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BASIC CONCEPTS IN GRAPH THEORY: Common families of graphs, degree sequence, handshaking lemma, Havel-Hakimi theorem
(statement only). Walk, trail and path, connected graph, distance, radius and diameter. Graph isomorphism. Representations of
graphs - adjacency and incidence lists - adjacency and incidence matrices. Digraph - orientation, strongly, weakly and unilaterally
connected digraphs. (8+7)

GRAPH ALGORITHMS: Trees, spanning trees, matrix tree theorem. Search algorithms - depth first search and breadth first search,
spanning tree algorithm —Kruskal's and Prim’s, shortest path algorithm —Dijkstra’s flow networks: flows and cuts in networks,
solution of the maximum - flow problem - characterization of maximum flow - Max-flow Min-cut Theorem (statement only),
algorithms —maximum flow, augmenting path, and FFEK = maximum flow. (8+7)

LINEAR PROGRAMMING: Formulation, simplex method, two phase method, simplex multipliers, dual and primal, dual simplex
method. Transportation model - initial basic feasible solution- north-west corner rule, least-cost method, Vogel's approximation
method, and optimum solution of transportation problem. (8+7)

DYNAMIC PROGRAMMING: Principle of optimality, backward and forward recursion, calculus method of solution, tabular method of
solution, shortest-route problem, Knapsack model. (8+7)

Total L32+T28 =60
REFERENCES:
1.  West D B, Introduction to graph Theory, Pearson Education, New Delhi, 2018.
2. Hamdy A Taha, Operations Research: An Introduction, Pearson Education, New Delhi, 2017.
3. Narasingh Deo, Graph Theory: with applications to engineering and computer science, PHI Learning, 2017.
4. Kambo N.S., Mathematical Programming Techniques, East —West Press, New Delhi, 2012
5. Jonathan L Gross and Jay Yellen, Graph Theory and its Applications, Chapman & Hall, New York, 2006.
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INTRODUCTION TO SEMICONDUCTOR PHYSICS AND DIODE MODELLING: Review of Quantum Mechanics - Boltzmann transport
equation - Continuity equation - Poisson equation. Junction and Schottky diodes in monolithic technologies - static and dynamic
behavior - small and large signal models - SPICE models. (12+8)

INTEGRATED MOS CAPACITANCE: Band diagram- flat band condition and flat band voltage-surface accumulation, surface depletion
-threshold condition and threshold voltage, charge versus gate voltage, MOS C-V Characteristics, Poly Si gate depletion-effective
Increase In Tox. (8+6)

VLS| FABRICATION TECHNIQUES: An overview of wafer fabrication, wafer processing- oxidation - patterning - Diffusion - lon
implantation - Deposition - Silicon Gate nmos process - CMOS process - nwell - pwell -Twin tub - Silicon on Insulator - CMOS process
enhancements - Interconnects circuit elements. (10+8)

INTEGRATED MOS TRANSISTOR: nMOS and PMOS Transistor - Threshold voltage - Threshold voltage equations - MOS device
equations - Basic DC equations Second order effects - Small signal AC Characteristics- MOS models SPICE model, EKV Model, BSIM
Model. Technology scaling for cost, speed and power consumption, Subthershold Current =Sub threshold Swing, Threshold voltage
Roll Off-Short Channel Leakage, reducing gate insulator electrical thickness And Tunneling Leakage, Short Channel Effects. Ultra
Thin body, SOI and Multigate MOSFET - FINFET. MOSFET Compact Model for Circuit Simulation using Verilog A. (15+8)

Total L:45+T:30 =75

TUTORIAL COMPONENT-
¢«  Modeling of PN junction and Schottky diodes and plotting device characteristics
. Modeling of PMOS and NMOS devices and plotting transfer and output characteristics.
+  Modeling of SOI, multigate, UTB and FINFET devices plotting transfer and output characteristics.
e  Spice model, EKV Model and BSIM model parameter extractions
REFERENCES:

. Chenming C.Hu, “Modern Semiconductors for Integrated Circuits”, Prentice Hall, 2010

Neil Weste and David Harris: A Circuits and Systems Perspective”, Pearson, 2010.

Tyagi M S, "Introduction to Semi-conductor Materials and Devices", John Wiley, 2008.

