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Introduction

What is Nanoelectronics?

Micro- and nanotechnology are at the heart of information and
communication technology. Modern microelectronic circuits
exhibit an enormous complexity with minimum

feature sizes on the device level as low as 20nm;

and, miniaturization continues to push techno-

legical limits further and further. Additional

performance improvements and an increase in

functionality are expected with the integration

of novel materials and radically new device con-

cepts. This evolution is triggered by the steady

demand for more functionality, higher speed

and - increasingly important - for more energy

efficiency. In particular, reducing power

consumption will become a major technology

driver because the realization of ultra low

power devices and circuits will enable the

exploitation of the huge technological potential of energy-auto-
nomous systems for smart homes, health care etc.

It is now also the time to lay the
foundation for completely new so-
lutions for future information
technology, exploring, e.q., spin-
tronics, molecular electronics as
well as neuromorphic and quan-
tum information processing. Mo-
reover, hybrid approaches such as
combining the biological and neu-
rological worlds with microelec-
tronics becomes increasingly inte-
View into the Nano-Spintranics-Cluster-Tool,  resting. These developments pose
a platform for magnetism- and spiniro serious scientific and tech ﬂﬂfﬂ'gf-

nics-refated research,

Picture: Forschungszentrum Jilich cal Chﬂ”Eﬂ‘gEf that involve funda-

mental issues of nanoscale physics

Preparation of semiconductar
wafers in the cleanroom facility

and materials properties and require novel engineering approa-
ches, in a fast-moving and expanding field.

For further reading, you may like to take a
look into “Nanoelectronics and Informa-
tion Technology” [R. Waser (Editor),

Wiley, ISBN: 978-3-527-40927-3), written
mainly by scientists from RWTH Aachen
University and Forschungszentrum Jiilich,
which offers a comprehensive introduction
to electronic materials and device con-
cepts for the major areas of current and
future information technology and targets
at graduate students of physics, electrical
engineering and information technology
as well as materials science.

apment of nanoelec-

tronic devices.

: Forschungszentrum Jilich

1. high-performance computing, including supercomputers,
servers, and personal computers, requiring significantly
reduced power dissipation

2. mobile systems that truly integrate different services that
can interact with users in a semantic manner

3. tiny systems, so-called “sensory swarms” embedded into

our clothes and everyday articles to assist us; this area not

only requires ultra-low power computational performance
but also additional functionality, such as tactile sensor
arrays, optical imaging systems, electronic “noses’; and
interfaces with the biological world.
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Super C, RWTH Aachen Uni
versity.
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Nanoelectronics in Aachen and Jilich

You are interested in studying at one of Europe 's leading techni-
cal universities and you have an interest in information techno-
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logy?

The master's programmes in Physics and in
Electrical Engineering at RWTH Aachen Uni-
versity offer an application-orientated course
in nanoelectronics in cooperation with the
Forschungszentrum Jiilich. At one of the lar-
gest interdisciplinary research centres in
Europe you will have access to superior facili-
ties during laboratory courses including the
new cleanroom facility for nanoelectronics.
You are given a thorough grounding in phy-
sics and electrical engineering by scientists
working at both institutions and you are able
to gain insights into ongoing research pro-
jects at both locations, the possible starting
point for your own master’s dissertation. You
will also be able to exchange ideas with rese-
archers from other fields in the extraordinary
multidisciplinary research environment facili-
tated by the Jiilich Aachen Research Alliance
(JARA) and collaborative work on future infor-
mation technology (JARA-FIT). JARA-FIT fos-
ters collaboration between physicists, electri-

cal and mechanical engineers, chemists, mathematicians, biolo-
gists and materials scientists from 32 institutes and departments
of RWTH Aachen University and Forschungszentrum Jiilich. Rese-
arch is targeted towards a basic understanding and technical de-
velopment of nanoelectronics and information technology with
an emphasis on novel concepts for future energy-efficient infor-
mation technology and on electronic phenomena in specific fields
of energy technology.

Your future place: in Aachen and Jiilich

RWTH Aachen University, established in the late 19th century,
unites tradition in excellent research and education. It is one of

the top technical universities in
Germany and Europe. Today,
around 40,000 young people
from all over the world are en-
rolled in about 115 degree pro-
grammes at RWTH Aachen Uni-
versity, Aachen itself is situated
on the borders of the Nether-
lands, Belgium and Germany
and exhibits an international
flair. The city combines combi-
nes arich cultural heritage with
several international sports
events each year and a vibrant
cultural life.

