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CURRICULUM

I-SEMESTER

	CODE
	COURSE OF STUDY
	L- T- P- C

	MA617
	Graph Theory and Discrete Optimization
	3- 0 - 0 – 3

	EC651
	Analog IC Design
	3- 0 - 0 – 3

	EC653
	Basics of VLSI
	3- 0 - 0 – 3

	EC655
	Digital System Design
	3- 0 - 0 – 3

	
	  Elective I
	3- 0 - 0 – 3

	
	  Elective II
	3- 0 - 0 – 3

	EC657
	HDL Programming Laboratory
	0- 0 - 3 – 2

	18 - 0 - 3 – 20


II-SEMESTER

	CODE
	COURSE OF STUDY
	L- T- P- C

	EC652
	VLSI System Testing
	3- 0 - 0 – 3

	EC654
	Electronic Design Automation Tools
	3- 0 - 0 – 3

	EC656
	Designing with ASICs
	3- 0 - 0 – 3

	
	Elective III
	3- 0 - 0 – 3

	
	Elective IV
	3- 0 - 0 – 3

	
	Elective V
	3- 0 - 0 – 3

	EC658
	Analog IC Design Laboratory
	0- 0 - 3 – 2

	EC660
	ASIC – CAD Laboratory
	0- 0 - 3 – 2

		18 – 0 – 6 –22



III-SEMESTER

	EC697
	Project – Phase I
	0 – 0– 24 – 12




IV-SEMESTER

	EC698
	Project  -  Phase II
	0- 0 –24 – 12
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ELECTIVES

I-SEMESTER

	EC659
	Modeling and Synthesis with Verilog HDL
	3- 0 - 0 – 3

	EC661
	Digital Signal Processing structures for VLSI
	3- 0 - 0 – 3

	EC605
	High Speed Communication Networks
	3- 0 - 0 – 3

	EC615
	Digital Image Processing
	3- 0 - 0 – 3



II-SEMESTER

	EC612
	Architecture of DSPs
	3- 0 - 0 – 3

	EC662
	Design of Cognitive Radio
	3- 0 - 0 – 3

	EC664
	VHDL Analysis and Design of Digital Systems
	3- 0 - 0 – 3

	EC666
	Low Power VLSI circuits
	3- 0 - 0 – 3

	EC668
	VLSI Digital Signal Processing Systems
	3- 0 - 0 – 3

	EC670
	Asynchronous System Design
	3- 0 - 0 – 3

	EC678
	Electronic packaging 
	3- 0 - 0 – 3

	EC680
	RF circuits 
	3- 0 - 0 – 3

	ECE682
	Thermal Design of Electronic Equipment	
	3- 0 - 0 – 3




ADDITIONAL ELECTIVES APPROVED BY BoS


	EC663
	VLSI Technology
	3- 0 - 0 – 3

	EC665
	Advanced Computer Architecture
	3- 0 - 0 – 3

	EC672
	Advanced Digital Design
	3- 0 - 0 – 3

	EC674
	Physical Design Automation
	3- 0 - 0 – 3

	EC676
	Mixed - Signal  Circuit Design
	3- 0 - 0 – 3








SYLLABUS

MA617 Graph Theory and Discrete Optimization		(3 – 0 - 0) 3

Basic definitions, Degree of vertices, Complement of a graph. Self complementary graph, some eccentricity properties of graphs.Tree, spanning tree. Directed graphs standard definitions; strongly, weakly, unilaterally connected digraphs, deadlock communication network. Matrix representation of graph and digraphs. Some properties (proof not expected).

Eulerian graphs and standard results relating to characterization.Hamiltonian graph-standard theorems (Dirac theorem, Chavathal theorem, closure of graph).Non Hamiltonian graph with maximum number of edges.Self-centered graphs and related simple theorems.Chromatic number; Vertex and edge (only properties and examples)-application to colouring. Planar graphs, Euler’s formula, maximum number of edges in a planar graph. Five colour theorem.

