VISVESVARAYA TECHNOLOGICAL UNIVERSITY
BELAGAVI

Scheme of Teaching and Examination and Syll
B. E. NANO TECHNOLOGY (NT)
I -VIII SEMESTER
(Effective from Academic year 201-19)



B. E. Common to all Programmes
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - llI
TRANSFORM CALCULUS, FOURIER SERIES AND NUMERICAL TE CHNIQUES
Course Code 18MAT31 CIE Marks 40
Teaching Hours/Week (L:T:P) (2:2:0) SEE Marks 60
Credits 3 Exam Hours 03

Course Learning Objectives:

* To have an insight into Fourier series, Fouriengfarms, Laplace transforms, Difference equations

and Z-transforms.
» To develop the proficiency in variational calcuarsd solving ODE’s arising in engineering
applications, using numerical methods.

Module-1

Laplace Transform: Definition and Laplace transforms of elementargctions (statements only). Laplage

transforms of Periodic functions (statement onhd anit-step function — problems.
Inverse Laplace Transformt Definition and problems, Convolution theorem iodf the inverse Laplac
transforms (without Proof) and problems. Solutibiireear differential equations using Laplace tfanss.

Module-2

Fourier Series Periodic functions, Dirichlet's condition. Foeriseries of periodic functions peridyz and
arbitrary period. Half range Fourier series. Paattharmonic analysis.

Module-3

Fourier Transforms: Infinite Fourier transforms, Fourier sine and cesittansforms. Inverse Fourier

transforms. Problems.

Difference Equations and Z-Transforms: Difference equations, basic definition, z-transfateiinition,
Standard z-transforms, Damping and shifting rulggal value and final value theorems (without gfoand
problems, Inverse z-transform and applicationoteesdifference equations.

Module-4

Numerical Solutionsof Ordinary Differential Equations(ODE’s):

Numerical solution of ODE’s of first order and fidegree- Taylor's series method, Modified Eulensthod
Runge - Kutta method of fourth order, Milne’s andan-Bashforth predictor and corrector method
derivations of formulae)-Problems.

Module-5

Numerical Solution of Second Order ODE": Runge -Kutta method and Milne’s predictor and echwor
method. (No derivations of formulae).

Calculus of Variations: Variation of function and functional, variationaroblems, Euler’'s equation
Geodesics, hanging chain, problems.

Course Outcome: At the end of the course the student will be abie t
» CO1: Use Laplace transform and inverse Laplacestoam in solving differential/ integral equatic
arising in network analysis, control systems arofields of engineering.
+ COZ2: Demonstrate Fourier series to study the bebhawf periodic functions and their applicatig
in system communications, digital signal processind field theory.
+ CO3: Make use of Fourier transform and Z-transfdomillustrate discrete/continuous functi
arising in wave and heat propagation, signals gatéss.
. CO4: Solve first and second order ordinary ddferal equations arising in engineering proble
using single step and multistep numerical methods.
* COb5:Determine theexternals of functionals usicgculus of variations and solve problg
arising in dynamics of rigid bodies and vibratioraialysis.
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Question paper pattern:

* The question paper will have ten full questionsyeag equal marks.
» Each full question will be for 20 marks.
* There will be two full questions (with a maximumfotir sub- questions) from each module.
» Each full question will have sub- question coveratighe topics under a module.
* The students will have to answer five full quessioselecting one full question from each module.

ﬁll(')_ Title of the Book NiTt?](?:/;he Ns&?i;g;?e Edition and Year
Textbooks
1 Advanced Engineering MathematigsE. Kreyszig John Wiley & Sons| 10" Edition, 2016
2 Higher Engineering Mathematics | B.S. Grewal Khanna Publishers| 44" Edition, 2017
3 Engineering Mathematics Srimanta Pal et al| Oxford University | 3 Edition, 2016

Press

Reference Books

1 Advanced Engineering MathematigsC.Ray Wylie, McGraw-Hill Book | 6™ Edition, 1995
Louis C.Barrett Co
2 Introductory Methods of Numerical| S.S.Sastry Prentice Hall of 4™ Edition 2010
Analysis India
3 Higher Engineering Mathematics | B.V.Ramana McGraw-Hill 11" Edition,2010
4 A Textbook of Engineering N.P.Bali and Laxmi Publications| 6" Edition, 2014
Mathematics Manish Goyal
5 Advanced Engineering Mathematigs Chandrika Praskflanna 2018
and Reena Garg | Publishing,

Web links and Video Lectures:

A WNPF

. http:/Inptel.ac.in/courses.php?disciplinelD=111

. http://lwww.class-central.com/subject/math(MOPCs
. http://academicearth.org/
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B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - 1lI
FOUNDATIONS OF NANOSCALE SCIENCE AND TECHNOLOGY
Course Code 18NT32 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:2:0) SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives:
In this course students will learn about the basitsnanoscale science, types of materials, and

engineering applications and hazards.

thei

Module-1

INTRODUCTION TO NANOSCIENCE AND NANOTECHNOLOGY

History, background and interdisciplinary naturenahoscience and nanotechnology, challenges ofdre
Feynman, scientific revolutions, nanosized effestiface to volume ratio, examples of surface tauma
ratio, atomic structure, Bohr atomic model, molesuand phases, introduction to classical physicsk
gquantum mechanics, importance of nanoscale matenal their devices.

an

Module-2

CLASSIFICATION OF NANOSTRUCTURES
Zero dimensional, one-dimensional and two dimeradioranostructure materials - classification of dsl
conductor, semiconductors, insulator, types of senductor, doping, diodes, current flow in semiasstdrs,

ceramics and nanocomposites, quantum size effeE)Q@$ 1D, 2D, 3D nanomaterials, quantum dots,

nanowires, nanotubes, nanosheets, top down arshibaft approach.

Module-3

BIOMIMETICS AND BIOMATERIALS

Biomimetics: Biomimetics: lessons from nature — Introductiorgustrial significance, Lessons from nature

and applications, overview of various objects froature and their selected functions, Lotus efféeicro
effect, biologically inspired mechanisms, Biolodiganspired structures and tools, biological matks:
Biomaterials: Introduction, Classification of Biomaterials, Biotedals as implant in human bod
characterization of biomaterials.

Module-4

INTRODUCTION TO NANOMATERIALS AND DEVICES:

Types of nanomaterials: Metal nanoparticles eg Agi, Cu, Pt and their application as FETs. Metabex
nanoparticles Tig) ZnO, SnQ@ and their application in solar cells, MEMS based gensors, Semiconducti
Cadmium and Selenide quantum dots bio imaging, @abased nanomaterials and their applications ifsF
MOSFETS, sensors and actuators, Silicon based maonses and their application in single elect
electronics used as tips for AFM and Field emisgimoroscopy, magnetic and ceramics nanomaterials
their application.

Module-5

INTRODUCTION TO NANOTOXICOLOGY:

Nanomaterials pollution — Nanomaterials in Enviremin- Toxicology of Airborne — Effect of Nanomatds
in the environment. Safety and pollution Contrahieiques-handling, storage, packaging, transportaind
disposal.

Course Outcome: At the end of the course the student will be able t
e CO1: Describe fundamentals of nanoscience and eemavlogy;
e CO2: Classify nano-structures;
e CO3: Develop smart materials;
e CO4: Analyse biomaterials;
e CO5: Explain nanotoxicology.
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Question paper pattern:
The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

marks.

There will be two full questions (with a maximumfofir sub questions) from each module.
Each full question will have sub question covemtighe topics under a module.

Sl. Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Nanophysics and Nanotechnolog¥dward L. Wolf | John Wiley & Sons Second Edition,
- An Introduction to Modern 2006
Concepts in Nanoscience
2 Foundations of Nanoscale Sciencghareefraza J. | LAP-Lambert Academic First Edition,
and Technology Ukkund, Prasad Publishing, Mauritius. 2018
Puthiyillam ISBN: 978-613-958649-3
Reference Books
3 Nanoparticles technology Masuo Elsevier, ISBN: 978-0-444- First Edition,
Hosokawa, 53122-3 2007
Kiyoshi Nogi,
Makio Naito,
Toyokazu
4 Biomimetics - Bioinspired Bharath Springer, ISBN: 978-3-642; First Edition,
Hierarchical-Structured Surfaces Bhushan 25408-6 2012
for Green Science and
5 Surface Science: Foundations of K.W. Wiley First Edition,
Catalysis and Nanoscience Kolasinski 2002




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BaisEducation (OBE)

SEMESTER - I
BASICS OF MATERIAL SCIENCE
Course Code 18NT33 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
In this course, students will get basics of engimgematerials and their properties. Also, thisrseuwill

create awareness among the students about thetémperof material science in the field of nanosmeand
nanotechnology

Module-1

INTRODUCTI ON TO MATERIAL SCIEN CE: Fundamentals of materials science; Structure: dinkcbon
to microstructure, and nanostructure; Introductiomportance and examples for nanomaterials, biamnadge
electronic, optical, and magnetic materials, cecaamd glass materials, composite materials, poln
materials, metals and alloys; Introduction and i@pfibns of modern engineering materials: shape ongr
materials, chromic materials (thermo, photo, anected chromic), rheological fluids, metallic glass

advanced ceramics; Introduction and applications oFerroelectricity and ferroelectric materials,

Piezoelectricity and piezoelectric materials, pgleetric materials.

Module-2

ELECTRICAL PROPERTIE S OF MATERIALS: Introduction; Measurement of electrical resistiyity

er
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Electrical conductivity: conductors, semiconductoasid insulators; Electronic conduction: energy cban

structures in solids, band and atomic bonding nsodfer metals, semiconductors, and insulatorsift dr

velocity and electron mobility, factors influencirdectrical resistivity of metals, intrinsic semichuction,
extrinsic semiconduction (n-type and p-type), @rrobility, Hall effect; Semiconductor devicesctiier
and p-n rectifying junction (forward, and revers@s, transistor, junction transistor and MOSFE
Conduction in ionic materials; Dielectric behaviolnmtroduction to electric dipole, capacitance,gpidation
(electronic, ionic, and orientation); Supper cortdteand their applications.

Module-3

OPTICAL PROPERTIES OF MATERIALS : Absorbance and Transmittance: Introduction
measurement of absorbance by absorbance spectypsoalex of refraction and Abbe’s refractomet
Birefringence and birefrigent materials; Photos@rigi, Photoconductivity, and Photoresistivity; fRetance
and reflectivity, Scattering (Rayleigh, Mie, andogestric) and their applications; Luminescence: $ypad
applications; Fluorescence and its applicationgitéthic Materials: principle, and device constructitiquid
crystals and liquid crystal display: molecular ateions, sensitivity to electric field, LCD consttion,
operation; Photoconducting materials: photoconslaatievice, construction, materials used, and aqjbics;
Photodetectors: characteristics, charged coupledeld’hotonic crystals: classification and appiass.

Module-4

=T
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THERMAL AND MAGNETIC PROPERTIES: Thermal Properties: Introduction; Heat capacity: specifi
molar, and volume heat capacity, factors affectipgcific heat capacity; Thermal expansion: factdfescting
thermal expansion, coefficient of thermal expansionportance, and applications of thermal expan
property (bimetal, and mercury-in-glass thermometdrhermal conductivity: Fourier's law, therm
conductance, resistance, transmittance, and adiggttéactors affecting thermal conductance.

Magnetic Properties: Magnetic materials, angular momentum; definitiorfs neagnetic dipole, dipolg
moment, flux, flux density, field strength, magazation, susceptibility, permeability, relative peability,
Bohr Magneon; Classification of magnetic materialdiamagnetic, paramagnetic, ferromagne
antiferromagnetic, and ferrimagnetic materials;dHand soft magnetic materials: comparison, progewrind
applications; Introduction and applications of Gasp Magnetoplumbites, Magnetic bubbles, and Magy
thin films; Spintronics and devices: OMR, GMR, TMBMR, advantages, and applications.
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DEFECTS AND IMPERFECTIONS & MECHANICAL PROPERTIES O F MATERIALS: Defects and

Imperfections: Point defects: vacancies, interstitialcy, Schottlefect, Frankel defect, and impurity defeg
Line defects: edge dislocation, screw dislocatiBumger’s vector, cross slip of a screw dislocatidimb of an
edge dislocation; Surface imperfections: grain lgauy, tilt boundary, twin boundaiMechanical Property
of Materials: Mechanism of elastic action; UTM: Components; Tlenstrength, and compression streng
Introduction, concept, testing procedure; Engimagstress and strain, true stress and strain,rlizwec non-
linear elastic properties; Relationship betweeniregging strain and true strain, engineering steass true
stress; Hardness: Brinell, and Rockwell hardnesss;teFracture: ductile and brittle fracture; Fagig
mechanism of fatigue; Creep: various stages ofogiespact strength: 1zod and Charpy impact stremggts.

Course Outcome: At the end of the course the student will be able t
« CO1: Demonstrate fundamentals of material science;

CO2: lllustrate electrical and optical propertiésmaterials;
COa3: Explain thermal and magnetic properties ofemails;
CO4: Analyse mechanical properties of materials;
CO5: Apply ceramic materials for nano-scale applces

Question paper pattern:

marks.

Each full question will have sub question coverdtighe topics under a module.

The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

There will be two full questions (with a maximumfofir sub questions) from each module.

S| Title of the Book Name of the Name of the Publisher Edition and Year
No Author/s
Textbook/s
1 Material Science D. John ThiruvadigaVibrant Publications First Edition,
S. Ponnusamy, C. 2014
Preferencial Kala, M.
Krishna Moha
2 Fundamentals of Material | Prasad Puthiyillam, | LAP-Lambert Academic First Edition,
Science Savitha Prasad, Publishing, Mauritius, 2018
Narayana Hebbar ISBN: 978-3-659-93009-6
Reference Books
3 Materials Science and R. Balasubramaniam  Wiley India Pvt. Ltd, New First Edition,
Engineering Delhi 2011
4 The Science & Engineering Donald Askeland, Cengage Learning Sixth Edition,
of Materials Pradeep Fulay, 2011
Wendelin Wright
5 Materials Science Thiruvadigal, J. D.,| Vibrant Publications, Fifth Edition,
Ponnusamy, S. and | Chennai 2007
Vasuhi.P. S.




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BaisEducation (OBE)

SEMESTER - I
PHYSICAL AND CHEMICAL PRINCIPLES OF NANOTECHNOLOGY
Course Code 18NT34 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
» Tolearn the physical and chemical principles imedlin the materials and systems.

Module-1

QUANTUM MECHANICS:
Introduction, Planks Hypothesis- Origin of quantumechanics, Classical v/s Quantum mechan
experimental and theoretical methods: Dual natéreadter by Debroglie, Uncertainty principle, Loeakion

experiment, Complementarity. Valence bond theorg #s applications; Introduction to molecular oabit

theory, and computational chemistry.

Module-2

BASICS OF THERMODYNAMICS

Thermodynamics: Introduction, importance and limitations of therngpdmics; thermodynamic terms

definition and examples for: system and surrourslingoperties of a system, state variables, preseg
thermodynamic equilibrium, internal energy, entlal@nd heat capacity of a system; Zeroth law,
thermodynamics.; First law of thermodynamics: défin, mathematical expressions, heat capacity

Module-3

LATTICE VIBRATIONS AND BAND THEORY OF SOLIDS

Concept of lattice vibrations and thermal heat capaclassical, Einstein and Debye theories ofandieat
capacity and their limitations.

Band Theory of Solids: Origin of bands, band theafrgolids, motion of electron in periodic field ofystal,
Kronig-Penny model, Brillion zones, concept of Islaistinction between metal, insulator and seg
conductor.

Module-4

SEMICONDUCTORS AND TUNNELING
Semiconductor: Intrinsic semiconductors, doping and extrinsic semductors, simple models fq
semiconductors, Donor and acceptor levels, p-ntipmand rectification, tunnelling and resonantrieiting.
Tunnelling: Concept of tunnelling, tunnelling through potehtigrrier, classical vs quantum tunnellin
tunnelling junction, tunnelling diode.

Module-5

COLLOIDAL SYSTEMS

Introduction, Crystalloids and colloids, Classifioas of colloids with examples: based on state
aggregation, affinity, and natural dispersed ph&earacteristics of colloidal solutions: Dynamioperties
(Brownian motion, diffusion, sedimentation, colliyg@ properties, adsorption, and filterability), t@al
properties (visibility, colour, and Tyndall effec&lectrical properties (electrophoresis, and eteosmosis),

Emulsion: introduction, classification, types of w@aions formed on mixing of two partly or complegte

insoluble liquids, inter-conversion of disperseégd and medium, characteristics of emulsions, iftttion
of type of emulsion.
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Course Outcome: At the end of the course the student will be abie t
» CO1: Basics of quantum mechanics
* CO2: Basics of thermodynamics
» COa3: Concepts of lattice vibrations and band thedisolids
» CO4: Semiconductors and tunnelling

» COS5: Principles and applications of colloidal sysse




Question paper pattern:
The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

marks.

There will be two full questions (with a maximumfofir sub questions) from each module.
Each full question will have sub question covemtighe topics under a module.

S| Title of the Book Name of the Name of the Publisher Edition and Year

No Author/s

Textbook/s

1 A textbook of engineering Shashi Chawla | Dhanpat Rai & Co, First Edition,
chemistry Educational and Technical| 2011

Publishers, Dell

2 Basic Principles of Wesley C. CRC Press, Taylor and First Edition,
Nanotechnology Sanders Francis group 2018

Reference Books

3 Solid State Physics S. O. Pillai New Age Inteiora! First Edition,

4 Introduction to Solid State C. Kittle Wiley, India Edition Seventh Edition,
Physics 2007

5 Thermodynamics and Statistical| John M. Royal Society of Chemistry  First Edition,
Mechanics Seddon, Julian 2001




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - 1lI
FUNDAMENTALS OF BIOSCIENCE
Course Code 18NT35 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
* To understand the basic concepts of biochemisuiypathways involved in metabolism.
* To study characteristics of microbes and microtyaltthesis of nano materials.

Module-1

CELL BIOLOGY

The Cell: the Basic Unit of Life - Molecular Compns of Cells; Cell Metabolism; Cell division
Introduction to Mitosis and meiosis, Eukaryotic gandkaryotic cells, Plant and animal cells.

Structure of cytoplasm, Nucleus, Mitochondria, Ritnme, Golgi bodies, Lysosomes. Endoplasmic Reticu
Peroxisomes, Chloroplast and Vacuoles. Cell locandiAmoeboid, Flagella, Cillar). RBC, WBC.

Module-2

BIOLOGICAL MEMBRANES

Biological membranes: Structure and conformatiqmaperties of cell membranes, Singer and Nicho
model, Membrane permeability, fluidity, micelle fioation, reverse micelles, properties, passive pamand
active transport, facilitated transport, energyuregment, mechanism of KaK”, Blood Brain Barrier.

son

Module-3

MOLECULAR BIOLOGY:
Gene; Genetic Code; Replication; Transcriptionngtation; Expression of Genetic Information; Geng
Engineering - Recombinant DNA Technology. Catalystrategies: Protease, Carbonic Anhydrag
Restriction Enzymes.

ot
es-.

Module-4

IMMUNOLOGY:

Immune system: The Cellular Basis of Immunity; enemmunity and adaptive immunity; The Fine Struet
of Antibodies and types; The Functions of Antibali€ Cell Receptors and Subclasses-MHC Moleculds
Antigen Presentation to T Cells-Cytotoxic T Cellstper T Cells and T Cell Activation-Selection okt
Cell Repertoire, CD4 cells.

an

Module-5

BIOMACHINES:

Biomotors: Conversion of Chemical Energy into Maubal Work by Protein Motors, Brief Description
ATP Synthase Structure — FI motor, a power strpkee power stoke, coupling and coordination of moto
Biomachines: Heart as a pump, Kidney as a filtrafinit, Brain as a data storage device, Stomach
digester. Biological Sensors in the human body.

as

Course Outcome: At the end of the course the student will be abie t
e COLl.: Basics of cell biology
» CO2: Concepts of biological membranes
e CO3: Fundamentals of molecular biology
» CO4: Basics of immunology

e COb5: Concepts and applications of biomachines




Question paper pattern:
The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

marks.

There will be two full questions (with a maximumfofir sub questions) from each module.
Each full question will have sub question covemtighe topics under a module.
The students will have to answer five full questioselecting one full question from each module.

Sl Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Microbiology Michael J. Tata McGraw-Hill Fifth Edition,
Pelczar, E. C. S| Publishing Company Ltd, | 1958
Chan, Noel R. | New Delhi
Krieg
2 Fundamentals of Bioscience Abhinaya LAP-Lambert Academic First Edition,
Nellerichale, Publishing, Mauritius. 2018
Aprrova B. ISBN: 978-613-9-82263-8
Udupa, Prasad
Puthiyillam
Reference Books
3 Principles of protein structure G. Schuiz and Springer Verlag First Edition,
R.H. Shrimer 1984
4 Principles of Nucleic acid W. Saenger Springer First Edition,
structure 1984
5 Physical Chemistry of B.L. Siler,Allen | The Solomon Press First Edition,
Membranes:An introduction to | and Unwin 1985
the structure and dynamics of
biological membrane




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - 1lI
SYNTHESIS AND PROCESSING OF NANOMATERIALS
Course Code 18NT36 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
To provide students with the knowledge of technsqueed for synthesis and surface modification of

nanomaterials.

Module-1

PHYSICAL METHODS:

Ball milling synthesis, Arc discharge, RF-plasmé#asa arch technique, Inert gas condensation,rielect

explosion of wires, lon sputtering method, Laseropysis, Molecular beam epitaxy and electrodeposit

Electro spinning, Physical vapor Deposition (PVD)Chemcial vapour Deposition (CVD) - Atomic layer

Deposition (ALD) — Self Assembly- LB (Langmuir-Blgdtt) technique.

Module-2

CHEMICAL METHODS 1:

Chemical precipitation methods- co-precipitatiorrested precipitation, sol-gel method, chemicaluctidn,
photochemical synthesis, electrochemical synthediigroemulsions or reverse micelles, Sonochem
synthesis, Hydrothermal, solvothermal, superciificed process, solution combustion process.

ical

Module-3

CHEMICAL METHODS 2:
Spray pyrolysis method, flame spray pyrolysis, giagse synthesis, gas condensation process, cherapai
condensation. Fundamental aspects of VLS (Vapanitli$olid) and SLS (Solution-Liquid-Solid) processe

VLS growth of Nanowires — Control of the size oéthanowires — Precursors and catalysts — SLS grewth

Stress induced recrystallization.

Module-4

BIOLOGICAL METHODS:

Use of bacteria, fungi, Actinomycetes for nanogé#etisynthesis, Magnetotactic bacteria for natuyatiesis
of magnetic nanoparticles; Mechanism of formatiofiruses as components for the formation
nanostructured materials; Natural and artificiahthgsis of nanoparticles in microorganisms; Use
microorganisms for nanostructure formation, Role mlénts in nanoparticle synthesis, synthesis
nanoparticles using proteins and DNA templates.

Module-5

SURFACE MODIFICATION OF NANOPARTICLES:

Surface madification of inorganic nanoparticles drganic functional groups - Instantaneous nanofogn
method for fabrication of closed-porosity silicatide- Development of photocatalyst inserted istwface of
porous aluminosilicate - Fabrication technique ofjamic nanocrystals and their optical properties

materialization - Development of hew cosmetics dase nanoparticles - Development of functional séne
cosmetics using biodegradable PLGA nanospheres.

Course Outcome: At the end of the course the student will be able t
» CO1: Experiment physical techniques used for syanshend processing of nanomaterials;
» CO2: Analyse chemical methods used for syntheslgpancessing of nanomaterials;
» CO3: Understand spray pyrolysis methods and fundgatgeof VLS
» CO4: Select biological methods used for synthasisprocessing of nanomaterials;
* CO5: Test surface modifications of nanoparticels.
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Question paper pattern:
The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

marks.

There will be two full questions (with a maximumfofir sub questions) from each module.
Each full question will have sub question covemtighe topics under a module.

S| Title of the Book Name of the Name of the Publisher Edition and Year

No Author/s

Textbook/s

1 Nanochemistry: A chemical Ozin and Roayal Society of First Edition,
approach to Nanomaterials Arsenault Chemistry, Cambridge, UK 2005

2 Synthesis and Processing Naveen Kumar | LAP Lambert Academig First Edition,

Techniques

JagadapuraRan
egowda,
Shareefraza J.
Ukkund, Prasad

n Publishing. ISBN: 978-613
9-81532-6

-2018

Puthiyillam
Reference Books
3 Nanomaterials A. K. New Age International Second Edition,
Bandyopadhyay Publishers 2010
4 NANO The Essential, T. Pradeep Tata McGrawHlill First Edition,
understanding Nanoscience and Publishing Company 2007
5 Nanolithography and patterning | David G. Woodhead Publishing and| First Edition,
techniques in microelectronics | Bucknall Maney Publishing 2005




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)

SEMESTER - I
SIMULATION AND MODELLING LAB
Course Code 18NTL37 CIE Marks 40
Teaching Hours/Week (L:T:P) (0:2:2) SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives:
* To know fundamental skills and knowledge requiedse MATLAB for the simulation of
engineering systems
* Tointroduce concepts of numerical methods anddhice Matlab in an Engineering framework

Sl. Experiments
No.
1 | Introduction to MAT Lab
2 | Use 'if’, ‘elseif’, and ‘else’ for conditional agygnment
3 | Switch case and otherwise for excecuting onewéisl groups of statements
4 | Use a while loop to calculate factorial
5 | Matrix operations
6 | Plotting of UV Vis spetra graph for the synthesfig\g Nanoparticles
7 | Sign wave generation
8 | Evaluating mathematical expression using MATdabe
9 | Drawing contours
10 | Three dimensional plots
11 | Plotting bar charts using MAT lab
12 | Solve using MATLAB the following array operatgn
(@ 1+[23-1]. (b)3x[148]. (c)[123]J&-11]. (d) Square each element of the ve@or
31].

Course Outcome: At the end of the course the student will be able t
* Students can able to understand the materials lmehraat basic level.
» Students can also learn effect of temperaturetredield and magnetic fields on the different égpof

materials.

Conduct of Practical Examination:

1. All laboratory experiments are to be includeddctical examination.

2. Breakup of marks and the instructions printedh@ncover page of answer script to be strictlyeselth by
the examiners.

3. Students can pick one experiment from the qomestiot prepared by the examiners.

4. Change of experiment is allowed only once, &b Marks allotted to the procedure part to be nrmien

—



B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - llI
DIGITAL ELECTRONICS LAB
Course Code 18NTL38 CIE Marks 40
Teaching Hours/Week (L:T:P) (0:2:2) SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives:

This laboratory course enables students to getipahexperience in design, realisation and veaiftn of
Demorgan’s Theorem, Full/Parallel Adders and Swebtra, Multiplexer using logic gates, Demux 4
Decoder, Flip-Flops, Shift registers and Countars] in interfacing microcontroller to Toggle Switahd
LEDs, LCD, Stepper Motor, Light dependant resigt@R ), a relay and buzzer.

Sl. Experiments
No NOTE: Use discrete components to test and verify theclggtes. Multisim may be used for
designing the gates along with the above.

1 | To verify (a) Demorgan’s Theorem for 2 variables The sum-of product and product-of-sum
expressions using universal gates.

2 | To design and implement (a) Full Adder using bésjic gates.  (b) Full subtractor using basic
logic gates.

To design and implement 4-bit Parallel Adder/tsadior using IC 7483.