Forschungszentrum Jiilich is a member of the Helmheoltz Associa-
tion and is situated just 30 minutes from Aachen. Its science
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Meeting point SuperC of RWTH Aachen
Liriversity.
Picture: Peter Winandy

campus hosted in 2013 around 1300 scientists and more than
900 PhD students who work in the fields of energy and the en-
virenment as well as information and brain, developing the basis
for the key technologies of tomorrow. Using world-class tools,

scientists from all around the world conduct their research on
the campus by means of simulation with supercomputers,
unigue analytical and characterization equipment, and imaging
techniques for medicine and nanotechnology. Nanoelectronics
research at Jiilich is concentrated in the Peter Griinberg Institute,
named after the 2007 Nobel laureate in physics, who discovered
at Jilich the giant magnetoresistance resulting in a major break-
through in hard disk drive technology.
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Career prospects

Graduates with a major in nanoelectronics have excellent job
opportunities in many areas of the semiconductor industry. It
should be noted that the worldwide market for micro- and nano-
electronics has grown Dy 5 percent per year since 2000, and that
further growth is predicted. The industrial sector already has a
significant share of the world’s economy (estimated 10 percent of
worldwide GDP), and it will continue to rise in view of the penet-
ration of digitalization in our everyday life, in offices or industrial
production. The job market is attractive for graduates, and it
is fairly diverse. This includes the global microelectronic industry,
eguipment and materials suppliers as well as small start-up com-
panies.

Aachen is a good place for
this; the regional network of
research and industry in the
IT-sector (REGINA:
httpifiwww.regina.rwth-aach El'l.d'E-_}
and a large number of
start-up companies in the
greater Aachen area show
the region’s potential for in-
novation and transfer of tech-
nology. For instance, AIXT-
RON, a company founded by
employees of the Institute for

tion in specialist clusters giving national and international com-
panies the opportunity to become involved on the campus with
their own research and development capacities. More than 120
companies are already involved and six clusters are presently
being established on Campus Melaten

including a Photonics Cluster.

It should be emphasized that the field

of nanoelectronics is not only limited

to information technology. Nanoelec-

tronics is also applicable to energy

technology, e.q., in the field of photo-

voltaics or nano batteries, it holds pro-

mise for the development of new types

of miniaturized sensors, integration

into automation or robotics and, last 4 Prototype biocompatible chip made
of graphene connected to living Hssue.,

but not least, the dfﬂlgn of in vivo me-  The ultimate goal is new carbon-based

dical devices biointerfaces For neural implants.
Picture: Ferschungszentrum Jilich

» telecommunications

« automation and control

= instrumentation

« biomedicine or health care

- aerospace industry

= energy conversion and storage
» environmental monitoring

» basic and applied research

View af the thin flm manudacturing tool aft the
Helmholtz Nanoelectranic Facility.
Picture: Farschungszentrum Julich

Semiconductor Technology at
RWTH Aachen University in
1983 (the name is formed from the French name for Aachen,
Aix-la-Chapelle and “electronics”), which is today a global player
in providing deposition systems for electronic applications, such
as LEDs, power electronics, and photovoltaic materials. Another
example is the RWTH Aachen Campus, where the University is
currently establishing a unique portfolio of services for coopera-
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Who is eligible?

Our graduate programme combines materials science and na-

noscale physics with the technology of nanoengineering of de-

vices, while students continue their professional development
as a condensed matter physicist or electri-
cal engineer. Standard requirements are a
bachelor’s degree in physics or electrical
engineering, or in a related field such as
materials science or chemistry (see page
19). JARA coordinates the special Master’s
course in nanoelectronics as a joint course
of studies in physics and electrical enginee-
ring. Accordingly, the area of specialization
can be chosen with an emphasis on electri-
cal engineering for a

Master’s degree (M.5c¢.) in “Electrical En-
gineering, Information Technology and
Computer Engineering’, Majoring in
Micro- and Nanoelectronics,

or with a focus on physics fora

Master of Science (M.5¢.) in
Physics, Majoring in
Nanoelectronics.

Main building of RWTH
ARChen University,

Picture: Pater Winandy

What is the curriculum?

These Master studies follow the following general
scheme. In the first year of the Master’s studies stu-
dents take mandatory courses as well as elective
courses chosen from the many specialized courses.
They are offered by the Department of Physics and
the Faculty of Electrical Engineering and Informa-

tion Technology, including many researchers from Forschungs-
zentrum Jiilich as teachers. It is also possible to include courses
from other Master’s programmes

such as biophysics, chemistry, com-

puter science, mathematics, laser

technology, materials science.

