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Diploma / Master of Nanoscience

Sl asle 8 yivale/a sl geali s Al pall Adll (V) Jsaa

Code Course name Credit Teaching hours Course | Semester
Engllsh Arabic hOUfS Theoretical Experimental Status
NTS 501 | The Fundamental Science | &l duluYl ol 3 3 - Core First
of Nanotechnology sl
NTS 502 | Assembly and Fabrication 3 gall aaial farens 3 2 2
of Nanomaterials 4l
NTS 503 Characterisation of 4l 3 sall Copa 53 3 2 2
nanomaterials
NTS 504 Computational o el alasi) 3 3 -
Nanoscience Sl & le
NTS 505 Nanomaterials for Saall 4 yie il o) sl 3 3 - Elective
Photocatalytic Processes Claplaill 5 5 gaall (8 courses)
and Environmental al
Applications
NTS 506 Nanoelectrochemistry Sl Ailas 5 S 3 3 -
NTS 507 | Mechanical Properties of LSSl al ) 3 3 -
Nanostructured Materials 4 yla gl 3 gall
NTS 508 Chemistry and Cauasis e 3 3 -
Characterisation of A58 ) DY 5 - glacdl
Surfaces and Thin Films
NTS 509 Quantum Nano- Ll gl il g il 3 3 -
electronics
NTS 510 Electronic, Optical and A5 S al sad) 3 3 -
Magnetic Properties of 4 sl
Nanomaterials A el psylaliaall
4 e gl
NTS 511 The Chemistry of AUl o sall elres 3 3 - Second
Nanostructures
NTS 512 | Surface and Nanophysics Sl oy ol 3 3 3 -
NT 502 | Nanotechnology Seminar by 3 3 -
NT 503 Laboratory Rotations dolera iy )3 3 - 6
NTS 513 Quantum dots el Llasl) 3 3 - Elective
NTS514 | Semiconductor Devices |33ea) sl ba sl 6 3 3 - (3 courses)
Physics and Technology S la gall ol
NTS 515 | Renewable and Alternate | 4Ually silill L ol 35 3 3 -
Energy Nanotechnologies Baaakall g Al
NTS 516 Nano-process modeling 3R e g sa 3 3 -
and simulation Ul L o 535 g 5l
NTS517 | Selected Topics in Nano Clidal) L 5l 915 3 3 -
science and technology 4 yla il 5 428 )1
NTS 518 Management and 4 L] 55,10 3 3 -
Economics of )
Nanotechnology
Total credit hours 42
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Sl i (8 rivalefa sl gl sl Al jall ddadll (Y) Jsaa
Diploma /Master of Nanoengineering

Code Course name Credit | Teaching hours | Course | Semester
EngllSh ArabiC hOUrS Theoretical Experilmenta StatUS
NTS 501 | The Fundamental Science | sl au&d iy o lal) 3 3 - Core First
of Nanotechnology
NTS 502 | Assembly and Fabrication 3 sall aiaal fasens 3 2 2
of Nanomaterials 45l
NTS 503 Characterisation of A5l ol pall i 53 3 2 2
nanomaterials
NTE 501 Introduction to Nano- Aid 5 o le  Aadia 3 - -
Science and Engineering Sl
NTE 502 Introduction to i g i) (S dadia 3 3 - Elective
Nanoelectronis 450l Slapual) (3 courses)
NTE 503 Nanophotonics Sl il g5 68 -
NTE 504 | Micro/Nanoelectromechani Sl / Saall daa) 3 3 -
cal systems ASailSa 5 S
(MEMS/NEMS)
NTE 505 Surface Science and gl dia g o sle 3 3 -
Engineering
NTE 506 | Optoelectronic Materials | s 5N 5 3¢a ¥l ol sall 3 3 -
and Devices 4 gaall
NTE 507 | Introduction to Nanoscale pranaill s ariiatl daria 3 3 -
Engineering Design and U Slaguald cwaigl)
Manufacturing
NTE 508 Physical Principles of pslal 300 580 (salaall 3 3 - Core Second
Nanoscale Science and Sl dia
Engineering
NTS 507 | Mechanical Properties of | 3 sall 4SSl (yal sal) 3 3 -
Nanomaterials 4l
NT 502 Seminar B g 3 3 -
NT 503 Laboratory Rotations Alera iy Hxs 3 - 6
NTE 509 Electrical, Dielectric, and Ayl alsall 3 3 - Elective
Magnetic Properties of 3 gall dplalinall 5 (3 courses)
Engineering Materials Al
NTE 510 Nano-scale polymer el gy - sl A g o gle 3 3 -
Science and Engineering
NTE 511 Integrated Circuit sl st 35k 3 2 2
Fabrication Methods ALalSiall
NTE 512 Electronic Devices and | &ssiIY) il sall 53 jaY) 3 3 -
Circuits for Nanoengineers Sl dnigd
NTE 513 Thin film technology 48 )l cladall L ) 55 3 3 -
NTE 514 Selected topics in 5 sinia o JladinY) dalail 3 3 -
Nanoscale Engineering Sl 5 skl
Total credit hours 42
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Sl ada 8 piinale [/ a sk el sl A all ddadll (¥) Jsan
Diploma / Master of Nanomedicine

