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Micro- and Nanoelectronics
a Research Area and Major Field of Study within the
Faculty of Electrical Engineering and Information Technology
at RWTH Aachen University

Welcome to one of the most exciting areas of current research!
If you are interested in majoring in micro- and nanoelectronics, our master‘s degree program provides an excellent opportunity for you to acquire
the necessary skills to enter a career in highly dynamic fields in electrical
engineering.
This booklet is intended to give you an overview of our faculty‘s teaching
and research activities. Enjoy your reading!

The Faculty of Electrical Engineering and Information Technology
at RWTH Aachen University

Left: RWTH Aachen Main Building, originally completed in 1870; right: the so-called
SuperC, finished in 2008
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Fabrication and characterization of micro-coils
for miniaturized NMR spectroscopy

Micro- and Nanoelectronics: Current Research and
Applications
Micro- and nanoelectronics, as seen from an electrical engineering point of
view, essentially comprises three major aspects: device technology, electronic
circuits and architectures as well as system design and application. Modern
microelectronic circuits exhibit an enormous complexity with minimum feature
sizes on the device level down to 20 nm and lower. Ongoing miniaturization
combined with performance improvements and increasing functionality as
well as the integration of novel materials, radically new device concepts and
new applications are pushing technological limits further and further.
As such, micro- and nanoelectronics is the key and enabling technology for
innovation in all areas of life. Electronic systems are ubiquitous, but you cannot see them. They remain hidden – we are talking about “hidden electronics”.
They are built such that you need not be a specialist in electronics to be able
to operate them: To use the mobile phone, you do not need to understand
the LTE protocols nor do you need to be a specialist in electromagnetic fields
to operate the radar distance system when parking. Electronic engineering
is indispensable for the solution of many actual challenges of our society:
There will be no „smart grid“ and no „industry 4.0“ without electronics nor any
energy turnaround, and e-mobility will not manage without electronics either.
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Medical technology and our entire medical diagnostics are also inconceivable
without electronic engineering. In a nutshell: Micro- and nanoelectronics is
a key driver for industrial and technological evolution, in turn driven by the
steady demand for more functionality, higher speed and better efficiency
including – and increasingly important – energy efficiency.

Career Opportunities
A glance to some facts and figures clearly reveals the
huge labour market for graduates majoring in microand nanoelectronics: In recent years the worldwide
market for micro- and nanoelectronics has grown by
about 5%; its share of the world’s economy is estimated to be 10% of the worldwide gross domestic product (GDP). Further growth is predicted in view of
the ongoing penetration of digitalization in our everyday life, in the work environment and in industrial
production.
The European micro- and nanoelectronics industry
is directly accountable for 250,000 and indirectly
accountable for 2.5 million jobs in the entire value
chain, and contributes with at least 10% to Europe‘s
GDP. Europe is a leader in the fields of electronics
for the automotive sector (about 50% market share),
of power engineering (about 40% market share) and
of industrial automation (about 35% market share).
Furthermore, Europe is still strong in electronics design for mobile telecommunications. Another key role
is Europe‘s leading role in the rapidly growing market
for low-power, energy-efficient components.

This information is mainly taken
from the German government report
on the future development of microelectronics (in German):
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In Germany, in particular, the semiconductor industry has focused its technological strength in recent years on application oriented and customer specific
solutions for the automotive industry, energy technology, sensor and measurement technology and the security area. Thus, important industry branches
were significantly strengthened. The share of R & D expenditures of semiconductor companies in total sales comes to over 20%, which figures among
the highest in the technological sector. Companies in Germany, including a
large number of small and medium-scale enterprises, the so-called “hidden
champions”, are global market leaders in the field of intelligent microsystems
such as medical implants or MEMS sensors and high frequency technologies.
In the field of power electronics, Germany still holds a leading position worldwide. The complete value chain in this area is to be found here, since both
suppliers and industrial end-users of power electronics are operating successfully together in the energy, industry and plant construction, and especially in the automotive sector.
In summary, graduates in micro- and nanoelectronics can expect excellent
jobs and a broad range of activities in the electronic device and system industry and its various areas of application. There is little doubt about an
unbroken demand for qualified professionals in the future.

Strong Cooperations and Excellent
Equipment
RWTH Aachen University as one of Europe’s leading
technical universities and nearby Forschungszentrum
Jülich have established an extraordinary multidisciplinary research environment – the Jülich Aachen
Research Alliance (JARA). It is one of the largest of its
kind in Europe. JARA fosters collaboration between
various disciplines. In our field of activity, scientists
from physics, electrical and mechanical engineering,
chemistry, biology, mathematics, materials science
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and medicine from more than 30 institutes and departments of RWTH Aachen University and Forschungszentrum Jülich are working together. Their research
projects aim at a more fundamental understanding of
nanoscale electronics, or at novel materials, revolutionary design concepts or innovative applications.
For master students in micro- and nanoelectronics
this research landscape with an excellent research
infrastructure, supercomputers and state-of-the-art
technology and equipment offers huge possibilities
to start a career in research or industry of which the
master thesis very often is the first step.