DFS-BFS algorithm,shortest path algorithm, min-spanning tree and max-spanning tree algorithm, planarity algorithm.Matching theory, maximal matching and algorithms for maximal matching.Perfect matching (only properties and applications to regular graphs).

Flows in graphs, Ranking of participants in tournaments, simple properties and theorems on strongly connected tournaments.Application of Eulerian digraphs.PERT-CPM.Complexity of algorithms; P-NP-NPC-NP hard problems and examples.

Linear- Integer Linear programming, Conversion of TSP, maxflow, Knapsack scheduling,shortest path problems for Linear programming types - branch bound method to solve Knapsack problems- critical path and linear programming conversion- Floor shop scheduling problem- Personal assignment problem.


Dynamic programming- TSP- compartment problems- Best investment problems.

Text Books:
C.Papadimitriou&K.Steiglitz,Combinatorial Optimization, Prentice Hall, 1982. 
H.Gerez, Algorithms for VLSI Design Automation, John Wiley, 1999.

Reference Books:
B.Korte&J.Vygen, Combinatorial Optimization, Springer-Verlag, 2000.


EC651 Analog IC Design		(3 – 0 - 0) 3

Basic MOS Device Physics – General Considerations, MOS I/V Characteristics, Second Order effects, MOS Device models. Short Channel Effects and Device Models.Single StageAmplifiers – Basic Concepts, Common Source Stage, Source Follower, Common Gate Stage, Cascode Stage.

Differential Amplifiers – Single Ended and Differential Operation, Basic Differential Pair, Common-Mode Response, Differential Pair with MOS loads, Gilbert Cell. Passive and Active Current Mirrors – Basic Current Mirrors, Cascode Current Mirrors, Active Current Mirrors.

Frequency Response of Amplifiers – General Considerations, Common Source Stage, Source Followers, Common Gate Stage, Cascode Stage, Differential Pair. Noise – Types of Noise, Representation of Noise in circuits, Noise in single stage amplifiers, Noise in Differential Pairs.

Feedback Amplifiers – General Considerations, Feedback Topologies, Effect of Loading. Operational Amplifiers – General Considerations, One Stage Op Amps, Two Stage Op Amps, Gain Boosting, Common – Mode Feedback, Input Range limitations, Slew Rate, Power Supply Rejection, Noise in Op Amps. Stability and Frequency Compensation.

Bandgap References, Introduction to Switched Capacitor Circuits, Nonlinearity and Mismatch.

Text Books:
BehzadRazavi, Design of Analog CMOS Integrated Circuits, McGraw Hill Edition 2002.
Paul. R.Gray, et al. Analysis and Design of Analog Integrated Circuits, Wiley, (4/e), 2001.

References:
David A. Johns and Ken Martin, Analog Integrated Circuit Design, Wiley, 1997.
R. Jacob Baker, CMOS Circuit Design, Layout, and Simulation, Wiley, (3/e), 2010.
Philip.E.Allen, et al. CMOS Analog Circuit Design, Oxford University Press, 2002.



EC653 Basics of VLSI		(3 – 0 - 0) 3

Introduction to CMOS circuits: MOS transistors, CMOS combinational logic gates, multiplexers, latches and flip-flops, CMOS fabrication and layout, VLSI design flow.

MOS transistor theory: Ideal I-V and C-V characteristics, non ideal I-V effects, DC transfer characteristics, Switch level RC delay models.

CMOS technologies: Layout design rules, CMOS process enhancement, Technology related CAD issues.

Circuit characterization and performance estimation: Delay estimation, Logical effort and transistor sizing, Power dissipation, Interconnect design margin, Reliability, Scaling.

Combinational circuit design: Static CMOS, Ratioed circuits, Cascode voltage switch logic, Dynamic circuits, Pass transistor circuits.

Text Books:
N.H.E.Weste, et al., CMOS VLSI Design (3/e), Pearson, 2005.
Jan Rabey et al Digital Integrated circuits (2/e), PHI, 2003.

Reference Books:
Pucknell&Eshraghian, Basic VLSI Design, (3/e), PHI, 1996.