3
4 | To realize (a) 4:1 Multiplexer using gates (byaBtable function using IC 74151(8:1 MUX) (c) 1
Demux and 3:8 Decoder using IC74138

To realise the following flip-flops using NAND @&ss. (a) Clocked SR Flip-Flop (b) JK Flip-Flop

To realize the following shift registers usingZ#74 (a) SISO (b) SIPO (c)PISO (d) PIPO

5
6
7 | Torealize the Ring Counter and Johnson CoursieguC7476
8 | To realize the Mod-N Counter using IC7490

9

To Interface 8051 to a toggle Switch and 8 LE®kght up LEDs alternatively when the Switch is
ON (in Assembly language).

10 | To Interface 8051 to LCD to display a messag&(Language).

11 | To Interface 8051 to Stepper Motor to rotatertimor for a given number of steps (C language
programming).

12 | Interface a Light dependant resistor (LDR),layr@and buzzer to make a light operated switch (in
Assembly language).

Course Outcome: At the end of the course the student will be abie t
» Demonstrate the truth table of various logic gates.
« Design, Test and Evaluate various combinationalidis such as adders, subtractors, multipliers,
comparators, parity generators, multiplexers antidiiplexers.
e Construct flips-flops, counters and shift registers
» Develop and Test interfacing of 8051 Microcontrotie various devices.

Conduct of Practical Examination:

1. All laboratory experiments are to be includeddiactical examination.

2. Breakup of marks and the instructions printedhencover page of answer script to be strictlyeaeti by
the examiners.

3. Students can pick one experiment from the guestiot prepared by the examiners.

4. Change of experiment is allowed only once arid Marks allotted to the procedure part to be made

nd
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B. E. (Common to all Programmes)
Outcome Based Education (OBE) and Choice Based Crie@ystem (CBCS)
SEMESTER I/ / IV

Aadalitha Kannada

Course Code 18KAK?28/39/49
Teaching Hours/Week (L:T:P) (0:2:0) CIE Marks 100
Credits 01
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B._E._(Caomman to all Programmes)

Outcome Based Education (OBE) and Choice Based Cre&ystem (CBCS)
SEMESTER -l & III/IV

Vyavaharika Kannada

Course Code 18KVK28/39/49
Teaching Hours/Week (L:T:P) (0:2:0) CIE Marks 100
Credits 01

Course Learning Objectives:
The course will enable the students to understanthEda and communicate in Kannada language.

Table of Contents:

Chapter - 1: Vyavaharika kannada — Parichaya (tinitton to Vyavaharika Kannada).
Chapter - 2: Kannada Aksharamale haagu uchchatdaenada Alpabets and Pronunciation).
Chapter - 3: Sambhashanegaagi Kannada Padagalog#@ivocabulary for Communication).
Chapter - 4: Kannada Grammar in Conversations (8asttaneyalli Kannada Vyakarana).
Chapter - 5: Activities in Kannada.

Course Outcomes:
At the end of the course, the student will beeablunderstand Kannada and communicate in Kannada
language.
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B. E. Common to all Programmes
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - 1lI

Constitution of India, Professional Ethics and CybeLaw (CPC)
(Mandatory Learning Course: Common to All Prograesjn

Course Code 18CPC39/49 CIE Marks 40
Teaching Hours/Week (L:T:P) (1:0:0) SEE Marks 60
Credits 01 Exam Hours 02

Course Learning Objectives This course will enable the students
« To know the fundamental political codes, structupeocedures, powers, and duties of Ind
government institutions, fundamental rights, direcprinciples, and the duties of citizens
* To understand engineering ethics and their respiitisss, identify their individual roles and etlailc
responsibilities towards society.
» To know about the cybercrimes and cyber laws ftyecyafety measures.

Module-1

Introduction to Indian Constitution: The Necessity of the Constitution, The Societielote and after th
Constitution adoption. Introduction to the Indiaonstitution, The Making of the Constitution, Thel®of the
Constituent Assembly - Preamble and Salient featoféhe Constitution of India. Fundamental Rigintsl its
Restriction and limitations in different Complexuitions. Directive Principles of State Policy @ and its
present relevance in our society with examplesnd&mental Duties and its Scope and significandéaition
building

Module-2

Union Executive and State Executive Parliamentary System, Federal System, Centre-Reltgions. Unior
Executive — President, Prime Minister, Union Cahifarliament - LS and RS, Parliamentary Committ
Important Parliamentary Terminologies. Supreme Cofirindia, Judicial Reviews and Judicial Activis
State Executives — Governor, Chief Minister, St@abinet, State Legislature, HighCourt and Subotdi
Courts, Special Provisions (Articles 370.371,3fadkome States.

Module-3

Elections, Amendments and Emergency Provisions:

Elections, Electoral Process, and Election Commissif India, Election Laws. Amendments- Methods i

Constitutional Amendments (How and Why) and Impairt€onstitutional Amendments. Amendments
7,9,10,12,42,44, 61, 73, 74, 75, 86, and 91,940861D1,118 and some important Case Studies. Emgyrg
Provisions, types of Emergencies and its conse@senc

Constitutional special provisions:Special Provisions for SC and ST, OBC, Women, dzéi and Backwar
Classes.

ian
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Module-4

Professional / Engineering Ethics Scope & Aims of Engineering & Professional EthidBusiness Ethics
Corporate Ethics, Personal Ethics. Engineering Bndfessionalism, Positive and Negative Faceg
Engineering Ethics, Code of Ethics as defined i website of Institution of Engineers (India): Rssion,
Professionalism, and Professional ResponsibilitiasiC of Ethics, Conflicts of Interest. Responsiigti in
Engineering Responsibilities in Engineering and ikegring Standards, the impediments to Resporigib
Trust and Reliability in Engineering, IPRs (Intelieal Property Rights), Risks, Safety and liability
Engineering.

5 of

Module-5

Internet Laws, Cyber Crimes and Cyber Laws Internet and Need for Cyber Laws, Modes of Reguiabf
Internet, Types of cyber terror capability, Net tnality, Types of Cyber Crimes, India and cyber J@yber
Crimes and the information Technology Act 2000,einet Censorship. Cybercrimes and enforcen
agencies.

nent

Course Outcome: On completion of this course, students will be dble
CO 1: Have constitutional knowledge and |digatacy.




CO 2: Understand Engineering and Professieitiats and responsibilities of Engineers.
CO 3: Understand the the cybercrimes andrdgives for cyber safety measures.

Question paper pattern for SEE and CIE:
» The SEE question paper will be set for 100 markd #re marks scored by the students
proportionately be reduced to 60. The pattertefquestion paper will be objective type (MCQ).
» For the award of 40 CIE marks, refer the Universtigulations 2018.

ill

Textbook:
1. Shubham Singles, Charles E. Haries, and éCalnstitution of India, Professional Ethics and
Human Rights” by Cengage Learning India, Latest Edition — 2019.
2. Alfred Basta and et atCyber Security and Cyber Laws” by Cengage Learning India - 2018.
Chapter — 19, Page No’s: 359 to 383.

Reference Books:
1. Durga Das Basu (DD Basu)ntroduction to the Constitution of India”, (Students Edition.)
Prentice —Hall, 2008.
2. M. Govindarajan, S. Natarajan, V. S. Senthilku&ngineering Ethics’, Prentice —Hall, 2004.




B. E. Common to all Programmes
Outcome Based Education (OBE) and Choice Based Creé®ystem (CBCS)
SEMESTER - 11l

ADDITIONAL MATHEMATICS - |
(Mandatory Learning Course: Common to All Prograsjn
(A Bridge course for Lateral Entry students undgioma quota to BE/B. Tech. programmes)

Course Code 18MATDIP31 CIE Marks 40
Teaching Hours/Week (L:T:P) (2:2:0) SEE Marks 60
Credits 0 Exam Hours 03

Course Learning Objectives:
» To provide basic concepts of complex trigonometegtor algebra, differential and integral calculu

» To provide an insight into vector differentiationdefirst order ODE's.

\*2)

Module-1

Complex Trigonometry: Complex Numbers: Definitions and properties. Maduand amplitude of
complex number, Argand’s diagram, De-Moivre’s tlenr(without proof).

Vector Algebra: Scalar and vectors. Addition and subtraction andtiptication of vectors- Dot and Cros
products, problems.

1Sy

5S

Module-2

Differential Calculus: Review of successive differentiation-illustrativexamples. Maclaurin’s serie
expansions-lllustrative examples. Partial Differatin: Euler’'s theorem-problems on first orderidatives
only. Total derivatives-differentiation of compasiunctions. Jacobians of order two-Problems.

2S

Module-3

Vector Differentiation: Differentiation of vector functions. Velocity aratceleration of a particle moving ¢
a space curve. Scalar and vector point functionad@nt, Divergence, Curl-simple problems. Soleabanhd
irrotational vector fields-Problems.

N

Module-4

Integral Calculus: Review of elementary integral calculus. Reducfammulae for sifix, cosx (with proof)
and siffxcosx (without proof) and evaluation of these with stard limits-Examples. Double and triple
integrals-Simple examples.

Module-5

Ordinary differential e quations (ODE’s. Introduction-solutions of first order and firstgtee differential
equations: exact, linear differential equationsudpns reducible to exact and Bernoulli’s equation

Course Cutcomes At the end of the course the student will be abie t

» CO1: Apply concepts of complex numbers and vectgelaa to analyze the problems arising
related area.

» CO2: Use derivatives and partial derivatives towate rate of change of multivariate functions.

* CO3: Analyze position, velocity and accelerationtwwo and three dimensions of vector valu
functions.

» CO4: Learn techniques of integration including ¢haluation of double and triple integrals.

* CO5: Identify and solve first order ordinary diéatial equations.

n

ed

Question paper pattern:
« The question paper will have ten full questionsyiag equal marks.

» Each full question will be for 20 marks.

* There will be two full questions (with a maximumfotir sub- questions) from each module.

» Each full question will have sub- question covertighe topics under a module.

« The students will have to answer five full quessioselecting one full question from each module.




Sl
No Title of the Book Name of the Name of the Edition and Year
Author/s :
Publisher
Textbook
1 | Higher Engineering Mathematics | B. S. Grewal | Khanna Publishers | 43 Edition, 2015

Reference Books

1 Advanced Engineering MathematicsE. Kreyszig John Wiley & Sons | 10" Edition, 2015

2 Engineering Mathematics N. P .Baliand | Laxmi Publishers 7th Edition, 2007
Manish Goyal

3 Engineering Mathematics Vol. | Rohit Khurana | Cengage Learning | 1% Edition, 2015




B. E. Common to all Programmes
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)
SEMESTER - IV

COMPLEX ANALYSIS, PROBABILITY AND STATISTICAL METHO DS
(Common to all Programmes)
[As per Choice Based Credit System (CBCS) scheme]

Course Code 18MAT41 CIE Marks 40
Teaching Hours/Week (L:T:P) (2:2:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:

« To provide an insight into applications of compleariables, conformal mapping and spec¢

functions arising in potential theory, quantum neeubs, heat conduction and field theory.
e To develop probability distribution of discrete,ntimuous random variables and joint probabi
distribution occurring in digital signal processimlgsign engineering and microwave engineering.

Module-1

Calculus of complex functions:Review of function of a complex variable, limit@ntinuity, and
differentiability. Analytic functions: Cauchy-Riema equations in cartesian and polar forms and cuesees.
Construction of analytic functions: Milne-Thomsoetmod-Problems.

Module-2

Conformal transformations: Introduction. Discussion of transformations=z> , w=e?,

1 - ,
w=z+ —,(z # O). Bilinear transformations- Problems.
2

Complex integration: Line integral of a complex function-Cauchy’s thexm and Cauchy’s integral formula al
problems.

Module-3

Probability Distributions: Review of basic probability theory. Random variab{discrete and continuous
probability mass/density functions. Binomial, Rois, exponential and normal distributions- problgiNe
derivation for mean and standard deviation)-lllatthe examples.

Module-4

Curve Fitting: Curve fitting by the method of least squares- rfiti the curves of the form
y=ax+b y=ax" & y=ax? +bx+c.

Statistical Methods: Correlation and regression-Karl Pearson’s coefficaf correlation and rank correlatio
problems. Regression analysis- lines of regresgmwablems.

Module-5

Joint probability distribution: Joint Probability distribution for two discrete dhom variables, expectation a
covariance.

Sampling Theory: Introduction to sampling distributions, standardog Type-I and Type-Il errors. Test
hypothesis for means, student’s t-distributi@hi-square distribution as a test of goodmdgi.

Course Outcome: At the end of the course the student will be abie t

» CO1: Use the concepts of analytic function and glem potentials to solve the problems arising i

electromagnetic field theory.

e CO2: Utilize conformal transformation and compiakegral arising in aerofoil theory, fluid floy
visualization and image processing.

* CO3: Apply discrete and continuous probabilitytdbutions in analyzing the probability models
arising in engineering field.

*  CO4: Make use of the correlation and regressia@tyais to fit a suitable mathematical model for tl
statistical data.

e« CO5: Construct joint probability distributionschdemonstrate the validity of testing the hypoithe

al
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Question paper pattern:




The question paper will have ten full questionsyiag equal marks.

Each full question will be for 20 ma

rks.

There will be two full questions (with a maximumfotir sub- questions) from each module.
Each full question will have sub- question coveratighe topics under a module.
The students will have to answer five full quessioselecting one full question from each module.

ﬁllc'). Title of the Book Niﬂﬁg:/;he Nsanb?is?r]:(;?e Edition and Year
Textbooks
1 | Advanced Engineering E. Kreyszig John Wiley & Sons| 10" Edition,2016
Mathematics
2 Higher Engineering Mathematics | B.S. Grewal Khanna Publishers| 44" Edition, 2017
3 Engineering Mathematics Srimanta Pal et pl  Oxfdmiversity | 3 Edition,2016
Press
Reference Books
1 | Advanced Engineering C.Ray Wylie, McGraw-Hill 6" Edition 1995
Mathematics Louis C.Barrett
2 Introductory Methods of NumericalS.S.Sastry Prentice Hall of 4™ Edition 2010
Analysis India
3 Higher Engineering Mathematics | B.V.Ramana McGraw-Hill 11" Edition,2010
4 | A Textbook of Engineering N.P.Bali and Laxmi Publications| 6™ Edition, 2014
Mathematics Manish Goyal
5 | Advanced EngineeringChandrika Prasad Khanna 2018

Mathematics

and Reena Garg

Publishing,

Web links and Video Lectures:

A OWN P

. http://nptel.ac.in/courses.php?disciplinelD=111

. http://www.class-central.com/subject/math(MOPCs
. http://academicearth.org/
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B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BaisEducation (OBE)
SEMESTER - IV

APPLICATIONS OF NANOTECHNOLOGY

Course Code 18NT42 CIE Marks 40
Teaching Hours/Week (L: T: P) (3:2:0) SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives:
In this subject student will be introduced to apaiions of nanotechnology in fields of energy, dee health,

communication, transportation, and agriculture.

Module-1

NT IN PHOTOVOLTAICS, BATTERIES, AND FUEL CELLS APPL ICATIONS:
Photovoltaics: Introduction, limitations of conviemal solar cells, applications of nanotechnology

photovoltaics; Three generation solar cells; Secgaderation solar cells (CIGS and CdTe): consiouagti

advantages and limitations, Ultrathin nanotechnpleglar cells (plastic solar cells): constructiovgrking
principle, advantages and limitations. Applicatioos CNTs in: photovoltaic diode, photo-active lay
transparent electrode, and dye-sensitized sol#s. c&atteries, and Fuel cells: Nanobatteries:obhiction,
advantages, nanotechnology applications under dewent; Applications of nanotechnology in Hydrog
fuel cells: production of hydrogen (Tandem celitsprage and transport of hydrogen; improving ttigiehcy
of catalyst, and electrolyte. Applications of naaiitnology in improving the efficiency of DMFC, aB@FC.

Module-2

NT IN ENERGY TRANSMISSIONS, WATER PURIFICATION, AND DEFENSE APPLICATIONS:
Energy transmissions: Applications of nanotechnpltm energy production, Nanoscale materials; Gér

energy applications: lighting, heating, transpdotat capacitors, power chips; Nanoparticles for rgype

transmission development: wires and cables; etatttransmission infrastructure: transformers, tathms,
and sensors.Water purification: Nanooligodynamidattie particles: oligodynamic effect, mechanisnda
applications; Photocatalysis: types and applicati@i nanotechnology in photocatalysis; Desalinat
nanofiltration, advantages and limitations, futaieections of nanotechnology in membrane processrN
Defense: Nanotechnology for soldiers: Smart helmsignificance, sensors, optical/IR, RF, and acay
arrays, antiballistic protection. Smart suits: emaur, for ventilation, for camouflage. Smart equgnts: B/C
detection, health monitoring and wound healing.

era
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Module-3

NT IN AGRICULTURE, AND FOOD PROCESSING APPLICATIONS :

NT in agriculture applications: Overview of nandirology applications in agriculture: Nanoscale ieast
Microfabricated xylem vessels, Nanolignocellulosiaterials, Clay nanotubes, Photocatalysis, Nanobar
technology, Quantum dots for staining bacteriasBisors. Nanotechnologies in animal productionhaadth
care: Improving feeding efficiency and nutrition, ahotic diseases, Animal reproduction and fertil
Nanotechnology and animal waste management. Noad processing applications: Nanofood, introdugt
nanoencapsulation, nanocomposites in food packagingrt food packaging.

ty,
on

Module-4




NT IN CIVIL ENGINEERING, AUTOMOBILE, AND AEROSPACE APPLICATIONS:
NT in civil engineering applications: Nanotechnoldgr green building: Introduction, Coatings: seléaning
coatings, anti-stain coatings, De-polluting surfacBcratch-resistant coatings, Anti-fogging and-iairig

coatings, Antimicrobial coatings, UV protection, tAoorrosion coatings, and Moisture resistance. iNT

automobile  applications:  Functionalities of nanbtemdogies (mechanical, geometric effe
electronic/magnetic, optical, and chemical); Apgalions of NT towards car body shell, car body,ingerior,
chasis and tyres, electrics and electronics, engirk drive train. NT in aerospace applications:eRil
applications in space craft and space structureguiRements for future space systems, Radiatiolshge
(Thermal protection), Space elevator, Space eleyalectromagnetic).

Module-5

NANOTECHNOLOGY IN ELECTRONICS, COMPUTER ENGINEERING & PHOTONICS
Introduction to: MOSFET, CMOS, and microchips (DRAMRAM, FIFO, EPROM, and PROM). Sing
electron transistors: introduction, Coulomb bloakadniniature flash memory, and Yano type mem
Quantum mechanical tunneling: RTDs and Esaki diodkdroduction to spintronics, molecul
nanoelectronics, fault tolerant designs, quantutfulee automata, and quantum computing. MEMS

MOEMS: introduction and applications. Introductioo: nanotechnology in photonics, photonic cryst
plasmonics, and spray-on hanocomputers.

le
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Course Outcome: At the end of the course the student will be abie t
» COL1: Describe applications of nano technology eghotovoltaics, batteries, and fuel cells;
» CO2: lllustrate nano technology in the energy tmaissions, water purification, and defense;
¢ CO3: Explain nano technology in the agriculture &owt processing;
e CO4: Describe nano technology in the civil engimegrautomobile, and aerospace sector;
» CO5: Research nano technological advances in éogrehics, computer engineering, and photonic

Question paper pattern:
* The question paper will have ten full questionsyéag equal marks. Each full question consistind.&f

marks.
* There will be two full questions (with a maximumfotir sub questions) from each module.
» Each full question will have sub question covemtighe topics under a module.
» The students will have to answer five full quessioselecting one full question from each module.

S| Title of the Book Name of the Name of the Publisher Edition and Year
No Author/s
Textbook/s
1 Nanotechnology, FundamentalManasi Karkare| |.K. International First Edition,

and Applications Publishing, New Delhi. 2008

ISBN: 978-81-89866-99-0
2 Applications of Nanotechnology Prasad LAP Lambert Academig First Edition,
Puthiyillam Publishing, Mauritius] 2018

ISBN: 97¢-6153-9-5853%-8

Reference Books

3 Nanotechnology, Importance & | M.H. Fulekar I.LK. International First Edition,
Applications Publishing House, New 2011
Delhi
4 “How helpful is nanotechnology | Allah Ditta Advances in natural 2012
in agriculture? -Review” sciences: Nanoscience and

nanotechnology, IOP

Publishinc




Nanotechnology: Synthesis to
Applications

Sunipa Roy,
Chandan Kuma
Ghosh,
Chandan Kuma

CRC Press, Taylor &
[ Francis

First Edition,
2018




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - IV

MATERIAL SCIENCE AND ENGINEERING

Course Code 18NT43 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
In this course, students will understand variouscepts related to the material science and engntgearystal

structure, various types of materials, and thedsus developing new technology.

Module-1

INTRODUCTION TO MATERIALS SCIENCE AND ENGINEERING
Functional Classification of Materials; Classifiocat of Materials Based on Structure; Environmentad Other
Effects; Materials Design and Selection; The Stmecof Materials: Technological Relevance; The @tre of

the Atom; The Electronic Structure of the Atom; TReriodic Table and Engineering materials; Atomic

Bonding; Binding Energy and Inter-atomic Spacingndkphous Materials: Principles and Technolog
Applications; Lattice, unit cells, Basis, and cafstructure; Points, directions, and planes inuthie cell.

cal

Module-2

CRYSTAL STRUCTURE

Introduction, Differences between Crystalline selidnd amorphous solids; Unit cell: Introduction,|i®fi
Indices, high density planes and influence on #tealsior of the crystal, Close packing (hexagoaad] cubic),
Bravias lattices (in two and three dimensional spakattice systems: possible variations, edgetfengxial
angle, and examples; Crystallographic point graumps symmetry operations; Wigner-Seitz cell: Intrcichn,

and construction; Atomic packing: packing fractid@p-ordination number; Examples of simple crystal

structures: NaCl, ZnS and diamond; Symmetry opamati point groups and space groups, Single Crys
Polycrystalline Materials, Anisotropy.

tals

Module-3

DIFFUSION

Introduction, diffusion Vs bulk flow, diffusion vesmosis, diffusion Vs drift; Diffusion in the comteof
different disciplines, Introduction to: atomic diffion, Eddy diffusion & Eddy motion, Effusion & Gram’s
law, Photon diffusion, and Passive transport (simghcilitated, filtration, and osmosis); Mechanish
diffusion in solids (vacancy, and interstitial)e&tly state diffusion (Fick’s first law); Unsteadste diffusion
(Fick's second law); Types of diffusion (self, inteolume, grain boundary, and surface diffusiogctors
affecting diffusion (diffusion species, temperatwrencentration, crystal structure, grain boundgrgin size);
Introduction to diffusion in: ionic materials, poheric materials; Diffusion and material processfngglting
and casting, sintering, grain growth, and diffuso@mding); Applications of diffusion.

Module-4

POLYMERIC MATERIALS AND LIQUID CRYSTALS

Introduction, Thermotropic liquid crystals; Lyotiopgiquid crystals: lamellar, hexagonal, cubic, amematic
phases; Chemical constitution and liquid crystallimehaviour; liquid crystalline behaviour in honuas
series (para-azoxyanisole, para-alkyloxy benzenenolmgous series); molecular ordering in nema
cholesteric, smetic, and columnar liquid crystédgntification of liquid crystals; liquid crystafie polymers
Applications of liquid crystal in displays: introction, twisted nematic cell transmissive, and e
displays; types of liquid crystal displays and thapplications, applications of chiral liquid crgist in
thermography.

tic,

Module-5




CERAMIC, AND SMART MATERIALS
Ceramic Materials: Types of ceramics, synthesis and processing ofréesa classification of ceramic
applications.
Smart materials: Historical background, definition, classificatiorf emart materials, thermo respons

materials, piezoelectric materials, ferrofluidsnthesis and application, electro- rheological #u{@&R) and

magneto-rheological fluids (MR) fluids modes of mdn and application, smart gel, shape memonyall

ve

Course Outcome: At the end of the course the student will be abie t
CO1: Describe the physics of materials;

CO2: Explain the crystal structure of materials;
CO3:Apply diffusion process for preparing materials
CO4:Demonstrate preparation of polymeric mateaals liquid crystals;
CO5: Analyze ceramic and smart materials for ereging and technology applications.

Question paper pattern:
The question paper will have ten full questionsysag equal marks. Each full question consistind.6f

marks.

There will be two full questions (with a maximumfofir sub questions) from each module.
Each full question will have sub question covertighe topics under a module.

Sl Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Material Science D. John Vibrant Publications First Edition,
Thiruvadigal, S. 2014
Ponnusamy, C.
Preferencial
Kala, M.
Krishna Mohan
2 Materials Science and V. Raghavan PHI Learning Pvt. Ltd. Sixth Edition,
Enaineerin 201F
Reference Books
3 A text book of engineering Shashi Chawla | Dhanpat Rai and Co First Edition,
chemistn 2011
4 Materials Science & Engineering Raghavan V. Prentice Hall of India, NewFifth Edition,
— A First Course Delhi 2005
5 Materials Science and Donald R. Cengage Learning Second Indian
Engineering Askeland, Reprint, 2010
Pradeep P.
Fulay, D. K.
Bhattachary




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BaisEducation (OBE)
SEMESTER - IV

ELECTRONIC INSTRUMENTS AND MEASUREMENTS

Course Code 18NT44 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
» The accuracy and precision, types of errors, italsand probability analysis.
» The basic functional concepts of various analogdigiial measuring instruments.
* The basic concepts of microprocessor-based instrtsme
* The functioning and types of oscilloscopes andaligenerators, AC and DC bridges.
» The significance and function of different typedrainsducers.

Module-1

MEASUREMENT AND ERRORS, AMMETERS, VOLTMETERS & MULT IMETERS, AND
MEASURING PROBES: Measurement and Error: Definitions, Accuracy and Precision, Significg
Figures, Types of Error, Statistical Analysis, Rxbility of Errors, Limiting ErrorsAmmeters: DC Ammeter,
Multirange Ammeter, The Ayrton Shunt or Univers&lut, Requirements of Shunt, Extending of Ammg¢
Ranges, RF Ammeter (Thermocouple), Limitations dfeffmocouple. Voltmeters & Multimeters:
Introduction, Basic Meter as a DC Voltmeter, DC tvtwdter, Multirange Voltmeter, Extending Voltmetf
Ranges, Loading, Transistor Voltmeter, Differentbltmeter, Average Responding Voltmeter, Pg¢

responding Voltmeter, True RMS Voltmetekeasuring Probes: Introduction, types, introduction to

nanoprobes.

Module-2

DIGITAL INSTRUMENTS AND DATA ACQUISITION : Digital Voltmeters: Introduction, RAMP
technique, Dual Slope Integrating Type DVM, Intdgmg Type DVM, Most Commonly used principles
ADC, Successive ApproximationBata Acquisition: ADC, DAC, Signal conditioner®igital Instruments:

Introduction, Digital Multimeters, Digital FrequeynMeter, Digital Measurement of Time, Universalu@iter,
Decade Counter, Electronic Counter, Digital TachemeDigital pH Meter, Digital Phase Meter, Digit
Capacitance Meter.

Module-3

OSCILLOSCOPES, AND SIGNAL GENERATORS: Oscilloscopes:Introduction, Basic principles, CR
features, Block diagram of Oscilloscope, Simple CRA@rtical Amplifier, Horizontal Deflecting Systen
Sweep or Time Base Generator, Storage Oscilloséugeal Readout Oscilloscope.

Nt

pter

er
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Signal Generators:Introduction, Fixed and Variable AF Oscillator, Sdard Signal Generator, AF sine and

Square Wave Generator, Function Generator, Squdr@alse Generator.

Module-4

MEASURING INSTRUMENT S, AND BRIDGES: Measuring Instruments: Output Power Meters, Fiel
Strength Meter, Stroboscope, Phase Meter, Vectpedance Meter, Q Meter, Megger, Analog pH Mg
Telemetry.