Code Course name Credit Teaching hours Course | Semester
EngllSh ArabiC hOUrS Theoretical Experimental StatUS
NTS 501 | The Fundamental Science of | sl 4yl Ll o slal) 3 3 - Core First
Nanotechnology
NTM 501 | Principles of Nanomedicine Sl il il 3 3 -
NTS 502 | Assembly and Fabrication of 3 gall aaial farens 3 2 2
Nanofabrication 45l
NTM 502 Biomaterials and Sl b g 4 saadl o) sl 3 3 -
Nanomedicine
NTM 503 Nano Diagnostics and sl iyl 3 3 - Elective
Imaging Dyl 5 il (3 courses)
NTM 504 Nanomedicines and kel il ol 3 3 -
Therapeutics
NTM 505 Nanomaterials for drug S 5 g 4y il ) sall 3 3 -
delivery ¢l 5l
NTM 506 Biomedical Materials Al ol sall dunia 3 3 -
Engineering Apkll
NTM 507 | Biomaterials/Nanomaterials Aol ol sall clipdas 3 3 -
in Tissue Engineering i (84 e il
aasy)
NTM 508 Biological Nanomaterials A sl sad) 4 ) ) sl 3 3 -
NTS 503 Characterisation of 4l A sall Copa 53 3 2 2 Core Second
Nanomaterials
NTM 509 | Ethics, safety and regulation Ol s ¢ LEAY) 3 3 -
dadaiall ol gall
NT 502 Seminar LB 3 3 -
NT 503 Laboratory Rotations Al iy 3 - 6
NTM 510 Nanomaterials for cancer ke 5 45l ) sl 3 - - Elective
treatment Ot ) (3 courses)
NTM 511 Nanofibers in medicine bl & a5l - -
NTM 512 Biosensors Ln sl gl Slandll 3 - -
NTM 513 | Biophotonics and bioimaging 4 el il g3l 3 3 -
EENT P
NTM 514 | Interaction of nanomaterials | @ %l 3 sall el 3 3 -
with biological systems a5l gl Aadaay)
NTM 515 Selected topics in A8l e pa e 3 3 -
Manomedicine Sl ol
Total credit hours 42
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Code Course name Credit | Course
English Arabic hours Status
NTS 601 Theory and Application of e PRERS HUEPLE EVES 3
Nanochemistry
NTS 602 Fabrication Technology and O S s ety sl L ol 93€5 3
applications of carbon Nanotubes roall dalii
NTS 603 Nanocomposite Science and 4 pall Ul Slagua 431 5 le 3
Technology
NTS 604 | Two dimensional materials, Graphene | <buwily ¢l pall 1abe¥) Al o) sl 3
& Nanowires: Fundamentals & aiaill g llu¥) : jaall daliiall
Manufacturing
NTS 605 Nanomaterials for Defense and Yl glaall & gl iyl 3 Elective
Security Applications 2
NTS 606 | Economic Impacts of Nanotechnology ) A dpabaiy) <, courses
NTS 607 Nanophotonics and plasmonics el se )35 sl il g3 b
NTS 608 | Selected topics in Nanoscale Science i g asle (43 )l Cle uase 3
and Engineering sl
NT 601 | PhD project 51y gSall Al 20
Thesis Seminar 31y siSall Al ) dgalel) A8l 6
Total credit hours 44
Code Course name Credit | Course
English Arabic hours | Status
NTE 601 Advanced Nano-Electronic Laaiiall 45 ySIY- il il S 3 Core
Components
NTE 602 Materials and Devices for 4 a5 el ilanlaill 3 gl 5 3 sa 3
Photovoltaic Applications
NTE 603 Thermoelectric Nanocomposites Al a5 eS 4y sl s ) 3
NTE 604 Nanosensors A yla il Slendll 3
NTS 605 Nanomaterials for Defense and glall (A all daaliie o) sall Cildulas 3 Elective
Security Applications Yl 2
NTE 605 The use of Nanotechnology in el duxia gl L ol 5 aladiud 3 courses
Construction Engineering
NTE 606 | Nanoscale Optical and Optoelectronic | & s s iSIY) 5 44 puall oilil) Akl 3
Devices
NTS 608 | Selected topics in Nanoscale Science | 4wiagasle 835 lida Cle gpiase 3
and Engineering sl
NT 601 | PhD project 8 siSall Al 20
Thesis Seminar 31 siall Al ) Auilal) Zsal) 6
Total credit hours 44
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Code Course name Credit | Course
English Arabic hours Status

NTM 601 | Introduction to Nanomedicine Science il g il ol agle 3 dadia 3

and Technology
NTM 602 Nanotechnologies for regenerative uall Qlall G Ll L ) 535 3
medicine and tissue engineering e Rt )

NTM 603 Nano-Diagnostics il el el 4y gl ol sall 3

NTM 604 Nano-Biosensors Lsan i 3 eal — 45l 3 gal) 3
NTM 605 Nano-Pharmaceuticals apall 5 4y 5l o) sall 3 Elective
NTM 606 Nanomaterials in dentistry O] (2 &y yia il ) all 3 courses

NTM 607 Product protection and commercial ol aladiuYl g miiall Ales 3

potential
NTM 608 Optical methods for Biomedical e (8 4 puall (3 phall aladin) 3
Imaging and Diagnostics bl - g all Gl y el

NT 601 | PhD project 8 siSall Al 20

Thesis Seminar 3 giall Al ) Ayilal) A8l 6

Total credit hours 44
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Course Description

NT 501 Dissertation Research (12 credit hours)

By the end of the first year, students will select a dissertation advisor and prepare a
dissertation proposal. Students will present their proposals to a general JSNN audience
in the form of a seminar and defend the proposal in the form of an oral exam.
Dissertation research begins in the second year and students will take a minimum of 3
hours of dissertation research each semester.

Students will complete a written dissertation of their research and give a public oral
presentation of the completed work. The student also must defend orally the
dissertation to the dissertation comment. The seminar and defense must occur in the
same term that the student applies for graduation.

NT 502-Nanotechnology Seminar

Supervised organization and presentation of topics from peer-reviewed literature or
student’s own research, as well as attendance at and recording of seminars given by
others.

NT 503- Laboratory Rotations

Students will rotate through four research labs (seven weeks in each lab) to become
familiar with research at JSNN and to provide training in laboratory techniques needed
for dissertation research. With the advice of the advisor/committee and permission of
the faculty member responsible for the lab, students will select labs based on their
interests.

NTS 501-The Fundamental Science of Nanotechnology

This course provides a broad overview of nanotechnology, discussing the fundamental
science of nanotechnology. By the end of the course, the students will have gained
knowledge in the following areas: What nanotechnology is, The size and shape
dependent properties at the nanometer scale, Enhanced physical properties of
nanomaterials, What nanoparticles are and how to synthesize them and Applications of
nanotechnology in engineering, biomedical, energy, and environmental fields.

NTS 502- Assembly and Fabrication of Nanomaterials

This course discusses the various top-down and bottom-up approaches to synthesizing
and processing nanostructured materials. The topics include fundamentals of self
assembly, nano-imprint lithography, electron beam lithography, nanowire and nanotube
synthesis, quantum dot synthesis (strain patterned and colloidal), postsynthesis
modification (oxidation, doping, diffusion, surface interactions, and etching techniques).
Topics covered will also include Langmuir-Blodgett, nanodevices based on
nanoassembly, layer-by-layer self-assembly techniques, and electrochemical
polymerizations. In addition, techniques to bridging length scales such as
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heterogeneous integration will be discussed. We will discuss new electronic, optical,
thermal, mechanical, and chemical properties brought forth by the very small sizes.

NTS 503- Characterisation of nanomaterials

This course aims at teaching the students underlying principles of analytical techniques
that are commonly used for the evaluation of bulk properties of nanomaterials. These
include surface analysis technique FTIR spectroscopy; optical properties evaluation by
UV-Vis spectroscopy; crystallographic phase identification by XRD; thermal properties
evaluation using TGA and DSC; microstructure investigation by Electron microscopy
(SEM and HRTEM); surface area analysis by BET surface area analyzer; magnetic
properties by VSM and particle size- surface charge analysis by DLS and seta potential
techniques. The course is planned in the form of theoretical and experimental modules
for each analysis technique.