EC655 Digital System Design			(3 – 0 - 0) 3

Programmable logic devices (PLDs).Programmable gate arrays.An overview of Xilinx and Altera FPGAs, CPLDs and Soft-Core processors.

Combinational network delay.Power and energy optimization in combinational logic circuit.Sequential machine design styles.Rules for clocking.Performance analysis.

Sequencing static circuits.Circuit design of latches and flip-flops.Static sequencing elementmethodology.Sequencing dynamic circuits.Synchronizers.

Datapath and array subsystems: Addition / Subtraction, Comparators, counters, coding,multiplication and division. SRAM, DRAM, ROM, serial access memory, context addressable memory.

Reconfigurable Computing- Fine grain and Coarse grain architectures, Configuration architectures-Single context, Multi context, Partially reconfigurable, Pipeline reconfigurable,Block Configurable, Parallel processing.

Text Books:
N.H.E.Weste etal, CMOS VLSI Design (3/e), Pearson, 2005.
W.Wolf, FPGA- based System Design, Pearson, 2004.
Scott Hauck, André DeHon,Reconfigurable computing: the theory and practice of FPGA-based computation, Elsevier,2008.

Reference Books:
Art of Digital Design
R.F.Tinde, Engineering Digital Design, (2/e), Academic Press, 2000.
Christophe Bobda,Introduction to reconfigurable computing, Springer,2007.
Maya Gokhale, Paul S. Graham, Reconfigurable computing: accelerating computation with field-programmable gate arrays, Springer, 2005.



EC652 VLSI System Testing			(3 – 0 - 0) 3
Basics of Testing: Fault models, Combinational logic and fault simulation, Test generation for Combinational Circuits. Current sensing based testing. Classification of sequential ATPG methods. Fault collapsing and simulation
Universal test sets: Pseudo-exhaustive and iterative logic array testing. Clocking schemes for delay fault testing. Testability classifications for path delay faults. Test generation and fault simulation for path and gate delay faults.
CMOS testing: Testing of static and dynamic circuits. Fault diagnosis: Fault models for diagnosis, Cause-effect diagnosis, Effect-cause diagnosis.
Design for testability: Scan design, Partial scan, use of scan chains, boundary scan, DFT for other test objectives. 
Built-in self-test: Pattern Generators, Estimation of test length, Test points to improve testability, Analysis of aliasing in linear compression, BIST methodologies, BIST for delay fault testing.
Text Books:
N. Jha& S.D. Gupta, Testing of Digital Systems, Cambridge, 2003.
Wang Wu Wen, VLSI Test Principles and Architectures Design for Testability, Morgan Kaufmann Publishers. 2006

Reference Books:
Michael L. Bushnell &Vishwani D. Agrawal, Essentials of  Electronic Testing for Digital, memory & Mixed signal VLSI Circuits, Kluwar Academic Publishers. 2000.
Parag K. Lala, Digital circuit Testing and Testability, Academic Press. 1997.
M. Abramovici etal, Digital System Testing and Testable Design, Computer Science Press, 1990.


EC654 Electronic Design Automation 			(3 – 0 - 0) 3

An overview of OS commands. System settings and configuration. Introduction to Unix commands. Writing Shell scripts. VLSI design automation tools.An overview of the features of practical CAD tools.Modelsim, Leonardo spectrum, ISE 13.1i, Quartus II, VLSI backend tools.

Synthesis and simulation using HDLs-Logic synthesis using verilog and VHDL.Memory andFSM synthesis.Performance driven synthesis, Simulation- Types of simulation.Static timing analysis.Formal verification. Switch level and transistor level simulation.

Circuit simulation using Spice:Circuit description.AC, DC and transient analysis. Advanced spice commands and analysis. Models for diodes, transistors and opamp.Digital building blocks.A/D, D/A and sample and hold circuits. Design and analysis of mixed signal circuits.

System Verilog- Introduction, Design hierarchy, Data types, Operators and language constructs. Functional coverage, Assertions, Interfaces and test bench structures..

