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1. Executive summary 

Nanotechnology and Microsystems are having increasing impact on university curricula in 
electrical engineering. The advent of nanotechnology brings about new possibilities in 
nanoelectronics, including increasingly complex systems on chip, sophisticated technology 
fusion between electronic devices and non-electronic devices (such as bio-devices or 
chemical devices), and possibilities for developing fundamentally new nanoscale electronic 
devices. This development is often described in terms of technology roadmaps related to 
Moore’s law. Engineering curricula taking this development into account have been around 
for a number of years. This report presents an overview of present European programs in 
nanoelectronics and Microsystems. The overview identifies the main disciplines in the 
programs and provides links to the web-pages of the programs.  
Also, the services provided for universities by the EuroTraining program are briefly described.  
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2. Setting the scene for educational programs 

Nanotechnology has for many years been a major driver in engineering science. It is applied 
to many engineering fields, including mechanical engineering, chemical engineering and 
electrical engineering. From the perspective of electrical engineering, nanotechnology is the 
prerequisite needed to continue systems development following Moore’s law [1] (i.e., the 
number of components per chip doubles roughly every 24 months). In order to continue this 
development of device density, the device dimensions must scale accordingly as illustrated in 
the technology roadmap shown in fig. 1 [2]. The roadmap identifies three areas of 
development: ‘More Moore’, relying mainly on scaling of traditional CMOS technology, ‘More 
than Moore’, incorporating devices that do not necessarily scale according to Moore’s law 
(MEMS devices, RF devices, etc.), and ‘Beyond CMOS’, using new technology and/or new 
nanoelectronic device structures. In university educational programs nanotechnology is 
normally included in physics curricula and in recent years programs have appeared with a 
specific focus on the application of nanotechnology to electronics engineering, often termed 
nanoelectronics or Microsystems.  But also programs in computer engineering rely on the 
developments in nanotechnology in the design of highly complex systems, e.g. systems-on-
chip, or also in the development of novel approaches for CAD tools for dealing with the 
nanometric dimensions and the related models. In fact new physical models have to be 
considered, different from the current models describing the electronic devices. 

In the former EuroTraining project (FP7-2007-ICT-211806) a survey of representative 
programs in nanoelectronics was carried out in 2008 and the results of this investigation were 
published in [3, 4]. Since 2008 several new programs in nanoelectronics and Microsystems 
have been announced and some have been discontinued. In [5] we presented a follow up on 
the development of three representative programs described in [4] and examples of new 
international master programs from the Nordic countries were given. In [6] the list of 
programs was expanded to comprise also programs from other European countries.  

 

 

 

Fig. 1  Mapping of areas of development to scaling of device dimensions [2]. 
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3. Defining nanoelectronics 

Before describing university programs in detail it is necessary to define what is meant by the 
term ‘nanoelectronics’. In a broad sense, nanoelectronics can be defined as nanotechnology 
applied in the context of electronic circuits and systems. There are several perspectives to 
the concept of nanotechnology.  
 

· One is the fact that the nanoscale dimensions of nanoelectronic components allow for 
systems of giga-scale complexity measured in terms of components on a chip or in a 
package. This scaling feature and the road to giga-scale systems can be described as the 
‘More Moore’ domain of development [2]. 

· Another is that nanotechnology is very diverse and allows the integration of purely 
electronic devices with mechanical devices, bio-devices, chemical devices, etc. Also, 
digital systems can be combined with analog/RF circuits. This technology fusion can be 
described as the ‘More than Moore’ domain of development.  

· A third is that traditional scaling limits in standard CMOS technology are reached during 
the next decade, calling for fundamentally new nanoscale electronic devices. This 
development of nanoelectronic components can be denoted the ‘Beyond CMOS’ domain 
of development. 