Bridges: Introduction, Wheatstone’s bridge, Kelvin's BridgkC bridges, Capacitance Comparison Brid
Inductance Comparison Bridge, Maxwell’s bridge.

Module-5

TRANSDUCERS AND ACTUATORS: Introduction, transducers and actuators of eladtrimductive,
capacitive, optical, piezoelectric, and photovaltal hermistor, LVDT, Semiconductor photo diode &

and

transistor.




Course Outcome: At the end of the course the student will be able t
» CO1: Differentiate accuracy and precision
» CO2: Explain various types of analog and digitabswing instruments.
* COa3: Analyse the performance of the AC and DC lasdg
* CO4: Analyse the performance characteristics ofognand digital measuring instruments.
» CO5: Recognize the importance of lifelong learnmthe field of electronic instrumentation.

Question paper pattern:
* The question paper will have ten full questionsyéag equal marks. Each full question consistind.&f

marks.

* There will be two full questions (with a maximumfotir sub questions) from each module.
» Each full question will have sub question covemtighe topics under a module.

ﬁll(')_ Title of the Book Nimﬁg:/;he Name of the Publisher Edition and Year

Textbook/s

1 Modern Electronic A. D. Helfrick Pearson First Edition,
Instrumentation and Measuring | and W.D. 2015

2 Electronics and Instrumentation B.R. Gupta S.ndHamited First Edition,

Reference Books

3 Electronic Instrumentation H. S. Kalsi McGrawlHil Third Edition,

4 Electronics and Electrical A. K. Sawhney | Dhanpat Rai & Sons First Edition,
Measurements 2000

5 Electronic Instrumentation and | David A. Bell Oxford University Press First Edition
Measiiremen 2011




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)
SEMESTER - IV

BIOCHEMISTRY AND MICROBIOLOGY

Course Code 18NT45 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
* To understand the basic concepts of biochemisuiypathways involved in metabolism.
» To study characteristics of microbes and microfyaithesis of nanomaterials.

Module-1

BIOMOLECULES AND BIOLOGICAL MEMBRANES:

Types of chemical reactions, pH, buffers and tpeaperties, concentration of solutions. Brief dgsin of
the biomolecules: Carbohydrates; Proteins; LipMscleic acids (DNA & RNA). Classes of Enzymes w
examples. Biological membranes: structure, perntiggbproperties, passive transport and active dpant,
facilitated transport, mechanism of N&K*, glucose and amino acid transport.

Module-2

ith

BIOENERGETICS AND METABOLISM:

Principle of bioenergetics — Bioenergetics and rtleetynamics, phosphoryl group transfer and A
Biological oxidation and reduction reaction. Glysif, gluconeogenesis, Pentose phosphate pathw
glucose oxidation, Citric acid cycle. Photophosptaiion.

TP,
ay of

Module-3

STUDY OF MICROORGANISMS:
Scope of microbiology, History of microbiology, gm of life, Prokaryotes and Eukaryotes. Microb
diversity and Taxonomy. Structure, Classificatiomd aReproduction of bacteria, fungi, viruses. Gen
features of Actinomycetes.

ial
era

Module-4

MICROBIAL GROWTH AND CONTROL OF MICRO ORGANISM:

Growth curve patterns, physical conditions requii@dgrowth. Control of microorganism by physica@eats
(high temperature, low temperature, dessicatiomodtis pressure, radiation); Control of microorgamiby
chemical agents; Antiobiotics and other chemothestp agents.

Module-5

MICROBIAL SYNTHESIS OF NANO MATERIALS:

Biosynthesis of nanoparticles by bacteria and fuimgracellular and extracellular synthesis). Magtectic
bacteria for natural synthesis of magnetic nanapest Mechanism of formation of nanostructured enats
by virus - TMV virus; Role of plants in nanoparédynthesis — marigold, tulsi and aloe vera.

Course Outcomes At the end of the course the student will be able t
e CO1: Understand biomolecules and biological mendsan
¢ CO2:Fundamental principles of bioenergetics ancabadtsm
e CO3:Basics of microbiology
¢ CO4:Understand microbiological growth and contrfoinicroorganisms
« COb5:Understand apply the knowledge of microbiaklsgsis of nanomaterials

Question paper pattern:
* The question paper will have ten full questionsygag equal marks. Each full question consistind. &f
marks.
* There will be two full questions (with a maximumfotir sub questions) from each module.
» Each full question will have sub question covemtighe topics under a module.
» The students will have to answer five full quessioselecting one full question from each module.

Sl. Title of the Book Name of the Name of the Edition and

No Author/s Publisher Year




Textbook/s

1 Microbiology Michael J Tata McGraw Hill First Edition,
Pelczar Jr, Publishing co Ltd 2004
Chan ECS,
Noel R Krieg
2 Biochemistry and Microbiology Shareefraza J.LAP-Lambert First Edition,
Ukkund, Academic Publishing,| 2018
Abhinaya Mauritius. ISBN: 978-
Nellerichale, 613-9-83272-9.
Dr. Prasad
Puthiyillam
Reference Books
3 Principles of Biochemistry David L. WH Freeman and First Edition,
Nelson, Company 2000
Michael M
4 NANO The Essential, understanding T. Pradeep McGraw - Hill First Edition,
Nanoscience and Nanotechnology Publishing Company | 2007
Limited
5 Nanobiotechnology- I, More C. A. Mirkin, WILEY-VCH, First Edition,
Concepts and Applications C. M. VerlagGmbH&Co 2007

Niemeyer




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)
SEMESTER - IV

ENGINEERING MATERIALS AND SURFACE COATING

Course Code 18NT46 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
* Understand the growth in the use of adhesives,cedpyein ever more technically demandi
applications;
» The science and technology of additives, paintslaimdicants, and the recent developments in nang
technology towards engineering applications of adies, paints and lubricants.

9

Module-1

INTRODUCTION TO ENGI NEERING MATERIALS AN D SURFACE COATINGS: Adhesives:
Introduction, basic terminologies, history of adties, functions of adhesives, advantages and disdages
Criteria for selection of adhesives; Requiremenftsaogood bond; Factors affecting adhesion stren
Fundamental aspects of adhesion: Forces availphbladry chemical bonds, Van der Waals bonds, hyatig
bonds), surfaces, and change of phase; Mechanisahafsive action: Specific adhesion, Mechanicaésidin,
Diffusion adhesion, Electrostatic adhesion; Develept of adhesive strength; Factors affecting aabe
action: Physical (interfacial tension, porosityygical characteristics of adhesive films, effecterhperature
pressure, and time), and Chemical (degree of paiygateon of polymeric resins, pH of the medium, grg
characteristics, side chains) factors.

gth;
g

Si

Module-2

TYPES AND APPLICATIO NS OF ENGINEERING ADHESIVES: Types of glues: types (animal bast
plant based, solvent type, and synthetic glues)exainples; Introduction and applications of Norctiva
adhesives (drying adhesives, pressure-sensitivesaa@!s, contact adhesives, hot-melt adhesives, stlicdne
adhesives) Reactive adhesives (multi-part adhesioes-part adhesives ); Types by origin: naturad
synthetic; Structural adhesives: structure progeréind applications of epoxies, urethanes adhesaeegic
adhesives, and phenolic adhesives; Water-basediadbe

Module-3

ADDITIVES FOR ENGINE ERING APPLICATIONS: Introduction; Introduction, examples a
importance of: plasticizers, impact modifiers, P¥@bilizers, antioxidants, UV absorbers, opticédtening
agents, flame retardants, antistatic agents, snsoligpressants; Processing aids introduction to:osisc
depressants, mould release agents, slip agentbloaking agents; Colourants: Introduction, visuaid
processing requirements; Examples, advantagesmaitdtions of inorganic, and organic pigments.

Module-4

PAINTS AND LUBRICANT S: Paints: Introduction; Components: Vehicle (Bindérinner), Pigment an
filler, Additives; Introduction to colour-changingaint; Varieties of paints: primer and its needsuksion
paints, varnish resins, properties of shellac,i-guaiffiti coatings (sacrificial coating, non-bomdj coating),

anti-climb paint, anti-fouling paint, luminous p&sn paint and environment. Lubricants: Introductipn

Properties (Formulation, Additives); Types of ldamts (Base oil groups, Bio-lubricants, Synthetis, &olid
lubricants, Aqueous lubrication); Applications lyidl types; Glaze (Compacted oxide layer glaze).

Module-5

APPLICATIONS OF NANOTECHNOLOGY IN ADHESIVES, PAINTS , AND LUBRICANT
INDUSTRIES

Importance of nano solder particles; nano-condactAdhesives for nano-electronics, Interconnect
Introduction; nano isotropic conductive adhesivenp-ICAS): with Ag nanowires, effect of Ag nandjies,
Ni nano particles, with CNTSs; Introduction to inkjgrintable nano-ICAs and inks; Introduction to GIBased
conductive nanocomposites for transparent, conericiind flexible electronics. Importance of nanbitedogy

nd

-

on:

paints; nanomaterials in coatings and their fumgigfunction, examples, and advantages); Pote

ntial



environmental benefits of nanomaterials in coatiffig nanolubricant approach: Examples and appicsti

Course Outcome: At the end of the course the student will be abie t
e CO1: Apply the concepts of adhesion
» CO2:Apply the knowledge of engineering adhesives
» COg3:Materials for adhesive applications
» CO4:Paints and Lubricants
e CO5:Recent developments in hano technology assistieelsive, paints, and lubricant industries

Question paper pattern:
* The question paper will have ten full questionsyag equal marks. Each full question consistind. 6f

marks.
e There will be two full questions (with a maximumfofir sub questions) from each module.
e Each full question will have sub question covertighe topics under a module.
* The students will have to answer five full quessioselecting one full question from each module.

Sl Name of the

No Title of the Book Author/s Name of the Publisher Edition and Year
Textbook/s
1 A textbook of engineering Shashi Chawla | DhanpathRai and Co. First Edition,
chemistry (PVT) LTD, New Delhi 2011
2 Engineering Materials and Dr. Narayana | LAP-Lambert Academic First Edition,
Surface Coatings Hebbar N., Publishing. 978-613-9- 2018
Aparna 95618-0
Nadumane, Dr.
Prasad
Puthiyillam
Reference Books
3 Adhesive Technology Handbook Ebnesajjad | William Andrew Second Edition,
Arthur H. 2008
LandrockSinaE
bnesajja
4 Electrical Conductive Adhesives| Yi Li, Daniel Springer Science+Business First Edition,
with nanotechnologies Lu, C.P. Wong | Media, LLC 2010
5 Adhesion and Adhesives: Sciencénthony Springer First Edition,

and Technology Kinloch 1987




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)
SEMESTER - IV

ELECTRONIC INSTRUMENTATION LAB

Course Code 18NTL47 CIE Marks 40
Teaching Hours/Week (L:T:P) (0:2:2) SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives:
e Torealize and demonstrate that how differentifedifg out values of resistance, capacitance and
inductance
e Tointerface sensors and demonstrate the methadimsensing temperature and pressure
e To study the working principle of data acquisitimodules in electronic instrumentation

Sl Experiments
No.
1 To find the value of unknown resistor using Whéeate bridge.
2 To find the value of unknown capacitance and étaluce using Maxwell's bridge
3 To find the value of unknown capacitance usingiVgeseries and parallel bridge.
4 Measurement of frequency using Lissajous method
5 To study and verify characteristic of variablsiséor transducer (strain gauge)
6 To study and verify characteristic of LVDT
7 To study characteristics of temperature transdlike thermocouple, thermistor and RTD w

implementation of a small project using signal dbading circuits like instrumentation amplifier

8 Measurement of pressure using piezoelectric ygick

9 To interface temperature sensor to Data Acquisiitrand display the temperature measu
10 Study of distance measurement using ultrascamsducer.

11 Measurement of power using ARDUINO

12 Measurement of energy using ARDUINO

Course Outcome: At the end of the course the student will be abie t
» Students can learn the how to work with electromstruments and bridge networks for sensing
physical parameters
» Students will be able to demonstrate the workingesfsors and interfacing circuits in measuring of

physical parameters

Conduct of Practical Examination:

1. All laboratory experiments are to be includeddctical examination.

2. Breakup of marks and the instructions printedh@ncover page of answer script to be strictlyeselth by
the examiners.

3. Students can pick one experiment from the guestot prepared by the examiners.

4. Change of experiment is allowed only once artd Marks allotted to the procedure part to be madem

th




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - IV

BIOCHEMISTRY AND MICROBIOLOGY LAB

Course Code 18NTL48 CIE Marks 40
Teaching Hours/Week (L:T:P) (0:2:2) SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives:

Biochemistry is the study of chemical processeéving organisms. It deals with the structures &mactions
of cellular components such as proteins, carbolgdydipids, nucleic acids and other biomoleculEse
experiments included in biochemistry lab are fundatals in nature, dealing with the identificationda
classification of various carbohydrates, acid-btsation of amino acids, isolation of proteins rrotheir
natural sources.

Sl Experiments
No.

Qualitative analysis of glucose

Iso-electric precipitation of proteins; caseionfr milk

Qualitative analysis of fructose

Separation of amino acids by thin layer chrom@plgy

Estimation of saponification value of fats/oils

Detection of adulteration in milk

Qualitative analysis of amino acids

Estimation of iodine value of fat/oil

O O|INO|UAWIN(F

Titration curves of amino acids

10 Estimation of blood glucose by glucose-oxidas¢hed

11 Estimation of acid value from castor oil/cocoailit

12 Quantitative estimation of amino acids by nininyadnethod

Course Outcome: At the end of the course the student will be able t
« By the end of the lab students will be able to tdgmnd classify the various carbohydrates, acdeb

titration of amino acid, and isolation of protemrh their natural sources.

Conduct of Practical Examination:

1. All laboratory experiments are to be includeddiactical examination.

2. Breakup of marks and the instructions printedh@ncover page of answer script to be strictlyeselth by
the examiners.

3. Students can pick one experiment from the qomestiot prepared by the examiners.

4. Change of experiment is allowed only once artd Marks allotted to the procedure part to be maxie.m




B. E. Common to all Programmes
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - IV

ADDITIONAL MATHEMATICS - I
(Mandatory Learning Course: Common to All Prograreme
(A Bridge course for Lateral Entry students undgdoma quota to BE/B. Tech. programmes)

Course Code 18MATDIP41 CIE Marks 40
Teaching Hours/Week (L:T:P) (2:1:0) SEE Marks 60
Credits 0 Exam Hours 03

Course Learning Objectives:
» To provide essential concepts of linear algebregise & higher order differential equations along

with methods to solve them.
» To provide an insight into elementary probabilltgdry and numerical methods.

Module-1

Linear Algebra: Introduction - rank of matrix by elementary row ogtgons - Echelon form. Consistency
system of linear equations - Gauss elimination oekthEigen values and Eigen vectors of a squareixmi
Problems.

Module-2

of
atr

Numerical Methods: Finite differences. Interpolation/extrapolatiosing Newton’s forward and backwa
difference formulae (Statements only)-problems. luttan of polynomial and transcendental equation
Newton-Raphson and Regula-Falsi methods (only fae)u lllustrative examples. Numerical integratic
Simpson’s one third rule and Weddle’s rule (withpraof) Problems.

rd
S —
N

Module-3

Higher order ODE’s: Linear differential equations of second and higbeder equations with consta
coefficients. Homogeneous /non-homogeneous equationerse differential operators. [Particular grtd

restricted to R(x)®™, sinax /cosax for (D)y=R(x). ]

Module-4

Partial Differential Equations (PDE’s): -Formation of PDE’s by elimination of arbitrary cdausts and
functions. Solution of hon-homogeneous PDE by dimgegration. Homogeneous PDEs involving derivat
with respect to one independent variable only.

iv

Module-5

Probability: Introduction. Sample space and events. Axioms abability. Addition & multiplication
theorems. Conditional probability, Bayes’s theorpnoblems.

Course Outcome: At the end of the course the student will be abie t

CO1: Solve systems of linear equations using matggbra.

CO2: Apply the knowledge of numerical methods irdedting and solving engineering problems.
CO3: Make use of analytical methods to solve higinder differential equations.

CO4: Classify partial differential equations antlyedhem by exact methods.

CO5: Apply elementary probability theory and salgkated problems.

Question paper pattern:
« The question paper will have ten full questionsyiag equal marks.

e Each full question will be for 20 marks.

e There will be two full questions (with a maximumfofir sub- questions) from each module.

« Each full question will have sub- question coveratighe topics under a module.

« The students will have to answer five full quessioselecting one full question from each module.




Sl Title of the Book Name of the Name of the Publisher Edition and Year

No. Author/s

Textbook

1 Higher Engineering Mathematics B.S. Grewal Khanna Publishers K¥Edition, 2015

Reference Books

1 Advanced Engineering E. Kreyszig John Wiley & Sons T&dition, 2015
Mathematics

2 Engineering Mathematics N.P.Bali and | Laxmi Publishers 7th Edition, 2007

Manish Goyal
3 Engineering Mathematics Vol. | Rohit Khurana n@age Learning *1Edition, 2015

*%%  END sexhen




B.E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER -V
MANAGEMENT AND ENTREPRENEURSHIP
Course Code 18NT51 CIE Marks 40
Teaching Hours/Week (L:T:P) (2:2:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objective:
* Tolearn various aspects and principles of Manageénidanning, and Organization.
» Tolearn the concepts of Entrepreneurship, anceBrdjanagement

Module-1

MANAGEMENT:

Introduction - Meaning - nature and characteristicManagement, Scope and functional areas of neamagt
- Management as a science, art or profession Mamagte& Administration - Roles of Management, Levefs
Management, Development of Management Thought ky esanagement approaches - Modern managel
approaches.

ment

Module-2

PLANNING:
Introduction, Nature: rational approach, open swystgpproach, flexibility of planning, and pervasiges,

importance and purpose of planning process - Gbgsct- Types of plans (Meaning only), Importance| of
planning, steps in planning, planning premises,rafahy of plans, Decision making: types of decisign
decision making process, and environment of detisiaking.

Module-3

ORGANIZING AND STAFFING

Nature and purpose of organization - Principle®mgfanization - Types of organization - Departmeatat
Centralization Vs Decentralization of authority ardponsibility - Span of control - MBO and MBE (Meng
only) Nature and importance of Staffing.

Module-4

ENTREPRENEUR:

Meaning of Entrepreneur; Evolution of the Concdfinctions of an Entrepreneur, Types of Entrepreneur
Entrepreneur - an emerging Class. Concept of Emnepirship - Evolution of Entrepreneurship, Deveaiept

of Entrepreneurship; Stages in entrepreneurial gagicRole of entrepreneurs in Economic Development;

Entrepreneurship in India; Entrepreneurship — dsri@rs.

Module-5

PREPARATION OF PROJECT:

Meaning of Project; Project Identification; Proj&rlection; Project Report; Need and SignificanfcReport;
Contents; formulation; Guidelines by Planning Cossion for Project report; Network Analysis; Erraf
Project Report; Project Appraisal. IdentificatidnBusiness Opportunities: Market Feasibility Stud@gchnical
Feasibility Study; Financial Feasibility Study & @al Feasibility Study.

Course Cutcomes At the end of the course the student will be faanilvith:
* Management

e Planning

¢ Organization

« Entrepreneurship, and
e Project Management




Question paper pattern:
The question paper will have ten full questionsysag equal marks. Each full question consistind. 6f

marks.

There will be two full questions (with a maximumfofir sub questions) from each module.
Each full question will have sub question coverfighe topics under a module.
The students will have to answer five full quessioselecting one full question from each module.

S| Title of the Book Name of the Name of the Publisher Edition and Year
No Author/s
Textbook/s
1 Principles of Management P.C. Tripathi,| Tata McGraw Hill First Edition,
P.N. Reddy Publishing Company 2007
Limited. New Delhi
2 Dynamics of Entrepreneurial Vasant Desai: Himalaya Publishing House First Bditi
Development & Management 2007
3 Entrepreneurship Development Poornima M | — Small Business 2006
Charantimath | Enterprises, Pearson
Education,
Reference Books
4 Management Fundamentals: Robert Lusier Thompson 2007
Concepts, Application, Skill
Development
5 Entrepreneurship Development S. S. Khanka S. €CRabo 2007
6 Management Stephen Pearson Education 17th Edition.
Robbins 2003




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER -V
QUANTUM MECHANICS AND SIMULATION TECHNIQUES
Course Code 18NT52 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:2:0) SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives:
» To understand the basic principles of quantum mackand simulation methods.
e To learn the application of the simulation techmeigjin biology and biomedical fields.

Module-1

PHYSICAL BASIS OF QUANTUM MECHANICS

Experimental background, inadequacy of classicgkiols, summary of principal experiments and infeesn
Uncertainty and Complementarity. Wave packets atemnd time, and their physical significance.
Schrodinger wave equation: Development of wave toua One-dimensional and extension to th
dimensions inclusive of forces. Ehrenfest’'s theorem

ree

Module-2

THE BASIC PRINCIPLES OF QUANTUM MECHANICS

The fundamental postulates, expectation values @ob8abilities; quantum mechanical operators, ekp|

representation of operators, uncertainty principatrix method solution of linear harmonic oscitiat

Quantum dynamics: Equations of motion, Schrodingiisenberg and Interaction pictures. Poisson letack

and commutator brackets.

c

Module-3

QUANTUM COMPUTATIONAL SIMULATION
Turing machines, logic gates, and computers — silervs. irreversible computation — Landauer'sgiple

and the Maxwell demon — natural phenomena as congpgrocesses — physical limits of computation —

Moore’s law — quantum computation — historical depeent of quantum computation — quantum bit
quantum logic.
(Note: only qualitative approach)

S —

Module-4

SURGICAL SIMULATION AND VIRTUAL ENVIRONMENT

Need, technology, volume image data file, humaouwe=s, interface and applications. Virtual envinemt
(VE), technology, applications of VE, advantagesiofiulators and after effects of VE participati®@urgical
nanorobots, Telesurgery, and endoscopy.

Module-5

SIMULATION METHODS AND BIOLOGICAL SYSTEMS

Monte Carlo methods — Introduction, Integrationm@ation, Random Walk, Percolation, Ising Model,

Markov.
Simulations of Biological systems - Proteins: Alptalix, Beta Sheet, PDB, heme, Dock, DNA: B, Z, A.

Course Outcomes At the end of the course the student will be abie t
» COLl: Physical basics of quantum mechanics
» CO2:Basic principles of quantum mechanics
* CO3:Basics of Quantum computational simulation
e CO4:Basic principles of surgical simulation andwa environment for biomedical applications
» COb5:Concepts of simulation methods and biologigatesns




Question paper pattern:

* The question paper will have ten full questionsyag equal marks. Each full question consistind. 6f

marks.

e There will be two full questions (with a maximumfofir sub questions) from each module.
e Each full question will have sub question covertighe topics under a module.

Sl Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Introductory Quantum Chemistry  A.K. Chandra TdGraw Hill First Edition,
Publishing Company 1998
2 Stochastic Simulations of Emanuele CRC Press, Taylor and First Edition,
Clusters: Quantum Methods in | Curotto Francis group 2010
Flat and Curved Snac
Reference Books
3 Quantum Mechanics B. K. Agarwal| Prentice-Hall First Edition,
and Hariprakash 1997
4 Medical Informatics: Computer | E. H. Shortliffe, | Springer Verlag First Edition,
applications in health care and | G. Wiederhold, 2000
biomedicine L. E. Perreault,
L. M. Fagal
5 Quantum Mechanics V. K. Wiley Eastern First Edition,
Thankappan 1980




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)

SEMESTER - V
CHARACTERIZATION TECHNIQUES
Course Code 18NT53 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:2:0) SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives:
* To study the basic characterization tools and tectes
» To understand the structural, morphological, anthsa composition of nanomaterials
* To understand the electrical measurement devices

Module-1

INTRODUCTION TO CHAR ACTERIZATION TECHNIQ UES:

Introduction to characterization techniques-typkesharacterization techniques, Basics, ImportaStejctural
and compositional characterization tools, resohyticesolving power- abbe criterion, Rayleigh crider
Different types of sources used, electron lensem) €oils, lens aberrations, electron diffractioteiference
types of detectors used.

Module-2

X-RAY BASED CHARACTERI ZATION :

Basic Principles Instrumentation and applicatiohsXeay diffraction, powder (polycrystalline) andngle
crystalline XRD techniques; Debye-Scherrer equatday photoelectron spectroscopy — basic primgi
instrumentation, -ray absorption techniques: introductio XANES, and EXAF.

Module-3

ELECTRON MICROSCOPY TECHNIQUES:

Principles and applications of Electron beam, Etettbeam interaction with matter. Scanning elec
microscopy: working principle and application. Tsamssion electron microscopy: introduction, wogkand
application. Electron-diffraction, introduction t8AED. Atomic Force Microscope: working and types
operating modes. Scanning Tunnelling Microscopekimg principle and applications.

ron

of

Module-4

SPECTROSCOPIC TECHNIQUES:

Principles, operation and applications of UV-VISeSpophotometers, IR/FTIR Spectrophotometers,
Raman spectroscopy. Optical microscope: Nanopartgitze measurement by Dynamic light scatte
methods, zeta potential.

and
ring

Module-5

ELECTRICAL MEASUREME NTS:
Introduction to Potentiometry. Basics of Voltamnietechniques: Linear and Cyclic voltammetry. IMCAnd
DC electric measurements. Impedence Measuremeraraigsis.

Course Outcomes At the end of the course the student will be ablagply the knowledge of:
» COLl.: Basics of characterization techniques
» CO2:X-ray based characterization
e CO3:Electron microscopy techniques
» CO4:Spectroscopic techniques
» COS5:Electrical measurements

Question paper pattern:
e The question paper will have ten full questionsyéag equal marks. Each full question consistind.&f
marks.
* There will be two full questions (with a maximumfotir sub questions) from each module.
» Each full question will have sub question covemtighe topics under a module.

5 ' Name of the
No Title of the Book Author/s

Name of the Publisher Edition and Year

Textbook/s




1 Handbook of Nanophase and | Wang, Z.L., Springer First Edition,
Nanostructured Materials Liu, Yi, Zhang, 2002
2 Nanomaterial Characterization Naveen Kumak AP-Lambert Academic First Edition,
JagadapuraRam Publishers, Mauritius. 2018
egowda, Prasad ISBN: 978-3-330-34221-7
Puthiyillam
Reference Books
3 Characterization of Nanophase | Zhong Lin Wiley-VCH First Edition,
Materiale \A/anc 200(
4 Characterization of SverreMyhra, | CRC Press First Edition,
Nanostructures John C. Riviére 2016
5 Nano Materials Synthesis V. Rajendran Atlantic Publishers and | First Edition,
AndCharacterisation Distributors 2013




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - V
SYNTHESIS OF NANOMATERIALS
Course Code 18NT54 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
* To understand methods involved in the synthesisaaob materials
* To learn the techniques which are required forsymehesis of various nano materials

Module-1

SYNTHESIS OF METAL O XIDES AND SEMICONDUCTORS: Introduction, Defining Metal oxide and
Semiconductor nanoparticles, Synthesis of Metad®xianoparticles- CdO and AgO nanostructures. teifite
methods to synthesis CuO (Procedure), comparisduartages and Drawbacks CuO nanoparticles, Differen
methods to synthesis ZnO (Procedure), comparisduatages and Drawbacks ZnO nanoparticles, Difteren
methods to synthesis A); (Procedure), comparison, Advantages and Drawbadk®; nanoparticles
Synthesis of Semiconductor nanoparticles- CdS, C&88, PbS, CuS, Cu2S, and Fi(nly procedure)
Potential Uses of metal oxide and semiconductooparticles.