Gottfried Wilhelm Leibniz Award
For his outstanding achievements in research, the Deutsche Forschungsgemeinschaft (German Research Foundation) awarded a Gottfried Wilhelm Leibniz Award to Rainer Waser in 2014. Waser is head of the Electronic Materials
Research Laboratory which is based in Aachen and Jülich (see pp. 36-37).
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Ernst Ruska-Centre for Microscopy and
Spectroscopy with Electrons

www.er-c.org

The Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons houses some of the world’s
most advanced electron microscopes and tools for
nanocharacterization.
It is run conjointly by Forschungszentrum Jülich and
RWTH Aachen University.

The PICO instrument at the Ernst
Ruska-Centre for Microscopy
and Spectroscopy with Electrons
(ER-C).
PICO is one of the most powerful
transmission electron microscopes in the world and makes
it possible to image atomic structures with a resolution of 50 pm.
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Central Laboratory for Micro- and
Nanotechnology (CMNT)
Various institutes of the Faculty of Electrical Engineering and Information Technology as well as from the
Department of Physics have joined their technological
equipment and expertise to launch the Central Laboratory for Micro- and Nanotechnology (CMNT). It
is designed as a central user facility and will be fully
operational at the beginning of 2016. A 400 m² ISO
class 5/6 cleanroom serves the microfabrication needs
of RWTH researchers. An extension to approx. 800 m²
is currently being planned.
The facility covers all necessary processes from
electron-beam/optical lithography, dry-/wet-chemical etching to thin-film deposition as well as sample
characterization. Usage of the clean room is facilitated
through an online tool-reservation and accounting
system. Currently, ten research groups with approximately 60 users are affiliated with CMNT.

new laboratory for micro- and
nanotechnology:
www.accent.rwth-aachen.de

Life and Study in Aachen
A few other figures and facts about RWTH Aachen University and the City of
Aachen are worth mentioning: RWTH Aachen University was established in
the late 19th century as an engineering school which later converted into a
technical university. Today, engineering is still its major discipline, but natural
science is also very strong in Aachen. In addition, the faculties of business
administration and economy, medicine and arts and humanities play an
important role and ensure a fully interdisciplinary and widespread approach
when tackling complex problems in modern societies. At present, about
40,000 students from all over the world are enrolled in more than 140 degree
programs.
Not only because of its many international students but also due to its geographical position at the crossing point of the borders between Germany, the
Netherlands and Belgium, Aachen exhibits an international flair and is characterized by its rich cultural heritage and its vibrant cultural life.
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Micro- and Nanoelectronics at the Faculty of
Electrical Engineering and Information Technology,
RWTH Aachen
The Faculty of Electrical Engineering and Information Technology at RWTH
Aachen University plays a leading role in teaching and research and regularly
gains top positions in national and international rankings. It belongs to the
best electrical engineering faculties in Germany. The faculty covers the broad
field of electrical engineering and information technology to its full extent.
Micro- and nanoelectronics is one of its key areas in teaching and research,
the others being: electrical power and systems engineering, information
technology and communication systems as well as biomedical (electrical)
engineering.
In undergraduate teaching the faculty follows the philosophy of establishing a
broad and fundamental base in mathematics, physics, electrical engineering
and informatics instead of an early specialization. Teaching is clearly research
oriented combining both theoretical approaches and application-relevant
aspects. Integration of students in actual research activities is mandatory,

Measurement setup for the
characterization of integrated
circuits
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already at an undergraduate level.
The graduate teaching program (i.e. master program)
is designed for maximum flexibility and offers an
enormous amount of specialization courses, eligible
according to the student’s interests and professional
aims. It also provides industrial experience and fosters
creativity and an interdisciplinary approach.

our master prgram

Brief Outline of the Master‘s Program
Master students can choose micro- and nanoelectronics as a study program
within the master program „Electrical Engineering, Information Technology
and Computer Engineering“.
The program comprises three semesters of lectures, tutorials and lab courses, along with an industrial internship of at least 18 weeks and a final master
thesis in the fourth semester. In total, the master program requires 120 ECTS
credits.
The study program is built up of three main module groups, each containing
a list of required elective courses. Module group A focuses on modern electronic device technology, module group B is dedicated to electronic circuits
and architectures and group C to system- and application aspects. The student chooses “his” or “her” courses out of the three groups, keeping in mind
the requirements concerning the number of credits for the study program in
total as well as for each module group (see p. 11 for more details). The curriculum is complemented by a broad offer of laboratories, project works and
seminars.
In addition, there is an area of eligible courses which comprises the full master
program of the faculty, hence including courses from all study programs.
Finally there is an area of free elective courses from the entire RWTH course
program, including language courses, courses in economy, law or soft-skill
courses and block lectures.
During the industrial internship of almost 5 months students are trained in
solving current engineering problems at renowned industry partners.
The final master thesis is an independent, pre-defined scientific project to be
completed in a fixed period of six months. It is concluded by an oral presentation of the results.
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Students can start the master program either in the winter or in the summer
semester. The language of instruction is German or English, depending on the
individual course and on the students‘ language skills. Course and instruction
material is available in both languages.

