrupts and Vector table, Architecture revisions, ARM Processor Families. Cache: Memory hierarchy and cache memory, Cache Architecture – Basic Architecture of a Cache, Basic operation of a cache controller, Cache and main memory relationship

Unit III

Memory Management Units: How virtual memory works, Details of the ARM MMU, Page Tables, Translation Look-aside Buffer, Domains and Memory access permissions 

ARM Instruction Set: Data Processing instructions, Branch instructions, Load -Store instructions, Software Interrupt Instruction, Program Status Register Instruction, Loading Constants

Thumb Instruction Set: Thumb register usage, ARM-Thumb interworking, Branch instruction, Data processing instructions, Load -store instructions, stack instructions, software interrupt instructions.
Unit IV

Interrupt Handling: Interrupts, Assigning interrupts, Interrupt latency, IRQ & FIQ exceptions, Basic interrupt stack design and implementation, Non-nested Interrupt handler permissions

Peripherals Interrupt Controller: Normal Interrupt, Fast Interrupt, AIC, Universal Synchronous Asynchronous Receiver Transceiver (USART): Block Diagram, Functional Description, Synchronous and Asynchronous Modes Development & Debugging Tools for Microcontroller based Embedded Systems: Software and Hardware tools like Cross Assembler, Compiler, Debugger, Simulator, In-Circuit Emulator (ICE), Logic Analyzer etc.

References:

1.Intel Hand Book on “Embedded Microcontrollers”, 1stEdition

2.Muhammad Ali Mazidi, Janice Gillispie Mazidi, Rolin D. McKinlay, “The 8051 Microcontroller and Embedded Systems using Assembly and C”, 2ndEdition, Prentice Hall.

3. ARM Company Ltd. “ARM Architecture Reference Manual–ARM DDI 0100E”.

4.David Seal “ARM Architecture Reference Manual”, 2001 Addison Wesley, England; Morgan Kaufmann Publishers

5.Intel Hand Book on “Embedded Microcontrollers”,1st  Edition.

6. Ayala, Kenneth J “8051 Microcontroller -Architecture, Programming & Applications”, 1stEdition, Penram International Publishing

EL25 Option(i) – Foundations of MEMS

Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting one from each unit in addition to the compulsory question. All questions will carry equal marks.

Credits- 4
Maximum Marks: 75,        Time = 3 hours
Internal Assessment: 25 Marks

Learning Objectives: 

1. Lay foundation for understanding of the art-of-art MEMS technology

2. Familiarize student with the influence of scaling and  miniaturization  in MEMS

3. Give exposure to various materials and micromachining techniques used for fabrication of MEMS devices

4. Introduce different sensing and actuation  mechanisms used  in MEMS 

5. Introduction  analytical methods for designing some typical MEMS applications

6. Introduce concepts of microfluidics and  its typical applications

Learning Outcomes:

1. Student would be able to have a firm footing to take up higher studies/research in this field

2. Understand various sensing and actuation mechanism used  and  compare their merits and demerits

3. Make a suitable choice of material for a given application

4. Simulate their design using  MEMS design tools

Unit I

MEMS & Microsystem- Definition, Intrinsic Characteristic of MEMS: Minitiarization, Microelectronics, Integration, Parallel Fabrication with Precision.

Sensors and Actuator :Energy Domains and Transducers, Sensor Consideration, Actuator Considerations, Scaling in MEMS (Ref-2)

Unit II

Microfabrication and Material for MEMS : Si as substrate material, mechanical properties of Silicon, Silicon Compounds (SiO2, Si3N4, SiC, polySi, Silicon), Piezoresistors, Piezoelectric crystals, Polymers, Packaging Materials.

Micromachining Processes: Overview of microelectronic fabrication processes used in MEMS, Bulk Micromachining, Anisotropic wet etching, DRIE, Etch stop techniques, Surface Micromachining – General description,  

Special Microfabrication Techniques (Introduction only): LIGA process, Low Temperature Cofired Ceramic (LTCC), HexSil Process, Bonding.