Module-2

SYNTHESIS OF QUANTUM DOTS AND METAL NANOP ARTICLES: Introduction, Defining
Nanodimensional Materials, Different methods totegsis CdSe (Procedure), comparison, Advantages and
Drawbacks CdSe quantum dots, Different methodynthssis ZnS (Procedure), comparison, Advantagds an
Drawbacks ZnS quantum dots, Different methods tah®sis AgS (Procedure), comparison, Advantages and
Drawbacks AgS quantum dots, Metal, Potential Usesjflantum dots.Synthesis of Metal Nano particlag,-
Au, Pt and Fe nanoparticles.

Module-3

SYNTHESIS OF OXIDE AND NON-OXIDE NANOPARTICLES :Introduction, Defining Oxide and Nor|
oxide Nanoparticles, Synthesis of Oxide nanopadiclMagnetite Particles or magnetosomes, gofe
MnFeO, and CoCrFegano particulate. Different methods to synthesisgihdgdite Particles (Procedure
comparison, Advantages and Drawbacks of Magnetrgidies, Different methods to for the Preparatidr
Isolated Oxide Nanoparticles- Hydrolysis, Oxidatanmd solvothermal methods. Potential Uses for ©xiadd
Non-oxide Nanopatrticles.

~—

Module-4

SYNTHESIS OF NANOPOROUS MATERIALS : Introduction, Defining nanoporous materials, $ysis of
Nanoporous materials- Aluminosilicate Zeolites,tdMePhosphates- Aluminium Phosphates, Phosphates of
Gallium and Indium, Iron Phosphates, Cobalt and gdmese Phosphates, Copper and Nickel Phosphates,
Zirconium and Titanium Phosphates (Procedure omgvantages and drawbacks of nanoporous materials.
Potential Uses of nanoporous materials.

Module-5

BIOSYNTHESIS OF NANOMATERIALS: Introduction, Advantages, disadvantages and apjita of
biosynthesis route for nanomaterial synthesis. ti#sis of Au and Ag nanapgticles using plant extrac
Reduction of Graphite Oxide using plant extracntBgsis and Assembly of Nanoparticles and Nandsires
Using Bio-Derived Templates, Introduction, Eleg&@uwmplexity, Polysaccharides, Synthetic Peptides] |an
DNA, Proteins, Viruses, Microorganisms. Self-AssénmtbDNA Nanostructures for Patterned Molecular
Assembly, Three-Dimensional (3-D) DNA Nanostrucgyriérogrammed Patterning of  DNA Nanostructures.

Course Outcome: At the end of the course the student will be ablegply the knowledge of:
* COLl: Synthesis of metal oxides and semiconductors
* CO2:Synthesis of quantum dots and metal nanopesticl
» CO3:Synthesis of oxide and non-oxide nanoparticles
* CO4:Synthesis of nanoporous materials
e CO5:Biological synthesis of nanoparticles.




Question paper pattern:

The question paper will have ten full questionsysag equal marks. Each full question consistind. 6f

marks.

There will be two full questions (with a maximumfofir sub questions) from each module.

Each full question will have sub question coverfighe topics under a module.

Sl. Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 The Chemistry of Nano materialsC. N. R. Rao, WILEY-VCH Verlag First Edition,
Synthesis, Properties and A. Muller, A. GmbH & Co. KgaA, 2004
Applications K. Cheetham | Weinheim, ISBN 3-527-
2 Synthesis of Nanomaterials Shareefraza JLAP-Lambert Academic First Edition,
Ukkund, Smithal Publishers, Mauritus. ISBN: 2018
Rai, Prasad 978-613-9-82137-2
Puthiyillarr
Reference Books
3 Nano structures and Nano Guozhong Cao | World scientific series in | First Edition,
materials, synthesis, properties nano science and 2011
4 NANO The Essential, T. Pradeep Tata McGraw-Hill First Edition,
understanding Nano science and Publishing Company 2007
5 Nanobiotechnology- I, More C. A. Mirkin, WILEY-VCH, First Edition,
Concepts and Applications C.M. Niemeyer | VerlagGmbH&Co 2007




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - V
MICRO FLUIDICS AND NANO FLUIDS
Course Code 18NT55 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
* To study basic principles of micro and nano fluids.
* To understand the synthesis advantages and impertdirmicro and nanofluids.

Module-1

INTRODUCTION TO MICR O FLUIDICS AND NANO FLUIDS: Microfluidics: Introduction, Benefits of
size reduction, Benefits of automation and intégratApplication areas; PDMS microfluidics: Intraztion,
PDMS microvalve architectures, elastomeric micidftuvalve, Multilayer device fabrication, Advanesof
PDMS devices.

Nano fluids: Properties of nanofluids; thermophgkicharacteristics of nanofluids and factors afifest
Experimental methods of preparation of nano fluid$ieoretical models for thermal conductivity |of
nanofluids.

Module-2

BASIC PRINCIPLES OF MICROFLUIDICS: Laminar flow, Peclet number, Pressure driven fl&ectro-
osmotic flow, Micropumps: Mechanical micropumps r{gtaltic pump, Centrifugal pump), Non-mechanical
micropumps (Electrokinetic pump, Magneto-hydro dyia(MHD) pump); Micromixers: Active micromixers
(Planar laminar bubble mixer, MHD mixer), Passivicramixers (T-type mixers); Soft lithography and
PDMS; Detection methods; Applications.

Module-3

MICROFLUIDICS IN BIO MEDICAL RESEARCH: Impact of microfluidics on biomedical research;
microfluidics concepts: Laminar versus turbulerdwf] Surface and interfacial tension, Capillary &sg
Chemotaxis: Introduction, Agar-plate techniques, ofahamber techniques, Boyden chamber, Bridge
chambers, Capillary techniques, Other techniquesage study in chemotaxis assays; Microfluidic devyi
fabrication (polydimethylsiloxane (PDMS) based, irheplastics based, paper based, and wax based);
Diagnostics for low-resource settings; Rapidly sssp biofluids with microfluidics; Organ-on-a-chip;
Biomimetic blood vessel and capillary networks.

Module-4

MICRO AND NANO EMULS IONS: Emulsion: Appearance and properties, Emulsifierecidnisms of
emulsification, Uses; Microemulsions: DefinitiondaHlistory, types of microemulsions, Interaction rgnes,
Packing parameter and microemulsion structures, réfydlic-Lipophilic Balance, Phase Inversion
Temperature; Surfactant film properties: Ultra-lonterfacial tension, Spontaneous curvature; Ngano
emulsions: Introduction; formation; differencesvibeén macro-, micro-, and nano-emulsions; Preparatiq
nanoemulsions; Droplet size control; Stability: ddization mechanisms, Controlling stability f
nanoemulsions; Properties: Droplet size and stapiliunable rheology; Applications of nanoemulstoims
drug delivery, in food industry, as building blocks crystallization/pharmaceuticals industry.

Module-5

PREPARATION AND APPL ICATIONS OF NANO FLU IDS: Preparation of nano fluids: Preparation| of
non-metallic nanofluids: Aluminum nitride-nanoflgidZinc oxide-nanofluids, Titanium dioxide-nanodlsj
Silicon dioxide-nanofluids, Copper oxide-nanoflyidé&luminum oxide-nanofluids, Carbon nanotube-
nanofluids; Preparation of metallic nanofluids: &dl silver-nanofluids, Copper-nanofluids. Applicais of
nanofluids: Heat Transfer Applications, Industrfaboling Applications, Nuclear Reactors, Extractioh
Geothermal Power and Other Energy Sources; Autemadiipplications: Nanofluid Coolant, Nanofluid |n
Fuel, Brake and Other Vehicular Nanofluids; ElesicoApplications: Cooling of Microchips, Microscale
Fluidic Applications; Biomedical Applications: Natiug Delivery, Cancer Theraupetics, Cryopresermatio
Nanocryosurgery, Sensing and Imaging; Other Apptioa: Nanofluid Detergent; Oxide Nanofluids, Métal
Nanofluids, Nanofluids with Carbon Nanotubes.




CourseOutcomes: At the end of the course the student will be ablagply the knowledge of:
* CO1: Micro fluidics and Nano fluids

» CO2:Basic principles of micro fluidics

» COg3:Micro fluidics in biomedical research

e CO4:Micro and nano emulsions

» CO5:Preparation and applications of nano fluids

Question paper pattern:
» The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

marks.
» There will be two full questions (with a maximumfofir sub questions) from each module.
» Each full question will have sub question covertighe topics under a module.

Sl. Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s

Textbook/s

1 Introduction to Microfluids PatricTabeling Oxfoldl Press, New York] First Edition,

2005

2 Micro Fluidics and Nano Fluids Sharel D’'Souzd&,AP-Lambert Academic First Edition,
Dr. Savitha Publishers. ISBN: 978-613t 2018
Prasad, Dr. 9-95349-3

Prasad
Puthiyillam
Reference Books
3 Nanofluids: Science and Sarit K. Das, John Wiley & Sons, Inc First Edition,
Technology Stephen U. S. 2008
Choi, Wenhua
Yu, T. Pradee
4 Microfluidics and Nanofluidics: | Clement Wiley First Edition,
Theory and Selected ApplicationsKleinstreuer 2014
5 Theoretical Microfluidics Henrik Bruus Oxford Mter Series in First Edition,

Phvsic: 2003




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER -V
NANO-PYTHON PROGRAMMING LANGUAGE FOR AUTOMATION
Course Code 18NT56 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
* To understand the programming python programminguage
* To study implementation of python programmes fdoaation

Module-1

PYTHON — OVERVIEW: History of Python, Python Features.PYTHONBASIC SYNTAX: First Python
Program, Python Identifiers, Lines and IndentatMnlti-Line Statements, Quotation in Python, Comisen
Python, Using Blank Lines, Waiting for the User, INple Statements on a Single line, Multiple Stager
Groups as Suites, Command Line Arguments, Acces3amgmand-Line Arguments, Parsing Command-L
Arguments, getopt.getopt method, Exception geBmibptError.

ne

Module-2

PYTHON — BASIC OPERATORS: Types of Operators, Python Arithmetic OperatorghB&y Comparisor
Operators, Python, Python Assignment OperatorshdPytBitwise Operators, Python Logical Operatg
Python Membership Operators, Python Identity OpesaiPython Operators Precede

DI'S,

Module-3

PYTHON — DECISION MAKING: If Statement, If else Statement, The else if Stat@nSingle Statement

Suites

PYTHON — LOOPS: While Loop, the Infinite Loop, using else Statemaenth Loops, Single Stateme
Suites, For Loop, Iterating by Sequence Index, tysilse Statement with Loops, Nested Loops, LooptiGb
Statements, Break Statement, Continue Statemesg, Ratement.

Nt
N

Module-4

PYTHON — NUMBERS and STRINGS: Number Type Conversion, Random Number Functi
Trigonometric Functions, Mathematical Constants. THON — STRINGS Accessing values in string
updating strings, escape characters, string spepé&ators, string formatting operator, triple qsptunicodg
string and built-in string methods — capitalizeenter — count — decode - encode.

ns,

[}

Module-5

PYTHON — LISTS& TUPLES

Python Lists Accessing Values in Lists, Updatingtsj Deleting List, Elements Basic List Operation
Indexing, Slicing, and Matrixes, Built-in List Fuimns — compare — length — max value - min value.
Accessing Values in Tuples, Updating Tuples Deteliniple, Elements, Basic Tuples Operations - X
Slicing, and Matrixes, No Enclosing Delimiters, Bim Tuple Functions — compare —length — max vall
min value — tuple.

ROLE OF NANO IN PYTHON

Nano Text Editor - Enable Code Syntax Highlightiftg Python, GNU nano — introduction, Invokin
command line options, editor basics, built in hdkgature toggles, Nanorc files — syntax highlighti&
rebinding keys.

e

Q

Course Outcomes At the end of the course the student will be ablegply the knowledge of:
* COl: Understand the basic syntax of python prograngtanguage
* CO2:Understand and apply the basic operation dfguyprogramming language
» CO3:Understand and apply the python decision ma&kimgpython loops
e CO4:Understand and apply the python numbers amdystr
e COb5:Understand and apply the python lists and sjgled correlation of nanotechnology and pythg
programming

Question paper pattern:
¢ The question paper will have ten full questionsyeag equal marks. Each full question consistind &f
marks.




There will be two full questions (with a maximumfoftir sub questions) from each module.
Each full question will have sub question covemtighe topics under a module.

Sl Title of the Book Name of the Name of the Publisher Edition and
No. Author/s Year
Textbook/s
1 Python Programming Lee, Kent D. | Springer First Edition,
Fundamentals 2011
2 Nano - Python Programming Karthik LAP-Lambert Academic First Edition,
Language for Automation Nayak, Publishers. ISBN: 978-613-9-| 2018
Naveen 95806-1
Kumar J. R,
Dr. Prasad
Puthiyillam
Reference Books
3 Beginning Python: Using Python James Payne| Wiley First Edition,
2.6 and Python 3.1 2017
4 Learning with Python Allen Dreamtech Press First Edition,
Downey, 2015
Jeffrey
Elkner, Chris
Meyers.
5 Effective Python 1: 59 Specific | Brett Slatkin | Pearson Education First Edition,
Ways to Write Better Python 2015




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - V
NANOMATERIALS SYNTHESIS LAB
Course Code 18NTL57 CIE Marks 40
Teaching Hours/Week (L:T:P) (0:2:2) SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives:
* To understand the chemical approach to synthesize particles.
* To synthesize nano materials by various chemic#hous.

Sl. Experiments

No.

1 Synthesis of Ferro fluids by chemical method

2 Synthesis of Ag metal nano particles by Chennedliction method

3 Synthesis of Tighano particles by Solvothermal method.

4 Synthesis of F@®;nano particles by Co-precipitation method

5 Synthesis of MgO,nano particles by Co-precipitation method

6 Synthesis of CuO nanopatrticles by green synthesis

7 Synthesis of ZnS/MoSnano particles by microwamed@hermal method
8 Synthesis of CuOnano particles by reverse micutgion method

9 Synthesis of Mo®ano particles by ultra-sonication method.

10 | Synthesis of monodisperse copper nano partigiehemical reduction method.
11 | Synthesis of CdS by chemical method

12 | Synthesis of nano crystalline AgS

13 | Synthesis of ZnO by chemical method

14 | Green synthesis of Ag nano particles

Course Outcome: At the end of the course the student will be able t
* Learn the different methods to synthesis nano nadger

Conduct of Practical Examination:
1. All laboratory experiments are to be includeddctical examination.

2. Breakup of marks and the instructions printedh@ncover page of answer script to be strictlyeselth by

the examiners.
3. Students can pick one experiment from the guestot prepared by the examiners.

4. Change of experiment is allowed only once 15% Marks allotted to the procedure part to be nzdem




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER -V
CHARACTERIZATION AND MEASUREMENT LAB
Course Code 18NTL58 CIE Marks 40
Teaching Hours/Week (L:T:P) (0:2:2) SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives:

o To understand the mechanical, optical, magnetiernthl, ionic and electromagnetic properties
materials and semiconductors when they experiexteeral fields like electric field and magneticlfie

0 To determine the thickness of thin films, workirfgacsolar cell and to identify the unknown matesial

Sl. Experiments

Determination of electromagnetic properties diyple and P-type semiconductors.

Determination of ionic conductivity of a givemsale.

Determination of thermal conductivity of thinnfi.

Determination of optical properties of a givemgée.

Measurement of mechanical properties of a giaeme.

Determination of magnetic properties of a givgnitl sample.

Determination of efficiency of a given solar cell

Determination of ultrasonic sound velocity of@mMiquid samples.

©oo\1mo14>oor\>|—\z
o

Identification of unknown sample by arc spectmethod.

10 | Resistivity determination for a semiconductoferaising Four probe method.

11 | To trace the hysteresis loop for a magnetic nate

12 | Determination of wavelength of the given LED.

13 | Measurement of thickness of a given thin filmaloywedge method.

Course Outcome: At the end of the course the student will be abie t
» Students can able to understand the materials lmhidike mechanical, optical, electrical, thermal,
ionic and electromagnetic properties at micro skalel.
» Students can also learn effect of temperaturetraddizld and magnetic fields on the different égp
of materials.
» Students can also learn the materials behaviotr negipect to the change in voltage and magnetic

field.

Conduct of Practical Examination:

1. All laboratory experiments are to be includeddiactical examination.

2. Breakup of marks and the instructions printedh@ncover page of answer script to be strictlyeselth by
the examiners.

3. Students can pick one experiment from the qomestiot prepared by the examiners.

4. Change of experiment is allowed only once artd Marks allotted to the procedure part to be maie.m

of



B. E. (Common to all Programmes)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)
SEMESTER -V

ENVIRONMENTAL STUDIES

Course Code 18CIV59 CIE Marks 40
Teaching Hours / Week (L:T:P) (1:0:0) SEE Marks 60
Credits 01 Exam Hours 02
Module - 1

Ecosystems(Structure and Function): Forest, Desert, WetlaRdgerine, Oceanic and Lake. 02 Hrs
Biodiversity: Types, Value; Hotspots; Threats and Conservationbifdiversity, Forest Wealth, and
Deforestation.

Module - 2

Advances in EnergySystem: (Merits, Demerits, Global Status and Applicationdydrogen, Solar, OTEGC,
Tidal and Wind. 02 Hrs
Natural Resource Managemen{Concept and case-studies): Disaster ManagemesitaiSable Mining, Clouc
Seeding, and Carbon Trading.

Module - 3

Environmental Pollution (Sources, Impacts, Corrective and Preventive meastRelevant Environmental
Acts, Case-studiesypurface and Ground Water Pollution; Noise pollutiBail Pollution and Air Pollution.
Waste Management & Public Health AspectsBio-medical Wastes; Solid waste; Hazardous wa&iasastes;
Industrial and Municipal Sludge.

Module - 4

Global Environmental Concerns (Concept, policies and case-studies):Ground wdegletion/recharging,
Climate Change; Acid Rain; Ozone Depletion; Radot Bluoride problem in drinking water; Resettlemandl
rehabilitation of people, Environmental Toxicology.

Module - 5

Latest Developments in Environmental Pollution Mitgation Tools (Concept and Applications):G.I.S. &
Remote Sensing, Environment Impact Assessment, rémvental Management Systems, 1S014001;
Environmental Stewardship- NGOs.
Field work: Visit to an Environmental Engineering LaboratoryGreen Building or Water Treatment Plant|or
Wastewater treatment Plant; ought to be Followedrmerstanding of process and its brief documenntati

Course Outcome: At the end of the course, students will be able to
e CO1l: Understand the principles of ecology and emvitental issues that apply to air, land, and water
issues on a global scale,
» CO2: Develop critical thinking and/or observatidills and apply them to the  analysis of a peol
or question related to the environment.
» CO3: Demonstrate ecology knowledge of a compleatimiship between biotic and a biotic component.
e CO4: Apply their ecological knowledge to illustrated graph a problem and describe the realitids tha
managers face when dealing with complex issues.

Question paper pattern:
* The Question paper will have 100 objective question
» Each question will be for 01 marks.

» Student will have to answer all the questions iIOMR Sheet.
e The Duration of Exam will be 2 hours.

Sl. No. Title of the Book Name of the Name of the Publisher Edition and

Author/s Year
Textbook/s

1 Environmental Studies Benny Joseph | Tata Mc Graw — Hill. 2"Edition, 2012




2. Environmental Studies S M Prakash Pristine Publishing Houde3“Edition 2018
Mangalore
3 Environmental Studies — R Rajagopalan Oxford Publisher 2005
From Crisis to Cure
Reference Books
1 Principals of Environmental | Raman Sivakumar Cengage learning, 2"Edition, 2005
Science and Engineering Singapur.
2 Environmental Science — G.Tyler Miller Jr. | Thomson Brooks /Cole, | 11"Edition, 2006
working with the Earth
3 Textbook of Environmental | Pratiba Sing, Acme Learning Pvt. Ltd. | 1°Edition
and Ecology AnoopSingh& New Delhi.
PiyushMalaviya




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
SURFACE SCIENCE AND THIN FILM TECHNOLOGY
Course Code 18NT61 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:2:0) SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives:
* To learn the science of surface and the technabggpects of thin films

Module-1

INTRODUCTION
Introduction to surface, classification, importancAbsorption and adsorption; physic-sorption 3
chemisorption; factors affecting the adsorptiongaes on solid; Adsorption from the Solutions atsd
importance; applications of adsorption. Colloitigroduction; differences between colloids and saspon;

important properties of true solutions, colloidsidasuspensions; types of colloidal solutions angirth

examples; classification of colloids based on theractions; Applications of colloidal solutionsylloidal
silver and its drawbacks; colloidal gold and itplagations. Interfaces: introduction, types, sugf@nergy ang
energetics, surface tension and effect of surféstamportance of surface tension in case of nariojes,
atomic structure of clean surfaces and with adseshaurface defects (Terrace, Ledges, Kinks aratohas),
surface property and bulk property.

Module-2

THIN FILMS AND COATING

Thin films: Introduction, importance; thin film gndh modes: Frank-van-der-Merwe mode, Stran
Krastanow mode, and Volmer-Weber mode. Coatingctamns of coating; Dip coating: Introduction, prese
factors affecting. Spin coating: General theorypligations, advantages and disadvantages, sp
requirements for nanoparticles, thickness equaspeed, duration, DDSC, and SDSC techniques, lalva
spin speeds and covered drying, spin coating valvest blends, two step spin coating and edge/cdyead
removal, visible assessment of drying and film amifity, cleaning and wash steps, avoiding a hola&uwm
warping of substrate, spin coating low viscosityvents, ambient conditions and changes in dryingeti
incomplete coating of substrate, common spin cgatefects.

and
i

)

sKi-

ecial

Module-3

THIN FILM DEPOSITION: PHYSICAL VAPOUR DEPOSITION

Introduction to PVD; vacuum thermal evaporationsistance heating technique, electron beam he
techniques, Advantages and limitations of vacuuenntial evaporation, applications; Sputter depositi@sic
principle, magnetron sputtering, advantages anddtions of sputter deposition, applications; Evapion
(deposition): physical principle, equipment, optiation, applications, comparison.

ating

Module-4

ATOMIC LAYER DEPOSITION AND CHEMICAL BATH DEPOSITIO N

Atomic layer deposition: Introduction; History; $ace reaction mechanisms: Thermab@l ALD, Metal
ALD, Catalytic SiQ ALD; ALD applications: Microelectronics applicatis (Gate oxides, Transition-met
nitrides, Metal films, Magnetic recording headsjd @RAM capacitors), Biomedical applications, anda{fiy
and quality control; Advantages and limitations ¢&emic viability, Reaction time, and Chemical irtibas)
of ALD. Chemical bath deposition: Introduction, céan mechanism, advantages and limitations.

al

Module-5

ANTI-REFLECTIVE COATING, SELF-CLEANING GLASS, AND N ANO INDENTATION
Anti-reflective coating: Introduction, ApplicationsCorrective lenses, Photolithography; Types: Ind
matching, Single-layer interference, Multi-layetearfierence, Absorbing, Moth eye, and Circular paéar
Theory: Reflection, Rayleigh's film, Interferenagatings, Textured coatings. Self-cleaning glagsottuction,
patterning of hydrophobic surfaces, thin film ti@ncoating, use of titanium dioxide in self-clean
applications: mechanism, and applications.

ex

5

Nano indentation: Introduction, process, appliagadio




Course Outcome: At the end of the course the student will be ablartderstand:

e CO1: Surface science and interfaces,

e CO2: Thin films and coating,
e COa3: Thin film deposition,
» CO4: Atomic layer deposition,

» COS5: Mechanism of anti-reflective coating and s#dfaning glass, and nano indentation.

Question paper pattern:

* The question paper will have ten full questionsyéag equal marks. Each full question consistind.&f

marks.

» There will be two full questions (with a maximumfotir sub questions) from each module.

» Eachfull guestion will have sub question covering ak topics under a modt

Sl Title of the Book Name of the Name of the Publisher Edition and Year
No Author/s
Textbook/s

1 Engineering Coatings: Design a

n&. Grainger, J.

Woodhead Publishing Ltd,

Second Edition,

Application Blunt UK 1998
2 Surface Science and Thin Film | DeviprasadR. | LAP-Lambert Academic First Edition,
Technology N., Aparna Publishers, Mauritius. 2018
Nadumane, ISBN: 978-613-9-85635-0
Prasad
Puthiyillarr
Reference Books
3 Functional Polymer Films R. Advincula, | Wiley First Edition,
W. Knoll 2011
4 Handbook of Thin Film Hartmut Frey, | Springer Science & First Edition,
Technology Hamid R. Khan | Business Media 2015
5 Thin Film Technology Handbook  AichaElshabini€Caladonian Rose Books First Edition,
Riad, Fred D. 2000

Barlow Il




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
MEMS AND NEMS
Course Code 18NT62 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:2:0) SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives:
* To understand the basic components of MEMS and NEMS
* To study, design the MEMS and NEMS based devices

Module-1

INTRODUCTION

Miniaturization, Integrated Circuits, Microsensofgjcroactuators, Thermal MEMS, Micro-Opto Electro

mechanical Systems (MOEMS), Magnetic MEMS, Micrafios, RF MEMS, Packaging.

MICRO SENSORS & ACTUATORS

Principle of sensing and actuation, silicon capas#énsors, piezo-resistive sensors, electrostatitbcdrive,
magnetic microrelay, piezo-ink jet printer, microrors, array Sensors, microgrippers, gyroscopesran
beams and cantilever.

i

Module-2

TRANSDUCTION PLATFORMS
Introduction - Conductometric and Capacitive Tramsas, Optical Waveguide based Transdug
Electrochemical Transducers, Solid State Transdue&chottky Diode based Transducers - p-n Diode
Bipolar Junction based Transducers - MOS Capaditmed Transducers, Acoustic Wave Transduce
Cantilever based Transducers - Quartz Crystal Malamce - Film Bulk Acoustic Wave Resonator.

ers,
SO
lrs -

Module-3

MICROMACHINING
Types of wafers, orientation, Photolithography, Hidtg methods, Silicon polishing, surface and b
micromachining, Thin film deposition techniques #pting, CVD, epitaxial growth, thermal oxidatiomafer
bonding.

MEMS MATERIALS

Single crystal silicon, poly silicon, SO SiN, Germanium based materials, metals, SiC, aimmill-V
materials, piezoelectric materials.

ulk

Module-4

INTEGRATION OF MEMS DEVICES

Microsystem packaging, packaging technologiesabdlty, failure mechanisms, CMOS, stability, treemg
properties and performance, traceability and cafibn, scaling effects, signal amplifiers, transeng, signal
conditioning, basics of control theory, case stsidie

Module-5

NANOELECTROMECHANICAL SYSTEMS (NEMS)

Introduction- Nano machining of NEMS based uporncteten beam lithography, Nano electromechan
systems fabrication, nano imprint lithography, modric nano fibre templates, focused ion beam dopird
wet chemical etching, stencil lithography and daxal etching, large scale integration, future lidrages,
applications.

cal

Course Outcomes At the end of the course the student will be ablartderstand:
e CO1: Microsensors and Actuators

e CO2:Transduction platforms

* CO3:Micromachining and MEMS materials
* CO4:Integration of MEMS devices

+ CO5:NEMS




Question paper pattern:
The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

marks.

There will be two full questions (with a maximumfofir sub questions) from each module.

Each full question will have sub question covertighe topics under a module.