NTS 504- Computational Nanoscience 3 Units

The course cover a multidisciplinary overview of computational nanoscience for both
theorists and experimentalists. This course teaches the main ideas behind different
simulation methods; how to decompose a problem into "simulatable” constituents; how
to simulate the same thing two different ways; knowing what you are doing and why
thinking is still important; the importance of talking to experimentalists; what to do with
your data and how to judge its validity; why multiscale modeling is both important and
nonsense.

NTS 505- Nanomaterials for Photocatalytic Processes and Environmental
Applications

The aim of the course is to introduce photocatalysis as a phenomena, give fundamental
information on photocatalytic reaction and design of photocatalytic processes and how
the photocatalysis works as a practical tool for several environmental and industrial
applications. One part of the course will concentrate on the preparation of
photocatalysts and their characterization, and how their performance can be improved.
The modelling of the photocatalytic processes as well as toxicology view will give recent
insights to the topic. The course will also contain information on Cource
announcement_updated the applications of photocatalysis both in research and
commercial level.

NTS 506-Nanoelectrochemistry

This course addresses the fundamentals of electrochemistry, and their application to the
synthesis of nanostructures, together with applications (e.g. sensors, fuel cells,
batteries, electrolysis, photovoltaic cells, reduction of carbon dioxide, environmental

AR


http://www.oulu.fi/sites/default/files/events/Updated_Photocatalysis%20Course%20announcement.pdf
http://www.oulu.fi/sites/default/files/events/Updated_Photocatalysis%20Course%20announcement.pdf

frdl) J3S daala 53N L o1 53S0 9  gle agaad AnagalsY) AUl

remediation, water disinfection, ect...). Characterization and analysis techniques would
also be addressed.

NTS 507-Mechanical Properties of Nanostructured Materials

This course will describe the mechanical behavior that is unique to nanostructured
materials — typically metallic materials. The various methods for processing
nanostructured materials will be presented, emphasizing those that are suitable for
mechanical property studies.

NTS 508-Chemistry and Characterisation of Surfaces and Thin Films

This course wants to provide insight in chemistry as the driving process behind the
present evolution of the production of semiconductor structures and sensors.
Subsequently, the students are familiarized with the principles and the application of
different characterization techniques.

In the first part of the course we discuss the chemical aspects, as well as the
theoretical and fundamental background w.r.t. surface treatment and manufacturing of
thin films. The second part deals with characterization techniques used to characterize
these layers and surfaces. In the third part, a number of specific cases can be treated,
allowing students to do guided self study.

NTS 509-Quantum Nano-electronics

Introduction and review of electronic Technology, electronics to nanoelectronics,
particles, waves and Schr'odinger Equation, quantum description of atoms and
molecules, quantum description of metals, semiconductors, junction devices, building
blocks for nanoelectronic devices, fabrication and characterization methods for
nanoelectronics, FET — size limits and alternative forms, devices based on electron
tunneling, resonant tunnel diodes, single electron transistors, molecular electronics,
hybrid electronics, devices based on electron spin and ferromagnetism, Qubits versus
binary bits in a quantum computer, applications of nanoelectronic technology to energy
issues, comment on the future of nanoelectronic techniques

NTS 510- Electronic, Optical and Magnetic Properties of Nanomaterials

Presents the fundamental electronic, optical and magnetic properties of nanoscale
materials and material systems as derived from underlying atomic, molecular and
electronic configurations. Emphasis will be placed on understanding how these
properties vary between different types of materials and how they can be tailored for
specific nanotech applications (e.g. Optoelectronic and photonic devices, transistors,
LEDs, magnetic storage devices and solar cells). Course will include selected
experimental spectroscopic, electrical and magnetic measurements/demos on

prototypical nanoscale material or device systems.
vY
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NTS 511-The Chemistrty of Nanostructures

This course addresses the synthesis and chemical properties of the different categories
of nanostructures such as carbon NANOubes/nanorods/ etc..., fullerenes, colloids, Self-
assembled monolayer structures (SAMs), dendrimers and other macromolecules, oxide
and inorganic nanotubes/fibers/rods/etc. For each category examples of applications
would be giving to demonstrate the applicability of the properties discussed

NTS 512-Surface and Nanophysics

This course is a concept oriented introduction to the field of surface physics and
nanophysics with particular emphasis on static and dynamic properties, all from the
atomic/molecular viewpoint. We will focus on central unifying concepts and
experimental techniques needed for understanding the properties of systems of interest.
The symbiosis between experimental and theoretical approaches is emphasized. We
will cover the following topics:i) geometric and electronic properties of surfaces, ii)
scanning probes for microscopy, spectroscopy and manipulation of atomic size objects,
iii) adsorption phenomena and dynamic processes at surfaces, iv) quantum dots and
quantum wells and v) clusters, nantubes and small particles on surfaces.

NTS 513-Quantum dots

This course addresses the different types of Quantum Dots as semiconductor Quantum
Dots, Carbon Quantum Dots, Silicon Quantum Dots, Colloidal Quantum Dots and
Tetrapod Quantum Dots. Also, the course includes the Synthesis, Physics,
spectroscopy, and their different Applications in medical, bioimaging and biodiagnostic,
Photovoltaic Cells, electronic displays. Optoelectronic Devices.

NTS 514-Semiconductor Devices Physics and Technology

The main objective is to teach you to use and evaluate available processes for
fabrication of integrated circuits and semiconductor devices and understand the
equipment and the methods used in fabrication. Based on this knowledge, make
detailed process descriptions for the fabrication of integrated circuits, semiconductor
devices, and Microsystems and evaluate the results of the processing and understand
the connection between the physical models used and the fabrication procedure used.

NTS 515-Renewable and Alternate Energy Nanotechnologie

Provides a broad overview of the global energy landscape, growing energy demand and
various energy options impacted by nanotechnology innovations. Diverse sources of
renewable energies that include solar, hydroelectric, wind, biomass, fuel cells will be
discussed in the context of efficiency, current state of development and economic
feasibility. In addition, applying nanotechnology innovations to batteries, solar cells,
super capacitors, fuel cells and superconductors will be reviewed. Prerequisite:
Permission of instructor.
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NTS 516-Nano-process modeling and simulation

Principles of modeling structures and processes at the nanometer scale, including
meshing techniques, finite element analysis, and molecular dynamics. Simulation of
Materials Science-based or Mechanics-based modeling methods employed; mechanical
response of nanostructured materials; Modeling methods including electronic structure,
molecular dynamics and Monte Carlo techniques are included.

NTS 517- Selected Topics in Nano science and technology

This course is tailored to introduce students to the latest advances in various fields of
nanotechnology, and/or to focus on a specific area of particular interest to the discipline.
Contents of the course may vary from one semester to another. A student may repeat
the course for credit provided that the selection of topics is different. Repeating the
course for credit requires the approval of the program director.