Unit III

Electrostatic Sensing and Actuation: Introduction, Parallel Plate Capacitor, Actuators based on thermal expansion , Applications- Interial Sensors, flowsensors

Piezoresistive sensors- origin and expressing of piezoresistivitiy, single crystal Silicon, Polycrystalline Silicon, Stress analysis of Mechanical Elements, Applications: tactile sensor, pressure sensor

Unit IV

Piezoelectric Sensing and actuation-Introduction: Mathematics Description of Piezoelectric Effects, Cantilever Piezoelectric Actuator Model, Application: Acoustic sensor

Microfluidics- Motivation, Essential Biology concepts, Basic fluid Mechanic Concepts, Design and fabrication of Selected components channels, valves

Case studies of selected MEMS Products: Blood pressure sensor, Microphone, acceleration sensor, gyros,

References

1. Foundations of MEMS,  Liu, Pearson India

2. Microfabrication by Marc Madaon, CRC Press

3. MEMS & Microsystems Design and Manufacture by Tai-Ran H Su, Tata Mcgraw

4. Microsystem Design by S.D. Senturia, Ruiwer Academic Publisher

EL25 Option(ii) – Nano Electronics - Materials & Devices

Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting one from each unit in addition to the compulsory question. All questions will carry equal marks.

Credits- 4
Maximum Marks: 75,        Time = 3 hours
             Internal Assessment: 25 Marks

Learning Objectives: 

1. To acquire knowledge of  the basic concepts of nanoscience & nanotechnology

2. To  understand the various synthesis techniques for nanomaterials

3. Give exposure to various nanomaterials based electronic devices

4. To understand the implementation of nanomaterials for the development of nanodevices

Learning Outcomes:

1. Student would be able to have basic knowledge in nanomaterials and nanotechnology

2. Understand various synthesis approaches for nanomaterials

3. Ability to understand future technology i.e. Nanotechnology for  electronic devices

4. Competency to work in nanomaterials & nanotechnology industry/research establishment

Unit I

Overview of progress of microelectronics worldwide. International technology roadmap characteristics. CMOS scaling. Nanoscale MOSFET, FinFET, vertical MOSFETS’s limits of CMOS technology. Materials & processes for advanced sub 65nm CMOD technology.

From microelectronics towards nanoelectronics. Noval approaches towards future devices. Introduction to nanotechnology and nanomaterials. Applications in different fields. Bottom up and top down approaches.

Unit II

Top Down Approaches:

Semiconductor Low dimensional systems- Two dimensional confinement of carriers, Quantum wells, One dimensional Quantum systems; quantum wires, Zero dimensional quantum structures: Quantum Dots.

Quantum devices: Resonant tunneling diode & transistor. Coulomb Blockade, Single Electron Transistor, Introduction to Spintronics, Material requirements for spintronics, Spin devices: Spin Transistor, Spin values etc. Quantum computation.

Unit III
Bottom up Approaches:

Molecular Electronics involving single molecules as electronic devices, chemical approaches to nanostructure materials. Band structures and transport in the molecular system. Molecular switches and logic gates. Molecular interconnects.

Cabon nanotubes, structures and synthesis, growth mechanism and properties, devices applications. Nanowires:synthesis and characterization.

Unit IV

Nanofabrication: Thin film techniques, MBE, CVD, PECVD, Sol gel, Plasma arching electrodeposition, ball milling, atomic layer deposition, self assembly, template manufacturing, spray pyrolysis.

Nanomanipulation and nano lithography: E-beam and nano imprint lithography, advanced nanolithography, High resolution nanolithography, Dip-Pen lithography, AFM Lithography.

Nanocharacterization: High Reslution TEM, Scanning Probe Microscopes: Atomic Force Microscope and Scanning Tunneling Microscope, Photon Spectroscopy, Electron spectroscopy, Nano manipulator.