S Title of the Book Name of the Name of the Publisher Edition and Year
No Author/s
Textbook/s
1 MEMS N. P. Mahalik Tata-McGraw Hill First Edition,
2 MEMS and NEMS Naveen Kumar LAP-Lambert Academic First Edition,
JagadapuraRam Publishers, Mauritius. 2018
eaowdi ISBN: 97¢-3-65¢-8931:-4
Reference Books
3 Micro & Smart System V. K. Aatre, G| Wiley India First Edition,
K. 2010
Ananthasuresh,
K. J. Vinoy
4 Nanoelectronics and Nanosystems Karlglosekottepringer First Edition,
2007
5 Micromachines as Tools for H. Fujita Springer First Edition,
Nanotechnology 2003




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
NANO-PHOTONICS
Course Code 18NT63 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:2:0) SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives:
* To understand the basic principles of Photonicsindportance
* To study the nano-photonics its fabrication andiapgpons

Module-1

INTRODUCTION TO OPTI CS, PHOTONICS AND NANO-PHOTONICS: Different quantities
associated with light; Properties of Light; Reflent Refraction; Interference & Diffraction; Absdipn &
Scattering. Photonics: Introduction, history; Cleakoptics, and modern optics; Applications of famics;
Emerging fields of photonics: light sources, phat@ystems, Photonic integrated circuits; Orgatotpnics;
Optoelectronics: Introduction, classification wékamples.Nanophotonics: Introduction, Principldasions
and metal optics, Near-field optics, and Metamatsri

Module-2

FOUNDATIONS OF NANO-PHOTONICS: Photons and electrons: similarities and differenEese spacg
propagation. Confinement of photons and electrdmpagation through a classically forbidden zq
tunnelling. Localization under a periodic potentiBadnd gap. Cooperative effects for photons andtreles,
Nanoscale optical interactions, axial and lateslascopic localization. Nanoscale confinement ettebnic
interactions: Quantun confinement effects, naneséateraction dynamics, nanoscale electronic en
transfer. Cooperative emissions.

Module-3

FABRICATION AND APPL ICATIONS OF PHOTONIC CRYSTALS AND DEVICES: Thermal,
mechanical and chemical properties of optical niterOptical coatings and methods; Optical Fitt&wsrface
quality of optical components. Choices of materialgphotonic crystals: semiconductors, amorphouns],
polymers, fabrication of photonic crystals strueti(1-D, 2-D); Couplers; Waveguides; Photonic eigs
fibres; Tunable Photonic crystal filter; High-Q tae.

n)
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Module-4

NANOPHOTONIC DEVICES

Evanescent Wave and an Optical Near Field, Geoeratid observation of optical near field, Real winiial
exciton—polaritons, Quantitative innovation, Nanojaimics for realizing qualitative innovation. OgatidNear-
Fields and Effective Interactions, Nanometric Ssbsyn and Macroscopic Subsystem, Basic Idea

Nanophotonic Devices, Cellular Automation, Phonard &Near-Field Nanofabrication, Device Operati
Interconnection with Photonic Devices (Optical ndmontain), nanophotonic devices for room-tempae
operation.
Module-5

FUNDAMENTALS OF NANO-PHOTONIC FABRICATION AND NANO- PHOTONIC SYSTEMS:
Adiabatic nanofabrication — Non-adiabatic nano-fzdiion: near field optical CVD and near fi€
photolithography — Self assembling method via @pticear field interactions — Regulating the sizel
position of nanoparticles using size dependentn@sce — Size controlled, position controlled arphsation
controlled alignment of nanopatrticles.

Optical excitation transfer and system fundamentalarallel architecture using optical excitatioansfer:
memory-based architecture, Global Summation UsimgrNField Interactions; Interconnections for na
photonics — Signal transfer and environment — tamgmstance — Physical Hierarchy in nano-photonics

no-




Course Outcome: At the end of the course the student will be able t
* CO1: Optics, photonics, and nano-photonics

» CO2:Foundations of nano-photonics

» COg3:Fabrication and applications of photonic cryd&vices
e CO4:Fundamentals of nano-photonic fabrication

* CO5:Fundamentals of nano-photonic systems

Question paper pattern:
» The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f
marks.

* There will be two full questions (with a maximumfofir sub questions) from each module.
» Each full question will have sub question covertighe topics under a module.

Sl Title of the Book Name of the Name of the Publisher Edition and Year
No Author/s
Textbook/s
1 Nanophotonics P N Prasad John Wiley & Sons Eidgion,
[oYaYaV)
2 Nano-Photonics Prasad P. LAP-Lambert Academic First Edition,
Embrandiri, Publishing. ISBN: 978-613t 2018

Amrutha Adiga, | 9-95613-5
Savitha Pras:

Reference Books

3 Nano-Biophotoics H.Masuhara,S| Elsevier Science First Edition,
Kawata, 2007

4 Fundamentals of Photonics BEA Saleh ahdohn Wiley and First Edition,
AC Teich Sons,NewYork 1993

5 Principals of Nanophotonics M. Ohtsu, K. University of Tokyo, Japan| First Edition,
(Optics and Optoelectronics) Kobayashi, T. 2003
Kawazoe and T
Yatsu




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
COMPOSITES AND THEIR APPLICATIONS
Course Code 18NT641 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
» Composites are a relatively wide used class of nadde

* In this course the students learn about the beneficombining different materials to a composte t

obtain desired properties.

e The motive of this course is to make the studemtsitierstand different processing methods, issues,

properties and testing methods of different contpasaterials

Module-1

INTRODUCTION TO COMPOSITES: Definition and Fundamentals of composites and Namposites,
Need for composite materials. Classification of posites; Matrix: Polymer matrix composites (PMCetisl

matrix composites (MMC), Ceramic matrix compositeMC); Reinforcement: particle reinforced compasite

Fibre reinforced composites. Applications of conijgss Fibre production techniques for glass, carand
ceramic fibres.

Module-2

POLYMER MATRIX COMPOSIT ES: Polymer resins: thermosetting resins, thermoplastsins;
reinforcement fibres: rovings, woven fabrics, nooven random mats, various types of fibres.

Processing of PMC: hand layup process, spray ugeps) compression moulding, reinforced reacticectign
moulding, resin transfer moulding, Pultrusion, Fitnt winding, Injection moulding.

Fibre reinforced plastics (FRP), Glass Fibre Reudd Plastics (GFRP). Applications of PMC in acexsp

Avitarantivia indiictriaes Anrnnlinatinne nf nahhimnananarmnacit,

Module-3

METAL MATRIX COMPOSITES: Characteristics of MMC, various types of metal mxatomposites alloy
vs. MMC, advantages of MMC, limitations of MMC, Apmtions of Metal matrix nanocomposite
Reinforcements: particles, fibres. Effect of rencament: volume fraction, rule of mixtures. Progegsof
MMC: powder metallurgy process, diffusion bondisgiy casting, squeeze casting, a spray processjd.
infiltration In-situ reactions, Interface-measureref interface properties.

Module-4

CERAMIC MATRIX COMPOSITES AND SPECIAL COMPOSITES: Engineering ceramic material
properties, advantages, limitations, monolithicaceics, need for CMC. Ceramic matrix: various tyoés
ceramic matrix composites- oxide ceramics, non-®xdramics. Reinforcements: particles, fibres, kéris
Processing of Ceramic Matrix composites: Sinteridgt pressing, Cold isostatic pressing (CIPing)t
isostatic pressing (HIPing). Applications of cerammatrix nanocomposites. Carbon/carbon compos
advantages and limitations of carbon matrix. Cardilare — production.

Module-5

LAMINATES AND MECHAN ICAL PROPERTIES OF COMPOSITES: Laminates: Stacking Sequence

Notation; Classification of Laminates: Balanced luigawes, Symmetric Laminates, Angle Ply Laminatess€
Ply Laminates; Mechanical Property Characterizati®train Measurements, Tensile Testing, Compres
Testing; Composite laminate; Joining of Composi@sssification of Joints, Types of Load Carryirgnis,
Requirements of the joint design; Mechanically Eastl Joints; Factors affecting Mechanical Perfonaant
composites: Fibre Factors, Matrix Factors, Biolagiattack, Moisture and Weathering, Fluids, Tempae
Effects, Overheat Conditions, Effect of Ultra VioRadiation

Course Outcome: At the end of the course the student will be ablegply the knowledge of:
* COLl: Different composites and fibre production te@ghes

e CO2: Polymer matrix composites
¢ CO3: Metal matrix composites
e CO4: Ceramic fabric composites and Special comp®sit

Ho
ites,

sion




e CO5: Mechanical properties of composites

Question paper pattern:
* The question paper will have ten full questionsyag equal marks. Each full question consistind. 6f

marks.

* There will be two full questions (with a maximumfotir sub questions) from each module.
« Each full question will have sub question coverdighe topics under a modt

Sl Title of the Book Name of the Name of the Publisher Edition and
No. Author/s Year
Textbook/s
1 Composite Materials: EngineerindMathews F. L., | Chapman and Hall, First Edition,
and Science Rawlings R. D. | London, England 1994
2 Nanocomposite Materials: JyotishkumarPara CRC Press, Taylor and First Edition,
Synthesis, Properties and meswaranpillai, | Francis 2017
Applications Nishar Hameed,
Thomas Kurian,
Yingfeng Yu
Reference Books
1 Composite materials Chawla K. K. Springer — igrla Second Edition,
1998
2 Composite materials Sharma, S.C. Narosa Puldicati First Edition,
3 Introduction to Metal Matrix Clyne, T. W., Cambridge University First Edition,
Composites Withers, P. J Press 1993




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BaisEducation (OBE)

SEMESTER - VI

BIOMATERIALS
Course Code 18NT642 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
e To understand the fundamental principals in mdtedence and chemistry, and how they contril
to biomaterial development and performance.
* To apply the science and engineering knowledgeegiiimthe course to biomaterial selection and

design for specific biomedical uses.

Module-1

FUNDAMENTALS OF BIOM ATERIALS SCIENCE : Classes of biomaterials used in medicine, b
properties, medical requirements and clinical figance. Disinfection and sterilization of biomadds.
Physico-chemical properties of biomaterials: meatarielasticity, yield stress, ductility, toughsestrength
fatigue, hardness, wear resistance), tribologifradtibn, wear, lubricity), morphology and texturghysical
(electrical, optical, magnetic, thermal), chemi@adl biological properties.

Module-2

ELEMENTS IN CONTACT WITH THE SURFACE OF A BIOMATERIAL : Blood composition, plasm
proteins, cells, tissues. Phenomena at the bifautes. Molecular and cellular processes with liv
environment, blood-materials interaction, short Exmdy term reactions to the body.

TESTING OF BIOMATERIALS : in vitro, in vivo preclinical and in vivo clini¢atests. Concept o
biocompatibility. Definition, Wound healing processne healing, tendon healing. Material respoi
Function and Degradation of materials in vivo. Hesponse: Tissue response to biomaterials, Eftdéatear
particles. Testing of implants: Methods of test Bological performance- In vitro implant tests, Wivo
implant test methods.

Module-3

PROPERTIES OF IMPLANT MATERIALS : Metals and alloys, ceramics and composites, [B&srsteel
Cobalt-Chromium alloys, Titanium based alloys, hdti other metals, metallic Corrosion, Carbons,miha,
Yittria stabilized zirconia, surface reactive ceiesn resorbable ceramics, composites, analysisetdnaic
surfaces. Applications and Biocompatibility casedgts of novel materials and alloys.

Module-4

POLYMERS IN BIOMEDIC AL APPLICATIONS :

Polyethylene and polypropylene, perfluorinated puays, acrylic polymers, hydrogels, polyurethar
polyamides, biodegradable synthetic polymers, aikc rubber, plasma polymerization, micro-organism
polymeric implants, polymer sterilization. Polymeis biomaterials, heparin and heparin-like polylsaades,
proteoglycans, structure and biological activitdgative sulfated glycosaminoglycans, chemicallydified
glycosaminoglycans, heparin like substances fromglygosaminoglycan polysaccharides and micro
glycosaminoglycan, surface immobilized heparinspligations and Biocompatibility case studies of eld
polymeric materials.
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Module-5

TECHNOLOGIES OF BIOMATERIALS PROCESSING
As implants and medical devices; improvement of emals biocompatibility by plasma processir
Polyurethane elastomers, applications of polymars medicine and surgery. Skin graft polyme
biodegradable polymers in drug delivery and drugiea systems. Tissue properties of blood vess
Treatments of atherosclerosis; Biomechanical deggnes pertaining to stents, balloon angioplaahd
pacemakers. Soft Tissue Reconstruction; FDA remérgs, standards on the biological evaluation adioa
devices (1ISO-10993) and implications to applicaion human. Practical aspects of biomedical devi

ng.
rs,
sels,

ces

manufacturing, storage quality, regulatory andagthissues, price of implants and allocation obusses.




Course Outcome: At the end of the course the student will be ablartderstand:
e CO1: Fundamentals of biomaterial science

* CO2:Elements in contact with the surface of a bitemial, and testing of biomaterials
* COg3:Properties of implant materials

* CO4:Polymers in biomedical applications

» CO5:Technologies of biomaterial processing

Question paper pattern:
* The question paper will have ten full questionsygag equal marks. Each full question consistind &f

marks.

» There will be two full questions (with a maximumfofir sub questions) from each module.
» Each full question will have sub question covertighe topics under a module.
* The students will have to answer five full quessioselecting one full question from each module.

Sl. Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s

1 Biomaterials Science

Buddy Ratner
Allan Hoffman

Academic Press, Elsevier.
ISBN: 9780080470368

Second Edition,
2004

Frederick
Schoen Jac
2 Biomaterials: The Intersection of Johnna S. Pearson First Edition,
Biology and Materials Science | Temenoff, 2009
Antonios G.
Mikos
Reference Books
1 Polymeric Biomaterials Severian Third Edition,
Dumitriu, CRC Press 2013
ValentinPob:
2 Biomaterials Sujata V. Bhat|  Springer First Editio
2007
3 Polymeric Biomaterials Piskin, E., Springer First Edition,
Hoffman, Allan 1986

S.




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)

SEMESTER - VI
MECHANICAL OPERATIONS
Course Code 18NT643 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
» Students can learn different techniques and mettwod=iuce the size, and flow measurements.
e Students can understand the different methodsingée filtration, agitation, mixing and samplin§ o
the minute or micron particles.

Module-1

PARTICLE TECHNOLOGY, EQUIPMENTS AND ANALYSIS

Particle shape, particle size, different ways giression of particle size, standard screen, screedsal and
actual screens, differential and cumulative sizalyams, specific surface of mixture of particlesyriber of
particles in a mixture, effectiveness of screen.

Industrial screening equipment, Motion of screegraBory screen, Vibrating screen, Trommels, Sulves
analysis — Air permeability method, Sedimentatiod elutriation methods.

Module-2

FLOW MEASUREMENT

Introduction, Obstruction type flowmeter; Basic reiple, Orifice meter; Corrections, Nozzle Flow et
velocity flow measurement devices; Pitot Tube, Wbte / Film probes, Variable Area flowmeters; Rotdar.
Construction of the float. Electromaanetic Fmeter. Turbine tvpe Flowmeter. Vortex type Flowm:

Module-3

FILTRATION

Introduction, Classification of filtration, Cakdtfation, Clarification, Batch and continuous filtion, pressure

and vacuum filtration, Constant rate filtrationachcteristics of filter media, industrial filteisand filter, Filter
press, leaf filter, Rotary drum filter, Horizontaglt filter, Bag filter, Centrifugal filtration —&pended batc
centrifuge, Filter aids, Application of filter aids

D

=

Module-4

AGITATION AND MIXING

Application of agitation, Agitation equipment, Tygpef impellers — Propellers, Paddles and Turbifésy
patterns in agitated vessels, Prevention of swjli8tandard turbine design, Power correlation aoaep
calculation, Mixing of solids, Types of mixers — &ige can mixers, Muller mixers, Mixing index, Ribb
blender, Internal screw mixer, Tumbling mixer.

o

Module-5

SAMPLING, STORING AND CONVEYING OF SOLIDS
Sampling of solids, storage of solids, Open anderostorage, Bulk and bin storage, Conveyors —
conveyor, Chain conveyor, Apron conveyor, Buckehwayor, Bucket elevator, Screw conveyor, Sl
transport, Applications of fluidization, Pneumatmnveying.

Belt
rry

Course Outcomes At the end of the course the student will be ablertderstand:
e COLl: The particle size analysis by different modeld methods
» CO2: Different types of flow measurement methods techniques.
» CO3:The filtration methods, classification, impaorta and applications
» CO4: The agitation and mixing aspects and apptinati
» COb5: The sampling, storing of solid samples.

Question paper pattern:
e The question paper will have ten full questionsyéag equal marks. Each full question consistind.&f
marks.
* There will be two full questions (with a maximumfotir sub questions) from each module.
e Each full question will have sub question covertighe topics under a module.

S| Title of the Book Name of the Name of the Publisher Edition and Year
No Author/s




Textbook/s

1 Unit Operations of Chemical McCabe W.L. McGraw Hill Fifth Edition,
Engineering International, New York. | 2000
2 Mechanical Operations Shareefraza J.LAP-Lambert Academic First Edition,
Ukkund, Publishers, Mauritius. 2018
Shrinivasa D. | ISBN: 978-613-9-82579-0
Mayya, Prasad
Puthiyillam
Reference Books
1 Unit Operations Brown. G.G., CBS Publishers, Nmwihi | First Edition,
1995
2 Principles of Unit Operations Foust A. S. Johnéywand Sons, New| Third Edition,
York 1977
3 Perry’s Chemical Engineers’ Perry R and McGraw Hill, International,| First Edition,
Handbook Green W.D. New York 2000




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - VI

OPEN ELECTIVE - A

INTRODUCTION TO NANOSCIENCE AND NANOTECHNOLOGY

Course Code 18NT651 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
» Tointroduce the concept of nanoscience and namotéagy.

* To understand the importance and applications nbétazhnology.
» To know the physical and chemical methods of s\sithef nhanomaterials.
* To learn about different nanomaterials and thegiagtions.

Module-1

INTRODUCTION AND SCOPE

History, background and interdisciplinary naturenahoscience and nanotechnology, challenges of&Re
Feynman, scientific revolutions, nanosized effestiface to volume ratio, examples of surface tauma
ratio, atomic structure, Bohr atomic model, molesuand phases, introduction to classical physicsk
guantum mechanics, importance of nanoscale matenml their devices.

Module-2

CLASSIFICATION OF NANOSTRUCTURES

Zero dimensional, one-dimensional and two dimeradioranostructure materials - classification of dsl
conductor, semiconductors, insulator, types of semductor, doping, diodes, current flow in semiagstdrs,
ceramics and nanocomposites, quantum size effeE)Q%$ 1D, 2D, 3D nanomaterials, quantum d(

nanowires, nanotubes, nanosheets. top down arshbati approac
Module-3

SYNTHESIS OF NANOMATERIALS - PHYSICAL METHODS

Ball milling synthesis, Arc discharge, RF-plasmdasiha arch technique, Inert gas condensation,rielg
explosion of wires, lon sputtering method, Laseropsis, Molecular beam epitaxy and electrodepaosit
Electro spinning, Physical vapor Deposition (PVD)Chemcial vapour Deposition (CVD) - Atomic lay
Deposition (ALD) — Self Assembly- LB (Langmuir-Blgdtt) technique.

an

LS,
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Module-4

SYNTHESIS OF NANOMATERIALS - CHEMICAL METHODS

Spray pyrolysis method, flame spray pyrolysis, plagse synthesis, gas condensation process, chemajpa
condensation.Fundamental aspects of VLS (Vaporii§olid) and SLS (Solution-Liquid-Solid) processe
VLS growth of Nanowires — Control of the size oéthanowires — Precursors and catalysts — SLS greV
Stress induced recrystallization.

")

vth

Module-5

ENGINEERING APPLICATIONS OF NANOTECHNOLOGY
NT in civil engineering applications: Nanotechnagtdgr green building: Introduction, Coatings: seléaning
coatings, anti-stain coatings, De-polluting sur&c8cratch-resistant coatings, Anti-fogging and-iairtg

coatings, Antimicrobial coatings, UV protection, tAaoorrosion coatings, and Moisture resistance. iNT

automobile applications:  Functionalities of nanbtemdogies (mechanical, geometric effe
electronic/magnetic, optical, and chemical); Apgalions of NT towards car body shell, car body,in&erior,
chasis and tyres, electrics and electronics, engimee drive train. NT in aerospace applications:eRil
applications in space craft and space structureguiRements for future space systems, Radiatiogldihg
(Thermal protection), Space elevator, Space eleyatectromagnetic).

Course Outcome: At the end of the course the student will be abie t
* COLl: Understand the concepts of Nanoscience andtBigimology.

e« CO2: Understand the classification of nanostrusture

* CO3: Understand physical methods of synthesis nbmaterials.




CO4: Understand the chemical methods of synthésiarmmaterials.

CO5: Engineering applications

of nanomaterils.

Question paper pattern:
The question paper will have ten full questionsyiag equal marks. Each full question consistind 6f

marks.

There will be two full questions (with a maximumfofir sub questions) from each module.
Each full question will have sub question covertighe topics under a module.

Sl. Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Nanophysics and Nanotechnolog¥dward L. Wolf | John Wiley & Sons Second Edition,
- An Introduction to Modern 2006
Concepts in Nanoscience
2 Foundations of Nanoscale Sciencshareefraza J. | LAP-Lambert Academic First Edition,
and Technology Ukkund, Prasad Publishing, Mauritius. 2018
Puthiyillam ISBN: 978-613-958649-3
Reference Books
3 Nanochemistry: A chemical Ozin and Roayal Society of First Edition,
approach to Nanomaterials Arsenault Chemistry, Cambridge, UK 2005
4 Synthesis and Processing Naveen Kumar | LAP Lambert Academig¢ First Edition,
Techniques JagadapuraRam Publishing, Mauritius| 2018
egowda, ISBN: 978-613-9-81532-6
Shareefraza J.
Ukkund, Prasad
Puthiyillam
5 Applications of Nanotechnology Prasad LAP Lambert Academig First Edition,
Puthiyillam Publishing, Mauritius] 2018

ISBN: 978-613-9-58532-8




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - VI

OPEN ELECTIVE - A

NANOMATERIALS AND THEIR APPLICATIONS

Course Code 18NT652 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks$ 60
Credits 03 Exam Hourg 03

Course Learning Objectives:
To understand the importance of nanomaterials lagid @applications in Photovoltaics, Batteries, &nel
Cells; Electrical and electronics; Chemical indygsiood industry and Agriculture; Textile and Cosice

Module-1

NANOMATERIALS FOR PHOTOVOLTAICS, BATTERIES, AND FUE L CELLS APPLICATIONS:
Photovoltaics: Introduction, limitations of conviemal solar cells, applications of nanotechnology

photovoltaics; Three generation solar cells; Secgaderation solar cells (CIGS and CdTe): constucti

advantages and limitations, Ultrathin nanotechnplsglar cells (plastic solar cells): constructievgrking
principle, advantages and limitations. Applicatioos CNTs in: photovoltaic diode, photo-active lay
transparent electrode, and dye-sensitized solds. c&atteries, and Fuel cells: Nanobatteries:olftiction,

advantages, nanotechnology applications under dewent; Applications of nanotechnology in Hydrogen

fuel cells: production of hydrogen (Tandem celidsprage and transport of hydrogen; improving tHigiehcy
of catalyst, and electrolyte. Applications of naadtnology in improving the efficiency of DMFC, aB@DFC.

Module-2

NANOMATERIALS FOR ELECTRICAL AND ELECTRONICS APPLIC ATIONS

Energy transmissions: Applications of nanotechnplag energy production, Nanoscale materials; Gérnera

energy applications: lighting, heating, transpaotat capacitors, power chips; Nanoparticles for rgye

transmission development: wires and cables; etedttransmission infrastructure: transformers, mtlmmns,
and sensors. Single electron transistors: intraglucCoulomb blockade, miniature flash memory, afaho

type memory. Quantum mechanical tunneling: RTDs saki diodes. Introduction to spintronics, molecu

nanoelectronics, fault tolerant designs, quantufiulee automata, and quantum computing. MEMS

and

Module-3

NANOMATERIALS FOR CHEMICAL INDUSTRY: Nanocatalyts — Smart materials — Heterogerous

nanostructures and composites — JiNanoparticles for water purification- Photocat&lyhechanism, general

pathways and kinetics- Treatment of Arsenic- RerhafaHeavy metal ions by Iron and polymeric based

nanoparticles- Magnetic Nanoparticles Nanoscaldararfor contaminant separation -Nanostructures
Molecular recognition (Quantum dots, Nanorods, Naines) — Molecular Encapsulation and its applicestio
Nanoporous zeolites — Self-assembled Nanoreactors

for

Module-4

APPLICATIONS OF NANOMATERIALS IN AGRICULTURE AND FO OD TECHNOLOGY

NT in agriculture applications: Overview of nandteology applications in agriculture: Nanoscale ieast
Microfabricated xylem vessels, Nanolignocellulosiaterials, Clay nanotubes, Photocatalysis, Nanodar
technology, Quantum dots for staining bacteriasBiwors. Nanotechnologies in animal productiontexadth
care: Improving feeding efficiency and nutrition, abotic diseases, Animal reproduction and fertil
Nanotechnology and animal waste management. Nodd processing applications: Nanofood, introdugt
nanoencapsulation, nanocomposites in food packagingrt food packaging.

ty,
on

Module-5

NANOMATERIALS FOR TEXTILES AND COSMETICS APPLICATIO NS: Nanofibre production
Electrospinning — Controlling morphologies of nahefs — Tissue engineering application — Polyr
nanofibers - Nylon-6 nanocomposites from polymeiara - Nano-filled polypropylene fibers -Bionicg
Swim-suits with shark-skin-effect, Soil repellendatus effect - Nano finishing in textiles (UV retnt,
antibacterial, hydrophilic, self-cleaning, flamdameant finishes) — Modern textiles; Lightweightllbtproof
vests and shirts, Colour changing property, Waterippand Germ proof, Cleaner kids clothes, Wired
Ready to Wear

Cosmetics — Formulation of Gels, Shampoos, Haiditmmers (Micellar self-assembly and its manipiala}

ner

and

—Sun-screen dispersions for UV protection usingfiitm oxide — Color cosmetics




Course Outcomes At the end of the course the student will be ableléntify and apply different
nanomaterials for the following applications:

» CO1: Photovoltaics, Batteries, Fuel Cells

» COZ2:Electrical and electronics

* CO3:Chemical industry

* CO4:Food industry and Agriculture

» COb:Textile and Cosmetics

Question paper pattern:
e The question paper will have ten full questionsyéag equal marks. Each full question consistind.&f
marks.
* There will be two full questions (with a maximumfotir sub questions) from each module.
» Each full question will have sub question covemtighe topics under a module.
* The students will have to answer five full quessioselecting one full question from each

SI No Title of the Book Name of the Name of the Publisher Edition and
Author/s Year
Textbook/s
1 Nanotechnology, Fundamentals andanasi Karkarel |.K. International First
Applications Publishing, New Delhi. Edition,
ISBN : 978-81-89866-99-0 | 2008
2 Applications of Nanotechnology Prasad LAP Lambert Academic First
Puthiyillam Publishing, Mauritius) Edition,

ISBN: 978-613-9-58532-8 | 2018

Reference Books

3 Nanotechnology, Importance & M.H. Fulekar I.K. International Publishing First
Applications House, New Delhi Edition,
2011
4 “How helpful is nanotechnology in| Allah Ditta Advances in natural 2012
agriculture?-Review” sciences: Nanoscience and
nanotechnology, IOP
Publishing
5 Nanotechnology: Synthesis to Sunipa Roy, CRC Press, Taylor & First
Applications Chandan Francis Edition,
Kumar Ghosh, 2018
Chandan

Kumar Sarkar




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - VI

OPEN ELECTIVE - A

NANOMATERIALS SYNTHESIS AND CHARACTERIZATION TECHNI  QUES

Course Code 18NT653 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
» To provide students with the knowledge of techngqused for synthesis and characterization of
nanomaterials.