NTS 518- Management and Economics of Nanotechnology

The course will discuss various aspects of management and economics of
nanotechnology. It would include: (1) Nanotechnology’s role in society and particularly
within a fast changing world. (2) Nanotechnology is the next big driver of wealth creation
within corporations and countries. (3) Product and Production Nanotechnologies, (4)
Enhancing creativity and managing innovation in the context of nanotechnology.

NTE 501- Introduction to Nano-Science and Engineering

This course addresses ntroduction to the fundamental topics of Nano-Science and
Engineering (NSE) theory and research within chemistry, physics, biology, and
engineering. This course includes quantum and solid-state physics; chemical synthesis,
growth fabrication, and characterization techniques; structures and properties of
semiconductors, polymer, and biomedical materials on nanoscales; and devices based
on nanostructures. Students must take this course to satisfy the NSE Designated
Emphasis core requirement.

NTE 502- Introduction to Nanoelectronis

Introduces students to nanoscale electronic devices. Includes basic, band theory-
derived operation of semiconductor devices including p-n junctions (diodes) and
transistors (bi-polar and classic field-effect devices). Classic, solid-state analysis of
energy bands, electrostatic band-bending, diffusion current, drift current, carrier
generation, and carrier recombination in both equilibrium and field-biased conditions.
This analysis is combined with the introduction/review of quantum statistics for holes
and electrons. Specific applications are treated with respect to metal-semiconductor

contacts and selected semi-metal (carbon) systems. Students will be introduced to
¥
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device-level testing through the use of advanced wafer level probes in the CNSE

300mm full flow process facility.

NTE 503-Nanophotonics

Presents and reviews recent advances in nanophotonic devices/systems and photonic
integrated circuits (PICs). Includes operating principles of nanophotonic devices (light
sources, modulators, couplers, waveguides, and optical plasmonics) and PIC fabrication
methodologies including monolithic and polylithic integration schemes. Prerequisite:
Permission of instructor.

NTE 504-Micro/Nanoelectromechanical systems (MEMS/ NEMS)

This course provides an overview of Physical Sensors (Chemical Sensors, Bio
Sensors), Micromechanical Signal Processors, RF MEMS, and Optical MEMS,
Micro/Nano, Fabrication, Microfluidics, BioMEMS, and Micro-robotics, as well as
Wireless Sensor Networks.

NTE 505-Surface Science and Engineering

Students have a basic understanding of the atomistic or molecular structure of surfaces,
of the surface characteristics and of their links with wetting, adhesion, corrosion and
wear properties. They recognize the different types of corrosion, understand the
underlying mechanisms and can identify appropriate protective measures (appropriate
design, material choice, use of coatings, adaptation of the working environment, special
electrochemical techniques). They are familiar with the phenomenology of wear.
Students have an overview over the most current surface treatment processes, both as
protective and as techniques to make novel materials with unique properties, and the
principles upon which these are based. Eventually, they can propose suitable surface
treatment process to tailor certain functional properties.

NTE 506- Optoelectronic Materials and Devices

Introduction to semiconductor optoelectronic materials for optoelectronic
applications. This course will cover topics including design, operating principles
and practical device features. Review of relevant semiconductor physics, optical
processes in semiconductors, waveguides, and microcavities will be discussed.
Operational principals of light emitting diodes and lasers, photodetectors, and solar
cells will be introduced.

NTE 507- Introduction to Nanoscale Engineering Design and Manufacturing
Offers an introduction to basic principles, concepts, and knowledge of nanoscale
engineering (design and manufacturing) to undergraduate students at CNSE. The
primary focus is on state-of-the-art semiconductor based chip design and technology. It
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includes emerging nanoscale processing-enabled “future generation manufacturing”.
Lecture topics include design fundamentals, nanoscale functional components, design-
for-manufacturing, nanoelectronics, and selected examples of real-world applications.

NTE 508- Physical Principles of Nanoscale Science and Engineering

Introduction to quantum mechanics and nanoelectronics. Wave mechanics, the
Schroedinger equation, free and confined electrons, band theory of solids. Nanosolids
in OD, 1D, and 2D. Application to nanoelectronic devices.

NTE 509- Electrical, Dielectric, and Magnetic Properties of Engineering Materials
Introduction to physical principles of electrical, dielectric, and magnetic properties.

Semiconductors, control of defects, thin film, and nanocrystal growth, electronic and
optoelectronic devices. Processing-microstructure-property relations of dielectric
materials, including piezoelectric, pyroelectric and ferroelectric, and magnetic materials.

NTE 510- Nanoscale polymer science and engineering

Introduces students to polymer terminology, structure and properties of polymeric
materials, synthesis and use of natural and synthetic polymers, and characterization,
processing and manufacturing of polymeric or macromolecular materials at the
nanoscale for applications in semiconductors, bioscience and energy. Specific topics
cover definitions, classifications and states of matter, homopolymers, tacticity and
stereochemistry, copolymers, block polymers, branched polymers, mechanical
properties of elasticity and viscoelasticity, glass transition, step and chain growth
polymerization, initiators, terminators, ceiling temperature, smart polymers, thermo-
responsiveness, molecular weight and polydispersity, polymer melts, rubber elasticity,
crystalline and amorphous structures, photoreactive and semiconducting polymers, and
nanocomposition, relevant to polymer engineering applications. Prerequisite:
Permission of instructor.

NTE 511- Integrated Circuit Fabrication Methods

This course provides an overview of device and circuit design and the processing steps
for semiconductor device fabrication. Those interested in the physical bases and
practical methods of silicon VLSI chip fabrication will learn practical applications and
become familiar with the research conducted in Stanford’s Nanofabrication Laboratory.
Students will also conduct research in a virtual lab using process simulators.

Topics Include: Critical issues in the design of integrated circuits, Process steps
including: crystal growth, epitaxy, oxidation, ion implantation, etching, deposition,
lithography and back-end processing, Modern CMOS technology, Crystal growth, wafer
fabrication and properties of silicon wafers, Clean rooms and wafer cleaning and
Lithography.
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NTE 512- Electronic Devices and Circuits for Nanoengineers

Overview of electrical devices and CMOS integrated circuits emphasizing fabrication
processes, and scaling behavior. Design, and simulation of submicron CMOS circuits
including amplifiers active filters digital logic, and memory circuits. Limitations of current
technologies and possible impact of nanoelectronic technologies.

NTE 513- Thin film technology

This course will provide a broad overview of modern thin film deposition methods, their
possibilities and limitations., characterization techniques, and the physical properties of
thin films. Topics covered include: gas kinetics, vacuum science and technology, thin
film deposition techniques, growth process and modes, thin film processing,
characterization, epitaxy, lattice engineering, metastable phases, artificial structures,
mechanical, electrical, magnetic and optical properties of films, and processing-
microstructure-property-performance relationships in the context of applications in
information  storage, integrated circuits, micro-electromechanical  systems,
optoelectronics and photovoltaics.