References:

1. “Nanoelectronics and Information Technology”, (Advanced Electronic and Novel Devices), Waser Ranier, Wiley- VCH (2003)

2. “The Physics of Low-dimensional Semiconductors”. John H. Davies, Cambridge University Press, 1998.

3. “Introduction to Nano Technology”, John Wiley & Sons, 2003.

4. “Introduction to Molecular Electronics”, M.C. Petty, M.R.Bryce, and D.Bloor, Edward Arnold (1995).

5. “Quantum Hetrostructures”, V.Mitin, V. Kochelap, and M.Stroscio, Cambridge University Press.

EL 25 Option (iii) - Materials for VLSI

Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting on e from each unit in addition to the compulsory question. All questions will carry equal marks.

Credits- 4
Maximum Marks: 75,        Time = 3 hours;
Internal Assessment: 25 Marks

Learning Objectives: 

1. To acquire the basic knowledge of materials used in the fabrication of VLSI chips

2. To understand the properties of various materials used in the fabrication technology

3. To understand the basic concept of silicon wafer; processing & applications  

4. To understand the role of various materials processing techniques used in IC fabrication

Learning Outcomes:

1. Ability to understand the role of various materials used in VLSI fabrication technology

2. Ability to understand the process technology for physical implementation of different materials in IC 

    Fabrication 

3. Develop skill in IC fabrication technology & material processing technology

4. Develop skill for competitive exams like NET/SET/IES/GATE examinations for 

    jobs/higher education etc.

5. Ability to work in IC/Device Fabrication Laboratory

6. Ability to conduct research on new materials for VLSI

Unit-I

Silicon Crystal growth and wafer preparations, starting materials, Metallurgical grade silicon, Polycrystalline Silicon, Single Crystal growth, Introduction, Float-Zone method, Czocharlski method, Impurities, impurity inhomogeneity, Wafer shaping process cleaning mechanical properties of the wafer.

Reference: Chapter 5, Chapter 8, Semiconductor Silicon Crystal Technology, Fumio Shimura, academic Press, Inc.

Unit-II

Silicon wafer criteria for VLSI/ULSI technology, High technology silicon wafer concept, VLSI/ULSI wafer characteristics, structural and chemical and mechanical characteristics, Deposited films. Polysilicon, Deposition variables, structure, Doping polysilicon, oxidation of polysilicon, properties of Polysilicon, Silicon dioxide, deposition methods, Deposition variable, Step coverage, p-glass flow, properties of silicon dioxide.

Reference:

1. Chapter 5, Chapter 8, Semiconductor Silicon Crystal Technology, Fumio Shimura, Academic Press, Inc.

2. Chapter 6, VLSI Technology, SM Szi, McGraw Hill International Ed.

Unit-III

Silicon nitride, nitride properties of silicon nitride, plasma-assisted deposition, deposition variable, properties of plasma assisted deposited filing, other material, materials for contacts and interconnects, Metallization, Applications, gates and interconnections, Ohmic contacts, Metallization choices, Metals or allays, properties, stability and semiconductor and insulating, patterning, Self-aligned silicides

Reference: Chapter 6, Chapter 9, VLSI Technology, S.M Sze, McGraw Hill International Ed.

Unit-IV

Metallization problem, deposition, processing, metallurgical and chemical interactions, electromigration, New role of metallization, multilevel structures, epitaxial metals, diffusion barriers and redundant metal links, Assembly and packaging of VLSI devices package types, packaging design considerations, thermal design considerations, electrical considerations, mechanical design considerations, VLSI assembly technologies, wafer preparation, die-banding, wire bonding, package fabrication technologies ceramic package, glass-sealed refractory package, plastic molding technology molding process, special package considerations.

Reference: Chapter 9, Chapter 13, VLSI Technology, S.M Sze, McGraw Hill International Ed.