During the second year, students

will additionally complete a Mas-

ter’s thesis research project. The

precise form of the project depends

on the research topic and is de- j

veloped together with a supervisor ud P, W
who is rEEPﬂ'”Hb;E fﬂ'r the FFDIEET- Stugents in the lecture hall af the physics
The students have to complete thejr  cePartmentai I‘_“':_‘I’;;'”“"" ST,
Master's thesis work, write up their

Master’s thesis and give a final presentation about their research
project (Master's defence colloguium).

Students with a strong academic per-
formance can apply for a scholarship
or can work as a research or teaching
assistant. You might take part in ongo-
ing research projects either at RWTH
Aachen University or Forschungszent-
rum Jiilich. Such a position is often a
good supplement to your own degree
programme and is at the same time a
good preparation for a doctoral thesis.

Building with lecture thealres [leftl and
building with the Stirdent Service Centre
(rights af night,

Pictirre: Peter Winandy




M.Sc. in Physics

Specialization in “Nanoelectronics”

The international Master s curriculum in physics consists of six
different fields. “Nanoelectronics” is one of these. The study pro-
gramme of the first year is composed to equally mandatory and
elective courses (see Fig. 1). The elective courses can be chosen
from more than 15 specializations offered by the Department of
Physics and the Faculty of Electrical Engineering and Information
Technology including courses from researchers at Forschungszen-
trum Jiilich (see Fig. 2. page 13). Furthermore, elective courses can

1st Semester

Howel Materials and
Devices in Information
Technalagy | {5 CP)

Condensed Matter Elective Courses
{18 CP) {15 CF)

2nd Semester

Mevel Materials and
Devices in Information
Technology Il {5 CR]

Laboratory Course
Manoelectronics Elective Courses

{10 CP) {15 CP)

3rd Semester

Masters Seminar z Master s Practical
{15 CH) {15 CiP}

4th Semester

Master’s Thesis and Master's Defense Colloguium
(30 CPy

also be taken
from other rela-
ted Master’s pro-
grammes such
as computer
science, laser
technology or
materials scien-
ce. The Course
Module Catalo-
gue will give you
a comprehensi-

ve insight.

(see Physics RWTH
Aachen:
http:/iwww.physik.
rwth-aachen.de/ems/
Physik/Studitim,
Im-Studium/~dxlx/
Master-s-Program-
PhysicsHidx=1)

Fig. 1: Overview of the
course for the M.5c. in
Physics, Majoring in
"MNanoelectronlcs™at

RWTH Aachen University,

Majoring in nancelectronics includes trai-
ning in state-of-the-art condensed matter
physics. Special emphasis in given to the re-
lationship between quantum mechanics on
the microscale and macroscopically mea-
surable guantities. In a link to electrical en-
gineering you will learn the basic principles
and technology used for the design of infor-
mation-processing components and storage
devices. These fundamental fields are com-
plemented by a variety of elective courses.

Scanning probe microscopy

of semiconductor nano-

striictures

Picture; Forschungszentum
Jiifich

In the field of nanoelectronics
you have the chance to
design your study program-
me depending on your perso-
nal interests and professional

aims.

T
Lot

Low temperature scanning probe microscope
at RWTH Aachen University with Ph.D:. and
Masters students. These microscopes with
high energy resolution, complex electron and
spin systems can be used ta study matter
down to the atomic scale such as graphene,
which is a sheet of carbon just one atom thick,
Pleture: Peter Winandy



http://www.physik.rwth-aachen.de/cms/Physik/Studium/Im-Studium/~dxlx/Master-s-Program-Physics/?lidx=1
http://www.physik.rwth-aachen.de/cms/Physik/

M.Sc. in Physics

Laboratory Course

The Master s Laboratory Course Nanoelec-
tronics provides a unigue opportunity to
become familiar with recent research pro-

In the context of experimental block A at
the Department of Physics you will be in-
troduced to, e.qg., atomic force microscopy,
jects in your chosen field. The practical part quantum transport, superconductivity and
of your study programme consists of three SQUID together with photoluminescence.
experimental blocks. While experimental Condensed Mattar Experimental block C is performed at the
blocks A and C are held at different institu- Novel Materials and Devices in Information Technology faculty of Electrical Engineering and Infor-
tes at RWTH Aachen, experimental block B Spintronics mation Technology. Here you will have the
takes place at Forschungszentrum Jiilich. Semiconductor Technology & Characterization opportunity to experience several labora-

LECTURES

As part of the JARA-FIT Spring Course Technology of Extreme Ultraviolet Radiation tory stations on the subject “From Material
“Nanoelectronics” at Forschungszentrum Nanoelectronics Devices to Device”