Prerequisites
A prerequisite for starting studies is a first university
degree in electrical engineering and information technology or computer engineering being equivalent to
180 ECTS credits at minimum. Special requirements
on the number of credits exist for the different subject
areas, among others for mathematics, physics, fundamentals of electrical engineering, informatics.
For the study program micro- and nanoelectronics,
students must prove fluency in German and/or in
English since part of the study program is taught in
English.
Several types of language certificates are acceptable.

subject requirements
and credits

Leisure area and coffee bar in
front of RWTH‘s main buildings
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Study Program Micro- and Nanoelectronics:
Exemplary Study Plan
1. Semester

2. Semester

3. Semester

4. Semester

Catalogues A, B, C:

Number of credits in total: 36

		

A (Devices and Technologies): 8-24

		

B (Circuits and Architectures): 8-24

		

C (Systems and Applications): 4

Seminar:

4-8

Laboratory or Project:

4-8

Elective Area:

Courses from the faculty‘s overall master catalogue (including all master study

		

programs)

		

Number of credits: 8

Additional Qualifications/ Courses from the overall RWTH master course offer, including soft skill and
Block Lecture:

language courses

		

Number of credits: 8-16

Total Number of Credits: 120
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Study Program Micro- and Nanoelectronics:
Module Catalogues A, B, C *
Module Catalogue A: Devices and Technology
• Solid State Technology
• New Materials and Devices for Information Technology
• Silicon-Based Sensor- and Actuator Systems
• Electronic Noise in Devices and Circuits
• III-V Semiconductors
• Electronic and Optical Measurement Techniques
• Optical Telecommunications 1: Devices & 2: Systems
• Numerical Simulation of Semiconductor Devices
• Oxide Thin Films for Information Technology
• Application of Oxide Thin Films for Information Technology
• Fabrication and Characterization of Nanoelectronic Devices and Circuits

Module Catalogue B: Circuits and Architectures
• Quantum Simulation of Carbon Nanotube and Graphene-Nanoribbon Field-Effect Transistors
• VLSI Architectures for Digital Signal Processing
• Analog- and Mixed Signal Circuits
• Advanced RF Systems 2
• Computer Arithmetic
• Radar Systems

Students doing their
cleanroom lab
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Module Catalogue C: Systems and Applications
• High Frequency Technology
• Digital Speech Processing
• Multimedia Communication Systems
• Digital Image Processing
• Robotics and Man-Machine Interaction
• Medical Systems
• Advanced RF Systems 1
• Basic Techniques in Computer Graphics
• Introduction to Statistical Pattern Recognition
module catalogues
A, B, C

• Power Electronics - Control, Synthesis and Applications
• Automation of Complex Power Systems
• Electrical On-Board Supply Systems for Motor Vehicles
• Electrical Power from Regenerative Energy Sources
• Advanced Control Systems
• Satellite Navigation
• Technology of Extreme-UV Radiation
• High Frequency Electronics
• Modern Communications Technique - EMC with People and Electronic Devices

Interdisciplinary cooperation is an important feature
of our master program. Therefore these catalogues
comprise modules given by lecturers from other research areas, such as power engineering or information technology.
Apart from the three main catalogues, there are additional micro- and nanoelectronics modules which can
be found in the faculty's overall master's catalogue.

* As the module catalogues are being continually
adapted, these lists are subject to change.
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Institutes
and Chairs
with a Major Focus on
Micro- and Nanoelectronics
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Technology of
Oxide Electronics

Electronic oxides cluster at the PGI-7: Atomically controlled growth of oxide thin films is monitored in situ by
scanning probe microscopy (AFM/STM), photoelectron spectroscopy (XPS) and spectromicroscopy
(NanoESCA)

Prof. Dr. rer. nat. Regina Dittmann

Research Activities
This group is performing fundamental research on complex oxide thin films and electronic devices. Main focus
are resistive switching devices which are promising candidates for future resistive random access memories
(ReRAM) or neuromorphic circuits. Striving towards
atomically tailored epitaxial growth, the nucleation and
growth mechanisms of oxide thin films are studied in detail. The key tool operated by the group is the electronic oxide cluster which is devoted to the in-situ characterization of thin films and devices by different scanning
probe and spectroscopic techniques. Research is
complemented by a large variety of state-of-the art Synchrotron-based spectroscopic techniques. The group is
embedded in the “Institute of Electronic Materials” (PGI-7)
and strongly interlinked with the „Institute of Materials
in Electrical Engineering - Chair II“ which are headed by
Prof. Rainer Waser.
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Forschungszentrum Jülich
Peter Grünberg Institut (PGI-7)
Prof. Dr. rer. nat. Regina Dittmann
52425 Jülich
phone: +49 2461 61 4760
www.emrl.de/r_m_0.html

Academic Teaching
Our master teaching modules are based on the knowledge of solid state physics gained during the bachelor
courses of electrical engineering. The lectures provide an
overview over the different fields of application of oxide
thin films in information technology and explains in detail
the related device working principles. It comprises well
established oxide-based devices as well as new concepts
which are subject of current international research.
Techniques for oxide thin film deposition and characterization are systematically taught. The lectures are accompanied by practical lab courses in order to gain hands-on
experience with the methods and materials introduced in
the lecture.