EL-25(option iv )  Advanced Device Physics For VLSI
Instructions: There shall be nine questions in total. Question number 1 will be compulsory and will consist of short conceptual type answers covering all the Units. There shall be eight more questions, two from each unit. Students are required to attempt four questions, selecting on e from each unit in addition to the compulsory question. All questions will carry equal marks.

Credits- 4
Maximum Marks: 75,        Time = 3 hours;
Internal Assessment: 25 Marks

Learning Objectives & outcomes
Students who have done a basic course in device physics and would like to take advanced course in device physics may be offered this course.

The paper is divided into 4 units,

Unit 1.(objectives)Students should be able to understand the implications and challenges raised by Moore’s and how it acted as a driver for the  electronics& IT revolution, Students should be able to understand scaling principles (methodology)  used in microelectronics and their advantages and limitations. Students should be able to realize the the second order effects introduced by device miniaturization and  should be able to under the possible steps to remove those effects.In the last part of the unit the role of road maps in general and ITRS in particular towards the progress of microelectronics is discussed.

Unit2.the objective of this unit is that once they study this unit they should be able to understand the importance of device modeling and simulation in the progress of microelectronics. They should be able to understand the mathematical abstraction behind device simulation and able to create some basic device structures in device simulators and see the effect of scaling on the device characteristics.

Unit 3.Process technology play a vital role in the miniaturization of devices.In this unit the challenges faced by the process engineers to cope up with the miniaturization is addressed .Students should be able to understand how techniques like photolithography, doping  techniques evolved with scaling  down. They should be able to understand the some of the recent devices architectures employed by the industry. Towards the end of this unit students should be able to understand the basic program  flow of the commercial TCAD tool  from Silvaco available in the deptt.

Unit4.The objective of this unit is to look towards future direction of microelectronics once Moore’s law reaches its fundamental physical limit. Students should be able to understand the the physics involved at nano scale and devices which  can take advantage of that physical principles.T hey should be able to understand the basic working of quantum wells, quantum wires , quantum dots and RTD’s.
Unit 1 
Moore’s Law and Its Implications, Scaling of MOSFET’s, Practical CMOS Scaling, Gate coupling velocity overshoot, high field effects, substrate current,hot carrier effects, ,International Technology Roadmap for Semiconductors (ITRS)Projections 
Unit 2 
Numerical simulation, Basic concepts of simulations, Device simulation, Simulation challenges. The Need for Semiconductor Device Modeling, Importance of Semiconductor Device Simulators,Key Elements of Physical Device Simulation,Historical Development of the Physical Device Modelling, 
Unit 3 
Technology nodes,Physical& technological challenges to scaling, Non-conventional MOSFETs, SOI MOS Structures, Concept of ballistic transport. 

Introduction to the Silvaco ATLAS Simulation Tool 
Unit 4 
Carrier Confinement,Quantum devices:Quantum well,wire & dot, Resonant tunnelling(RTD), Concept of single electron transistor, 
References

1. Device electronics for integrated circuits-Muller & Kamins,John Wiley
2. Silicon Nanoelectronics-Shunri Oda & David Ferry, CRC Press 

3. Computational Electronics- Dragica Vasileska and Stephen M. Goodnick, Morgan & Claypool Publishers
Open Choice (i)

OE201 FUNDAMENTALS OF NANOMATERIALS

Instructions: There would be 7 questions from entire syllabus and students is required to attempt any FIVE
marks.