Module-1

TOP DOWN APPROACHES

Synthesis and nanofabrication, Bottom-Up versus-Down; Top-down approach with examples, Ball mgli
synthesis, Arc discharge, RF-plasma, Plasma ardimigue, Inert gas condensation, electric explosib
wires, lon sputtering method, Laser pyrolysis, Malar beam epitaxy and electrodeposition. Eleqtiorsng,
Physical vapors Deposition (PVD) — Chemical vadoeposition (CVD) - Atomic layer Deposition (ALD).

)

Module-2

BOTTOM UP APPROACHES

Chemical precipitation methods-co-precipitatiorreated precipitation, sol-gel method, chemical otidu,
photochemical synthesis, electrochemical synthedigroemulsions or reverse micelles, Sonochem
synthesis, Hydrothermal, solvothermal, superciititaid process, solution combustion process, sf
pyrolysis method, flame spray pyrolysis, chemiaggdour synthesis, gas phase synthesis, gas conidensat
process, chemical vapour condensation.

ical
ray

Module-3

BIOLOGICAL SYNTHESIS

Biosynthesis of nano particles by bacteria and ifdimgracellular and extracellular synthesis). Matptactic
bacteria for natural synthesis of magnetic nanapest Mechanism of formation of nanostructured enats
by virus - TMV virus; Synthesis process and appiocg Role of plants in nanoparticle synthesis +igwd,
tulsi and aloevera.

Module-4

CHARACTERIZATION TECHNIQUES - |

Introduction, Structural and compositional charazéion- principles and applications of X-ray dé€tion,
X-ray photoelectron spectroscopy, Energy disper&iray analysis, electron diffraction. Optical mascopy-
Use of polarized light microscopy — Phase contragtroscopy — Interference Microscopy — hot st
microscopy - surface morphology — Etch pit denaitg hardness measurements.

hge

Module-5

CHARACTERIZATION TECHNIQUES - II
Scanning Electron Microscopy (SEM): Principle, Caments, Advantages, Disadvantages and Applicat
Transmission Electron Microscopy (TEM): Principl€&omponents and Applications, Atomic For

Microscopy (AFM): Principle, Components and Apptioas, Scanning Tunneling Microscopy (STM):

Principle, Components and Applications, microstnpetstudies and analysis. Nano size measuremdighty
scattering methods.

ons,
ce

Course Outcomes At the end of the course the student will be abie t
e COL1: Experiment Top-down approaches: physical tiectas used for synthesis and processing of
nanomaterials
* COZ2:Analyze Bottom-Up Approaches: chemical methaskd for synthesis and processing of
nanomaterials
* CO3:Select biological methods used for synthesispracessing of nanomaterials;
* CO4:Test Characterization of nanoparticles

» COS5:Electron-microscopy characterization




Question paper pattern:
* The question paper will have ten full questionsyag equal marks. Each full question consistind. 6f
marks.
e There will be two full questions (with a maximumfofir sub questions) from each module.
e Each full question will have sub question covertighe topics under a module.
« The students will have to answer five full quessioselecting one full question from each module.

Sl. Title of the Book Name of the Name of the Publisher Edition and
No. Author/s Year
Textbook/s
1 Handbook of Nanophase and Wang, Z.L., Springer First Edition,
Nanostructured Materials Liu, i, 2002
Zhang, Ze
2 Characterization of Nanophase | Zhong Lin Wiley-VCH First Edition,
Materials Wang 2000
Reference Books
3 Nanomaterial Charatcerization Naveen LAP-Lambert Academic First Edition,
Kumar Publishers, Mauritius. ISBN: | 2018
JagadapuraRal 978-3-330-34221-7
megowda,
Prasad
Puthiyillam
4 Characterization of Nanostructures  Sverre Myhr&RC Press First Edition,
John C. 2016
Riviere
5 Nano Materials Synthesis And | V. Rajendran | Atlantic Publishers and First Edition,
Characterisation Distributors 2013




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - VI

NANOMATERIAL SURFACE CHARACTERIZATION AND THIN FILM LAB

Course Code 18NTL66 CIE Marks 40
Teaching Hours/Week (L:T:P) (0:2:2) SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives:
e To study about the surface characterization of neaterials
* To learn about the thin film device fabrication.
e To prepare nanocomposite thin films.

Sl. Experiments
No.

1 Calculate the wear rate from wear track depthr2épes.

2 Calculation of the Area under the curve for a djetielement/compound for a Raman data by fil

3 Analyse of the amount of elastic and plastic defdion from a Nanohardness test (NHT) data u
origin pro.

5ing

4 Analyse the average particle size and shapeeopéhticles for a given image using image J sofw
(Average Diameter of Spherical shape particles rédge length and width of a rod/wire shaped).

5 Get the tafel plot for a given Electrochemicalgnial studies sample data and find out
*  Ba andp

° ECOI’T and LOI’I’

* Corrosion resistance (CR) in mmpy.

6 Get the Raman plot from the given data and findtbe FWHM and SPSp’ ratio for DLC (Diamond
like carbon) coated sample.

7 Get the COF vs Sliding Distance & wear loss udirgl) distance for a given two different sampletad
for wear studies and analyse, calculate the slidisgance manually.

8 Get the XRD peaks from the given ASCII file amdifthe FWHM and calculate interplanar distance
using Bragg’s equation.

9 Thin film Dye Sensitised Solar cell fabrication

10 | Thin film Gas and Bio-chemical sensor fabricatio

11 | Thin film nanomaterial based super capacitor

12 | Preparation of thin film ceramic based nanocaitps, metal-polymer nanocomposites, me
biopolymer hanocomposites

Course Outcome: At the end of the course the student will be abie t
* Prepare nanomaterials, and their composites.

* Prepare nanotechnology-based devices
» Characterize the nanomaterials

Conduct of Practical Examination:

1. All laboratory experiments are to be includeddiactical examination.

2. Breakup of marks and the instructions printedh@ncover page of answer script to be strictlyeaelth by
the examiners.

3. Students can pick one experiment from the qomestiot prepared by the examiners.

4. Change of experiment is allowed only once artd Marks allotted to the procedure part to be madem

a

udn

tal-




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)
SEMESTER - VI

MEMS SIMULATION LAB

Course Code 18NTL67 CIE Marks 40
Teaching Hours/Week (L:T:P) (0:2:2) SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives:
To understand the simulation programmes for the NBEMaracteristics; To study about MEMS devices

calculations by using MEMSolver software; To untkeng the simulation at atomic and molecular level
using softwares; To study about the nucleic agisteins, superimposition of molecules and buildihg
phylogenetic tree.

and

Sl.
No.

Experiments

1

Calculation & Simulation of burst pressure, nmedrity & plot graph for sensitivity for Piezordge
pressure sensor with a (i) square diaphragm,diipd diaphragm, (iii) rectangular diaphragm.

2

Calculation & Simulation of maximum acceleratiomximum sensitivity, non-linearity & plot graphrf
acceleration V/S displacement of capacitive acoeteter for static signal.

D

Calculation & Simulation of (i) maximum acceléoat, maximum displacement & plot graph for

acceleration V/S displacement of capacitive acoeteter for step signal, (i) time duration of s

plot graph for acceleration V/S time of capacitaxecelerometer for pulse signal, (iii) output cutren
output voltage, piezoelectric capacitance & ploapdr for output V/S frequency of piezoelectr

accelerometer under longitudinal load.

c

Calculation & Simulation of (i) output currenytput voltage, piezoelectric capacitance & plotpdréor
output V/S frequency of thin film based piezoeliecaiccelerometer, (ii) pull in voltage, actuatiande,

balanced dlsplacement & plot graph for force V/Spthcement of paraIIeI plate actuator for normal

1ou W7~

Calculatlon & Slmulat|on of (i) balanced dlsplamt actuatlon force normal sprlng constant &p

graph for voltage VIS displacement of comb driviiator for lateral motion, (ii) tip deflection, tiprce
& plot graph for deflection V/S film thickness ofmtilever based bimetallic thermal actuator,
deflection, tip force & plot graph for deflection¥ beam length of thermal bimorph actuator

(0]

ii)

Calculation & Simulation of maximum deflectiomsponse time, maximum temperature change &
graph for transient response of thermal bent beauator.

plot

Calculation & Simulation of (i) actuator displacent, actuator force, electric field strength &tphoaph
for actuator force of longitudinal piezoelectridwator, (ii) actuator displacement, actuator foedectric
field strength & plot graph for actuator displacenef transverse piezoelectric actuator.

Using QuantumWise - Virtual NanoLab SoftwareMidelling metal-semiconductor contacts: The Ag—

Si interface, (ii) Resistivity calculations usinget MD-Landauer method, (iii) Spin-orbit transp
calculations: Bi2Se3 topological insulator thim¥fildevice, (iv) Opening a band gap in silicene
bilayer graphene with an electric field

Using QuantumWise - Virtual NanoLab SoftwareRbilding molecule—surface systems: Benzene
Au (111), (ii) Spin-dependent Bloch states in gexph nanoribbons, (iii) Exploring graphene - Buil
graphene sheet - Build a CNT - Transmission spectaf a GNR, (iv) Twisted nanoribbon
Transmission spectrum - Buckling a graphene sheet

10

Sequence retrieval from nucleic acid and pradaeta base using NCBI, Multiple alignment of seaq#en
and pattern determination by NCBI and Clustal Onfegssite software

11

Evolutionary studies / phylogenetic analysiphylowin software and Visualization by TreeView
software; Secondary structure prediction of pratdip Sopma software

12

Identification of functional sites in gene / gere by Gen Sean and ORF finder software; S
imposition of molecular structures and calculatioin RMSD by SPDBV software; PDB structu
retrieval and visualization; analysis of homologstrsicture by RASMOL software

Ort
and

on
l a

Liper
re




Course Outcome: At the end of the course the student will be abie t
» Understand the simulation programmes for the MEM& acteristics.
* Study about MEMS devices and calculations by uMidMSolver software.
* The simulation at atomic and molecular level byhngsoftwares.
» About the nucleic acids, proteins, superimpositbmolecules and building the phylogenetic tree.

Conduct of Practical Examination:

1. All laboratory experiments are to be includeddctical examination.

2. Breakup of marks and the instructions printedh@ncover page of answer script to be strictlyeaelth by
the examiners.

3. Students can pick one experiment from the guestiot prepared by the examiners.

4. Change of experiment is allowed only once ar¥d Marks allotted to the procedure part to be madlem




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)

SEMESTER -VI

MINI PROJECT
Course Code 18NTMP68 CIE Marks 40
Teaching Hours/Week (L:T:P) (0:0:2) SEE Marks 60
Credits 02 Exam Hours/Batch 03

Course Learning Objectives:

» To support independent learning and innovativéuali.

« To guide to select and utilize adequate informafiom varied resources upholding ethics.

« To guide to organize the work in the appropriat&mest and present information (acknowledging th
sources) clearly.

- To develop interactive, communication, organisgttone management, and presentation skills.

- Toimpart flexibility and adaptability.

« Toinspire independent and team working.

» To expand intellectual capacity, credibility, judgent, intuition.

- To adhere to punctuality, setting and meeting deesl!

« Toinstil responsibilities to oneself and others.

« To train students to present the topic of projeatikwn a seminar without any fear, face audience
confidently, enhance communication skill, involwegroup discussion to present and exchange ide

0]

as.

Mini -Project: Each student of the project batch shall involvecamrying out the project work jointly i
constant consultation with internal guide, co-guimed external guide and prepare the project regsopter the
norms avoiding plagiarism.

=)

Course Outcome: At the end of the course the student will be abie t
« Present the mini-project and be able to defend it.
« Make links across different areas of knowledgetargenerate, develop and evaluate ideas and
information so as to apply these skills to the gcbjask.
e Habituated to critical thinking and use problermvaaj skills.
« Communicate effectively and to present ideas gfemrtl coherently in both the written and oral forr
¢ Work in a team to achieve common goal.
e Learn on their own, reflect on their learning aakkt appropriate actions to improvesit.

CIE procedure for Mini - Project:

The CIE marks awarded for Mini - Project, shalldased on the evaluation of Mini - Project Reporgjétt
Presentation skill and Question and Answer segsaitime ratio 50:25:25.The marks awarded for MiRireject
report shall be the same for all the batch mases.

Semester End Examination

SEE marks for the mini-project shall be awardecetlam the evaluation of Mini-Project Report, Présgon
skill and Question and Answer session in the B@i@5:25 by the examiners appointed by the Unityermi




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)
SEMESTER - VI

INTERNSHIP
All the students admitted to Il year of BE/B. Tedhall have to undergo mandatory internship ofetks
during the vacation of VI and VII semesters andVbrand VIl semesters. A University examinatiomedi be
conducted during VIII semester and the prescrilveditshall be included in VIII semester. Intermskhall be
considered as a head of passing and shall be evedidor the award of degree. Those, who do na-t
up/complete the internship shall be declared dsafad shall have to complete during subsequent éJsity
examinations after satisfying the internship reguients.

Course Code Refer to VIII semester scheme | CIE Marks 40

Duration of internship 04 weeks SEE Marks 60

Credit Exam Hours/ 03
Batch

Course Learning Objectives:
Internship/Professional practice provide studemésdpportunity of hands-on experience that inclpeesonal
training, time and stress management, interackilks spresentations, budgeting, marketing, liabitand risk

management, paperwork, equipment ordering, maanis® responding to emergencies etc. The objeata/e

further,
- To put theory into practice.
« To expand thinking and broaden the knowledge ailld sicquired through course work in the field.
- Torelate to, interact with, and learn from currprafessionals in the field.
- To gain a greater understanding of the duties esplansibilities of a professional.
« To understand and adhere to professional standaths field.
« To gain insight to professional communication imlthg meetings, memaos, reading, writing, public
speaking, research, client interaction, input el and confidentiality.
» Toidentify personal strengths and weaknesses.
« To develop the initiative and motivation to be H-searter and work independentiy.

Internship: Students under the guidance of internal guide/seatetnal guide shall take part in all the
activities regularly to acquire as much knowledgg@assible without causing any inconvenience aplhee of
internship.
Seminar: Each student, is required to

« Present the seminar on the internship orally artif@ugh power point slides.

« Answer the queries and involve in debate/discussion

«  Submit the report duly certified by the externaidgu
The participants shall take part in discussion dstdr friendly and stimulating environment in whitte
students are motivated to reach high standardd@tmime self-confidenm




Course Outcomes:
At the end of the course the student will be abie t
« Gain practical experience within industry in whible internship is done.
« Acquire knowledge of the industry in which the mighip is done.
« Apply knowledge and skills learnt to classroom work
» Develop a greater understanding about career aptitwile more clearly defining personal career
goals.
« Experience the activities and functions of profesals.
« Develop and refine oral and written communicatikifiss
« ldentify areas for future knowledge and skill d®gghent.
« Expand intellectual capacity, credibility, judgmeintuition.
» Acquire the knowledge of administration, marketifigance and economicm.

Continuous Internal Evaluation

CIE marks for the Internship shall be awarded leydbmmittee constituted for the purpose by the Hddbe
Department. The committee shall consist of threelfees from the department with the senior mosingcas
the Chairman.

The CIE marks awarded shall be based on the ei@iuat Internship Report, Presentation skill andeg§lion
and Answer session in the ratio 50:25:M5.

Semester End Examination

SEE marks for the Internship shall be awarded basdtie evaluation of Internship Report, Presemegkill
and Question and Answer session in the ratio 5By the examiners appointed by the Univeraty.




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
NANO-ELECTRONICS
Course Code 18NT71 CIE Marks 40
Teaching Hours/Week (L: T: P) (4:0:0) SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives:
* To understand the basic concepts of nano-elecsonic

» To learn the techniques which are used for deveéyices which are developed by nanotechnology.

Module-1

QUANTUM ELECTRONICS AND SINGLE ELECTRON TRANSISTOR

Introduction, Quantum Electronic Devices, Exampdégjuantum Electronics Device — Short Channel M
transistor, Split Gate Transistor, Electronic spmansistor, Quantum Cellular Automata and Quantwh
array.

Single electron transistor: principles of SET, SEifcuit design and Applications, molecular SETsd
molecular electronics

0OS

Module-2

CNT AND NANOELECTRONIC DEVICES

Carbon Nanotube: Introduction, properties, characterization andiappon of carbon nano tube.
Introduction to Nano devices: Graphene transistors, Nanowire FET, quantum Dotcdey Quantum Do
FET, Organic transistors, CNTFET, FinFETs.

Module-3

CARBON NANOTUBE FETS

Introduction, Single Wall Nano Tube (SWNT), Doutéall Nano Tube (DWCNT), IV characteristics of
CNTFET, N-CNTFET, small signal model for CNTFETedtrical equivalent of CNTFET, design of inver
using CNTFET, CNTFET based digital and analog discumemory cell using CNTFET.

P-
ter

Module-4

NANO ELECTRONICS WITH TUNNELING DEVICES

Tunnelling Diode, Resonant Tunnelling Diode (RTDjhree Terminal Resonant Tunnelling devic
Technology of RTD, Digital Circuit Based On RTDdiemory Application, Basic Logic Circuits, Dynam
Logic Circuits and Digital circuits Based on the BRIT.

ic

Module-5

TUNNEL JUNCTIONS

Tunnel junctions and applications of tunnellingartalling through potential barrier, potential enepyofiles,
applications of tunnelling, field emission, gatedextunnelling, hot electron effects in MOSFETsulomb
blockade, blockade in nano capacitor, tunnel jomstj blockade in quantum dot circuits.

Course Outcome: At the end of the course the student will be ablertderstand:
e CO1: Quantum electronics and single electron tsmisi

* CO2:CNT and nanoelectronic devices

e CO3.CNT FETs

¢ CO4:Nanoelectronics with tunnelling devices
¢ COS5:Tunnel Junctions

Question paper pattern:
* The question paper will have ten full questionsyag equal marks. Each full question consistind. 6f

marks.
e There will be two full questions (with a maximumfofir sub questions) from each module.

e Each full question will have sub question covertighe topics under a module.




Sl Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Nanoelectronic Circuit Design Niraj K. Jha, | Springer First Edition,
Deming Chen 2010
2 Nano-Electronics and Quantum | Shareefraza J. | LAP-Lambert Academic First Edition,
Computation Ukkund Publishing, Mauritius. 2018
ISBN: 97¢-613-9-8181:-9
Reference Books
3 Nanoelectronics and Goser Karl, Springer First Edition,
Nanosystems: From Transistors|t®eter 2004
Molecular and Ouantum Devic | Glosekotte
4 Nanoscale Transistors: Device | Lundstrom, Springer First Edition,
Physics, Modelling and Mark, Guo, Jing 2006
5 Current at the Nanoscale Colm Durkan Imperialgg@ Press First Edition,
2007




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)

SEMESTER - VII
MOLECULAR BIOLOGY AND GENETIC ENGINEERING
Course Code 18NT72 CIE Marks 40
Teaching Hours/Week (L: T :P) (4:0:0) SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives:
* To develop skills of the students in understanding basics of Molecular Biology and Gene
engineering.
» To provide basic knowledge on replication. Trargan and Translation.
* To provide knowledge on methods of cloning, corcdiom of DNA libraries and applications of rDNA

technology.

=

c

Module-1

MOLECULAR GENETICS
DNA as genetic material, classical experiments +shiey and chase; AveryMcLeod& McCarty. Bacte
conjugation, transduction and transformation, prp&iic andeukaryotic genome organization.

rial

Module-2

REPLICATION AND TRANSCRIPTION

Replication in prokaryotes and eukaryotes - D-laog rolling circle mode of replication, replicatiohlinear
viral DNA. Transcription- initiation, elongationetmination, features of promoters and enhancemssdription
factors. inhibitors. po-transcriptional modificatio- RNA splicina. ribozvme. RNA editin

Module-3

TRANSLATION
Elucidation of genetic code, Process of translation prokaryotes and eukaryotes, posttransiati
modifications, Suppressor mutations, Regulatiogesfe expression - Lac and Trp operons.

pnal

Module-4

RECOMBINANT DNA TECHNOLOGY

DNA cloning, vectors, restriction enzymes, Condinrcof cDNA and genomic libraries. Screening bféiries
with probes — Northern, Southern and Western bigitPCR- Principle, application and types. RAPDe
Directed Mutagenesis. Restriction mapping.

vl

Module-5

APPLICATIONS OF RECOMBINANT DNA TECHNOLOGY
Cloning in plants, transgenic and knockout animBRiscombinant cytokines and antibodies, vaccineseg
therapy, stem cell therapy. In-vitro fertilizatioembryo transfer technology. GMO detection, idécation and
guantification methods.

Course Outcome: At the end of the course the student will be abie t
e COl: Understand molecular genetics
» CO2: Understand replication and transcription
» CO3: Understand translation
* CO4: Understand recombinant DNA technology
e CO5: Apply the knowledge of rDNA technology

Question paper pattern:
e The question paper will have ten full questionsyéag equal marks. Each full question consistind.&f

marks.
* There will be two full questions (with a maximumfotir sub questions) from each module.
e Each full question will have sub question covertighe topics under a module.

» The students will have to answer five full quessioselecting one full question from each module.




Sl. Name of the

No. Title of the Book Author/s Name of the Publisher Edition and Year
Textbook/s
1 Principles Of Gene Manipulation, Primrose SB & | Blackwell Science First Edition,
An Introduction To Genetic Twyman Publications 2006
Engineering
2 Molecular Biology and Genetic | Dr. Prasad LAP-Lambert Academic First Edition,
Engineering Puthiyillam Publishing, Mauritius. 2018

ISBN: 978-613-9-82325-3

Reference Books

3 Molecular Biology David Narosa Publ. House First Edition,
Friefelder 1999
4 Genetic Engineering Principles | Sandhya Mitra | Macmillan India Ltd First Edition,
and Practice publications 2008
5 Elements of biotechnology P. K. Gupta Rastogiipations First Edition,

2004




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
MOSFETS AND DIGITAL CIRCUITS
Course Code 18NT731 CIE Marks 40
Teaching Hours/Week (L: T: P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
* Describe, lllustrate and Analyze MOS transistorotiie MOS VI characteristics, NMOS and PM(
transistor and CMOS technology
« Define and describe realization of digital circuitihg CMOS technology
» Describe, Demonstrate, Analyze and Design of Maaty Moore Models, Synchronous Sequential

Circuits, State diagrams and Registers and Counters

DS

Module-1

MOSFETs

Field — Effect Transistors: Introduction, Constrantand Characteristics of JFETs, Transfer Chariatites-
Derivation, Applying Schokley’s Equation, Depletidgpe.

MOSFET: Basic Construction, Types of MOS, NMOS, P®Basic Operation and Characteristics,
Characteristics, Fabrication process of MOS tramsisN-well process, twin well process, SOI praces
MOSFET models: Small signal model, introductionsiecond order effects: body effect, channel ler
modulation, sub threshold conduction.

VI

1gth

Module-2

CMOS TECHNOLOGY

CMOS inverters, voltage transfer characteristigepagation delay, power dissipation equation, MOBF

scaling and its impact on current and power eqnatio

MOS capacitance, MOS modelling, Spice Models

Realization of digital circuits using CMOS techrngpo NAND Gate, NOR Gate, CMOS transmission ga
Multiplexer, 2:1, 4:1, XOR gate, XNOR gate, Complegic circuits, AOI gate, OAI gate.

T
m

tes,

Module-3

CMOS SEQUENTIAL CIRCUITS

1-bit Latch, SR latch, gated SR latch, D-latch,ipas triggered latch, negative triggered latch,stea-slave
register, flip flop, edge triggered register, Ji flop, Latch vs Registers

Timing Diagram: Timing definitions, setup time, ddime, clock to q delay, maximum clock frequenewx
based latch, CMOS Schmitt trigger, ring oscillator.

Module-4

REGISTERS AND COUNTERS

Registers: Introduction, Registers: Four Bit Lat8hift Register, Serial In Serial Out Shift Registeeft-Shift
Serial-In Serial-Out Register with D Flip-Flop, ##n Parallel-Out Shift Register, Parallel-In B&Out
Shift Register: PISO Left-Shift Register, Ring CtemJohnson Counter.

Counters: Introduction, Synchronous Counter, MosidluSynchronus Up Counter, Modulus-4 Synchrg
Down Counter, Modulus-4 Synchronus Up/Down Couni¢odulus-8 Synchronus Up Counter, Modulu
Synchronus Down Counter, Modulus-8 Synchronus Up#iDCounter.

nus
5-8

Module-5

FINITE STATE MACHINES
Introduction, Mealy machine, Moore machines, seqaedetector, examples of sequence detector of
sequence, representing counters using FSM diagrams.

4 bit

Course Outcome: At the end of the course the student will be able t
e CO1.: Construction and working of MOSFETs
¢« CO2:CMOS technology and Realization of digital gits using CMOS technology
¢ CO3:CMOS sequential circuits

e CO4:Registers and Counters




» CO:5:Interpretation of performance characteristiclealy and Moore Models

Question paper pattern:
» The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

marks.

* There will be two full questions (with a maximumfofir sub questions) from each module.
» Each full question will have sub question covertighe topics under a module.

S| Title of the Book Name of the Name of the Publisher Edition and Year

No Author/s

Textbook/s

1 Digital Circuits and Design D. P. Kothari, JPearson First Edition,
S Dhillon 2016

2 MOSFETSs and Digital Circuits Naveen KumarLAP-Lambert Academic First Edition,
J. R., Prasad Publishers, ISBN: 978-613t 2018
Puthiyillam 9-97275-3

Reference Books

3 Digital Principles and Design Donald D. McGraw Hill First Edition,
Givone 2016

4 Fundamentals of logic design Charles H Rotltengage Learning First Edition,
Jr 2016

5 Electronic Devices and Circuits David A. Bell ©Ord University Press First Edition,

2017




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)

SEMESTER - VII
NANOTECHNOLOGY IN AGRICULTURE AND FOOD PROCESSING
Course Code 18NT732 CIE Marks 40
Teaching Hours/Week (L: T: P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
* To study the basic interaction of different molesulvhich are helpful in both food and agriculty
activities

* To understand the importance of nanomaterials amttes in precision farming, advanced materialg
used in agriculture and food industries.

ral

D

Module-1

INTERMOLECULAR INTERACTIONS AND SUPRAMOLECULAR STRU CTURES

Water - Hydrophobic and Hydrophilic InteractionBispersion Interaction - Electrostatic Interactierstoms
and Small Molecules - Polymers, Particles, and &ad - Steric Interactions Involving Soluble Polysne
Depletion Aggregation of Particles by Non-adsorbiAglymers - Bridging Aggregation of Particles

by

Adsorbing Polymers - Stabilization of Dispersed tielrs by Adsorbing Polymers - Polymer Brushes to
Prevent Particle Aggregation and Particle Depasit Surfaces - Plant Cells - Organized Self-Assethb
Structures - Langmuir Layers - Lipid Bilayers - i@ebupported Lipid Bilayers.

Module-2

NANOPARTICLES IN AGRICULTURAL AND FOOD DIAGNOSTICS

Enzyme Biosensors and Diagnostics - DNA-Based Bissies and Diagnostics - Radiofrequency Identifarat
Integrated Nanosensor Networks: Detection and Resspd_ateral Flow (Immuno)assay - Nucleic Acid Late
Flow (Immuno)assay - Flow-Through (Immuno)assaysitibody Microarrays - Surface Plasmon Resongnce
Spectroscop

Module-3

NANOTECHNOLOGY IN FOOD PRODUCTION
Food and New Ways of Food Production - Efficienadionation of Crops - Efficient Product Structgrin
Optimizing Nutritional Values - Applications of Natechnology in Foods: Sensing, Packaging, Encaiisuolg
Engineering Food Ingredients to Improve Bioavallgbi Nanocrystalline Food Ingredients - Nano- Hsions
- Nano-Engineered Protein Fibrils as Ingredientldng Blocks - Preparation of Food Matrices - Canese
about Using Nanotechnology in Food Production.