Master‘s Degree Modules
Lecture Series:
Oxide Thin Films for Information
Technology: Growth and Characterization
Oxide Thin Films for Information Technology: Materials and
Properties
(4 credits each)
Master thesis projects

Photoelectron emission microscope image of the interface of a
Ta 2O 5 storage device after electrical biasing. The valence state of
the Ta 2O 5 is locally reduced by an
electron avalanche effect.
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Integrated Analog Circuits and
RF Systems

Integrated 4 Channel, 8W
LED Driver

Prof. Dr.-Ing Stefan Heinen

Research Activities
The digital revolution has impacted many areas of our
daily live. Wireless communications make us independent
from fixed phones and computers, satellite navigation
systems find our ways, modern consumer electronics
populates our living-rooms. Still, analog components
remain major building blocks for all of these devices,
since they are the indispensible interface to the “real
world”. The ever growing complexity and functionality of
electronic equipment is accompanied by higher demands
on bandwidth, functionality, power efficiency and dynamic
range of the analog subsystems. Modern nanoscale
CMOS technologies are challenging the analog, mixedsignal and RF circuit performance, assuring the future
career of creative engineers facing this venture.
Research activities at IAS are focused on analog, mixedsignal and RF circuits and on RF subsystems for applications in CPS and Industry 4.0 as well as on integrated power electronics for lighting and automotive applications.
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Chair of Integrated Analog Circuits
and RF Systems Laboratory
Prof. Dr.-Ing. Stefan Heinen
Kopernikusstrasse 16
52074 Aachen
phone: +49 241-80-27745
ias@rwth-aachen.de
www.ias.rwth-aachen.de

Academic Teaching
In the master studies our Institute offers the lectures
“Fundamentals of Integrated Power Electronics and
Power Management” (Analog- and Mixed-Signal-Electronic 1) and “Advanced RF Systems 2” (HF-System- und
Übertragungstechnik 2). The course language is in German with English supporting material. Depending on the
participating students the language might be switched to
English. While Integrated Power Electronics is held in the
winter term, RF System and Communication Technology
is given in the summer term.

Master‘s Degree Modules
Lecture Series:
Analog- and Mixed-Signal-Electronic 1
Advanced RF Systems 2
(4 credits each)
Laboratories & Seminars covering
various topics

ASIC and PCB für Photovoltaic
Power Conversion
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Electromagnetic Theory
Prof. Dr.-Ing. Christoph Jungemann

Research Activities
The development of semiconductors has an enormous
impact on nearly all technical fields due to the ubiquitous use of electronics. This development encompasses shrinking of existing device types, design of
new device types and usage of new semiconductor
materials.

Institute of Electromagnetic
Theory
Prof. Dr.-Ing. Christoph Jungemann

Our research aims at aiding these developments by
numerical physics-based device simulation. For this
purpose, we develop programs which can simulate
steady-state and transient operation as well as
small-signal behaviour, noise, thermal properties
and even degradation effects of a wide variety of
device types, from high-frequency transistors for
application in information technology to high-power
devices.

phone: +49 241 80 23901
sekretariat@ithe.rwth-aachen.de

The considered materials range from silicon over
compound semiconductors to new material classes like carbon nanotubes, graphene and organic
semiconductors.
Our simulation approaches go far beyond the capabilities of classic TCAD tools, which become insufficient
for the reliable description of many modern device
types. Simulations are performed on our powerful
and constantly growing computer cluster.

20 | Electromagnetic Theory

Kackertstrasse 15-17
52072 Aachen

www.ithe.rwth-aachen.de

Academic Teaching
Within the bachelor study program of “Electrical
Engineering, Information Technology and Computer
Engineering“, we are currently teaching the courses
„Electromagnetic Fields 1 & 2”. The first part covers
the generation, propagation and the guiding of electromagnetic waves, the second part describes design
aspects of microwave circuits.
For students in the master program “Micro- and NanoElectronics”, we offer the following courses:
• “Electronic Noise in Devices and Circuits”, which
concentrates on the aspect of noise generation and
propagation in semiconductor devices and electronic
circuits.
• “Numerical Simulation of Semiconductor Devices”,
which covers the fundamental principles of Technology
Computer Aided Design (TCAD).
• The CAD lab course “Simulation of Semiconductor
Devices”, which provides practical experience in simulating device processing and operation with industry
standard TCAD tools.

Left: Schematic cross-section of a FinFET, a transistor type of very small dimension and low operating
voltage. Right: Simulated potential distribution in the
channel of a FinFET.

Master‘s Degree Modules
Lecture Series:
Electronic Noise in Devices and
Circuits
Numerical Simulation of Semiconductor Devices
(4 credits each)
Laboratories & Seminars covering
various topics
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Semiconductor Electronics

Silicon sample mounted on a chip
carrier in order to carry out electrical characterization

Prof. Dr. rer. nat. Joachim Knoch

Research Activities
Today, semiconductor devices are found in virtually all
innovative applications and products in the form of integrated circuits, sensors, displays etc. Therefore, microand nanoelectronics are considered as one of the key
enabling technologies. However, the steadily increasing
range of applications and demand to transmit, store and
process enormous amounts of data makes energy-efficiency one of the main technology drivers in the near
future.
At the Institute of Semiconductor Electronics we elaborate on the fundamentals of novel device concepts for
the long-term goal of realizing energy-efficient and even
energy-autonomous systems. To this end, we study
so-called steep slope field-effect transistors, explore
ultralow power, highly sensitive sensors and work on
increasing the efficiency of solar cells. In our clean room
we fabricate and characterize devices based on different
semiconductors including silicon, III-V materials as well
as various two-dimensional systems.
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Institute of Semiconductor
Electronics
Prof. Dr. rer. nat. Joachim Knoch
Sommerfeldstrasse 24
52074 Aachen
phone: +49 241 80 27890
knoch@iht.rwth-aachen.de
www.iht.rwth-aachen.de