Mixed signal circuit modeling and analysis, Concept of System on chip.Introduction to Cypress Programmable System on Chip (PSoC). Structure of PSoC, PSoC Designer, PSoC Modules, Interconnects, Memory Management, Global Resources, Design Examples  

Text Books:
M.J.S.Smith, Application Specific Integrated Circuits,Pearson, 2008.
M.H.Rashid,Introduction to PSpice usingOrCAD for circuits and electronics,Pearson, 2004.


Reference Books:
ZwolinskiDr Mark,Digital System Design with System Verilog,Pearson, 2010.
Robert Ashby,Designer's Guide to the Cypress PSoC,Newnes (An imprint of Elsevier), 2006 
Oliver H. Bailey,The Beginner's Guide to PSoC, Express Timelines Industries Inc.

EC656 Design of ASICs			(3 – 0 - 0) 3
Types of ASICs.ASIC design flow. Programmable ASICs -Antifuse, SRAM, EPROMand  EEPROMTechnology. Programmable ASIC logic cells and I/O cells. Programmable ASIC interconnect. 
ASIC physical design issues.System Partitioning, Power Dissipation, Partitioning Methods.
ASIC floor planning, Placement and Routing.
System-On-Chip Design - SoC Design Flow, Platform-based and IP based SoC Designs,  Basic Concepts of Bus-Based Communication Architectures,  On-Chip Communication Architecture Standards, Low-Power SoC Design
High performance algorithms for ASICS/ SoCs as case studies –Canonic Signed Digit Arithmetic, KCM, Distributed Arithmetic, High performance filters using delta-sigma modulators, USB controllers, OMAP. 
Text Books:
M.J.S. Smith : Application Specific Integrated Circuits, Pearson, 2003

Reference Books:
H.Gerez, Algorithms for VLSI Design Automation, John Wiley, 1999
Hoi-Jun Yoo,  Kangmin Leeand Jun Kyong Kim, Low-Power NoC for High-Performance SoC Design, CRC Press, 2008
SudeepPasricha and NikilDutt, On-Chip Communication Architectures System on Chip Interconnect, Elsveir, 2008


EC659 Modeling and Synthesis with  Verilog HDL			(3 – 0 - 0) 3

Hardware modeling with the verilog HDL.Encapsulation, modeling primitives, different types of description.

Logic system, data types and operators for modeling in verilog HDL. Verilog Models of propagation delay and net delay path delays and simulation, inertial delay effects and pulse rejection.

Behavioral descriptions in verilog HDL.Synthesis of combinational logic.

HDL-based synthesis - technology-independent design, styles for synthesis of combinational and sequential logic, synthesis of finite state machines, synthesis of gated clocks, design partitions and hierarchical structures.

Synthesis of language constructs, nets, register variables, expressions and operators, assignments and compiler directives. Switch-level models in verilog. Design examples in verilog.

[bookmark: _GoBack]Text Books:
M.D.Ciletti, Modeling, Synthesis and Rapid Prototyping with the Verilog HDL, PHI, 1999.
 S. Palnitkar, Verilog HDL – A Guide to Digital Design and Synthesis, Pearson, 2003.

Reference Books:
 J Bhaskar, A Verilog HDL Primer (3/e),Kluwer, 2005.
M.G.Arnold, Verilog Digital – Computer Design, Prentice Hall (PTR), 1999.
EC661 Digital Signal Processing Structures for VLSI 			(3 – 0 - 0) 3
An overview of DSP concepts,Representations of DSP algorithms.Loop bound and iteration bound.
Transformation Techniques: Retiming, Folding and Unfolding
Pipelining of FIR filters. Parallel processing of FIR filters. Pipelining and parallel processing for low power, Combining Pipelining and Parallel Processing.
Pipeline interleaving in digital filters. Pipelining and parallel processing for IIR filters.Low power IIR filter design using pipelining and parallel processing, Pipelined adaptive digital filters.
Synchronous pipelining and clocking styles, clock skew and clock distribution in bit level pipelined VLSI designs. Wave pipelining, constraint space diagram and degree of wave pipelining, Implementation of wave-pipelined systems, Asynchronous pipelining.
Text Book:
 K.K.Parhi, VLSI Digital Signal Processing Systems, John-Wiley, 2007