Jﬁf‘:’d? yvou will deal .ﬁ:-r example with trans- ﬂ"m:l;::;";ﬂ;::l;ﬁ:‘:; ot

mission electron microscopy, the prepara- Compound Semiconductor

tion of multifunctional oxide layers or VLS| Architecture for Digital Signal Processing

guantum transport in nanostructure semi- ~ Robotics and Man/Machine Interaction

conductors. The nanoelectronic facilities at Optical Communications: Devices and Structures

the Peter Griinberg Institute in Jiilich Seminar Physics In Nanostructures

supply exceptional facilities - especially a Carbon Nanoelectronics N
il ; r; J Laboratory Nanoelectronics orater. PO URity o T

nr 1 - acti -
cleanroom equipment - for a practical Physics of Nanostructures

course very close to current research activi- Oxide Thin Films for Information Technology /

¥ _, B 5y *rFarn
ties. ‘Quantum Simulations of Carbon Nanotube and Graphene S Pl day g +..;,-,-;‘L_r:ﬂ-i--'*
Nanoribbon Field-Effect Transistors ks "n Joi o

s < T
N Cermap;  Cclektrg

Fig. 2: Study courses for M.5c. in physics, Majorlng in

nanoelectronics,

Impressions from JARA-FIT practical course in nanoelectronics. Stu-
dents have the opportunity te fake part In current research projects,
Fictures: Forschungszentrum filich
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http://www.fz-juelich.de/pgi/pgi-3/EN/UeberUns/Organisation/Gruppe2/NanoelectronicLabCourse/_node.html

M.Sc. in Electrical Engineering

Specialization in “Micro- and Nanoelectronics”

The design of micro- and nanoelectronics systems,
technology and applications is becoming more and
more closely interlinked. The Master course takes
these requirements into account.

1st Semester

5 Flactive Madules fram ¢ mod, labaratory, seminas,

The course in micro- and nanoelectronics for electrical vzt Catatogue A, B of € project a/o block caurses and
¥ ’ - Meadum {4 LF) [200 T/ additional gualiheatson [B CP)

engineers provides a broad field of work with excel-

lent job opportunities in the electronic device indust-

ry. Micro- and nanoelectronics is considered to be the

key technology for technical innovations with several

applications in t{'ne pr::n_dur:rmn and s _mmg_e of energy e S basvp bty o [ 100 BBAStbrs s

as well as materials science and engineering techno- Scdsile (ALY talogue A, Bar € sl st

S Vi (16 CP) q2eP)

logy. Students majoring in micro- and nanoelectro- s

nics obtain a well-founded knowledge of key research

areas sa:Fh as micro- and rmnﬂ_rer:hnﬂk:rg:mr dev.r-r:e | 3rd Semester

fabrication, materials and devices, system and circuit

design as well as VLSl structures. 1 mod, laboratory, seminas

industrial Internship wriminar Lo Lhe internship roject ato blook courses and

B weaki] (16 CP) {4 CPy additional gualification
4 TP

2nd Semester

3 mod. laboratony: seminar,

4th Semester

Master's Disseriation including Master's Colloguivm (30 CP)

‘ "ﬁ-.._‘

Graphene is one of the mast exciting Fig. 3: Dverview of the course for the M. 5S¢, ih Electrical En
alectrical materials researchers wark gireering, Majoring in “Micre- & Nanoelectronics ™ at RWTH
oAt will be used far firture chip- Aachen University.

and nanotechnologles,

Picture: Forschungszentrum Jilich
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Picture: Peter Winandy

For this purpose you
can choose from a va-
riety of subjects. Clas-
ses are offered, for in-
stance, in solid-state
technology, nanoelec-
tronic devices, micro-
system technology,
photonics, novel ma-
terials and devices,
VLSI-CMOS design
and OLED. Areas of re-
search may be tunnel
field-effect transistors,
graphene, photovol-
taics, silicon photo-
nics, organic semicon-
ductors or GaN-De-
vices.

Note that-




M.Sc. in Electrical Engineering

Specialization in “Micro- and Nanoelectronics”

The studies in micro- and nanoelectronics consist of three Students have a wide range of op-
module fields: “Devices and Technology” (A), “Circuit and Archi- tions within the course. In module
tectures” (B) and “"Systems and Applications” (C). Besides funda- A (Devices and Technology) they
mental courses in materials, sensors, actuators, circuit design, must obtain at least 8 and at most
VLS architectures and computer arithmetic plus high-frequency 24 credit points. The same applies
systems, emphasis is given to a number of microelectronic appli- to the module B (Circuits and Ar-
cations. The courses of the three module fields mentioned above chitectures). Solely module C (Sys-
are taken in the first and second terms of the Master 's program- tems and Applications) is restric-
me while the third term is reserved for block courses, seminars, ted to 4 credit points.
non-technical lectures and an industrial internship.