Academic Teaching
The Institute of Semiconductor Electronics offers lectures on “Solid State Technology” and “Nanoelectronic
Devices” laying the foundations of micro- and nanoelectronics fabrication techniques as well as of the physics of
nanoscale transistors devices. In the succeeding semester we offer courses on “Fabrication and Characterization
of Nanoelectronic Devices and Circuits” and “Quantum
Simulations of Carbon Nanotube and Graphene FETs”
where students fabricate their own silicon CMOS-chip
in our clean room and write their own computer code to
simulate nanoscale field-effect transistors. Furthermore,
we are also involved in different lab courses with other
institutes of our faculty and the Department of Physics.
Lectures and lab courses are complemented by Bachelor/Master theses providing experience in the research
topics of the institute.

Master‘s Degree Modules
Lecture Series:
Solid State Technology
Fabrication and Characterization
of Nanoelectronic Devices and
Circuits
Quantum Simulations of Carbon
Nanotube and Graphene FETs
Nanoelectronic Devices
(4 credits each)
Laboratories & Seminars covering
various topics

Illumination of a standard silicon
solar cell with a AAA sun simulator providing an AM1.5 spectrum
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Navigation
Prof. Dr.-Ing. habil. Michael Meurer

Research Activities
Mobility of persons and goods is a major backbone
of today’s society. It is provided by various technical
systems for example in aeronautics, transportation on
land and sea, automation etc. Accurate and reliable
position information is needed to ensure safety, efficiency, reliability and eco friendliness in such fields.
Navigation systems are therefore essential for everybody’s daily life.
The Chair of Navigation (NAV) is conducting research
on the development of architectures, concepts, components and algorithms for future navigation systems
and their application in various fields of transportation
and guidance on land, on sea and in the air. A special
focus is on satellite navigation including GALILEO, the
future European Global Navigation Satellite System
(GNSS). The foundations of the next generation of
GNSS are laid. Fundamentals for GNSS receivers
which are especially resilient against multipath propagation, interference, jamming and spoofing are
developed in order to pave the ground e.g. for future
automatic landing systems in aeronautics. The fusion
with information from further navigation sensors such
as inertial measurement units is addressed.
The chair cooperates closely with the chair of Electrical
Engineering and Computer Systems of RWTH as well
as the Institute of Communications and Navigation
and the Center of Excellence for Satellite Navigation
of the German Aerospace Center (DLR) – the national
research institute in space and aeronautics.
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Chair of Navigation
Prof. Dr.-Ing. habil.
Michael Meurer
Schinkelstrasse 2
52062 Aachen
phone: +49 8153 28 3065
info@nav.rwth-aachen.de
www.nav.rwth-aachen.de

Academic Teaching
Aim of teaching at NAV is to provide and deepen
knowledge on all topics being relevant for the conception, design, analysis and optimization of complex
navigation systems. For that purpose the courses give
a broad insight into the fundamentals of navigation
systems as well as their applications. In the advanced
study programs we offer courses on „Satellite Navigation“ and „Navigation for Safety-Critical Applications“.
The lectures are complemented by exercises also
using simulation software. Hands-on laboratories allow
gaining first practical experience in the development
and analysis of navigation technology. In addition to
lectures and laboratory courses students can enroll for
special seminars or conduct Bachelor/Master thesis
as well as PhD research projects in selected topics of
navigation. Teaching is closely linked to our research
activities. The courses and student projects give the
opportunity to gain unique insights into our research
at NAV as well as at the national research center for
space and aeronautics DLR. In cooperation with DLR
joint student research projects and internships are
conducted.

European Global Navigation Satellite System
GALILEO, its application for automatic landing in
aviation and disturbances by ionospheric plasma

Master‘s Degree Modules
Lecture Series:
Satellite Navigation
Navigation for Safety-Critical
Applications
(4 credits each)
Laboratories & Seminars covering
various topics
Master thesis projects
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Microsystem Technologies
Prof. Dr. rer. nat. Wilfried Mokwa

Research Activities
Microsystem technologies combine microsensors and
microactuators together with microelectronic circuitry
on a micro scale. It is the basis for „smart“ devices
that can control deployment of automotive air bags,
improve fuel efficiency in automotive engines or support features of smart phones. In the medical field they
are integral part of “intelligent implants”. In pacemakers
they are measuring pressure or activity, they are used
in cochlear implants to stimulate nerve cells or in
catheters to monitor pressure and temperature inside
the human body. By combining electronics, mechanics, optics and information technology, microsystem
technologies generate innovation.
The Institute of Materials in Electrical Engineering
Chair I of RWTH Aachen University is well-known
internationally for its competence in this field. We are
working on new and innovative application areas using
microsystem technologies. In our 500 m² clean-room
facilities and 100 m² test-lab researchers and students
have access to assembly, packaging and encapsulation technologies for microsystems as well as to
thin-film-technologies. Some projects we are involved
in are: artificial vision prosthesis, implantable blood
pressure and temperature measurement systems or
microfluidic systems for monitoring biological cells as
well as lab-on-chip applications.
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Institute of Materials in Electrical
Engineering
Chair I - Microsystem Technologies
Prof. Dr. rer. nat. Wilfried Mokwa
Sommerfeldstrasse 24
52074 Aachen
phone: +49 241-80 27810
info@iwe1.rwth-aachen.de
www.iwe1.rwth-aachen.de