Module-4

NANOTECHNOLOGY IN FOOD PACKAGING
Crop improvement - Reasons to Package Food Prodittgsical Properties of Packaging Materials ei&jth
- Barrier Properties Light Absorption — Structuriafyinterior Surfaces - Antimicrobial Functionalityisual

Indicators — Quality Assessment - Food Safety kil - Product Properties - Information and

Communication Technology - Sensors - Radiofrequddeytification Technology - Risks - Consumer &
Societal Acceptance.

\nd

Module-5

TOXICOLOGY OF NANOMATERIALS IN FOOD

Characterization of Engineered Nanomaterials: Umiglssues for Characterization of Enginee
Nanomaterials for Food Applications - Safety Assem®t of Oral- Exposure Engineered Nanomaterialg
Food Application - Experimental Design Considenagidor Toxicology Studies — Toxico-kinetics — ADME
Toxico-dynamics - In Vivo Toxicity - In Vitro Toxity - Study Reliability.

red
for

Course Outcome: At the end of the course the student will be ablertderstand:
e COLl1: Intermolecular interactions and supramolecstiarctures

e CO2: Nanoparticles in agriculture and food diagiosst

e CO3: Nanotechnology in food production




CO4: Nanotechnology in food packaging
COb5: Toxicology of nanomaterials in food

Question paper pattern:
The question paper will have ten full questionsysag equal marks. Each full question consistind. 6f

marks.

There will be two full questions (with a maximumfofir sub questions) from each module.
Each full question will have sub question coverfighe topics under a module.

Sl Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Nanoparticle Assemblies and Nicholas A. CRC First Edition,
Superstructures Kotov 2006
2 Nanotechnologies in Food and | Mahendra Rai, | Springer First Edition,
Agriculture Caue Ribeiro, 2015
Luiz Mattoso,
Nelson Duran
Reference Books
3 Nanotechnology in agriculture | Jennifer Kuzma| Woodrow Wilson First Edition,
and food production and Peter International 2006
VerHaaqe
4 Nanobiomaterials Handbook Balaji Taylor & Francis Group First Edition,
Sitharaman 2011
5 Food Processing, Management | Annish ISBN: 978 93 5056 796 8 First Edition,
And Nanotechnology Chauhan 2016




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BaisEducation (OBE)

SEMESTER - VII
NANODEVICES AND APPLICATIONS
Course Code 18NT733 CIE Marks 40
Teaching Hours/Week (L: T: P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
e To understand the fundamental concepts of nanoseand devises.
e To understand the working and circuitry of nanosenand devices.

Module-1

FUNDAMENTALS OF NANOSENSOR DEVICES

Micro and nano-sensors, biosensor. Thermal energgsoss: temperature sensors, heat sen
electromagnetic sensors, electrical resistanceosgnslectrical current sensors, electrical voltagasors
electrical power sensors, magnetic sensors, Mechlas¢nsors, pressure sensors, gas and liquidstowors
position sensors, chemical sensors, optical andtrad sensors- gas sensor.

Module-2

NANO BASED INORGANIC SENSOR DEVICES

Density of states (DOS) — DOS of 3D, 2D, 1D andr@Bxerials, one dimensional gas sensors:- gas g
with nanostructured thin films, absorption on sces metal oxide modifications by additives, suef
modifications, Nano optical sensors, hano mecharseasors, plasmon resonance sensors with naticlgsr

Module-3

NANOELECTROMECHANICAL SYSTEMS (NEMS)

Introduction- Nano machining of NEMS based uporncteten beam lithography, Nano electromechan
systems fabrication, nano imprint lithography, poéric nanofiber templates, focused ion beam dopiag
chemical etching, stencil lithography and sacuii@tching, large scale intergration, future chajies.

Module-4

NANOPARTICLES FOR SENSORS AND CIRCUITRY, AND NANO-BIOLOGICAL SENSOR
DEVICES

Photoinduced Electron Transport in DNA: ElectroDevices Based on DNA, Charge Transport, DNA-Ba|
Nanoelectronics, Electrical Manipulation of DNA Bfetal Surfaces, DNA-Gold nanoconjugates; Noninvay
Biosensors in Clinical Analysis. Applications ofdensor-based instruments for the bioprocess indy
Application of Biosensors for environmental samplégroduction to Biochips and their application
genomics. BlAcore, an optical Biosensor.

Module-5

NANOMATERIALS FOR SUPERCAPACITOR DEVICES

Super Capacitor - Electrochemical Double Layer,uBee Hybrid, Asymmetric, Selection of Electro
Materials for ASCs, Anode - Carbon-Based MaterfeC( CNTs, Graphene), Metal Oxides, Metal Nitrid
Cathode - Conducting Polymers, Metal Oxides (RUNG,, V,0s, Ni(OH),), Emerging 2D Supercapacit
Electrodes, Materials for Supercapacitor - Eleasodf Super Capacitor, EDLC, pseudocapacitanceijch
capacitors; Electrolytes for Supercapacitors, S@pes, ASC Devices, Sandwich-Type (Carbon-Clg
Material, Carbon Paper, Metal Scaffolds Configuna}j Fiber-Type Supercapacitor Devices: Side-byeS
Twist-Type, Coaxial-Helix Type, Wrap-Type; Appligaiis of Supercapacitors.

SOrs,
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Course Outcome: At the end of the course the student will be ablertderstand:
e« CO1: Fundamentals of nanosensors devices

e CO2:Nano based inorganic sensor devices

e COg3:Nanoelectromechanical systems

» CO4:Nanoparticles for sensor and circuitry, andoAdimlogical sensor devices
» CO5:Nanomaterials for Supercapacitors




Question paper pattern:

» The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

marks.

» There will be two full questions (with a maximumfofir sub questions) from each module.
» Each full question wi have sub question covering all the topics undeoduie

Sl. Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Nanotechnology enabled sensofs  KouroushKal&pringer Verlag, New York| First Edition,
ar — Zaheb, 2007
Benjamin Fry
2 Nanotechnology — Sensors and | Dr. Prasad P., | LAP-Lambert Academic First Edition,
Devices Dr. Savitha Publishers. ISBN: 978-613t 2018
Prasad, Dr. 9-95331-8
Suryanarayana
|V
Reference Books
3 Biosensing: International Jerome Schults| Spinger First Edition,
Research and Developments et al. 2006
4 Sensors and signal conditioning Ramon PallgsWiley & Sons Second Edition,
Areny, John G. 2001
Webster Jot
5 Nanoelectronics and Nanosystems Karl Springer First Edition,
Glneakntte 200/




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BaisEducation (OBE)

SEMESTER - VII
FUNDAMENTALS OF THERMODYNAMICS
Course Code 18NT741 CIE Marks 40
Teaching Hours/Week (L: T: P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
¢ Understand various concepts and definitions ofntleglynamics.
e Comprehend the I-law and ll-law of thermodynamics.
« Acquire the knowledge of various types of gas cg/cle

Module-1

FUNDAMENTAL CONCEPTS, WORK AND HEAT
Fundamental Concepts: Thermodynamics definition sempe, Microscopic and Macroscopic approac

hes.

Some practical applications of engineering thermegyic Systems, Characteristics of system boundady a
control surface, examples. Thermodynamic properiigensive and extensive properties. Thermodynamic

state, state point, state diagram, path and prpcpsssi-static process, cyclic and noncyclic; psses;

Thermodynamic equilibrium; definition, mechanicaudibrium; diathermic wall, thermal equilibriun,

chemical equilibrium. Zeroth law of thermodynamics.
Work and Heat: Mechanics-definition of work and lisiitations. Thermodynamic definition of wor

K.

Displacement work; as a part of a system boundasya whole of a system boundary, expressionsg for

displacement work in various processes through giagrams. Heat. Comparison between work
heat.(Note: Numerical problems are not included)

and

Module-2

FIRST LAW OF THERMOD YNAMICS:

Joules experiments, equivalence of heat and waakei®ent of the First law of thermodynamics, extansf
the First law to non — cyclic processes, energgrgnas a property, modes of energy, pure subst:
definition, two-property rule, Specific heat at stant volume, enthalpy, specific heat at constaesgure,
Extension of the First law to control volume; stgathte-steady flow energy equation, importantiappbns.
(Note: Numerical problems are not included)

ance

Module-3

SECOND LAW OF THERMODYNAMICS AND ENTROPY

Second Law of Thermodynamics:Devices converting theavork; (a) in a thermodynamic cycle, (b) in
mechanical cycle. Thermal reservoir. Direct heajimay schematic representation and efficiency. Eas/
converting work to heat in a thermodynamic cycdversed heat engine, schematic representatiorficieetfs

a
[

of performance. Kelvin - Planck statement of theddel law of Thermodynamics; Clausius statement of

Second law of Thermodynamics, Equivalence of the statements.Entropy: Clausius inequality; Stater)
proof, application to a reversible cycle. Entroggfinition, a property, change of entropy, prineipf increasg
in entropy.(Note: Numerical problems are not ineldgd

en

Module-4

PURE SUBSTANCES, IDEAL GASES, THERMODYNAMIC RELATIO NS

Pure Substances & Ideal Gases: Mixture of ideabgiand real gases, ideal gas equation, comprégs
factor use of charts. P-T and P-V diagrams, tngaimt and critical points. Sub-cooled liquid, Sated liquid,
mixture of saturated liquid and vapour, saturatapour and superheated vapour states of pure sabshath
water as example. Enthalpy of change of phase ffLdteat). Dryness fraction (quality). Thermodynali
relations: Maxwells equations, Tds relations, extin of thermodynamic properties from an equatbr
state.(Note: Numerical problems are not included)

bil

nic

Module-5

GAS CYCLES
Efficiency of air standard cycles, Carnot, Ottoe&#l cycles, P-V & T-S diagram, calculation of @éicy;




Carnot vapour power cycle, simple Rankine cyclealgsis and performance of Rankine Cycle, Ideal
practical regenerative Rankine cycles — ReheaRaunerative Cycles, Binary vapour cycle.
(Note: Numerical problems are not included)

and

Course Outcome: At the end of the course the student will be ablartderstand:
e COL1: Fundamental concepts of thermodynamics, wodkheeat

* CO2: First law of thermodynamics
* CO3: Second law of thermodynamics and entropy
» CO4: Pure substances, ideal gases, thermodynalaiions

» CO5: Gas cycles

Question paper pattern:

* The question paper will have ten full questionsyéag equal marks. Each full question consistind.&f

marks.

* There will be two full questions (with a maximumfotir sub questions) from each module.
» Each full question will have sub question covemtighe topics under a module.

Sl. Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Basic and Applied P K Nag Tata McGraw Hill Pub Second Edition,
Thermodynamic 200z
2 Basic Engineering A Venkatesh Universities Press, India First Edition
Thermodynamics 2007
Reference Books
3 Thermodynamics: An Yunus A. TataMcGraw Hill First Edition,
Engineering Approach Cenegal, publications 2002
Michael A
4 Engineering Thermodynamics J. B. Jones, ¢GJohn Wiley and Sons First Edition,
A. Hawkins 1986
5 Fundamentals of Classical G. J. Van Wiley Eastern First Edition,
Thermodynamics Wylen, R. E. 1985




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BaisEducation (OBE)

SEMESTER - VII
GREEN NANOTECHNOLOGY
Course Code 18NT742 CIE Marks 40
Teaching Hours/Week (L: T: P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
« To understand the eco-friendly nature of nanoteldgyoand the Nanomaterials.
» To study nanotechnology and nanodevices whichrareamental friendly.

Module-1

GREEN MANUFACTURING TRENDS

Green Manufacturing - Fundamentals and Applicatiertsasic definitions and issues surrounding green

manufacturing at the process, machine and syst@overnment motivations for green manufacturin

traditional manufacturing to green manufacturingcenomic issues surrounding green manufacturinige-+ t

areas of automotive - semiconductor and medicalsaaad also supply chain and packaging areas.

g -

Module-2

SUSTAINABLE GREEN MANUFACTURING

Green manufacturing sustainability - processeguirements, and risk — The sustainable lean arehgreadit
process - International green manufacturing stalfsdand compliance - Green rapid prototyping anddr
manufacturing - Green flexible automation - Greellaboration processes - Alternative energy resesikq
Sustainable green manufacturing system design.

Module-3

WASTE MANAGEMENT
Sustainability and global conditions - Material asulid waste management - Energy management -che

mic

waste management and green chemistry — Climategehamd air emissions management - Supply water and

waste water management - Environmental businesageament.

Module-4

INDUSTRIAL ECOLOGY

Introduction - Material flows in chemical manufagtyg - Industrial parks - Assessing opportunitiesWwaste
exchanges and by product synergies — Life cycleeots - Product stewardship and green engineer
Regulatory, social and business environment foergmaanufacturing - Metrics and analytical toolsre&h
supply chains - Present state of green manufagturin

Module-5

GREEN PLASTICS MANUFACTURING

Introduction to commercial plastics and elastomendatural Rubber (NR), modified NR and blends

Polyesters from microbial and plant biofactorieslyfactic acid and poly hyroxyalkanoates) -Plasfiesm
vegetable oils — Cellulose and starch based mkeridNatural fillers, fibres, reinforcements andayc
nanocomposites - Biodegradability, life cycle assent and economics of using natural materials.

Course Outcome: At the end of the course the student will be ablartderstand:
e COL1: Green manufacturing trends

» CO2: Sustainable green manufacturing
* CO3: Waste management

e CO4: Industrial ecology

* CO&5: Green plastic manufacturing

ng -

5 -




Question paper pattern:

The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

marks.

There will be two full questions (with a maximumfofir sub questions) from each module.

Each full question will have sub question covertighe topics under a module.

Sl Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Green engineering David Allen T|,Prentice Hall NJ First Edition,
David R. 2002
Shannar
2 Green manufacturing fundamentabavid Dornfeld | Prentice hall First Edition,
and applications 2002
Reference Books
3 Green electronics design and | Sammy Shinga | Prince Publications First Edition,
manufacturing G 2008
4 Green chemistry James Clark Blackwell publishing First Edition,
5 Sustainable manufacturing Paulo Davim Wiley mailons First Edition,




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BaisEducation (OBE)

SEMESTER - VII
NANOTECHNOLOGY IN BIOMEDICAL ENGINEERING
Course Code 18NT743 CIE Marks 40
Teaching Hours/Week (L: T: P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
e To learn the basic importance and applicationsarfdtechnology medical and biological fields.
» To understand technigues and design the nanostesctianodevices, nano-based diagnostics

techniques, therapeutics, and devices as impldintg,delivery devices.

Module-1

INTRODUCTION

Synthesis of nanomaterials by Physical, ChemicdlRiological methods. Popular Characterization rodsh
Carbon nanotube and its bio-applications. DNA Nacdbnhology, Protein and Glyco-Nanotechnology, Li
Nanotechnology. Nanotoxicology.

Module-2

IMPACT OF NANOTECHNOLOGY ON SURGERY

Introduction, Surgical blades and suture needlesnoshell particles, minimally invasive surgery g@s
catheters, optical tweezers. Bio-molecular motdanorobotics, gold and silver nanoparticles for cear
therapy, chemotherapy, Immunotherapy, Vaccine inmotharapy, Radiotherapy, thermotherapy, ph
dynamic therapy.

in
I
oto

Module-3

SENSING APPLICATIONS

Nanoprobes as BioPhotonics. Diagnostic Biosensbisictionalized Metallic Nanoparticles and th
Applications in Colorimetric Sensing, Dip stick T®sNanochip for HIV detection. Nanoparticles indviatic
Resonance Imaging- Optical nanoparticles sensorgjdantitative intracellular imaging. Cancer imagif
Nanophotonics.

eir

Module-4

NANO-ARTIFICIAL CELLS AND BIONANOMACHINES

Nano-materials in bone substitutes & Dentistry, gt nanocomposite systems as spider silk, boimetlss
organic-inorganic nanocomposite formation througif-assembly. Implantable materials for vasct
interventions, active implantable devices and lusnimplantable materials for orthopaedic and damti
Wound care products. Polymeric nanofibres.

ilar

Module-5

NANOPARTICLES IN DRUG DELIVERY DEVICES

Sustained and targeted drug delivery, delivery rmeigm — Introduction, antibody conjugated nanoplgi
and their interactions with biological surfacespmiBedical nanoparticles — Liposomes, dendrimers obicale
drug delivery devices, Nano vectors for gene therapechanism of drug targeting, drug delivery easi
Nanoparticulate delivery systems, nano-particle iated drug delivery to solid tumors, colloidal naiteer
particles as an effective nano antibiotic.

Course Outcome: At the end of the course the student will be ablertderstand:
e COL1: DNA nanotechnology

e CO2: Impact of nanotechnology in surgery
» COg3: Sensing applications
* CO4: Nano-artificial cells and bionanomachines

» CO5: Nanoparticles in drug delivery devices




Question paper pattern:
» The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

marks.

» There will be two full questions (with a maximumfofir sub questions) from each module.
» Each full question will have sub question coveidatighe topics under a modt

Sl. Title of the Book Name of the Name of the Publisher Edition and Year

No. Author/s

Textbook/s

1 Biomedical Nanotechnology Malsch, N.H. CRC Press First Edition,

2 Nanotechnology in Biomedical | Abhinaya LAP-Lambert Academic First Edition,
Engineering Nellerichale Publishing,Mauritius. 2018

ISBN: 97¢-615-9-8311°5-9

Reference Books

3 Nanobiotechnology Il: More Mirkin, C.A., Wiley-VCH First Edition,
Concepts and Applications Niemeyer, C.M. 2007

4 Nanofabrication Towards Kumar, C. S. S.| WILEY -VCH Verlag First Edition,
Biomedical Applications: R., Hormes, J., | GmbH & Co 2005
Techniques, Tools, Applications, Leuschner C.

5 The Handbook of Nanomedicing K. K. Jain Humaresgr First Edition,

200¢




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - VII

OPEN ELECTIVE -B

APPLICATIONSOF NANOTECHNOLOGY IN ELECTRONICS

Course Code 18NT751 CIE Marks 40
Teaching Hours/Week (L: T: P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
« To understand the basics of nanotechnology ankitspective in electrical and electronics industry
« To comprehend and investigate role of nanotechiydlog@nergy production, storage, distribution and

conversion
» To study and review nanotechnology trends in tetenanication industry
Module-1

ENERGY PRODUCTION, ENERGY STORAGE AND DISTRIBUTION
Nanotechnology and Applications for Electric Pow&he Perspective of a Major Player in Electricity,
Lightweight Nanostructured Materials and Their @edtion for Wind Energy Applications, Carbgn
Nanotube Wires and Cables: Near-Term Applications uture Perspectives, Carbon Nanotube Matenals t
Realize High-Performance Supercapacitors.

Module-2

ENERGY CONVERSION AND HARVESTING, NANOENABLED MATER IALS
Nanostructured Thermoelectric Materials: Currensd@ech and Future Challenges. Energy Consumption in
Information and Communication Technology: Role dénficonductor Nanotechnology, Nanocrystalljne

Bainitic Steels for Industrial Applications, Grapieeand Graphene Oxide for Energy Storage, Impact of
Nanotechnology on Telecommunications, Nanotubes @&hdir Applications in Telecommunications,
Quantum Dot Cellular Automata: The Prospective Tietbgy for Digital Telecommunication Systems.

Module-3

FUNDAMENTALS OF NANOSENSOR DEVICES
Micro and nano-sensors, biosensor. Thermal energgsoss: temperature sensors, heat sensors,
electromagnetic sensors, electrical resistanceosgnslectrical current sensors, electrical voltagasors
electrical power sensors, magnetic sensors, chesgnaors, optical and radiation sensors- gas 6enso

Module-4

NANOELECTROMECHANICAL SYSTEMS (NEMS)
Introduction- Nano machining of NEMS based uporcteten beam lithography, Nano electromechanjcal
systems fabrication, nano imprint lithography, poéric nanofiber templates, focused ion beam dopiag
chemical etching, stencil lithography and sacwdficetching, large scale intergration, future chajkes,
applications.

Module-5

CNT AND NANOELECTRONIC DEVICES
Introduction to Nano devices: Graphene transistors, Nanowire FET, quantum Dotcdsy Quantum Dot
FET, Organic transistors, CNTFET, FinFETSs.
CARBON NANOTUBE FETS

Introduction, Single Wall Nano Tube (SWNT), Doub&ll Nano Tube (DWCNT), design of inverter usipng
CNTFET, CNTFET based digital and analog circuiteymory cell using CNTFET.

Course Outcome: At the end of the course the student will be abie t
« Understand the fundamentals of nanotechnology mpditance of hanotechnology in electrical ang
electronics industry.
« Evaluate and determine the standards, technologledlenges and future trends of nanotechnology in
electronics and electrical engineering.
* Initiate, innovate and develop nanotechnology-basdations in the field of electronics and eleatic




engineering.

Question paper pattern:
» The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

marks.

» There will be two full questions (with a maximumfofir sub questions) from each module.
» Each full question will have sub question covemtighe topics under a module.

Sl Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Nanotechnology for Energy Baldev Raj, Wiley-VCH Verlag GmbH | First Edition,
Sustainability Marcel Van de | & Co. KGaA 2017
Voorde,
Yashwant
Mahajan
2 Nanotechnology for Sohail Anwar, | CRC Press First Edition,
Telecommunications M. Yasin 2017
Akhtar Raja,
Salahuddin
Qazi,
Reference Books
3 Nanodevices and Applications Prasad LAP-Lambert Academic First Edition,
Puthiyillam Publishers, Mauritius. 2018
4 Nano-Electronics and Quantum | Shareefraza J. | LAP-Lambert Academic First Edition,
Computation Ukkund Publishing, Mauritius. 2018
ISBN: 97¢-615-9-8181:-9
5 The Wonder of Nanotechnology] Manijeh SPIE PRESS BOOK First Edition,
Quantum Optoelectronic Devices Razeghi; Leo 2013
and Applications Esaki; Klaus

von Klitzing




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BaisEducation (OBE)
SEMESTER - VI

OPEN ELECTIVE - B

NANO-TRIBOLOGY AND FRACTURE MECHANICS

Course Code 18NT752 CIE Marks 40
Teaching Hours/Week (L: T: P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:

« To understand the applications of nano technoleagynechanical engineering &the mechanics| of

nanomaterials.

» To understand the concept of nano tribology & fweetmechanics and advancement in nano materjals.

Module-1

NANOTECHNOLOGY IN MECHANICAL ENGINEERING
Introduction, importance of nanotechnology in metbal engineering, Basic concepts in nano technol

Mechanical Properties of nano materials: Importasiceano materials in various mechanical aspecéol\

composites-Significance, advantages. Nano Compgo$ite sustainable, performance enhancing mecha
members. Categorized application of nano materiedde of nano-structured materials in mechan
engineering applications.

bg

nical
cal

Module-2

INTRODUCTION TO NANO MECHANICS
Materials, films coatings, industrial consideraspstructures & geometries. Mechanical behavidunamo

particles: Elasticity and plastic deformation metbms, Hardness & Strength, Creep of Nano crystll

materials. Defects and testing of nano structue8erent failure mechanism of Nano materials-séta
degradation failure mode-Stiffness modulus of naomposites-case studies, microstructure changestr@
chemical degradation, physical degradation.

Module-3

INTRODUCTION TO NANOTRIBOLOGY, NANOMATERIALS CHARAC TERIZATION
Definition of Nanotribology, need of nano tribolggnderstand nano tribology. Introduction to Atorfiarce
Microscope (AFM),surface force apparatus (SFA) &Rd/ to understand Nano tribology. Measuremen

t of

Surface roughness, friction force, Scratching, waad machining, Surface potential measurementsp Nan

indentation measurements, Boundary lubrication oreasents, selection of low friction and better aibie
for nanotechnology applications, Present Appligatiof nanotribology.

Module-4

FRACTURE OF NANO MATERIALS

Nano indentation method to evaluate toughness Hir films-understanding fracture toughness-meth
fracture mechanism of brittle thin films, fractusé mono & multi layers of gold nano particles,h@liailica
nano particles,fracture mechanism of solid lubricaanoparticles,fracture mode of ultrasonic treatskel
nano particles.

nds,

Module-5

ADVANCED NANO MATERIALS

Block Copolymer Systems-Introduction, Self-AssemtfyBlock Copolymers, Precursors for Novel Compmsi

2]
—

Materials —Introduction, CNT—Metal based nano pbletComposites, CNT-AuNP Composite. Nano ceramics-

Applications, Carbon Nano tubes Adsorbents for fimation purpose, Nano material Imprinting Techrgu

Fullerene contained Nanostructures, Combined CNTh vBio molecules: Advancements and futuire

Challenges.

Course Outcome: At the end of the course the student will be able t
» Applications of nano materials in mechanical engrimg,
e Understand Mechanics of nano materials
* Understand nano-tribology
e Understand Failure modes in nanostructures
* Advancements in nanomaterials




Question paper pattern:
* The question paper will have ten full questionsyag equal marks. Each full question consistind. 6f

marks.

e There will be two full questions (with a maximumfofir sub questions) from each module.
e Each full question will have sub question covertighe topics under a module.
* The students will have to answer five full quessioselecting one full question from each module.

Sl Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Advanced Analytical Methods in| Martin Springer First Edition,
Tribology Dienwiebel, 2018
Maria-Isabel De
Barros Bouch
2 Nanotribology and Bharat Bhushan Springer Fourth Edition,
Nanomechanics: An Introduction 2017
Reference Books
3 Principles And Applications Of | Bharat Bhushan Wiley-Blackwell First Edition,
Tribology publications 2013
4 Understanding Nanomaterials Malkiat S. Textbook Series in PhysicalFirst Edition,
Johal, Lewis E. | Sciences 2018
5 Fundamentals of Engineering | Harish Hirani Wiley First Edition,
Tribology with Applications 2016




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BaisEducation (OBE)
SEMESTER - VI

OPEN ELECTIVE - B

NANOMATERIALS FOR CONSTRUCTION AND ENVIRONMENTAL AP PLICATIONS

Course Code 18NT753 CIE Marks 40
Teaching Hours/Week (L: T: P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
« To learn the importance of hanotechnology in Ciribineering.
e To understand how nanomaterials can be used inractien materials.
* To understand the latest development nanotechndétwgyvil and environmental engineering

application.

Module-1

INTRODUCTION: Introduction to Nanoscience and Technology, basitciples and important Concept pf

Nanotechnology, Nanomaterial, Nano size effect,f&®er area, Surface to volume ratio, Property

Nanomaterials- Mechanical, Electrical, optical, thal, Magnetic and Catalytic. Awareness and Exigli

activities of nanotechnology relevant to constiutti desk study. Understanding phenomena of toadilt
construction materials at nanoscale.

Module-2

of

NANOTECHNOLOGY IN CO NSTRUCTION MATERIALS : Nanomaterials in Concrete and Cement,

Introduction, different nanomaterials used in ceter Development of nano concrete, Application

of

nanomaterials in UHPC, Nano silica, densificatidncement using Nanosilica, Nano alumina, Carbon
nanotube (CNT), the Effect of SWCNT and Other Naatarials on Cement Hydration and Reinforcement,

Polycarboxylates, Titanium oxide, Nano kaolin, Natay. Nanomaterials-Enabled Multifunctional Cortere

and Structures, Next-Generation Nano-based Con@mtstruction Products: Optimization of Clay Adoliti
for the Enhancement of Pozzolanic Reaction in Nawdified Cement Paste.