Microsystems typically belong to the field of ‘More than Moore’, relying heavily on the 
heterogeneous integration of different types of devices in a single system. University 
programs in three fields of development often bridge the gaps between different areas and 
several truly interdisciplinary programs are found in Europe. The following sections of this 
report describe the development of university programs and provide information about current 
European programs. 
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4. Characteristics of university programs 

Most university programs in nanoelectronics evolve as natural developments of programs in 
either computer engineering, electrical engineering, or physics engineering.  
The computer engineering programs form the basis for programs with focus on systems-on-
chip, i.e. programs dealing with giga-scale systems (‘More Moore’) and with an emphasis on 
high level design which to a large extent is independent of the actual physical implementation 
technology. The word  ’nano’ is rarely used as a keyword in such programs. 
The programs developed from electrical engineering focus mainly on design, both analog and 
digital, based on a component knowledge. Often, they will include new nanoelectronic 
devices and MEMS devices. Nano is an important keyword in such programs. Also, the term 
Microsystems is frequently used. These programs will often deal with technology fusion in the 
’More than Moore’ domain. 
The programs evolving from physics appear to be programs in physics and nanotechnology 
with an emphasis on electronic devices and solid-state physics. They focus on new devices 
and on technology, mostly at the device level. Nanotechnology is an essential keyword in 
such programs but it should be emphasized that nanotechnology is broader than 
nanoelectronics. These programs will often include aspects of the ’Beyond CMOS’ domain of 
nanoelectronics.   
It is quite apparent that there is a significant overlap between the different programs. Several 
programs cannot be categorized as strictly ‘More Moore’, ‘More than Moore’, or ‘Beyond 
CMOS’ and this is useful for the creation of novel competences requiring knowledge about 
many aspects of nanoelectronics and Microsystems. Also useful for the exploitation of 
competences at different universities is the fact that several programs are offered jointly by 
more than one university, e.g. through the Erasmus Mundus program [7]. Examples of this 
are analysed in detail in [5].   
The field of nanoelectronics and Microsystems educational programs is illustrated in fig. 2, 
showing the interaction between programs and specific topics in the programs. Subjects 
shown in the centre of the figure may be taught in different fields of engineering. 
 

 

 

Fig. 2  Topics in engineering programs in nanoelectronics and Microsystems. 
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5. European master and PhD programs 

In [5] programs in nanoelectronics and Microsystems from the Nordic countries were 
investigated and presented in some detail. In this report we have extended the investigation 
to cover programs from European universities. Only international programs offered in English 
are considered and the investigation is limited to programs with an emphasis on 
nanoelectronics and/or Microsystems. Thus, programs dealing with electronics engineering or 
computer engineering in general are not considered, and the same goes for general 
programs in nanotechnology. The descriptions given in the following may not include all 
programs offered. However, they should provide a representative selection of programs 
currently offered. 
The main source of information is the www-pages of the universities offering the programs. In 
order to identify such universities some www-pages providing overviews of programs are 
utilized. A www-page with specific emphasis on nanotechnology (including topics different 
from electronics) is the NEAT Post-graduate Course Directory [8]. This directory lists a total 
of about 30 programs, but only few of these are related to nanoelectronics and/or 
Microsystems. Another source is the European Study Portal for Masters [9] covering a 
multitude of academic disciplines and listing a total of more than 20,000 master programs in 
Europe. However, by searching for disciplines and keywords (engineering and technology, 
nanoelectronics, Microsystems) the number of programs listed is reduced to the order of 30 
programs and not all of them are offered in English.  

Concerning PhD programs, there is a European study portal for PhD programs [10]. This 
portal lists a total of about 2900 programs, i.e. significantly fewer than master programs. 
Clearly, at PhD level the educational programs are based on a more specific adaptation of 
the program to the individual student and only one or two formal programs with a specific 
focus on nanoelectronics and Microsystems are found. Typically, the programs are 
established with a significantly broader scope than nanoelectronics and/or Microsystems, e.g. 
nanotechnology or microelectronics. Even so, the number of formal programs is very small 
and the program descriptions are very general, encouraging potential students to contact on 
an individual basis. Basically, PhD options are available at the same universities as the 
universities providing master programs and potential students must be encouraged to follow 
specific announcements at universities of interest.  

 
Using the different sources of information we have compiled the list of programs shown in the 
following tables. Again, it must emphasized that this list does not include every European 
master and PhD program in nanoelectronics or Microsystems, but it provides a representative 
snapshot of programs currently being offered. The tables are organized  to reflect the major 
trends in the programs, i.e. ‘More than Moore’, ‘More Moore’ and ‘Beyond CMOS’, but 
several programs have (elective) options implying that students can tailor their curriculum in 
different directions, even within a certain program. 
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TABLE I 
EUROPEAN PROGRAMS IN NANOELECTRONICS AND/OR MICROSYSTEMS – FOCUS ON ‘MORE THAN 

MORE’ 