Implant for electrical stimulation of
retinal nerve cells in blind patients

Academic Teaching
Aim of research and teaching is to transfer knowledge of fundamentals, methodology and systematic
approach to design and realize sensors, devices and
systems.
Education in micro- and nano-technologies for undergraduates starts with “Basics of Integrated Circuits
and Systems” in cooperation with other institutes,
giving an overview of this field, and “Fabrication Processes for Silicon-Based Microsystems”. In the master
program we are offering lectures on “Silicon-based
Sensor and Actuator Systems” and “Microfluidic Systems – Bio-MEMS”. Together with the Chair for Medical Information Technology (MedIT) we are offering a
lecture on “Biomedical Sensors and Microsystems“

Master‘s Degree Modules
Lecture Series:
Silicon-Based Sensor and Actuator
Systems 1 & 2
Microfluidic Systems - Bio-MEMS
Biomedical Sensors and Microsystems
(4 credits each)
Laboratories & Seminars covering
various topics

Additionally, seminars, several laboratories and projects as well as interesting topics for bachelor and
master theses are offered every term.
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High Frequency Electronics
Prof. Dr. sc. techn. Renato Negra

Research Activities
Wireless communication and remote sensing have a
dominant role in today’s society and almost everyone
is relying on such systems ubiquitously every day.
Typical examples are mobile phones, wireless networks at home or in public areas, satellite TV, satellite
navigation, weather forecasts, and automotive radars.
Thanks to the rapid development in the semiconductor technology, driven by the computer industry, such
microwave systems can be produced in large quantity
at a low cost per unit, making it affordable for most
people all over the world.
Research of the Chair of High Frequency Electronics
(HFE) is within high speed electronic components,
circuits and systems for future communication and
remote sensing applications. The research spans
from frequencies below 1 GHz to above 100 GHz with
the aim of enhancing performance, lowering power
consumption and cutting the cost of high speed
wireless/wire-line communication, sensing systems,
interconnects, etc. Particular interests include
techniques for improving the electrical efficiency of
microwave high power amplifiers and transmitters for
wireless infrastructure applications. To demonstrate
innovative microwave components, circuits and
systems we employ various technologies spanning
from conventional III-V to Silicon VLSI, post-CMOS
processes and state-of-the-art equipment in our
measurement laboratory.
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Chair of High Frequency
Electronics
Prof. Dr. sc. techn. Renato Negra
Sommerfeldstrasse 24
52074 Aachen
phone: +49 241 80-20642
renato.negra@umic.rwthaachen.de
www.hfe.rwth-achen.de

Detail of an advanced energy-efficient cellular
transmitter chip in a commercial 130 nm CMOS
technology

Academic Teaching
HFE contributes to an extensive educational program
including Bachelor of Science, Master of Science and
PhD levels. Beginning with teaching the fundamentals
of high frequency circuit design for undergraduates,
we also offer introductory courses on “Analogue-Mixed Signal Electronics 2”, “RF Systems” and “Radar
Systems” on a graduate level. The Masters of Science
program is completed by the advanced classes on
“High Frequency Electronics” and “High Frequency
Systems and Data Transmission Techniques”.
The practical aspects of micro- and millimetre-wave
circuit and system design are taken care of in the
lecture-accompanying CAD exercises, as well as in the
“Radar Systems Laboratory” and the “Mixed-Signal
Electronics Project”.

Master‘s Degree Modules
Lecture Series:
Analog and Mixed Signal Circuits 2
Radar Systems
Advanced RF Systems 1
High Frequency Electronics
High Frequency Systems and
Data Transmission Techniques
(4 credits each)
Laboratories & Seminars covering
various topics
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Electrical Engineering and
Computer Systems
Prof. Dr-.Ing. Tobias G. Noll

Research Activities
The Institute of Electrical Engineering and Computer
Systems (EECS) is conducting research on architectural strategies, circuit concepts and design methodologies for highly integrated circuits in nano-scale CMOS
as well as potential post-CMOS technologies. The
focus is on circuits for applications of high-throughput
digital signal processing and special emphasis is
placed on the issues of reliability and energy-efficiency. Area and energy efficient SoC (System-on-Chip)
components are achieved by applying quantitative
cross-layer optimization and consequent exploration
of their highly multi-dimensional design space. The
cross-layer approach involves concurrent optimization
top from the algorithmic system level down to the
physical implementation level. Fundamentally new
concepts for memory and logic circuits based on
novel nano-electronic devices, like hysteretic switches, are proposed and analyzed with due regards to
constraints imposed by nano-scaled technologies.
All methodologies, strategies and concepts are
elaborated on exemplary and challenging vehicles
and their feasibility is proven in design and implementation studies. Implementation styles spread from
physically optimized dedicated logic over embedded
field programmable logic arrays up to application
specific instruction processors and heterogeneous
combinations thereof. The later are applied in research
activities on dedicated digital receivers for Global
Navigation Satellite Systems (GNSS) for light-weight
and mission-critical applications.
30 | Electrical Engineering and Computer Systems