Module-3

NANOTECHNOLOGY IN ST RUCTURAL MATERIAL: Nanotechnology and Steel, Applications in st
structures, for strength, corrosion resistanceyawipg strength of steel with nanomaterials, eff@ictopper
nanoparticles of strength of steel. MMFX steel apgdlication. Applications in welds and joints, dialbility,

delayed fracture, strengthening of steel bolts,adanm and molybdenum nanoparticles to improve aalay

fracture.Wood as structural material, nanomatet@lmprove the structural performance and sertiititya of
wood, nanocomposites, polymer -nanocomposite.

Module-4

eel

NANOTECHNOLOGY AND COATING S: Nanomaterials based paints, insulating Propefties

nanomaterials, Smart nanomaterials for building &tass, Nanomaterials for Thermal or Fire Retard
Functional coatings and thin films. Environmend geerformance monitoring sensors and devices. N
sensors for structural health monitoring.

Advances in instrumentation, Atomic force microsgdgano indentation techniques, Neutron and X-ray
scattering techniques for construction materials.

Module-5

NANOTECHNOLOGY IN EN VIRONMENTAL ENGINEER ING: Introduction, nanomaterials for cle:
water, waste water treatment, Nanomaterials asrlaeisofor removal of pollutant, microorganisms, \he
metals. Removal of pesticides and fungicides witlndinaterials. Nanomaterials for water disinfecti
Nanofiltration. Nanomaterials as photo catalystalgat. Nanomaterials for capturing @@anomaterials fo
Air pollution remediation, Air purification and Ession mitigation using Nanomaterials. Nanotechgylior
detection of pollutant in air and water, Nano sesismd application. Environmental risk due to Naatemnals,
Nanotoxicology.

ng
lano



Course Outcome: At the end of the course the student will be abie t
* CO1: To learn the basic concepts of Nanotechnology.
* CO2:To understand nanomaterial properties usefobmstruction materials
» CO3:Able to understand nanotechnology applicatocivil engineering
* CO4:Use nanomaterials in Environmental engineering

Question paper pattern:
» The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f
marks.
* There will be two full questions (with a maximumfofir sub questions) from each module.
» Each full question will have sub question covemtighe topics under a module.

Sl. Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Nanoscience and J M.S. Wiley First Edition,
Nanotechnology: fundamentals foRamachandra 2013
Frontiers Rao, Shubra
Sinak
2 Nanostructures and Nanomaterials Cao Imperial College press First Edition,
synthesis, properties and 2004

Reference Books

3 Environmental Application Of G.A. Mansoori, | Annual Review of Nano First Edition,

Nanotechnology T. Rohani. Research 2008
Bastami, A.
Ahmadpour, Z.,
Eshagl
4 Environmental Application and | JieZhuang and | ACS Symposium Series; | First Edition,
Risks of Nanotechnology Randall W. American Chemical 2011
Gentn Society: Washinaton. C
5 Nanotechnology in Construction Sobolev, Springer, First Edition,
Konstantin, 2015

Shah, Surendra
P.




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)

SEMESTER - VII
MOLECULAR BIOLOGY AND GENETIC ENGINEERING LAB
Course Code 18NTL76 CIE Marks 40
Teaching Hours/Week (L: T: P) (0:0:2) SEE Marks 60
Credits 01 Exam Hours 03

Course Learning Objectives:
e To understand the cell structure and organizatfaelb components.
« Toisolate the genetic materials like DNA and RNiénfh different microbes, plants and also learn

molecular biology techniques.

Sl. Experiments
No.

1 Study of divisional stages in Mitosis.

Study of divisional stages in Meiosis.

Study of slides of human cells

Study of Polytene and Lampbrush chromosomes yinganent slides

Isolation of genomic DNA from onion

Isolation of plasmid DNA frorbacteria

Isolation of genomic DNA from banana

ONO| OB N

Agarose gel electrophoresis and quantificationusfieic acids (colorimetric, ethidium bromide ddt

9 Isolation of RNA from yea

10 | Study of conjugation ig.coli

11 | Amplification of DNA by PCR

12 | Preparation of DNA for PCR applications- Isaatipurity & quantification

Course Outcome: At the end of the course the student will be abie t
e Students can able to understand organization dfedtetit components at molecular scale level.
e Students can also learn different techniques usetthé isolation of the genetic materials like DNA
and RNA.
» Students can also learn the most advanced teclmiggeePCR, Gel Electrophoresis which are

important techniques of molecular biology.

Conduct of Practical Examination:

1. All laboratory experiments are to be includeddiactical examination.

2. Breakup of marks and the instructions printedh@ncover page of answer script to be strictlyeselth by
the examiners.

3. Students can pick one experiment from the qomesiiot prepared by the examiners.

4. Change of experiment is allowed only once artd Marks allotted to the procedure part to be madem




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER -VII
PROJECT WORK PHASE - 1
Course Code 18NTP77 CIE Marks 100
Teaching Hours/Week (L: T: P) (0:0:2) SEE Marks --
Credits 02 Exam Hours/Batch --

Course Learning Objectives:
» To support independent learning and innovativéuali.
« To guide to select and utilize adequate informafiom varied resources upholding ethics.
« To guide to organize the work in the appropriatenes and present information (acknowledging th
sources) clearly.
« To develop interactive, communication, organisattone management, and presentation skills.
- To impart flexibility and adaptability.
« Toinspire independent and team working.
« To expand intellectual capacity, credibility, judgent, intuition.
- To adhere to punctuality, setting and meeting deesl!
- Toinstil responsibilities to oneself and others.
« To train students to present the topic of projeatiwn a seminar without any fear, face audience

D

as.

confidently, enhance communication skill, involvegroup discussion to present and exchange ide
]
Project Work Phase- II: Each student of the project batch shall involvecanrying out the project wor

jointly in constant consultation with internal gaidco-guide, and external guide and prepare thegireeport
as per the norms avoiding plagiarism.

Course Outcome: At the end of the course the student will be abie t
« Present the project and be able to defend it.
e Make links across different areas of knowledgetargenerate, develop and evaluate ideas and
information so as to apply these skills to the gcbjask.
e Habituated to critical thinking and use problermvaaj skills.
« Communicate effectively and to present ideas gfemrtl coherently in both the written and oral forr
¢ Work in a team to achieve common goal.
e Learn on their own, reflect on their learning aakkt appropriate actions to improvesit.

CIE procedure for Project Work Phase - 1:

(i) Single discipline: The CIE marks shall be awarded by a committee stngiof the Head of the concern
Department and two senior faculty members of thpatienent, one of whom shall be the Guide.

The CIE marks awarded for the project work phaseshall be based on the evaluation of project vpbr&se -
1 Report, project presentation skill and questind answer session in the ratio 50:25:25.The manlesded
for the project report shall be the same for alltatch mates.

(ii) Interdisciplinary: Continuous Internal Evaluation shall be group widethe college level with th
participation of all guides of the college. Papation of external guide/s, if any, is desirable.

The CIE marks awarded for the project work phaseshall be based on the evaluation of project vpbr&se -
1 Report, project presentation skill and questiod answer session in the ratio 50:25:25.The manksded
for the project report shi be the same for all the batch mem

ed




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER -VIII
BIO-NANOTECHNOLOGY
Course Code 18NT81 CIE Marks 40
Teaching Hours/Week (L: T: P)  (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:

e To learn the basics of Nanobiotechnology, the devimf Nanobiotechnology and their applications to
the different fields.

» To understand and fabricate the nanostructuresmiand containers for several applications.

Module-1

FUNCTIONAL PRINCIPLES OF BIO-NANOTECHNOLOGY
Basic terms; Features and functions of DNA, RNAg aitificial nucleic acids; Bio-nanotechnology and
nano-biotechnology; Information driven nano-assemipnetic information transfer, construction obteins,
storage of information; Energetics: approaches gowering chemical reactions, light dependent and
independent reactions, electron carriers, stordgenergy; Chemical transformations: reduction ofrepy,
chemical stabilization, specialized chemical tool&iomaterials: introduction, biomineralization,
biocompatibility and biopolymers, use of biomatksi&elf-replication; Machine-phase bio-nanotecbgyl

Module-2

STRUCTURAL PRINCIPLES OF BIO-NANOTECHNOLOGY
Introduction; Natural bio-nanomachinery and specifenvironment; Strategies of construction | of
nanomachines: sequential covalent synthesis, auvalelymerization, self-organizing synthesis, ardf-g
assembly; Biomolecular structure and stability: alewt bonds, dispersion and repulsion forces, lgeho
bonds, electrostatic interactions, and hydrophdaifects; Protein folding: Introduction, globularopgins,
chaperons, stability, rigidity and disorder; Sedsembly: design principles, point group symmet(mslic,
dihedral, and cubic), translational symmetry (Igyenmetry, plane symmetry, and space group symmetry)
quasi-symmetry, crowded conditions; Self organ@ratiintroduction, self-organization of lipids; Maldar
recognition: introduction, Crane principles. Flakilp and design of bio-nanomachines.

Module-3

BIO-NANOMACHINES

Introduction; Nanoscale effect on gravity, inerttomic granularity, thermal motion; Bionanomachéesl
water environment; Modern biomaterials and moleacplans: proteins (glycine and proline; carbon i@chino
acids; phenylalanine, tyrosine, tryptophan; seritf@eonine, histidine, aspargine, glutamine; cysgi
methionine), nucleic acids, polysaccharides, apildi Evolution of bio-nanomachines; Bio-nanomaekin
Thymidylate synthase, DNA, Ribosome, ATP synthd@sain and Myosin, Opsin, Triskelion molecules, and
Collagen.

Module-4

BIOMEDICAL APPLICATIONS

Medical diagnostics: targeted and sustained druigettg; Transdermal drug release; Nanoscale deface
drug delivery; Nano-medicine and nano-surgery: Resptes and Microbivores, Surgical nanorobotics,
nanorobotics advantages and disadvantages; Namblthseapy of cancer; nanopathology; nanosurg
Applications of DNA based bionanotechnology; Biasms: antibodies, detection of glucose level, dited
of specific DNA sequences; Medical imaging techieg; MRI, Ultrasound imaging.

Module-5

BIO-NANOTECHNOLOGY: TODAY AND THE FUTURE

Basic capabilities: simplification of natural privte, design of proteins, construction of proteirthwmon-
natural amino acids, peptide nucleic acids; Nanaomeel computer aided drug design, immunotox
Liposomes as vesicles, Artificial blood, Gene tipgrgersonalized medicine; Biomolecular sensinglsand
taste, light, motion, chemical gradients; A Timdealfor bionanotechnology; Lessons for Molecular




Nanotechnology; Case Studies: Nanotube synthesien&ral nanoscale assembler, Nanosurveillance.

Course Outcome: At the end of the course the student will be ablartderstand:
e COLl: Functional principles of bio-nanotechnology

e CO2:Structural principles of bio-nanotechnology
» CO3:Bio-nanomachines

e CO4:Biomedical applications

» CO05:0n-going Research in Bio-nanotechnology

Question paper pattern:
» The question paper will have ten full questionsyeag equal marks. Each full question consistind 6f

marks.

» There will be two full questions (with a maximumfofir sub questions) from each module.
» Each full question will have sub question covertighe topics under a module.

ﬁll(')_ Title of the Book Nimﬁg:/;he Name of the Publisher Edition and Year

Textbook/s

1 Bionanotechnology - Global David E. Taylor & Francis Group, First Edition,
Prospects Reisner LLC 2009

2 Applications of Bio- Dr. Prasad P. | LAP-Lambert Academic First Edition,
Nanotechnology Embrandiri Publishing, Mauritius. 2018

ISBN: 97¢-615-9-817948
Reference Books
3 Bio-Applications of Nanoparticles BY Warren | Springer Science, Business First Edition,
C.W. Chan Media 2007

4 Nanobiotechnology: concepts, | C.M. Niemeyer,| Wiley-VCH First Edition,
applications & perspectives C.A. Mirkin 2012

5 Nanobiotechnology in Molecular K. K. Jain Taylor & Francis, ISBN First Edition,
Diagnostics: Current Techniques 9781904933175 2005

and Applications




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER -VIlI
DIGITAL SYSTEMS DESIGN
Course Code 18NT821 CIE Marks 40
Teaching Hours/Week (L: T: P}  (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
* To design sub systems using combinational ciraritksequential circuits
» To design digital systems using CMOS logic and wstded the physical structure of digital system
its transistor schematic form
* Tolearn Verilog HDL programming and model digisggtstems using high level language

Module-1

FUNDAMENTALS OF DIGI TAL SYSTEMS:
Combinational circuits, sequential circuits, bagates, realization of logic using NAND, NOR and
Multiplexers, design of half adder, full adders]l feubtractor, 1-bit comparator, decoders and eecD
Introduction to Verilog HDL, coding types, behawvialj structural and data flow, modelling of basates, half
adder and full adder using Verilog HDL.

TN

Module-2

DESIGNING WITH COMBI NATIONAL CIRCUITS :

4-bit Ripple carry adder, 4-bit carry look aheadlexd 4-bit carry select adder, 4-bit comparatong2-bit
comparator, seven segment display controllers usingoders and decoders, parity generators and
shifters/rotators using multiplexers, barrel shiftetator using 2:1 multiplexer. Writing Verilog de for 4-bit
ripple carry ader, parity generato

3-bit

Module-3

DESIGNING WITH SEQUE NTIAL CIRCUITS :

SR latch, SR-D Latch, T-Latch, flip flops using pve triggered and negative triggered latch, gesig N-bit
synchronous and asynchronous counters, up-downt@suyrdesigning clock dividers using counters, tS
registers, SISO, SIPO, PISO, PIPO, 1-bit memory with read and write enable, 4-bit memory unithy
address decoder.

hif
it

Module-4

DIGITAL CIRCUIT DESI GN USING MOS TRANSISTOR:

MOS transistor, NMOS and PMOS transistor, CMOS iiterecircuit, CMOS circuit design for NAND, NOH
AND, OR, XOR, XNOR gate, transmission gate using @34 2:1 multiplexer design using CM(
transmission gate, 1-bit latch using CMOS (2:1 ipldker), 1-bit flip flop using CMOS latch. Introdtion to
propagation delay, rise time, fall time, noise nvarfgpr CMOS inverter. Introduction to power disdipa in
CMOS circuits, dynamic power, static power, leakpgerer.

3

Module-5

SUBSYSTEM DESIGN AND MODELLING :

writing Verilog code using data flow descriptionr f@-latch, JK-flip flop, counters, 2-Bit Magnitud
comparators, 4x4 memory with read and write pdré&havioural model for 4-bit ALU design using Vegl
HDL, writing test bench wave forms for functionatrification of 4-bit adders and ALU. Introduction
programmable logics such as PLA, PAL and FPGAs.

O

Course Outcome: At the end of the course the student will be ablertderstand:
* CO1: Fundamental of digital systems
» CO2:Design of sub systems using combinational &8cu
» COa3:Design of sub systems using sequential circuits

» CO4:Digital circuit design using MOS transistor




» COS5:Apply the Verilog programming skills in modelj digital sub systems.

Question paper pattern:
e The question paper will have ten full questionsyéag equal marks. Each full question consistind.&f

marks.
* There will be two full questions (with a maximumfotir sub questions) from each module.
» Each full question will have sub question covemtighe topics under a module.
* The students will have to answer five full quessioselecting one full question from each module.

Sl. Name of the

Title of the Book Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 HDL programing fundamental:| N. Botros Cengage learning First Edition, 2007
VHDL and Verilog
2 Digital Fundamentals Thomas L. Floyd PearsoniPatibns First Edition, 2012

Reference Books

3 CMOS VLSI Design: A circuit | Neil H. E. Weste, | Pearson Education Third Edition, 201(
and systems perspective David Money
Harris
4 Fundamentals of Digital Logic | Stephen Brown, | Tata McGraw Hill First Edition, 2015

Design with Verilog Design ZvonkoVranesic | Edition

5 Digital Design Principles and | John F. Wakerly | Prentice Hall of India First Editj®014
Practices




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER -VIII
NANO TOXICOLOGY
Course Code 18NT822 CIE Marks 40
Teaching Hours/Week (L: T: F) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
e To learn the basic importance and regulations nbtwicology in biological fields.
» To understand toxicity produced by nanostructuresraethods to reduce their toxicity.

Module-1

INTRODUCTION

Concept of Nanotoxicology - Inhalation of nanomatisr overview. Introduction Inhalation — depositiand
pulmonary clearance of insoluble solids- bio— mesice of Inhaled solid material. Systemic traratioa of
inhaled particles. Nano particle exposure and syatie cardiovascular effects — experimental datpiratory
particulate matter exposure and cardiovascularcityxinanoparticles—hypothesis and research appesa¢
Ecotoxicologic studies — Methodology - for Nanotmtbgy - toxicity testing.

Module-2

NANOMATERIAL POLLUTION, PUBLIC PERCEPTIONS, AND EDU CATION

Nanomaterials pollution: Nanomaterials in EnviromineToxicology of Airborne — Effect of Nanomatdsan
the environment. Safety and pollution Control tagbes-handling, storage, packaging, transportatiod
disposal.

Public perceptions & education: Communicating Nanbbhological Risks - Understanding |of
Nanotechnology’s Social Impacts - Nanotechnologyhim Media. Educating Undergraduate Nanoengineers,

Module-3

HUMAN EXPOSURE TO NANOSIZED MATERIALS

Biological Activities of Nanomaterials and Nanojpelds - Respiratory Tract — Efficient depositionioialed
NSPs. - Disposition of NSPs in the respiratory sgaisition of NSPs in the respiratory -Epitheliahlocation
- Translocation to the circulatory system - Neutanaake and translocation -Translocation of NSP¢he
blood circulation to bone marrow in mice - Studidsieuronal translocation of UFPs from respirativagt -
Exposure via Gl Tract and Skin.

Module-4

ECONOMIC IMPACTS OF NANOTECHNOLOGY
Socio-Economic Impact of Nanoscale Science - Mawaghe Nanotechnology Revolution: Consider the
Malcolm - Transcending Moore’s Law with MoleculateBronics and Nanotechnology - Semicondugtor
Scaling as a Model for Nanotechnology Commercitibza- Nanotechnology and Zettabits - Sustaining |th
Impact of Nanotechnology - Non-Nano Effects of N@abnology on the Economy.

Module-5

ETHICS LAWS AND REGULATIONS
Ethical Issues in Nanoscience and NanotechnoloBthics & Law in a New Frontier— An Exploration pf
Patent Matters Associated with Nanotechnology - Etgcs of Ethics- Negotiations over Quality of d.iin
the Nanotechnology Initiative. Patenting nanotebbgy nanomedicine and nanopharmaceuticals.

Course Outcome: At the end of the course the student will be abie t
e CO1: To learn the basic concepts of nanobiotoxipnlo
e CO2: To understand nanomaterial pollution, pubdiccpptions & education
e CO3: To study the human exposure to nanosized iakster
e CO4: To do risk economic impacts of nanotechnology
e CO&5: To study ethics laws and regulations of narierias and their toxicity




Question paper pattern:

The question paper will have ten full questionsyiag equal marks. Each full question consistind &f

marks.

There will be two full questions (with a maximumfotir sub questions) from each module.
Each full question will have sub question covertighe topics under a module.

Udupa.

Sl. Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s
Textbook/s
1 Nanotoxicology: Interactions of | Yuliang Zhao | American Scientific First Edition, 2018
Nanomaterials with and Hari Singh | Publishers
Biological Systems Nalwa
2 Nano Toxicology Abhinaya LAP-Lambert Academic| First Edition, 2018
Nellerichale, Publishers. 978-613-9-
Apoorva B. 95619-7
Udupa, Prasad
Puthiyillam
Reference Books
3 Human Physiology: E P. Widmaier, | McGraw Hill, New York | Nineth Edition, 2004
The Mechanisms of Body. H. Raff, K.T.
Functions Strang, Vander,
Sherman and
Lucianc
4 Nanotoxicology: CharacterizationMonteiro-Riv Informa First Edition, 2007
Dosing and Health Effects Healthcare publishers
5 Nanotechnology in health care P.D. Gupta, NS.P. Publications, India| First Edition, 2011




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BaisEducation (OBE)

SEMESTER -VIII
MICROCONTROLLERS AND INTERFACE
Course Code 18NT823 CIE Marks 40
Teaching Hours/Week (L: T: P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
e To study basic principles of micro-controllers fami
» To understand designing and interfacing the dewigdgsmicro controllers.

Module-1

MICROPROCESSORS AND MICROCONTROLLER
Introduction, Microprocessors and MicrocontrolleRISC & CISC CPU Architectures, Harvard & Vo

Neumann CPU architecture, Computer software. THel 8 chitecture: Introduction, Architecture of 8051

Pin diagram of 8051, Memory organization, Extetaimory interfacing, stacks.

Module-2

ADDRESSING MODES AND INSTRUCTION SET

Introduction, Instruction syntax, Data types, Suftrtes, addressing modes: Immediate addressingstee
addressing, Direct addressing, Indirect addressaigtive addressing, Absolute addressing, Longesihg,
Indexed addressing, Bit inherent addressing, bictliaddressing. Data transfer instructions, Aréhm

inctriintinn,

Module-3

8051 INSTRUCTION SET
Instruction timings, Logical instructions, Branchsiructions, Subroutine instructions, Bit manipoiat
instruction.

INTERFACING

Interfacing stepper motor — program to rotate steppotor, interfacing DC motor — program to contité
speed of DC motor, interfacing serial A/D converieterfacing D/A converter using parallel portpregram
to generate square wave by interfacing DACO08 wittalbel port.

Module-4

MICROCONTROLLER PIC16F84
Introduction, CISC, RISC, Applications, Clock/ingttion cycle, Pipelining, Pin description, Clockngeator

— oscillator, Reset, Central processing unit, PaMemory organization, Interrupts, Free timer TMRO,

EEPROM Data memory.

PIC16CXX INSTRUCTION SET

Introduction to instruction set in picl6cxx microdmller family, data transfer, arithmetic and logbit
operations, directing the program flow, instructeecution period.

Module-5

OVERVIEW OF THE AVR FAMILY

History, AVR feature’s, AVR family overview — classAVR — Mega AVR — Tiny AVR — Special purpog
AVR.

AVR ARCHITECTURE

The general-purpose registers in the AVR, AVR daganory, instructions with the data memory, AVR s$at
register, AVR data format and directives.

5




Course Outcome: At the end of the course the student will be ablartderstand:
e COL1: Microprocessors and microcontrollers

* CO2: Addressing modes

» COa3: 8051 Instruction set, interfacing

e CO4: Microcontroller PIC 16F84, PIC16CXX Instructi®et
* CO5: Overview of AVR family, AVR architecture

Question paper pattern:
* The question paper will have ten full questionsyéag equal marks. Each full question consistind.&f
marks.
* There will be two full questions (with a maximumfotir sub questions) from each module.
» Each full question will have sub question coveratighe topics under a modt

Sl. . Name of the Name of the -
No. Title of the Book Author/s Publisher Edition and Year
Textbook/s
1 8051 microcontroller : Hardware, V McGraw Hill First Edition, 2017
software and applications Udayashankara
M1
Mallikarjunasv
2 PIC microcontrollers Nebojsa Matic|  mikroElektdonj First Edition, 2003

a

Reference Books

3 The AVR microcontroller and Muhammad Ali | Pearson New First Edition, 2010

embedded system: Using Mazidi, Sarmad| International
Assembly and C NaimiSepehrNa| Edition
imi
4 The 8051 Microcontroller and Mazidi, Mazidi, | Pearson New Second Edition, 2014
Embedded Systems McKinlay International
Edition
5 The 8051 Microcontroller Kenneth Ayala  Thomson Third Edition, 2015

International
Publishers




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BalsEducation (OBE)

SEMESTER -VIII
PROJECT WORK PHASE -II
Course Code 18NTP83 CIE Marks 40
Contact Hours/Week 02 SEE Marks 60
Credits 08 Exam Hours/Batch 03

Course Learning Objectives:

« To support independent learning and innovativéual.

« To guide to select and utilize adequate informafiom varied resources maintaining ethics.

« To guide to organize the work in the appropriat&mest and present information (acknowledging th
sources) clearly.

« To develop interactive, communication, organisgttone management, and presentation skills.

« To impart flexibility and adaptability.

« Toinspire independent and team working.

« To expand intellectual capacity, credibility, judgent, intuition.

- To adhere to punctuality, setting and meeting deesl!

« Toinstil responsibilities to oneself and others.

- To train students to present the topic of projeatiwn a seminar without any fear, face audience
confidently, enhance communication skill, involvegroup discussion to present and exchange ide

Project Work Phase- II: Each student of the project batch shall involvecanrying out the project wor
jointly in constant consultation with internal gajdco-guide, and external guide and prepare thegireeport
as per the norms avoiding plagiarism.
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Course Outcome: At the end of the course the student will be abie t
* Present the project and be able to defend it.
* Make links across different areas of knowledge targenerate, develop and evaluate ideas and
information so as to apply these skills to the @cbjask.
* Habituated to critical thinking and use problemvsd) skills
» Communicate effectively and to present ideas ofemrtl coherently in both the written and oral farr
¢ Work in a team to achieve common goal.
e Learn on their own, reflect on their learning aakit appropriate actions to improvaesit.

CIE procedure for Project Work Phase - 2:

(i)Single discipline: The CIE marks shall be awarded by a committee stingiof the Head of the concern
Department and two senior faculty members of thpattenent, one of whom shall be the Guide.

The CIE marks awarded for the project work phaseshall be based on the evaluation of project vpbr&se -
2 Report, project presentation skill and questiod answer session in the ratio 50:25:25.The manlesded
for the project report shall be the same for adlltatch mates.

(ii) Interdisciplinary: Continuous Internal Evaluation shall be group widethe college level with th
participation of all guides of the college. Pagation of external guide/s, if any, is desirable.

The CIE marks awarded for the project work phasshall be based on the evaluation of project vphr&kse -
2 Report, project presentation skill and questioth @answer session in the ratio 50:25:25.The maxiesded
for the project report shi be the same for all the batch mem

ed

Semester End Examination
SEE marks for the project (60 marks) shall be ae@ithased on the quality of report and presentakdh
participation in the question and answer sessismea the University norms by the examiners appdiMTU.




B. E. NANO TECHNOLOGY (NT)
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER -VIII
TECHNICAL SEMINAR
Course Code 18NTS8¢ CIE Marks 100
Contact Hours/Week 02 SEE Mark: -
Credits 01 Exam Hour --

Course Learning Objectives:
The objective of the seminar is to inculcate-learning, face audience confidently, enhance conwation
skill, involve in group discussion and present archange idea
Each student, under the guidance of a Facultyl shabse, preferably, a rent topic of his/her intere:
relevant to the Course of Specializatic

e Carryout literature survegrganize the seminar content in a systematic ma

» Prepare the report with own sentences, avoidinguedtpaste ac

« Type the matter to acquaint with the use of V-soft equation and drawing tools or any s

facilities.

« Present the seminar topic orally and/or throughgygweint slides

« Answer the queries and involve in debate/discuss

»  Submit typed report with list of references
The participants shall take part in discussion dstdr friendly and stimulating environment in whitte

Course Outcome: At the end of the course the student will be abi
- Attain, use and develop knowledge in the field ngieeering and other disciplines throt

independent learning and collaborative stt

- Identify, understand and discuss current,-time issues.
« Improve oral and written communication sk

» Explore an appreciation of the self in relatioritsdarger diverse social and academic conte
« Apply principles of ethics and respect in interactwith other<m

Evaluation Procedure:

The CIE marks fothe seminar shall be awarded (based on the relevahthe topic, presentation sk
participation in the question and answer sessiahcarality of report) by the committee constituted the
purpose by the Head of the Department. The comensit@liconsist of three teachers from the department
the senior most acting as the Chairman.

Marks distribution for CIE of the course:

Seminar Report: 50 marks

Presentation skill: 25 marks

Question and Answer: 25 markss.