(see Fig. 4) As a whole, 36 credit points

Lm 'll]' must be obtained. Specifical-
\lu \‘? g! ‘ ﬂ '" ly designed laboratory cour-

A DEVICES AND TECHNOLOGY  B: CIRCUITS AND ARCHI-  C: SYSTEMS AND APPLICA- o ;T:‘ ses are mandatory for modu-
TECTURES | HAN \ | BN es A andB. Fig. 4 gives a
"' g = P v, i o
Fﬁﬂtﬂrpnrt!dmnlngk H_SI-Arthitekb':qm filir :a! Hochfrequenztechnik g renil £ T T summary of the Lectures.
Neue Materialien und Bauele- digitale Signalverarbeitung  Digitale Sprachverarbeitung ' : .
 menteinder Analog- und Mixed-Sig-  Multimedia Communication
Informationstechnik - nak-Elektronik | Systems
Siliziumbasierte Sensor- und Computer Arithmetik Digitale Bildverarbeltung
 Aktorsysteme HF-System- und Obertra- Robotik und Mensch/Maschine |
Electronic Noise In Device and gungstechnik Interaktion !
Circuits ~ Quanturn simulations of ~ Medizintechnische Systeme |
lI-v-Halbleiter carbon nanotube and gra- . HF-System- und Ubertra- !
Elektronische Messtechnik ' phene nancribbon field-ef- gungstechnik = '
Optische T!!Ehﬂmun]uti{:n fect transsitors Basic technigues In computer g Students inane of the several lecture
Mumerische Bauslementsimu- : graphll:: theatres at RWTH Aachen Universily,
lation Advanced Control Systems Picture: Peter Winandy
Oxidische Dinnschichten fiir Power Electronics - Control,

die Informationstechnik Synthesis and Applications
Elektrische KiZ-Bordnetzkom-

ponenten
Elektrische Energie aus rege-
nerativen Quellen

Fig. &: Course provisions of the study courses M.5c. in Elec-
irical Engineering, Information Technology and Compuler

Engineering, majoring In Micre- and Nanoelectronics.
Impiessions from JARA-FIT practical lab course al For-

schungszentrum Jilich,
Pictures; Forschungszentrum Jilich



http://www.fz-juelich.de/pgi/pgi-3/EN/UeberUns/Organisation/Gruppe2/NanoelectronicLabCourse/_node.html

Brief Study Guide

How to apply

For both Master’s programmes, physics and electrical enginee-
ring, a Bachelor degree is required either in physics or in electrical
engineering. Other Bachelor’s degrees
such as information technology, compu-
ter engineering, material science or che-
mistry may be considered, but additional
courses may be required. The examinati-
on requlations for the Master ‘s program-
mes provide further information about
the requirements. In addition, for the
Master s programme of Electrical En-
gineering, Information Technology and
Computer Engineering German language Youp rbblication s the At sep
skills equivalent to C1 level of the before you can start your M.Sc, In
Common European Framework of Refe- faf;:.”r:;::.;-H;;E:;:j;:i?;i:::;
rence for Languages are needed. For the  Engineering, Majoring Micro-and
Master’s in physics, which is taught in i, ok Sl o
% : ; -~ sles, Majering in Nanoeléctronics,
English, English language skills are requi-  pjcture: peter Winandy
red. Evidence for the English language
skills can be provided with a TOEFL 80, a
TOEFL 550, an IELTS 6.0 attestation or a
Certificate of Advanced English (Cam-
bridge ESOL). Students with a Bachelor s
degree from a university
in the UK, Australia, Ire-
land, Canada, New Zea-
land or the USA do not
have to furnish proof of
their language skills.

The modalities and terms of application for your Master’s in physics
or electrical engineering vary depending on your nationality or the
country where you obtained your Bachelor s degree. As a foreign
student (EU and Non-EU) we strongly advise you to contact the In-
ternational Office for further information about your application.

Nationality Application Deadline Application Deadline
for Winter Semester for Summer Semester

German 15 July of the same year 13 January of the same year
EU/EEA Countries 15 July of the same year 13 January of the same year
Non-EU/EEA Coun- 1 March of the same year T 5eptember of the previous
tries yvear

Applications via:
www.rwth-aachen.de/ioam {Internationals)
https://zul-fm.campus.rwth-aachen.de (Germans)

Contact Information

For further organizational information about enrolment please
contact either the Registrar s Office or for foreign applicants the
International Office (See page 21).
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https://movein.campus.rwth-aachen.de/online/move/movein/portal/studyportal.php
https://zul-fm.campus.rwth-aachen.de/Inactive.aspx

Brief Study Guide

International Office

The International Office of RWTH Aachen University offers you se-
veral services for a successful start in Aachen, e.qg. an orientation
programme, assistance with formalities after

arrival or guided tours of .