Chair of Electrical Engineering
and Computer Systems
Prof. Dr-.Ing. Tobias G. Noll
Schinkelstrasse 2
52062 Aachen
phone: +49 241-80 97600
tgn@eecs.rwth-aachen.de
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MAP Decoder Circuit for 4G LTE Mobile Communication, 12.4 Million Transistors/mm², 28-nmCMOS, and 150 pJ/decoded Bit. Interconnect
Pattern of a 32-Bit Brent-Kung Adder using 378
Nanoscaled Threshold Gates and 5x10 9 Resistive
Switches/mm² with 7-nm Feature Size

Academic Teaching
Aim of the educational activities of EECS is to provide
and deepen knowledge on all topics being relevant for
the conception, design, characterization and optimization of digital VLSI systems.
In the advanced study programs we offer courses
on “VLSI Architectures for Digital Signal Processing”,
“Computer Arithmetic” and “Artificial Neural Networks”.
Hands-on laboratories on “VLSI-CMOS Design” and
“FPGA-based Design” offer students the possibility
to acquire first practical experiences. Some of the
courses are offered by external lecturers from industry,
allowing students to become familiar with state-ofthe-art issues at forefront. In addition to lectures and
hands-on laboratories students can enroll for special
seminars or conduct student research projects in order to deepen knowledge in selected topics of digital VLSI design.

Master‘s Degree Modules
Lecture Series:
VLSI Architectures for Digital
Signal Processing 1 & 2
Computer Arithmetic 1 & 2
Artificial Neural Networks
(4 credits each)
Laboratories & Seminars covering
various topics
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Photovoltaics

Fig. 1: Large area deposition system
for fabrication of thin-film silicon solar cells with an area of 40 x 40 cm²

Prof. Dr. rer. nat. Uwe Rau

Research Activities
The Institute of Energy Research 5 - Photovoltaics concentrates on research and development of materials,
components, and solar cells for thin-film photovoltaics
(s. Fig. 1). For the deposition of our films, we use Plasma Enhanced and Hot-Wire Chemical Vapour Deposition (PECVD, HWCVD) as well as various printing
technologies.
Our research and development aims at further improvements of the optical and electronic device properties
with the help of intense materials research, characterization, modelling, and technological improvements. A special goal is a new generation of thin-film modules that
have higher efficiencies and, at the same time, are processed within a considerable smaller amount of time.
Prototypes of these new devices are prepared in our
large-area deposition systems (Fig. 2). In addition we
investigate advanced solar cell concepts based on new
materials as well as on nano-optical and nano-electronic
components.
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Forschungszentrum Jülich
Institute of Energy and Climate
Research - IEK-5
Prof. Dr. rer. nat. Uwe Rau
52425 Juelich
phone: +49 2461 61 1554
u.rau@fz-juelich.de
www.fz-juelich.de/iek/iek-5/en

Academic Teaching
The institute provides the lectures “Photovoltaics I – Materials and Technologies ” and “Photovoltaics II – Materials
and Device Characterization” as well as the practical
course “Photovoltaics” in collaboration with the Institute
of Power Electronics and Electrical Drives. In the latter
course, students prepare and characterize their own
thin-film solar modules.
We offer further topics for bachelor and master theses in
the context of advanced scientific research and industrial
developments.

Master‘s Degree Modules
Lecture Series:
Photovoltaics 1: Materials and
Technologies & 2: Materials and
Device Characterization
(4 credits each)
Laboratories & Seminars covering
various topics

Fig. 2: Laser structuring of a
silicon thin-film module
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GaN Device Technology
Prof. Dr.-Ing. Andrei Vescan
apl. Prof. Dr.-Ing. Michael Heuken

Research Activities
GaN Device Technology is performing fundamental
and application-oriented research on the deposition
and characterization of compound and organic semiconductor materials as well as electronic and optoelectronic devices. The research goals lie in the development of energy-efficient devices for power and
RF electronics, displays, sensors, solid state lighting
and next-generation photovoltaics.
Group III nitrides are direct semiconductors, with a
bandgap which can be tuned from 0.8 eV to 6.2 eV.
Our focus lies in the development of novel nitridebased alloys, studying their electronic properties and
optimizing their crystal quality. We design and fabricate innovative device structures in which epitaxial stack
and processes are optimized towards specific applications. These materials are utilized for light-emitting
devices, high-power RF transistors or high-voltage
high-current switching devices for efficient power
conversion.
Organic semiconductors constitute a huge class of
organic compounds and allow for deposition on large,
even potentially flexible substrates enabling low-cost
consumer electronics, photovoltaics, lighting and
displays.
The scientific and technological activities are the
deposition of thin organic films and layer structures
as well as their technology and application. A special
focus is hybrid structures and the specific properties
of inorganic-organic heterojunctions.
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GaN Device Technology
Prof. Dr.-Ing. Andrei Vescan
apl. Prof. Dr.-Ing. Michael Heuken
Sommerfeldstrasse 24
52074 Aachen
phone: +49 241 80 23250
mailbox@gan.rwth-aachen.de
www.gan.rwth-aachen.de

Array of GaN light emitting micro-diodes
fabricated on silicon (100) substrate

Academic Teaching
Our master teaching modules build upon the fundamentals of electrical engineering. This knowledge is
extended to the description of advanced semiconductor devices and the underlying physical concepts
enabling light-emission, sensing, signal amplification
and power switching.
Fabrication processes are introduced for the complete
processing chain from material synthesis to the final
electronic or optoelectronic device. Material and de‑
vice characterization methods are systematically
taught to allow for correct interpretation of experimental results in the context of the theoretical background.
Teaching is closely linked to our current research
topics and state-of-the-art concepts and content is
integrated in our lectures. Student projects, lab courses and theses are accordingly connected to our
scientific projects.