Reference Books:
U. Meyer -Baese, Digital Signal Processing with FPGAs, Springer, 2004

EC662 Design of Cognitive Radio		(3 – 0 - 0) 3
Overview of Multirate systems, uniform filter bank. Direct and DFT approaches. Introduction to ADSL Modem.Discrete multitone modulation and its realization using DFT, QMF, STFT.Computation of DWT using filter banks.
DDFS- ROM LUT approach. Spurious signals jitter. Computation of special functions using CORDIC.Vector and rotation mode of CORDIC.CORDIC architectures.
Digital down converters and demodulators Universal modulator and demodulator using CORDIC. Incoherent demodulation - digital approach for  I and Q generation, special sampling schemes. CIC filters. Residue number system and high speed filters using RNS. Down conversion using discrete Hilbert transform. Under sampling receivers, Coherent demodulation schemes.
Block diagram of a Software Defined Radio. Concept of Cognitive Radio, Beneﬁts of Using SDR for Cognitive Radio, Cognitive Radio Architecture, Cognitive Engine, Cognitive Networks.
A Basic OFDM System Model, OFDM based cognitive radio, MIMO-OFDM, Channel estimation, synchronization and frequency offset estimation. Spectrum sensing techniques for Cognitive Radio.

Text Books:
J. H. Reed, Software Radio, Pearson, 2002. 
U. Meyer, Baese, Digital Signal Processing with FPGAs, Springer, 2004.
HüseyinArslan Cognitive Radio, Software Defined Radio and Adaptive Wireless Systems, Springer.  

Reference Books:
Tsui, Digital Techniques for Wideband receivers, Artech House, 2001. 
S. K. Mitra, Digital Signal processing, McGrawHill, 1998. 
Tzi-Dar Chiueh, Pei-Yun Tsai,OFDM baseband receiver design for wireless communications,Wiley, 2007.
Thomas W. Rondeau, Charles W.Bostian, Artificial Intelligence in Wireless Communication, 2009.


EC664   VHDL Analysis and Design of Digital Systems			(3 – 0 -0) 3

An overview of design procedures for system design using CAD tools. Design verification tools. Examples using commercial PC based VLSI CAD tools. Design methodology based on VHDL. Basic concepts and structural descriptions in VHDL.
Characterizing hardware languages, objects and classes, signal assignments, concurrent and sequential assignments. Structural specification of hardware.
Design organization, parameterization and high level utilities, definition and usage of subprograms, packaging parts and utilities, design parameterization, design configuration, design libraries. Utilities for high-level descriptions.
Data flow and behavioral description in VHDL- multiplexing and data selection, state machine description, open collector gates, three state bussing, general dataflow circuit, updating basic utilities. Behavioral description of hardware.
CPU modelling for discrete design- Parwan CPU, behavioral description, bussing structure, data flow, test bench, a more realistic Parwan. Interface design and modelling.VHDL as a modelling language.

Text Books:
Z.Navabi, VHDL Analysis and Modeling of Digital Systems, (2/e), McGraw Hill, 1998.
Perry, VHDL (3/e), McGraw Hill.2002


Reference Books:
Allen Dewey,Analysis and Design of Digital Systems with VHDL, CL-Engineering, 1996.
Z.Navabi ,VHDL: modular design and synthesis of cores and systems,McGraw, 2007.

EC666   Low Power VLSI Circuits			(3 – 0 - 0) 3
Evolution of CMOS technology.0.25 µm and 0.1 µm technologies.Shallow trench isolation. Lightly-doped drain. Buried channel.BiCMOS and SOI CMOS technologies. Second order effects and capacitance of MOS devices. 
CMOS inverters, static logic circuits of CMOS, pass transistor, BiCMOS, SOI CMOS and low power CMOS techniques. 
Basic concepts of dynamic logic circuits. Various problems associated with dynamic logic circuits. Differential, BiCMOS and low voltage dynamic logic circuits.
Different types of memory circuits. 
Adder circuits, Multipliers and advanced structures – PLA, PLLand  Processing unit.