Credits-2
Maximum Marks: 35,        Time = 3 hours
Internal Assessment: 15 Marks
Learning Objectives:

1. Get familiarized with the concepts of Nanoscience and Technology.

2. Understand the properties and applications of semi conducting materials,

3. Understand general properties and application of nanomaterials. 

4. Acquire knowledge of synthesis and characterization techniques

Learning Outcomes: 

  At the end of the course, the student will be able to:

1.  Ability  to explain general concepts of Nanomaterials

2.  Ability  to synthesize nanomaterials

3. Ability  to identify the phase using search peak analysis from XRD pattern

4. Ability  to interprets the characterized results  

UNIT – I
NANODIMENSIONAL MATERIALS AND THEIR SYNTHESIS

 Basic concepts of Nano science and technology, Properties and technological advantages of Nano materials,  Nanostructures: Quantum wire, Quantum well, Quantum dot, Size Effects,  Quantum confinement, Fraction of Surface Atoms, specific Surface Energy and Surface Stress ,Effect on the Lattice Parameter, Phonon Density of States, Material processing by Sol – Gel method, Chemical Vapour deposition and Physical Vapour deposition, hydrothermal/solvothermal methods, and  Microwave Synthesis of materials

UNIT – 2
 CHARACTERIZATION OF NANOMATERIALS 

Fundamentals of the techniques, experimental approaches and data interpretation, applications/limitations of X ray characterization:  X-ray sources , wide angle, extended x-ray absorption technique, Scanning probe microscope (AFM and STM), Electron microscopy: SEM/TEM, high resolution imaging, defects in nanomaterials Spectroscopy:  electron energy-loss mechanisms, electron filtered imaging, prospects of scanning probe microscopes,  optical spectroscopy of metal/semiconductor nanoparticles: UV-Vis spectroscopy, FTIR Spectroscopy.

REFERENCES: 

1) C. N. R. Rao, A. Mu¨ller, A. K. Cheetham, The Chemistry of Nanomaterials :Synthesis, Properties and Applications, Volume 1, Wiley-VCH, Verlag GmbH, Germany (2004). 

2) C. Bre´chignac P. Houdy M. Lahmani, Nanomaterials and Nanochemistry, Springer Berlin Heidelberg, Germany (2006). 

3) Guozhong Cao, Nanostructures & Nanomaterials Synthesis, Properties G;Z: Applications, World Scientific Publishing Private, Ltd., Singapore (2004). 

4) Zhong Lin Wang, Characterization Of Nanophase Materials, Wiley-VCH, Verlag GmbH, Germany (2004). 5) Carl C. Koch, Nanostructured Materials: Processing, Properties and Potential Applications, Noyes Publications, William Andrew Publishing Norwich, New York, U.S.A (2002).

5. Hari Singh Nalwa, “Nanostructured Materials and Nanotechnology”, Academic Press, 2002

Open Choice (ii)

OE302 : MEMS : an Interdisciplinary approach
Instructions: There would be 7 questions from entire syllabus and students is required to attempt any FIVE
Credits- 2  
Maximum Marks: 35,
Time = 3 hours 
Internal Assessment: 15 Marks

Learning Objectives:

1. Understand the role of MEMS in daily life applications 

2. Appreciate the interdisciplinary nature of this field

3. Expose the students to career and research prospects in this field

Learning Outcomes :

1. Student will be able to understand the role of various science discipline including his/her own in this field

2. Student would become aware of career options in this field

3. Student would gain basic knowledge to take up higher studies in this field

Time: 3.00 hrs

Unit 1
Definition of MEMS,  historical perspective of MEMS, advantages of MEMS. Scale effects at microscale- geometry, thermal, electrostatic, electrical, fluidics, gravity. MEMS domains

Materials used in MEMS and their properties, micromachining techniques-bulk and surface micromachining, Sensing and detection mechanisms in MEMS, MEMS in daily life
Unit 2
MEMS technology in Healthcare: 

BioMEMS, Lab-on-chip, µTAS, Drug Delivery, point-of-care devices, cantilever sensors

MEMS technology in Physics and Geophysics

Accelerometers, pressure sensors, gyroscopes, MOEMS, microactuators, seismic sensors

MEMS Technology in Chemistry

Gas sensor, Electrochemical Immunoassay, microreactors, Chemical Sensors

Design Tools for MEMS: Comsol, Coventore and Intellisuite based applications

References
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