NTE 514- Selected Topics in Nanoscale Engineering
Selected topics in nanoscale engineering. May be repeated for credit when topic differs.
Consult class schedule for specific topic.

NTM 501- Principles of Nanomedicine

The purpose of the course is to provide an overview on nano-medicine, discussions the
basics of knowledge and classifications about nano-medicine so that students with a
wide range of backgrounds may participate. In addition to basic concepts and
background information provided early in the course, students will be encouraged to
pick up their favorite type of nanoparticles and give short presentations on selected
topics, followed by discussions. A facility visit and laboratory demonstration of nano-
medicine production will be included subsequently. The scientific level of this seminar is
designed for undergraduate students from any major in the life sciences, who have
taken general biology courses.

The purpose of the course is to provide students with a broad overview of nano-
medicine, discussing the fundamental science and classifications of nanotechnology
and its applications in biomedical fields. We will discuss the interdisciplinary nature of
nanotechnology and how the different basic sciences merge to create the field, as well
as give the students real experiences on how nano-medicine is produced. We will help
the students to gain an appreciation and basic understanding of nano-medicine,
develop effective communication & presentation skills, and prepare for lifelong learning.

NTM 502- Biomaterials and Nanomedicine

Design and synthesis of polymeric biomaterials and nanobiomaterials for their
applications in drug and gene delivery. Part (1) fundamental biopolymer synthesis:
functional group protection and de-protection; bioconjugation; protein pegylation and
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design and synthesis of natural and synthetic non-degradable and degradable
polymers, hydrogels, bio-inspired materials, and stimuli responsive biomaterials. Part
(2) preparation of nanomedicines for drug and gene delivery: nanofabritation of
micelles, nanoparticles, protein conjugates, drug conjugates, nanoencapsulates, and
polymeric vesicles; in-vitro and in-vivo small-molecule, gene, and protein delivery.
Impact of the chemical structures of biopolymers on the stability, biocompatibility,
toxicity, and in-vitro and in-vivo efficacy; clinical translation of the resulting
nanomedicines in drug delivery.

NTM 503-Nano Diagnostics and Imaging

The course will overview nanotechnology from physics perspective and introduce
cutting-edge nanomedical technologies and their applications in imaging. Imaging
nanotools make it possible to visualize tumors using non-invasive as well as
intraoperative imaging approaches as a tool for nanodiagnostics. The integration of
nanotools with biology has led to the development of diagnostic devices, contrast
agents, analytical tools, physical therapy applications, and drug delivery vehicles. The
programme elaborates the types, the characteristics, in vivo and in vitro applications
and the potentials of nanotools as diagnostic agents or biomarkers in cancer imaging,
neurophysiological disorders, ocular imaging, and cardiovascular disease imaging. The
course focused on the use of the nanotools as contrast agents in imaging modalities
such as CT, US, MRI as well as in multi-modality imaging in radiology and nuclear
medicine. Furthermore, the course illustrates the recent advances in the development of
nanotools for nano-image guided surgeries including Sentile lymph node mapping,
tumour margins mapping, tissues ablation and wound treatment.

Topics include Fourier optics, scattering theories, shot noise limit, energy transitions
associated with fluorescence, phosphorescence, and Raman emissions. Study of
coherent anti-Stokes Raman spectroscopy (CARS), second harmonic generation and
near-field excitation. Scattering, absorption, fluorescence, and other optical properties of
biological tissues and the changes in these properties during cancer progression, burn
injury, etc. Specific optical technologies employed for biomedical research and clinical
applications: optical coherence tomography, Raman spectroscopy, photon migration,
acousto-optics (and opto-acoustics) imaging, two-photon fluorescence microscopy, and
second- and third-harmonic microscopy.

NTM 504- Nanomedicines and Therapeutics

The course will introduce use of nanotechnology in therapy. In detail, the course will
cover clinical biomaterials, tissue regeneration, including stem cell technology,
immunological limitations and encapsulation strategies. Methods and possibillities for
drug discovery. Use and design of nanoparticles for gene therapy, drug delivery and
drug targeting. Physiological, cellular and toxicological limitations for medical use of
nanoparticles. Theranostics, the combined use of in vivo imaging/diagnostics and
therapy. Ethical, legal and social aspects (ELSA) related to use of medical
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nanotechnology will be discussed. A written report is included, where the student will
choose a theme from the lectures, review the litterature, describe current methods,
concider and recommend use of emerging nanotechnologies in a theraputic setting.

NTM 505- Nanomaterials for drug delivery

Nanotechbased Drug Delivery: A multidisciplinary course covering nanotechnology
based drug delivery, materials and processes for novel drug delivery systems, sythesis
of biocompatible nano particles for healthcare, product design, products today and
regulatory issues.

This unigue and innovating course platform focuses mainly on the applications of
nanotechnology to drug delivery and highlight several areas of opportunity where
current and emerging nanotechnologies could enable novel classes of therapeutics. The
course provides with an easy and effective way, the challenges and general trends in
pharmaceutical nanotechnology, and also explores new strategies to overcome
limitations in drug delivery. This online course teaches effectively, the recent
developments in the use of nanoparticles as drug delivery systems, to treat a wide
variety of diseases.

NTM 506- Biomedical Materials Engineering

The course address various types of biomaterials for a wide range of biomedical
applications. Fundamental structure-property relationships. Basic function and
performance of passive and active implant materials. Physical, chemical and
mechanical aspects of bulk and surface properties of metallic, polymer and ceramic
biomaterials. Principles of surface engineering and combination of different materials.
Host-tissue response, blood compatibility, extracellular matrix collagen, bioadhesion,
protein adsorption, polymers for controlled drug release. Corrosion and degradation
mechanisms of biomaterials in different applications. Selection of biomaterials based on
function, biological environments, toxicity and economic aspects. Examples of
biomaterials and implant objects and devices. Current research trends and medical
device regulation.

NTM 507- Biomaterials/Nanomaterials in Tissue Engineering

The objective of this course is to provide students a fundamental understanding of
biomaterials, implant applications, and their design consideration. This course covers
the fundamentals of the synthesis, properties, and biocompatibility of metallic, ceramic,
polymeric, composite, and biological materials, and their applications for both hard and
soft tissue replacement, and controlled drug delivery. This course will also provide
students a broad understanding of cutting edge development in nanomaterials and their
potential applications in tissue engineering. The course is intended for undergraduate
senior/graduate students.

