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Module Synopsism

Core Modules
Microfabrication Technology
Photolithography technology. Photoresist technology. Advanced
lithography. Metrology defect inspection and analytical technique.
Cleaning technology. Wet etching process and technology. Dry
etching process and technology. Chemical mechanical polishing.
Epitaxy. Plasma enhanced chemical vapor deposition. Atomic
layer deposition. Physical vapor deposition.

Materials for Electronic Devices

Bonding between atoms. Electronic and atomic structures. Basic
crystal structures. Energy band. Semiconductors, insulators and
organic materials. Defects and doping. Surface and interface.
Functional properties of materials. Compound semiconductors.
Nanostructures. Electronic ceramics.

Bioelectronics

Introduction to bionanotechnology. Materials: electrolytes, organic
molecules, lipid bilayers, DNA, proteins. Nanofabrication techniques
and self-assembly. Biofunctionalization of solid surfaces. Surface
analytics and characterization. Electrical biosensors: solid-liquid
interface, surface plasmon resonance, quartz microbalance,
electrochemical impedance, nanopores, nanowires. Charge transfer
in biomolecules: fundamentals and applications.

Nanotechnology for Energy Systems

Approaches to nanotechnology: bottom-up vs. top-down.
Characterization and fabrication issues in the nanoscale.
Applications of nanotechnology in electronics, optoelectronics,
telecommunications, medicine, biology, mechanics and robotics.
Overview of nanotechnology programs in USA, Japan and Europe.
Nanomaterials and nanosystems for energy applications. Examples
of nanotechnology energy production, energy storage, energy
harvesting, and high voltage technologies. A look into the future:
electro and photocatalysis, hydrogen production and storage.
Economical implications of nanotechnology in the energy field.

Microstructured Devices and Systems for Green Electronics
Basic physical effects in solid-state microstructured electronic
and micromechatronical devices and their application fields
(microelectronics, microsensors, microactuators, and microsystems).
Characteristic material properties of semiconductors: Intrinsic
and extrinsic electrical conductivity, mobility, charge carrier
transport by drift and diffusion, carrier generation-recombination,
thermal  conductivity, energy domain  coupling effects
(thermoelectricity, piezoresistance, piezoelectricity, thermoelasticity,
galvanomagnetism etc.). Basic operational principles of
microdevices: pn junction, MOS field effect, unipolar and
bipolar electronic devices, power devices, various transducer
effects. Phenomenological transport theory: Onsager’s transport
model, continuous field models of energy-coupled multi-domain
systems, physics-based macro-modeling of microsystems.
Selected sensor and actuator application examples.

Optomechatronic Measurement Systems

Fundamentals of optomechatronic measurement systems. Light
sources and detectors. Refraction, interference and diffraction.
Electronic speckle pattern interferometry. Thin film reflectometry as
an in-situ deposition sensing technique. Ellipsometry for thin layer
analysis. Optical waveguide sensors and their application in
renewable energy devices such as wind turbines. Fourier
transform infrared spectroscopy for detection of greenhouse
gases. Applications of optomechatronic measurement technology
in Green Electronics industry, including fundamental understanding
of: Patent protection and patent strategy for optomechatronic
measurement devices.

Laboratory 1 Semiconductor Process and Device Simulation
Process models: diffusion, oxidation, implantation. Process
variables/targets: doping profiles, junction depths, oxide thickness.
Process simulation: Simulate a given sub-micron CMOS process
recipe and study profiles and layer structures. Physical models.
Numerical algorithms and solutions. Device performance
parameters. Short-channel effects. DC simulations. Device
simulation: Simulate the DC characteristics of the “fabricated”
device and analyze device operation with respect to potential,
field, and carrier distributions as well as terminal -V characteristics.
Wafer-split experiment. Device-target vs. process-variable relations.
Transistor performance optimization/trade-offs through process
variation. Technology development and optimization. Design of
Experiment (DOE): Implement a computer experiment to study
the scaling characteristics (varying gate length) of the given sub-
micron technology. Study the influence of process variations
on device performance parameters.