Richard S. Muller, Theodorel. Kamins, MansunChan, Device electronics for integrated circuits®, John Wiley, 2003.
Yannis Tsividis, "Operation and modeling of the mos transistor” Oxford University Press, 2013.
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OVERVIEW OF VLSI DESIGN METHODOLOGY: VLS| design process - Architectural design - Logical design-Physical design- Layout
styles - Full custom, Semicustom approaches. Layout design rules: Need for design rules — Layer representations - CMOS nwell /
pwell design rules — Design rule backgrounder-Layer assignments - SOI rules. an)

MOS INVERTER: Static characteristics - Resistive load inverter - Inverter with n-type MOSFET load - CMOS inverter - Transient
characteristics - Delay time definitions, calculation of delay times. (11)
LOGIC DESIGN: Static CMOS Design - Complementary CMOS, Ratioed logic, Pass transistor and transmission gate - Dynamic CMOS
logic - . CMOS logic - Precharged domino logic.- Static Sequential circuits - Bistatbility, CMOS static FF, Dynamic sequential circuits
- Pseudo static latch, Dynamic two phase FF, Clocked- CMOS latch, NORA CMOS logic, TSPCL logic. (1)

VLSI BUILDING BLOCKS DESIGN: Adders, Shifters, Arithmetic logic unit design, Multipliers-Array, Carry Save multiplier, Wallace tree,
Booth's algorithm, Modified Booths Algorithm. Designing Memory and Array Structures-Memory peripheral circuit. (12)

Total L:45
REFERENCES:
. Jan M Rabaey, “Digital Integrated Circuits", Prentice Hall, second edition, 2016.
Kang, “CMOS Digital integrated Circuits”, McGraw Hill, 2016.
Neil Weste and David Harris, “"CMOS VLSI Design: A Circuits and Systems Perspective”, Pearson, 4th edition 2015.
Douglas A Pucknell, Kamran Eshraghian, "Basic VLS| Design", PHI learning, New Delhi, 2011.
Saida M Sait and Habib Youssef, "VLSI Physical Design Automation: Theory and Practice”, World Scientific Publishing Company,
1999.
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VERILOG: Signals, Identifier, Net and variable types, Operators, Gate instantiations, Modules and ports, data flow, gate level,
Behavioral level ,Switch level and state machine modeling , Concurrent and procedural statements, UDP, sub circuit parameters,
function and task, timing and delays - test benches-design of combinational and sequential circuits using Verilog. (12+10)

FPGA ARCHITECTURES: Design flow using FPGAs, Role and Types of CAD Tools - Architecture of Xilinx and Altera FPGAs
-configurable logic blocks, 1/0 blocks - programmable interconnections - clock circuits — programming technologies - antifuse,
SRAM, EPROM, EEPROM - Implementation using FPGA - timing models - critical path - calculation of maximum clock frequency -
power analysis. (1045)

CONTROL PATH AND DATA PATH DESIGN: Design of memaories - ROM, single and dual port RAM - synchronous and asynchronous
read - arithmetic circuit design - serial/parallel adder, subtractor, floating point adder/subtractor multiplier - sequential multiplier,
array multiplier, signed multiplier = ALU - Hardwired Control Design - Micro programmed Control Design. (10+5)

CONTROLLER AND DSP DESIGN: Memory controller, processor control unit, communication controllers - UART, I°C, VGA controller,
USB, DSP blocks- FIR and IIR filters. (13+10)

Total L:45+T:30=75
TUTORIAL COMPONENT:

Modeling and simulation of combinational and sequential circuits using Verilog.
Design and Implementation of arithmetic circuits.

Design and implementation of real time clock and controller.

Design and implementation of memary modules and filters.

Interfacing with ADC/DAC and display modules.

REFERENCES:

. Morris Mano M, Charles R Kime, "Logic and Computer Design Fundamentals”, Pearscn Education, 2015.
Charles H. Roth, "Digital system design using VHDL", Thomson, 2014.

Seetharaman Ramachandran, “Digital VLSI systems design”, Springer, 2011.

Michael D Ciletti, "Advanced Digital Design with Verilog HDL", Pearson education, 2005.

Samir Palnitkar, "Verilog HDL: A Guide to Digital Design and Synthesis”, Prentice Hall, 2003.
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POWER DISSIPATION IN CMOS: Physics of Power Dissipation in CMOS FET Devices-Sources of power consumption-Static Power
dissipation- Dynamic Power dissipation-Leakage power dissipation-Basic Principles of Low Power Design. (8)

POWER ANALYSIS AND ESTIMATION: SPICE circuit simulation-Gate level Analysis, Architecture level Analysis, Data Correlation
Analysis, Monte-Carlo Simulation, Probabilistic Power Analysis. Statistical Techniques - Estimation of Glitching Power - Sensitivity
Analysis - Circuit Reliability - Power Estimation at the circuit level - High level Power Estimation - Information Theory based
approaches - Estimation of maximum power. (10)