A}



frdl) J3S daala 53N L o1 53S0 9  gle agaad AnagalsY) AUl

Course outline
1. Introduction : (1.5 week)
Introduction to biomaterials
The structures of materials
Characterization of materials
2. Classes of biomaterials (1.5 weeks)
Metals
Ceramics
Polymers
Composites
Biological materials
3. Tissue response to materials (1 week)
Host response to biomaterials
Material response to host
Biocompatibility of materials
4. Biomaterials (2 weeks)
Soft tissue replacement I: sutures, skin, maxillofacial implants
Soft tissue replacement Il: Blood interfacing implants
Hard tissue replacement I: long bone repair
Hard tissue replacement IlI: joints and teeth
Transplants
Biomaterials in Tissue Engineering
5. Nanomaterials in tissue engineering (4 weeks)
Nanomaterial-cell interactions
Electrospinning technology for nanofibrous scaffolds
Nanomaterials for skeletal, muscle, nerve, and heart tissue engineering
Nanomaterials for stem cell tissue engineering
Nanomaterials for drug delivery
Magnetic nanoparticles for tissue engineering
Nanoparticles/nanotubes/nanowires for cellular engineering

NTM 508- Biological Nanomaterials

Biological systems provide a rich range of examples of specialized chemical systems
that are structured on the nanoscale. Nanofibres, microtubules, viruses, and ribosomes
are examples of systems that can be studied from the perspective of nanoscience.
Using these systems or developing artificial systems which mimic their functionality are
important growth areas in nanoscience and will be explored in this course.

NTM 509-Ethics, safety and regulation

This course presents the current knowledge and research regarding the potential risks
associated to the development of nanotechnologies, organized around the following
axes: Nanomedicine ethical issues, Manufacturing and quality assurance of
nanomedicine products, the absolute requirement for GMP, Current regulatory
approach to nanomedicines, Regulatory classification, device / drug / implant /
injectable.



frdl) J3S daala 53N L o1 53S0 9  gle agaad AnagalsY) AUl

NTM 510-Nanomaterials for cancer treatment

The course address the Nanotechnology based medical diagnosis techniques for
detection of diseases at an earlier stage. Developing nanoparticles to make very early
detection of cancer tumors (nanoparticles release "biomarkers), Developing magnetic
nanoparticles attach to particles in the blood stream called microvesicles, allowing an
early diagnosis. Developing nanoparticles are being used in a sensor that detects
proteins indicative of oral cancer. nanofibers coated with antibodies that bind to cancer
cells, to capture individual cancer cells circulating in the blood stream. Silver nanorods
to allow identification of viruses and bacteria. Gold nanoparticles that have antibodies
attached can provide quick diagnosis of flu virus. Quantum Dots may be used in the
future for locating cancer tumors in patients and in the near term for performing
diagnostic tests in samples.

Medical Therapy Techniques includes, developing nanoparticles to destroy breast

cancer tumors and Infrared light from a laser is absorbed by the nanotubes and
produces heat that incinerates the tumor. Radioactive gold nanoparticles can be
attached to a molecule that is attracted to prostate tumor cells
Magnetic nanoparticles that attach to cancer cells in the blood stream may allow the
cancer cells to be removed before they establish new tumors.

NTM 511- Nanofibers in medicine

This course descripes the techniques available for the synthesis of nanofibers:
electrospinning, self-assembly, and phase separation as well as the Synthetic polymeric
materials for nanofibers. Applications of nanofibers in tissue engineering, Nanofibers for
bone tissue engineering is based on the physical properties of bone tissue such as
mechanical strength, pore size, porosity, hardness, and overall 3D architecture. Skeletal
muscle tissue engineering. Also, skeletal muscle tissue engineering and blood vessel
tissue engineering. In the nervous system, degeneration of neurons or glial cells or any
unfavorable change in the extracellular matrix of neural tissue can lead to a wide variety
of clinical disorders.

Nanofibers for controlled drug delivery to improve the therapeutic efficacy and
safety of drugs by delivering them to the site of action at a rate dictated by the need of
the physiological environment . Nanofibers for DNA, protein, and enzyme delivery.

Apart from having nanoscale fiber dimensions similar to HA and collagen fibers
present in bone, carbon nanofibers have exceptional mechanical properties (three times
that of bone tissue), thereby giving a strong rationale to investigate them for application
in orthopedic or dental tissue engineering. Further, carbon nanofibers have also been
shown to exhibit excellent conductivity, which might make them potential candidates for
neural tissue engineering applications. The carbon-nanofiber-based implants can
surpass in some ways the conventional metal alloy implants used in orthopedics, as
they have excellent cytocompatibility properties.
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NTM 512-Biosensors

The course address the Introduction to biosensors; the biological component; the
sensor surface; Immobilisation of the sensor molecule; Transduction of the sensor
signal.

The course also provide the Optical sensors; Transduction of the sensor signal —
Electrochemical sensors; Electrochemical considerations; Transduction of the sensor
signal, mechanical sensors; Suppression or substraction of non-specific background
interaction at sensor surfaces; Sensor stabilisation; Data analysis.

NTM 513- Biophotonics and bioimaging

This course provides a comprehensive overview of the practical and theoretical aspects
of imaging biological systems, from the cellular level through to whole-body medical
imaging. The unit starts with an introduction to biophysics and then moves on to
describe the basic physical concepts in imaging. Major techniques using ionising and
non-ionising radiation are then introduced including fluorescence and multi-photon
microscopy, spectroscopy, OCT, MRI, X-ray CT, PET and SPECT imaging.

NTM 514-Interaction of nanomaterials with biological systems

The convergence of nanotechnology and biology has led to the emergence of
nanomedicine. biological systems such as proteins and DNA will create interfaces with
the surrounding fluids that will govern their interactions with nanomaterials. The course
cover the interaction of nanomaterials with biological systems. The course describes the
Nanoparticle interactions at the cellular level, Nanoparticle interactions at a whole
organism level — exposure routes, risks and benefits and Nanoparticles and their fate in
the environment, health impact and risk assessment.

NTM 515- Selected topics in Nanomedicine
Selected topics in nanomedicine to be chosen every year according to specific interests.
Maybe taken for credit more than once if content changes.

NTS 601- Theory and Application of Nanochemistry

Nano science targets a domain of matter that has not yet been understood and explored
neither by the well established molecular methods nor by the standard micrometer
range technologies. An essential prerequisite nano research is the reliable synthesis of
well defined nanoparticles, their modification and functionalizartion as well as their
organization into larger hierarchical structures.