Aachen and of our university.

Foreign students can participa- Note thate: on Liniversity
te in the Buddy Programme or ”“”::L?ﬂ: foreig! 5'”?5:':5
take part in the orientation offers severd IEI TIL‘ et off 10 00990%?
days. See more about the In- which REP Y website 9 "1

I

fo-Service Center (ISC) at the In- For maré '"i nal L‘lfﬁﬁ. 1
i perm na
ternational Office on: ikl Mn,d;_.r.nwﬁﬂ“”
Linive o rl.r-l"-h'r'nt
Inlnp'JI'H""l x _aa:hen_dlﬂ

L r-.».1h
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Master ‘s College

Be smart - have a smooth study start!

Master's degrees in Germany require an undergraduate training
that enables students to follow lectures at a very advanced and
specialized level. Especially for these students, the Department of
Physics and the International Academy, an institution for interna-
tional education attached to the university, have developed a new
Master's entry programme. This innovative programme includes
scientific guidance, involvement in research and laboratory expe-
riments, as well as intense social support especially for internatio-
nal students.

(http://www.masterscollege.rwth-aachen.de/)

Ll =
"l

Get together and keep in
touch with other stu-
dents. At Super C RWTH
Aachen University,
Pictures:

Peter Winandy
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Hiclire; Peter Winandy

JARA-FIT Practical Lab Course

Felix, student at the University of Wiirzburg

Why are you interested in nanoelectronics and/or what was your motivation
to enter the field?

“I wanted to take part in the ever accelerating development of computer technolo-
gv. [think it is important to improve today’s status quo and provide alternatives to
existing technologies, in order to reduce the need for energy or to increase compu-
ting power and speed.”

Why is the Master's Course in nanoelectronics at Aachen attractive for stu-
dents?

“The Forschungszentrum Jilich and RWTH Aachen provide a great infrastructure
through the JARA-FIT programme. Aachen is a very nice city, not as big as Colagne
or Munich, but it still has a vibrant city life.”

Mehmet, student at the University of Stuttgart

Why are you interested in nhanoelectronics and/or what was your motivation
to enter the field?

“The technology of the future will be built up by nanoelectronics devices. The de-
velopments in this field will easily find applications i.e. in biosciences, industry etc.
Moreover you can also get a feeling for quantum mechanics and observe the basic
lows of guantuim physics. Besides you can also get a deep understanding of basic
physical laws and may contribute the development of new theories.”

Why is the Master's Course in nanoelectronics at Aachen attractive for stu-
dents?

“The collaboration between the University of Aachen and Forschungszentrum
liilich is the first important point to atiract students to the programme. After the
Master’s programme, you can do your Ph.D. at Jilich with first class scientists and
research opportunities and you may end up becoming a prominent scientist in this
area of research.”



http://www.rwth-aachen.de/cms/root/Zielgruppenportale/~uzn/Internationale/?lidx=1
http://www.rwth-aachen.de/cms/root/Studium/Im-Studium/Engagement-Freizeit/Engagement-International/~bpei/BeBuddy/
https://www.academy.rwth-aachen.de/en/education-formats/mastercolleges

What's new in the roadmap
for semiconductors?

Rainer Waser, bom in 1955, studied chemistry at
Technische Universitiat Darmstadt. He worked for eight
years in industry at the Philips Research Laboratories. In
1992, he was appointed professor in the Faculty of Elec-
trical Engineering and Information Technology at BWTH
Aachen University. Since 1997 he has also been the Direc-
tor of the Peter Griinberg Institute at Forschungszent-
rums Jillich. With a high-calibre global network, Waser Is
one of the most cited representatives of his field and is
highly respected as a lecturer-and mentor for early career
researchers. In 2014 he received the Leibniz Prize of the
Deutsche Forschungsgemeinschaft (DFG, German Rese-
arch Foundation), one of Germany's most prestigious re-
search prizes.

You have contributed to the International Technology Readmap for Semiconduc-
tors (ITRS) . Can you highlight a few driving trends which will govern the emergent
devices and materials for IT?

Current highlights in the emerging device section of the ITRS are the redox-based resisti-
ve switching effects mentioned before, magnetoresistive memaories based on spin-torque
transfer, 2-D channel materials for field-effect transistors such as graphene or inorganic
materials such as Mo5e2, dedicated molecules with electronic functionalities, and - in the
feng run - quantum information technology. Students may find it both fascinating and
challenging that nanoelectronics represents an interdisciplinary field in which knowledge
of solid-state physics, chemistry and materials science, as well as of electrical engineering
and information theory merges.