Master‘s Degree Modules
Lecture Series:
New Materials and Devices for
Information Technology
GaN Material, Technology and
Devices
III-V Semiconductors
Organic Electronics and OptoElectronics
Semiconductor Characterization
(4 credits each)
Laboratories & Seminars covering
various topics
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Electronic Materials Research
Laboratory

Automated pulse measurement setup
with a resistive switching device

Prof. Dr.-Ing. Rainer Waser

Research Activities
Our research group at RWTH Aachen is operated in conjunction with the „Institute of Electronic Materials” at the
Peter Grünberg Institute of the Research Center Jülich.
Through the joint directorship, the two institutes have in
effect been united into the Electronic Materials Research
Laboratory (EMRL) with complementary resources and
competences providing a unique opportunity for a high
degree of interdisciplinary work. Our research focuses
mainly on electronic phenomena in transition metal oxides
aiming at devices for future nanoelectronics. We study
functional effects based on nano-scale electron transfer,
electrochemical redox processes, space charge formation, as well as ferro- and piezoelectricity, and the elucidation of their potential for information technology and related
application areas. This includes the development of novel
electronic equipment, modelling and simulation, as well
as the fabrication of integrated micro- and nanodevices.
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Institute of Materials in Electrical
Engineering
Chair II - Electronic Materials
Research Laboratory
Prof. Dr.-Ing. Rainer Waser
Sommerfeldstrasse 24
52074 Aachen
phone: +49 241 80 27812
www.emrl.de
www.iwe.rwth-aachen.de

Academic Teaching
The manifold aspects of research at our institute such as
integration technology, measuring techniques, physical
understanding as well as device layout and simulation
are reflected in the broad education spectrum for undergraduates, graduates, and PhD students. After the mandatory course on “Fundamentals of Electronic Materials
and Devices” students may enhance their knowledge with
advanced courses such as “New Materials and Devices
for Information Technology” or “Electrochemical Processes and Hydrogen Technology”, seminars, projects,
and practical laboratory exercises, always related to our
current research projects.

Master‘s Degree Modules
Lecture Series:
New Materials and Devices for
Information Technology
Electrochemical Processes and
Hydrogen Technology
(4 credits each)
Laboratories & Seminars covering
various topics

Vacuum deposition cluster tool
for the preparation of resistive
switching devices for TeraBit
data storage and neuromorphic
computing
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Integrated Photonics
Prof. Jeremy Witzens, PhD

Research Activities
Design and fabrication of nanometer scale optical
components as well as the integration of optical
systems on a single silicon chip is one of the most
promising solutions to solve today’s major challenges
to optical interconnects in regards to power consumption, bandwidth and ultimately cost. This technology
platform is called silicon photonics and allows for the
realization of extremely dense optical systems co-integrated with electronic drive, detection and control
circuitry. Aside from the technological advantages
such as reduced noise and power consumption, integration also drastically reduces the manufacturing
costs by parallel die processing at the wafer scale and
use of mature silicon manufacturing technologies.
Our Scientists develop components and systems for
high-bandwidth optical data-, telecom and life science
applications. Activities include integrated multi-channel light sources for wavelength multiplexing, high
performance electro-optic modulators with extremely
low modulation voltages, high-Q optical resonators
(long photon storage times, highly efficient nonlinear
optical processes and high finesses optical filters), as
well as novel semi-automated optical pick-and-place
assembly and packaging technologies.
The major research topics are fundamental material
science, design, fabrication and characterization of
novel optical components and novel system architectures leveraging the advantages of silicon photonics
technology.
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Institute of Integrated Photonics
Prof. Jeremy Witzens, PhD
Sommerfeldstrasse 24
52074 Aachen
phone: +49 241 80 20020
sekretariat@iph.rwth-aachen
www.iph.rwth-aachen.de

5-channel high-speed silicon-photonic
multi-channel parallel transmitter with a
32 Gb/s serial channel data rate

Academic Teaching
Teaching and research at the Institute of Integrated
Photonics aim at providing a broad insight into the
fundamentals of optical components and interconnects, ranging from fundamental optical physics to
component functionality and design constraints of
optical systems and networks.
The lectures held within the master’s program are
“Optical Telecommunications 1: Devices (OTK-1)”,
“Optical Telecommunications 2: Systems (OTK-2)” and
“Electronic and Optical Measurement Techniques”.
The lectures are complemented with exercise sessions
in which we use simulation software to explore concrete system architectures. The component centric
lecture OTK-1 is followed by the system centric lecture
OTK-2, in which we show how to build and analyze a
communications system based on the components
introduced in the first lecture.
Within the bachelor’s program, the institute is involved
in the “LEGO Mindstorms Project” and the laboratory
for students in their 4th semester.

Master‘s Degree Modules
Lecture Series:
Optical Telecommunications 1:
Devices & 2: Systems
Electronic and Optical Measurement Techniques
(4 credits each)
Laboratories & Seminars covering
various topics
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