Such issues will be discussed in terms of presently important nano materials. Examples
for possible applications and their relevance to thechnology will be given. 1. The nano
world (general definition, philosophy) 2. Physico-chemical considerations (band
structures, typical and useful “nano effects”) 3. Colloids (typical syntheses of
nanoparticles) 4. Fullerenes, C-nanotubes (synthesis, forms, variants, properties,
applications) 5. Oxide-nanotubes + fibers (synthesis, forms, variants, properties,
applications) 6. Other inorganic nano materials (synthesis forms, variants, properties,
applications) 7. Bio-nano-link 8. Risk discussion and future perspectives
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NTS 602-FabricationTechnology and Applications of Carbon Nanotubes

The cover Current discoveries of different forms of carbon nanostructures have
motivated research on their applications in various fields. They hold promise for
applications in medicine, gene, and drug delivery areas. Many different production
methods for carbon nanotubes (CNTs) have been introduced; functionalization, filling,
doping, and chemical modification have been achieved, and characterization,
separation, and manipulation of individual CNTs are now possible. Parameters such as
structure, surface area, surface charge, size distribution, surface chemistry, and
agglomeration state as well as purity of the samples have considerable impact on the
reactivity of carbon nanotubes. Otherwise, the strength and flexibility of carbon
nanotubes make them of potential use in controlling other nanoscale structures, which
suggests they will have a significant role in nanotechnology engineering.

NTS 603-Nanocomposite Science and Technology

This course will provide background on critical issues in synthesis, fabrication,
processing, and characterization of nanocomposites. The major thrust would be the
challenges in manufacturing low cost real-life components in industrial applications,
commercial success stories, its impact on current established material market, and
future directions. We will discuss the underlying scientific principles that guide the study
of structure-property relationships and will touch on parallel fields of investigation with
high relevance to nanocomposites. The course will also cover the incorporation of a
variety of nanophases into polymeric matrixes to provide functional materials, the
importance of controlling surface energy, methods for achieving dispersion and
common techniques for characterizing hanocomposite materials. The influence of the
chemical nature of the dispersed (organic or mineral) elements on the different
morphologies observed will be described.

NTS 604-Two dimensional materials, Graphene & Nanowires: Fundamentals &
Manufacturing

The objective of the course two dimensional materials and carbon nanotubes and
related carbon nanostructures, their basic properties and characteristics. This course
will provide growth, characterization of carbon nanotubes, graphene and various
nanowires. The most relevant synthesis and processing techniques will be presented.
The fundamental structural, optical and electronic properties will be considered as a
function of the characteristic structural properties such as diameter and length or
number of layers. The second part of the course will concetn on the applications
products of carbon nanotubes, nanowires and graphene as Nanoelectronics,
optoelectronics, flexible electronics, energy storage technologies including batteries and
supercapacitors, energy generation technologies including solar cells, piezo and
thermoelectric devices, chemical sensors, biosensors, X-ray tubes and field emission
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applications, transparent electrodes, display technology, conductive inks, wires and
cables, conductive and reinforced composites, and others.

NTS 605-Nanomaterials for Defense and Security Applications

The course will provide Sensors for Chemical and Biological Warfare agents. Using
Gold Nanoparticles in Sensors for Chemical and Biological Warfare Agents - What This
Process Involves?.

It will describe the Nanoparticles used in Microchips to detect Chemical, Biological
and Radiological agents and how this process works?. Sensors that use Metal
Nanocluster Resonance technology - applications and processes. Destruction of
warfare agents using magnetic nanoparticles and nanocrystalline metal oxides.

This course also address the detoxification processes using magnetic nanopatrticles,
detoxification processes using metal oxide particles and nanocrstyalline metal oxides.
How nanoparticles are used in tagging, tracking and ‘Smart Barcode’ applications.

Using nanoparticles in Barcodes - Future applications, processes and properties
Other applications for nanomaterials in the Defense and Security industries. List of
Nanomaterials that strem can supply to all types of industry.

Also, the course cover topics as: developing covert nanomaterials for the tracking,
labeling, and authentication of high value items, Nanosensors with the ability to detect
toxins or other harmful threats at the molecular or even atomic level, Nanoelectronics
and nanocomputing to integrate transistor-like nanoscale devices into system
architecture to provide substantial advantages over current technologies and
Nanotechnology applications for the protection of the soldier in the field.

NTS 606- Economic Impacts of Nanotechnology

This course address the introduction to the economic impacts of nanotechnology
innovation. Basic economic principles will be presented and discussed in terms of
emerging nanotechnologies. Topics will include economics of nanoelectronics;
nanoscale technologies for energy and the environment; and
nanobioscience/nanobioengineering.

NTS 607-Nanophotonics and plasmonics

This course introduces the light-matter interaction in semiconductor microstructures and
metallic nanostructures. These objects allow tailoring and localizing the field distribution
and polarization even at a subwavelength scale and can be used to boost the light-
matter interaction with quantum emitters (including absorption, spontaneous and
stimulated emission). Amazing effects such as enhancement or inhibition of
spontaneous emission, nonlinear effects down to the single photon level have been
demonstated. This paves the way to new generation of optoelectronic devices like
single photon sources, quantum optical gates, nanoscale optical modulators,
ultrasensitive sensors, etc.
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The content of the course including: Basics of quantum light-matter interaction,
Dielectric optical microcavities, CQED with artificial atoms, CQED-based opto-
electronics, Micro-cavity polaritons, Electrodynamics of metals, Surface plasmon
polaritons, nanostructure for coupling and guiding SPPs, localized surface plasmons
and optical process exaltation by plasmons.

NTS 608-Selected topics in Nanoscale Science and Engineering
Topics to be chosen every year according to specific interests. Maybe taken for credit
more than once if content changes.

NTE 601- Advanced Nano-Electronic Components

The course describes the operational characteristics of nanoelectronic devices based
on the fundamental physical principles from quantum mechanics, statistical physics and
thermodynamics. The theoretical analysis is illustrated with recent advances in
nanoelectron

ic components and circuits.

NTE 602- Materials and Devices for Photovoltaic Applications

The course address the behaviour of diodes under illumination, understanding of the
factors which are determing the limiting efficiency of photovoltaic devices under 1 sun
conditions and optical concentration, and detailed overview of the models to calculate
the limiting efficiency of crystalline Si solar cells (Shockley-Queisser limit, limits imposed
by bulk Auger recombination, surface recombination).

Also, it provide an overview of the technological steps to reduce the effect of surface
and contact recombination as well as the specifics of thin-flm PV materials and
technologies (a-Si:H, CdTe, CIGS and its alternatives, organic solar cells, perovskite
solar cells). Also, it provide an overview of 3rd generation PV-devices based on
multijunctions or novel concepts (intermediate band solar cells, Quantum dot solar
cells, hot carrier solar cells, ...). In the last lesson, a vision on large-scale penetration of
PV in the electricity system and what will be needed to realize this vision

At the end of the course the students are expected to have a good physical
understanding of the different PV-technologies, the principles of novel photovoltaic
devices and be able to make a first assesment of the performance potential of these
novel PV-devices

NTE 603-Thermoelectric Nanomaterials

The objective of the course is to learn the basic principles of of thermoelectric physics
and materials and to experience state-of-the-art technologies in the fields.