Nanoelectronics is not only interesting for information technology. There are other
areas where the field of nanoelectronics plays a role. Can you give some example of
exciting opportunities?

The microscopic processes of redox-based resistive switching of metal oxide memory cells
(ReRAM cells] reveal a complex and highly fascinating interplay of ion motion on the na-
noscale, changes of the local electronic structure, electronic transport phenomena, and
high-field effects, and they show similarities to surface reactions during electrocatalytic
processes at similar metal oxides which are utilized for sensors or energy conversion (“po-
wer-to-gas”).

You are an electrochemist by training. Now you are professor in the faculty of elec-
trical engineering and information technology. How do electrochemistry and infor-
mation technology come together and fit together?

Electrochemistry is just another expression for the physics of electron transfer reactions
and ionic motion at interfaces. And the configuration of ions and atoms represents an in-
teresting state varfable in information technology, which is particularly suitable for
non-volatile memories or for synaptic weights in artificial neurons,

Why be an engineer and a
physicist at the same time?

Christoph Stampfer, borm 1977, studied phy-
sics and electrical engineering at Vienna University of
Technology, Austria and received his PhD degree from
the Department of Mechanical and Process Engineering
at ETH Ziirich, Switzerland. After a postdoc stay at the
Laboratory of Solid State Physics at the ETH he joined JA-
RA-FIT and became junior professor at RWTH Aachen
University and Forschungszentrum Jlilich. Recently, he
was appointed head of the 2nd Institute of Physics A at
the Faculty of Mathematics, Computer Science and Natu-
ral 5ciences at RWTH Aachen University. His field of inte-
rest is carbon-based quantum electronics and he s a
member of the European Graphene Flagship consortium.

Graphene, a hexagonal lattice of carbon, is considered one of the most promising
materials for future IT applications. What makes graphene such a promising materi
al?

Graphene is the very first two-dimensional material and offers a uniqgue combination of
very useful properties. Graphene is a highly conductive membrane, which is at the same
time optically transparent and mechanically ultra-stable and flexible. This combination
makes graphene very interesting for a large number of applications such as foldable
touch screens, flexible electronics and high frequency transistors.

In the course of your studies and your career you have worked in physics, electrical
engineering and mechanical engineering. Can you give us an example of how these
fields come together and offer new perspectives?

Having a background in these different fields helps me to design new types of experi-
ments: for example micromachining technigues can be used to investigate the interesting
electromechanical properties of graphene, both from the fundamental and the technolo-
gical point of view. In general, research in applied nanotechnology is becoming more and
more interdisciplinary, covering many different aspects ranging from fundamentals of
mesoscopic physics and quantum-electronic device concepts to advanced nanofabricati-
on technologies. This makes a broad background important and extremely helpful. Ap-
plied graphene research Is a very good example of this, since interdisciplinarity helps te
move fast.

How can young students contribute to graphene research?

The highest guality graphene samples are still fabricated by a simple technigue based on
Scotch tape and exfoliation of graphite. Students can learn this technique within on after-
noon allowing them to guickly make interesting graphene samples to study fundamental
guestions.




What is Green IT?

Joachim Knoch, born 1972, studied physics at
RWTH Aachen University and Queen Mary, University of
Londeon (UK). He received the MS and PhD degrees from
RWTH Aachen University and has worked as a scientist at
Massachusetts Institute of Technology {US), Forschungs-
zentrum Jiilich and 1BM Ziirich Research Laboratory (CH).
He became professor of electrical engineering at TU
Dortmund University in 2008, where he mainly worked
on electronic transport in nanowire/tube transistors. In
April 2011, he was appointed head of the Institute of Se-
miconductor Electronics (IHT) at the Faculty of Electrical
Engineering and Information Technology of RWTH
Aachen University.

You are a physicist by training, you have worked at such fascinating places as MIT in
Boston or IBM Lurich Research Laboratory and are now professor in Aachen for Se-
miconductor Technology. With your experience, what do think are the major de-
mands on scientists when they want to work on future nanoelectronic chips.

Working on nanoelectronics systems is truly interdisciplinary since it inherently implies
that a scientist must have a deep understanding of the physics, engineering and materi-
als science aspects of the field. This is exactly why this field of research is so fascinating:
vou explore fundamental physical phenomena but at the same time you can come up
with devices that are real, that work at rcom-temperature and might even make it into a
product.

One of the trends in semiconductor technology is that the power consumption of
highly integrated circuits is one of the major issues preventing a further increase in
integration density and clock speed. Could you give us some insight into promising
solutions studied at Aachen?