POWER OPTIMISATION TECHNIQUES: Circuit Level — Transistor and Gate Sizing, Equivalent Pin Ordering, Network Restructuring
and Reorganization, Special Latches and Flip Flops, Low Power Digital Cell Library, Adjustable Device Threshold Voltage. Leakage
current in deep sub micrometer transistors (4)
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SPECIAL TECHNIQUES: Gate Reorganization, Signal Gating, Logic Encoding, State Machine Encoding, Precomputational Logic.
Architectural and System Level — Power and Performance Management, Switching Activity Reduction, Parallel Architecture with
Voltage Reduction, Flow Graph Transformation. Advanced Techniques- Adiabatic Computation, Pass Transistor Logic Synthesis,
Asynchronous Circuits, Low power bus - low swing bus, charge recycling bus, delay balancing. (8)

LOW POWER MEMORIES: Basics of ROM, Low power ROM Technoloy, Basics of SRAM-Memory Cell-Low Power SRAM Technology-

Precharge and Equalisation Circuit-Basics of DRAM-Low Power DRAM Technology. Synthesis for Low Power-Behavioral Level
Transform-Logic Level Optimization for Low Power. 9)

LOW VOLTAGE BICMOS CIRCUIT DESIGN: Conventional BICMOS Logic-BiCMOS Logic Family-Low Voltage BICMOS Logic family-

Low Voltage BiCMOS Applications. (6)
Total L:45
REFERENCES:
1. Kaushik Roy and Sharat C Prasad ,“Low Power CMOS VLSI circuit Design”, John Wiley and Sons, 2000.
2. Kuo J B and Lou J H, “Low Voltage CMOS VLSI Circuits”, John Wiley and Sons, Singapore, 1999.
3. GaryB Yeap K, "Practical Low Power Digital VLSI Design”, Kluwer Academic Publishers, 1998.
4. AbdelatifBelaouar, Mohamed | Eimasry,'Low Power Digital VLSI Design’, Kluwer Academic Press, 1995.
5. Anantha P Chandrakasan and Robert W Brodersen, "Low Power Digital CMOS Design”, Kluwer Academic Publishers, Holland,
1995.
18LV51 VLSI DESIGN LABORATORY
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*  Study of MOS and Inverter characteristics
. Design of static and dynamic digital circuits
. Design of Memories with Peripherals
+  Model parameter extraction for diode, BJT, MOSFET
. Layout generation from schematics
Total P:60
SEMESTER Il
18LV06 ANALOG VLSI CIRCUITS
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ANALOG CIRCUIT BUILDING BLOCKS: Switches, Active resistors, Current sources and sinks, Current mirrors, Voltage references,
Comparator, Multiplier, Single source amplifiers — Common source, Common drain and common gate. (11+8)

AMPLIFIERS . MOS inverting amplifier - Improving performance of inverting amplifier - CMOS differential amplifiers - Qualitative and
Quantitative Analysis, Characterization of Op-Amp - CMOS two stage op-amp -Op-amps with output stage, Folded Cascode op-amp,
Transconductance Amplifier-Noise and Distortion in Amplifiers. (12+8)

PHASE LOCKED LOOPS: Phase Detector-Voltage Controlled Oscillator-Loop Filter.
LAYOUT ISSUES: CMOS design rules - layout of CMOS - BJT- Capacitors — Resistors - Mixed layout issues: Floor planning, power
supply & ground, fully differential matching, Guard rings and shielding. (11+6)

DATA CONVERTER FUNDAMENTALS: Ideal A/D and D/A converters, Quantization noise, Signed codes, Performance limitations. D/A
AND A/D CONVERTERS: D/A converter : Current scaling, Voltage scaling and Charge scaling D/A converters -Serial D/A converters -

Serial A/D converters, Parallel - A/D converters. (11+8)
Total L:45+T:30=75
TUTORIAL COMPONENT:
«  Design and Simulation of analog building blocks,
*  Design and Simulation of Amplifiers,
*  Design and Simulation of data converters
*  Design and Simulation of PLL.

REFERENCES:

1. Phillip Allen and Douglas Holberg, "CMOS Analog Circuit Design”, Oxford University Press, 2012.

2. Jacob Baker, "CMOS, Circuit Design Layout and Simulation”, Wiley- IEEE Press, 2011.

3. Randall L Geiger, Phillip E Allen and Noel R Strader, "VLSI Design Techniques for Analog and Digital Circuits’, McGraw Hill,
International Edition, 2010.

David A Johns and Ken Martin, “Analog Integrated Circuit Design”, John Wiley and Sons, 2008.

Benhard Razavi, “Data Converters”, Kluwer Publishers, 2005.

Paul R Gray and Robert G Meyer "Analysis and Design of Analog Integrated Circuits”, John Wiley and Son, 2005.
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