The course descripes the thermoelectric Materials covers the fundamental
theories for thermoelectric bulk and nanostructured materials. The fundamental theories
include physics of electrons and phonons, thermoelectric transport properties such as
the Seebeck coefficient, electrical conductivity, and electronic and lattice thermal
conductivity. The theoretical model discusses nonparabolic two-band Kane model for
electrons and phonons. Nanostructure includes nanocomposites, two-dimensional and
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one-dimensional nanostructures. This course also practices mathematical modeling and
optimization using Mathcad.

NTE 604-Nanosensors

This course address the fundamental principles of nanosensors, basic theory, various
cutting-edge nanosensors, and applications in industry, healthcare, and defense and
their diverse applications.

It describes Carbon-nanotube (CNT)-based sensors and their uses with a range of
analytes, including gaseous molecules, organic charge transfer complexes, proteins,
DNA, and antibodies. CNT-based fluidic sensors for studying the shear stress of blood
vessels and cells, useful in diagnosing many diseases. Nanomechanical cantilever
sensors, which offer low cost, fast response, and high specificity without the need for
pre-analysis labeling. Also, Layer-by-layer (LbL) self-assembly and the Langmuir—
Blodgett (LB) technique, highly efficient approaches when working with expensive
biological compounds.

This course will be present Fluorescence resonance energy for intracellular glucose
monitoring, Noble metal nanoparticles with their unique optical properties as colorimetric
probes for biological analysis, as well as Optical capillary sensors as an affordable tool
for classifying liquid samples and Nanosensors in bioinformatics and their role in a
much needed systems approach to healthcare

NTE 605-The use of Nanotechnology in Construction Engineering

The course provide application in concrete: Using nano-SiOz to significantly increase
the compressive for concrete. Application in Steel : incorporating copper nanoparticles,
to develop steel with higher corrosion-resistance and weld ability. Coating: Using TiO2
to coat glazing because of its sterilizing and anti fouling properties. as anti-fraffiti,
thermal control, energy sawing, antireflection coating.

Smart materials are used in aircrafts and spacecrafts to control vibrations and
excessive deflections. Smart concrete is used in smart structures. Smart concrete (a
composite of carbon fibres and concrete) is capable of sensing minute structural cracks
/ flaws. Also, Smart materials have good potential to be used in health care markets.
Active control drug delivery devices such as Insulin Pump is a possibility. In Addition,
Smart materials have applications in the design of smart buildings and state of art
vehicles. Smart materials are used for vibration control, noise mitigation, safety and
performance. Application of nanotechnology in the construction industry could be
summarized in : Replacement of steel cables by much stronger carbon nanotubes in
suspension bridges and cable-stayed bridges, Use of nano-silica, to produce dense
cement composite materials, Incorporation of resistive carbon nanofibers in concrete
roads in snowy areas, Incorporation of nano-titania, to produce photocatalytic concrete,
Use of nano-calcite particles in sealants to protect the structures from aggressive
elements of the surrounding environment, Use of nanoclays in concrete to enhance its
plasticity and flowability and Urban air quality could be improved by if the civil structures
are treated with nano TiO2
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NTE 606- Nanoscale Optical and Optoelectronic Devices

This course introduces the student to integrated nanoscale optical and optoelectronic
devices. Material focuses on semiconductor-based devices including integrated optical
modulators, detectors, laser diodes and special devices including vertical cavity-based
geometries. Fabrication of nanoscale optical and optoelectronic devices will center on
monolithic integration (e.g. Si-Ge based devices) and hybrid (e.g. IlI-V_+Si) integrated
systems incorporating integrated waveguides (Si photonics) and CMOS.System
applications of optoelectronic devices will be discussed.

NTM 601- Introduction to nanomedicine: challenges and opportunities

This course address the introduction to nanotechnologies for medicine and healthcare,
Nanoparticles in medicine (cells to whole body physiology), Testing the toxicology and
safety of nanomaterials, Innate and adaptive immune responses to nanomaterials and
Company case study on nanotechnology for medicine and healthcare.

NTM 602- Nanotechnologies for regenerative medicine and tissue engineering

This course address the Nanotechnologies for regenerative medicine and tissue
engineering — overview, Nanomaterials for regeneration of bone and cartilage,
Scaffolding and nanocomposites for tissue engineering, Biomimetic nanotechnologies
for regenerative medicine: taking inspiration from nature, Electrospinning in tissue
engineering and Nanomaterials in dentistry.

NTM 603-Nano-Diagnostics

This course address the Introduction to nano-diagnostics, Microvesicles and
nanovesicles in health and disease, Engineered nanoparticles for cancer diagnostics
and therapy, Nanoparticles for medical imaging, DNA sequencing and DNA microarrays
for medical diagnostics.

NTM 604-Nano-Biosensors

The nanobiosensor is a unique fiberoptics-based tool which allows the minimally
invasive analysis of intracellular components such as cytochrome C, an important
protein involved in the production of cellular energy as well as in apoptosis, or
programmed cell death.

This course address the Requirements of biosensing systems, Electrochemical
sensing methodologies, Optical sensing methodologies, Nano-biosensors (devices) —
examples from research and industry, Challenges to prove biosensors in the clinical
setting.
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NTM 605- Nano-Pharmaceuticals

This course address the Nanotechnologies and nanoparticles for drug delivery and
therapy, Barriers and opportunities for medical nanoparticle localisation, Approaches to
nanoparticle targeting, Bio-nanotherapeutics and Nanopharmaceuticals: current
regulatory approach

NTM 606- Nanomaterials in dentistry
Nanodentistry will make possible the maintenance of near-perfect oral health through

the use of nanomaterials, biotechnology including tissue engineering and nanorobotics.
Nanodentistry includes: Nanorobotics, Nanodiagnostics, Nanomaterials

NTM 607- Product protection and commercial potential
This course address the Intellectual property, including patent strategy and patent
search, Introduction to markets, Industry specifications, competition and analysis of the
healthcare, nanomedicine and bionanotechnology markets, Assessing the market and
commercial potential for maximum impact; risk and return.

NTM 608- Optical Methods for Biomedical Imaging and Diagnostics.

Topics include Fourier optics, scattering theories, shot noise limit, energy transitions
associated with fluorescence, phosphorescence, and Raman emissions. Study of
coherent anti-Stokes Raman spectroscopy (CARS), second harmonic generation and
near-field excitation. Scattering, absorption, fluorescence, and other optical properties of
biological tissues and the changes in these properties during cancer progression, burn
injury, etc. Specific optical technologies employed for biomedical research and clinical
applications: optical coherence tomography, Raman spectroscopy, photon migration,
acousto-optics (and opto-acoustics) imaging, two-photon fluorescence microscopy, and
second- and third-harmonic microscopy.
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