Together with JARA-colleagues at Forschungszentrum Jiilich we study band-to-band
tunnel transistors that potentially allow a substantial reduction of the power consumpti-
on of integrated circuits, Such green IT is very desirable to increase the energy efficiency
of our information and communication technology. In addition, ultra-low power is of pa-
ramount Importance for mobile devices and facllitates completely novel applications
such as energy-autonomous systems for patient surveillance or smart homes,

How to found a company?

Bert Voigtlander, bornin 1958, studied physics
in Cologne and at RWTH Aachen University, He received
his PhD in the field of surface science from Aachen. 5ub-
sequently, he was postdoctoral fellow at the IBM Th. J.
Watson Research Center in Yorktown Heights, USA. Since
his return to Germany, he works as principal investigator
at Forschungszentrum Jilich and is adjunct professor at
RWTH Aachen University. His research field is the micros-
copy of semiconductor nanostructures using scanning
probe micrescopy. In order to go beyond imaging and to
perform electrical measurements at nanostructures, his
approach is to use several scanning probes as contacts.
This idea gave rise to a new kind of nanomotor, the Ko-
alaDrive, which is the heart of the multi-tip microscopes
available from the recently founded spin-off company
mProbes.

You devised the nanoelectronics lab course at Forschungszentrum Jilich. Can you
explain the idea of the course?

The idea of the nanoelectronics lab course is to bring students into contact as early as
possible with real research experiments used by Jilich JARA-FIT scientists for their rese-
arch.

You founded a company based on your research. Can you explain what opportuni-
ties young physics students have today using the example of your company?

In addition to focusing attention on research results, students can also direct their atten-
tion to the (often unique) technology used to achieve these research results. Starting from
this awareness of technology, it is important to identify the potential of the technology
for other application fields. Ultimately, this can lead to the founding of a spin-off compa-
ny, as was the case for us.
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Becoming one of the around 33.000 stu-
dents at RWTH Aachen University opens
up excellent opportunities for internships
and jobs in leading national and internati-
onal companies, especially in the
fhigh-tech industry {regional and nationwi-
de research partners are e.q. IBM, Siemens,
intel, Bosch and Philips). Participation in
the EU-funded FET-Flagship project "Gra-
phene” is the latest example of the out-
standing research at RWTH Aachen Uni-
versity, especially in physics and electrical
engineering.

RWTH Aachen University is one of Europe’s
premier educational and research institu-
tions. RWTH Aachen University has an out-
standing reputation in research and educati-
on, especially in both technological/enginee-
ring sciences and natural sciences. In natio-
nal and as well international rankings RWTH
Aachen University has top positions for its
courses. Every year, Wirtschaftswoche (one of
the most renowned business magazines in
Germany) consults about 500 human resour-
ces officers about the quality of graduates
and the recruitment strategy for their own
company. in 2013 only RWTH Aachen Univer-
sity reached the first place in multiple fields of
study: Electrical and Mechanical Engineering,
Business Administration and Engineering to-
gether with Natural Sciences.

Students life at RWTH Campus - Super C

#) 0LICH

FORSCHUNGSZENTRUM

As one of the largest interdisciplinary rese-
arch centres in Europe, Forschungszentrum
Jiilich provides an excellent infrastructure
for research in sclence and technology.
Jitlich is a member of the Helmholtz Associ-
ation and works with the best partners in
science and industry to develop and enhan-
ce key technologies. Forschungszentrum
Jilich does not only use its infrastructure
and results for its own work but makes
them available to the science community. In
association with RWTH Aachen University
Forschungszentrum Jalich hosts the Emnst
Ruska-Centre (ER-C), which provides power-
ful electron microscopes. Furthermore, the
Helmholtz Nancelectronic Facility compri-
ses5 a cleanroom environment where Mas-
ter's laboratory courses take place every
year.

Picture: Forschungszentrum Jilich

The Helmholtz Nanoelectronic Facility, the
new cleanroom facility at the Forschungsazen-

trum Kilich, from abowve,
Picture: Hans Wingens
Dr. stefan Trellenkamp

During your studies, the laboratory courses in
the Helmholtz Nanoelectronics Facility and the
Peter Griinberg Institute at Forschungszent-
rum Jillich will be highlights. During the nano-
electronics spring course several experiments
related to ongoing research projects are per-
formed with the students. Examples are electri-
cal characterization of a 5i-device, quantum
transport in semiconductor nano-structures or
redox-based non-volatile storage devices,
Furthermore, the facilities of the Peter Griin-
berg Institute contribute exercises in transmis-

sion electron and spectral microscopy.
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