Text Book:
Jan Rabaey: Low Power Design Essentials (Integrated Circuits and Systems), Springer, 2009
J.B.Kuo&J.H.Lou: Low-voltage CMOS VLSI Circuits, Wiley, 1999.

Reference Books:
A.Bellaowar&M.I.Elmasry: Low power Digital VLSI Design, Circuits and Systems, Kluwer, 1996.

EC668 VLSI Digital Signal Processing Systems 				(3 – 0 - 0) 3
Algorithms for fast convolution, Algorithmic strength reduction in filters and transforms: Parallel FIR Filters, DCT and inverse DCT, Parallel Architectures for Rank-Order Filters.
Scaling and Round off Noise - State variable description of digital filters, Scaling and Round off Noise computation, Round off Noise in Pipelined IIR Filters, Round off Noise Computation using  state variable description, Slow-down, Retiming and Pipelining.
Bit level arithmetic Architectures- parallel multipliers, interleaved floor-plan and bit-plane-based digital filters, Bit serial multipliers, Bit serial filter design and implementation,Canonic signed digit arithmetic, Distributed arithmetic. 
Redundant arithmetic -Redundant number representations, carry free radix-2 addition and subtraction, Hybrid radix-4 addition, Radix-2 hybrid redundant multiplication architectures, data format conversion, Redundant to Nonredundant converter. 

Numerical Strength Reduction - Subexpression Elimination, Multiple Constant Multiplication, Subexpression Sharing in Digital Filters, Additive and Multiplicative Number Splitting.

Text Book:
K.K.Parhi, VLSI Digital Signal Processing Systems, John-Wiley, 2007

Reference Books:
U. Meyer -Baese, Digital Signal Processing with FPGAs, Springer, 2004

EC678  Electronic Packaging 						(3-0-0) 3
Functions of an Electronic Package, Packaging Hierarchy, IC packaging: MEMS packaging, consumer electronics packaging, medical electronics packaging, Trends, Challenges, Driving Forces on Packaging Technology,  Materials for Microelectronic packaging, Packaging Material Properties, Ceramics, Polymers, and  Metals in Packaging, Material for high density interconnect substrates

Electrical Anatomy of Systems Packaging, Signal Distribution, Power Distribution, Electromagnetic Interference, Design Process Electrical Design: Interconnect Capacitance, Resistance and Inductance fundamentals; Transmission Lines , Clock Distribution, Noise Sources, power Distribution, signal distribution, EMI,  Digital and RF Issues. Processing Technologies, Thin Film deposition, Patterning, Metal to Metal joining. 

IC Assembly – Purpose, Requirements, Technologies, Wire bonding, Tape Automated Bonding, Flip Chip, Wafer Level Packaging , reliability, wafer level burn – in and test.Single chip packaging : functions, types, materials processes, properties, characteristics, trends.Multi chip packaging : types, design, comparison, trends.  Passives: discrete, integrated, embedded –encapsulation and sealing : fundamentals, requirements, materials, processes 

Printed Circuit Board: Anatomy, CAD tools for PCB design, Standard fabrication, Microvia Boards. Board Assembly: Surface Mount Technology, Through Hole Technology, Process Control and Design challenges.Thermal Management, Heat transfer fundamentals, Thermal conductivity and resistance, Conduction, convection and radiation – Cooling requirements.

Reliability, Basic concepts, Environmental interactions. Thermal mismatch and fatigue – failures – thermo mechanically induced – electrically induced – chemically induced. Electrical Testing: System level electrical testing, Interconnection tests, Active Circuit Testing, Design for Testability.  