Laboratory 2 Design and Modeling of Nanodevices

Quantum blockade, quantum Ohm law, quantum conductance,
quantum capacitance, quantum confinement, coherent transport,
and transmission. Nanowire, transistors, influence of interface
properties, low current to high current regime, scattering to
ballistic regimes, noise spectrum. Quantum well. Energy subbands
and wave functions. k.p methods. Band structure calculation by
using single band and 6-band k.p methods. Density of state,
doping concentration, and Fermi energy level calculations by
using single band and 6-band k.p methods. Intersubband and
(intraband) transition. Squared transition element calculation.
Absorption spectrum. Cut-off wavelength of photodetector.
Influence of Ge composition and well width on peak wavelength
of photodetectors. Transition energy. Emission wavelength.
Doping concentration. Fermi level. Organic devices (Organic thin
film transistors, OLED, organic solar cells). Molecular diodes and
switches. Carbon Nanotubes.

Cross Discipline Modules

e Aspects of Asian and European Relations Today

e Cultural, Social & Economical Aspects of Globalisation
¢ International Intellectual Property Law

® Selected Topics in Business Administration

¢ Selected Topics in Business Management

Elective Modules* (Choose 4)
Introduction to the Power Systems
Structure of the power system: generation, transportation and
distribution and electricity consumption. Introduction to typical
power plant types including new renewable technologies. Description
of the transport, distribution and control philosophy. Introduction
to the electricity demand, especially due to new electronic
services. Fundamental terms of energy economy and electricity
markets. Introduction into smart grids.

Low Power Displays and Solid-State Lighting

Low power flexible displays. OLED displays on flexible substrates.
Printing processes for information displays. Evolution of Visible-
Spectrum light emitting diodes. LED design principles. Visible-
Spectrum LED. White LED. Current topics in solid state lighting.

Nanophotovoltaics

Third generation photovoltaics. Quantum dot tandem cells. Hot
carrier cells. Multiple electron hole pair generation. Impurity and
intermediate band devices.

Green Nanotechnology

Energy flow in environment. Optical properties of nanomaterials.
Spectral selective windows. Solar thermal collectors. Solar cells.
Cooling and energy harvesting. Electrochemical energy storage.

Polymer Electronics

An overview of Polymer Electronics. Electronic structure and
band theory. Beyond polyacetylene. Optoelectronic properties.
Charge transport. Synthesis and macromolecular design. The
physics of polymers. Surfaces and interfaces. Polymer transistors.
Optoelectronic devices. Photovoltaic devices (organic and dye
sensitized solar cells). Polymeric memories.

Semiconductor Power Devices

Fundamentals of semiconductor device physics: electronic band
structure, intrinsic and extrinsic conductivity, mobility, carrier
transport by drift and diffusion, carrier generation and recombination,
impact ionization, pn-junction, MOS field effect. Power device
structures: PIN diode, Schottky diode, bipolar junction transistor,
thyristor, power MOSFET, insulated gate bipolar transistor (IGBT).
Robustness and destruction mechanisms of power devices: thermal
breakdown, electrical breakdown, dynamic avalanche, latch-up in
IGBTs, cosmic ray induced failure.

Advanced MOSFET & Novel Devices

Historical development of mainstream MOSFETs until today:
economical, technological, and physical fundamentals. Properties
of long channel and short channel MOSFETs, high-field effects,
scaling rules. Basics of charge carrier transport, drift-diffusion,
Boltzmann-Bloch equation, hydrodynamic transport, ballistics and
consequences for IV-characteristics. Advanced MOSFETSs, mobility-
enhancement, metal-gate, FInFETS, MuGFETS. Hot-electron and
ballistic transitors, Impack-MOSFETSs, Spintronic devices. Tunneling-
MOSFETSs, single-electron transistors.

Modern Semiconductor Devices

*Disclaimer: Elective modules available for selection are subject to availability. Unforeseen circumstances that affect the availability of the module include an insufficient number of students taking
up the module and/or the unavailability of the professor. TUM Asia reserves the right to cancel or postpone the module under such circumstances.
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