Text Books :
Tummala, Rao R., Fundamentals of Microsystems Packaging, McGraw Hill, 2001 

Reference Books :
Blackwell (Ed), The electronic packaging handbook, CRC Press 
Tummala, Rao R, Microelectronics packaging handbook, McGraw Hill 
Bosshart, Printed Circuit Boards Design and Technology,TataMcGraw Hill 
R.G. Kaduskar and V.B.Baru, Electronic Product design, Wiley India, 2011
R.S.Khandpur, Printed Circuit Board, Tata McGraw Hill, 2005

EC 680  RF CIRCUITS								(3-0-0) 3  
Characteristics of passive IC components at RF frequencies – interconnects, resistors, capacitors, inductors and transformers – Transmission lines. Noise – classical two-port noise theory, noise models for active and passive components  
High frequency amplifier design – zeros as bandwidth enhancers, shunt-series amplifier, fT doublers, neutralization and unilateralization
Low noise amplifier design – LNA topologies, power constrained noise optimization, linearity and large signal performance Mixers – multiplier-based mixers, subsampling mixers, diode-ring mixers 
RF power amplifiers – Class A, AB, B, C, D, E and F amplifiers, modulation of power amplifiers, linearity considerations 
Oscillators & synthesizers – describing functions, resonators, negative resistance oscillators, synthesis with static moduli, synthesis with dithering moduli, combination synthesizers – phase noise considerations. 

Text Books: 
 Thomas H. Lee, The Design of CMOS Radio-Frequency Integrated Circuits, 2nd ed., 
Cambridge, UK: Cambridge University Press, 2004.
BehzadRazavi, RF Microelectronics,2nd Ed., Prentice Hall, 1998. 
Reference Books: 
A.A. Abidi, P.R. Gray, and R.G. Meyer, eds., Integrated Circuits for Wireless 
Communications, New York: IEEE Press, 1999. 
 R. Ludwig and P. Bretchko, RF Circuit Design, Theory and Applications, Pearson, 2000. 


EC 682  Thermal Design of Electronic Equipment			(3-0-0)3
Packaging Levels, Package Function, Stages in the Development of a Packaging Technology.Packaging of Electronic Equipment, Components of Electronic Systems, Thermal management in electronic devices - Packaging Trends.Electronic packaging and interconnection technology.

Conduction in Electronic Equipment: Thermal Conductivity, Thermal Resistances, Conductivity in Solids, Conductivity in Fluids, Conduction—Steady State, Conduction in Simple Geometries, Conduction through a Plane Wall, Conduction through Cylinders and Spheres. Conduction—Transient, Lumped Capacitance Method, Conduction in Extended Surfaces. Fin Efficiency, Fin Optimization, Fin Surface Efficiency, Thermal Contact Resistance in Electronic Equipment, Discrete Heat Sources and Thermal Spreading.

Fluid Dynamics for Electronic Equipment- Boundary Layer Theory, Turbulent Flow, Loss Coefficients and Dynamic Drag,   Fans and Pumps, Electronic Chassis Flow. Convection Heat Transfer in Electronic Equipment.Natural Convection in Electronic Devices, Overall Heat Transfer Coefficient.Liquid Cooling Systems, Coolant Selection, Pressure Drop and Pump Requirements.Air Cooling System, Induced or Draft Cooling, Selection of Fans and Blowers.

Radiation Heat Transfer in Electronic Equipment, The Electromagnetic Spectrum, Radiation Equations , Stefan-Boltzmann Law, Surface Characteristics, Emittance, Emittance Factor, Emittance from Extended Surface, Absorptance, Reflectance, Specular Reflectance, Heat Transfer with Phase Change. Combined Modes of Heat Transfer for Electronic Equipment, Radiation and Convection in Parallel.

Introduction to Thermal Design of Electronic Equipment.Analysis of Thermal Failure of Electronic Components. Analysis of Thermal Stresses and Strain, Effect of PCB Bending Stiffness on Wire Stresses, Vibration Fatigue in Lead Wires and Solder Joints. Electronics Cooling Methods in Industry. Heat Sinks, Heat Pipes, Heat Pipes in Electronics Cooling, Thermoelectric Cooling, Immersion Cooling, Cooling Techniques for High Density Electronics.

References:
Rao R. Tummala : Fundamentals of Microsystem Packaging,  McGraw Hill.
Richard K. Ulrich &William D. Brown Advanced Electronic Packaging - 2nd Edition : IEEE Press 
Yunus A. Cengel : Heat Transfer – A Practical Approach, McGraw Hill.
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