University Program, 
www-address 

Main 
discipline 

Compulsory 
subjects 

Elective 
subjects 

Admission 
requirements 

Duration 
credits 

TU Munich, 
Germany, and 
NTU, 
Singapore 

Integrated circuit 
design 
http://tum-
asia.edu.sg/admission
s/graduate/course-
structure/  

Electrical 
engineering 

Analog and 
digital IC design, 
mixed signal 
design, design 
methodology, 
signal 
processing 

RF IC design, 
Advanced 
MOSFET & 
novel devices, 
nano-
electronics,  
embedded 
systems, 
simulation 

Bachelor in 
science/ 
electrical/ 
electronics 
engineering 

18 months 
 

Aalto 
University, 
Finland 

Micro and nano 
technology 
http://www.aalto.fi/en/s
tudies//education/prog
ramme/micro_nanotec
hnology_master/  

Science/ 
technology 

Micro and 
nanotechnology, 
integrated circuit 
design, 
optoelectronics 

Integrated circuit 
design, 
materials for 
Microsystems, 
nanoscience 

Bachelor in 
electrical/ 
electronics/ 
physics/material 
science 

24 months 
120 ECTS 

Vestfold 
University 
College, 
Norway 

Micro and nano 
systems technology 
http://www.hive.no/Ma
ster-in-Micro-and-
Nano-Systems-
Technology/  

Interdisciplinary, 
(electronics, 
chemistry, 
mechanics, 
physics, process 
technology) 

Micro 
fabrication, 
mathematics, 
mechanics, 
electronic 
system design, 
measurements 

BioMEMS, 
micro/ 
nanodesign,  
micro/nano 
fabrication, 
electronics 

Bachelor in 
electronics/ 
mechanical/ 
chemical/ 
physics 
engineering 

24 months   
120 ECTS 

Heriot-Watt 
University, 
UK, 
BME, 
Hungary 
and Vestfold 
University 
College, 
Norway 

Erasmus Mundus 
program in smart 
systems integration 
http://mahara.eet.bme.
hu/view/view.php?id=3
04& showmore=1 

Interdisciplinary Smart systems 
integration,  
sensors and 
actuators, 
measurements, 
manufacturing, 
system design 

Design labs. Bachelor in 
electronics/ 
mechanical/ 
chemical/ 
physics 
engineering 

24 months 
120 ECTS 

TU Dresden, 
Germany 

Nanoelectronic 
systems 
http://www.et.tu-
dresden.de/etit/index.p
hp?id=575  

Electrical 
engineering 

Semiconductor 
technology, inte-
grated analog 
circuit design, 
hardware/ 
software co-
design, depend-
able systems, 
estimation 
theory 

Technology, 
design, 
applications 

Bachelor in 
electrical 
engineering/ 
information 
technology/ 
physics 

24 months 
120 ECTS 

University of 
Glasgow, UK 

Nanoscience and 
nanotechnology, 
http://www.gla.ac.uk/p
ostgraduate/taught/na
nosciencenanotechnol
ogy/  

Interdisciplinary Nanofabrication, 
nanoscience 
and nano-
technology, 
micro and nano-
technology, 
electronic 
devices 

Microscopy, 
microwave and 
mm wave circuit 
design, 
bioelectronics, 
optoelectronics, 
semiconductor 
physics 

Bachelor in 
relevant 
engineering 
discipline 

12 months 

University of 
Freiburg, 
Germany 

Microsystems 
engineering 
http://www.tf.uni-
freiburg.de/studies/de
gree_programmes/ma
ster/msc_mse.html  

Interdisciplinary Microelectronics
micromechanics
sensors and 
actuators, Micro-
systems, signal 
processing 

Circuits and 
systems, design 
and simulation, 
sensors and 
actuators, 
materials, 
process 
engineering, lab-
on-a-chip 

Bachelor in 
electronics/ 
mechanical 
engineering/ 
physics 

24 months 
120 ECTS 

Newcastle 
University, UK 

Microsystems 
engineering 
http://www.ncl.ac.uk/p
ostgraduate/courses/d
egree/microsystems-
engineering  

Electrical/ 
mechanical 
engineering 

Nanomaterials, 
nanoscale 
science, 
electronic device 
fabrication, 
microprocessors
mechatronics, 
BioMEMS, 
Microsystems 

Specialisations 
of Microsystems 

Bachelor in 
engineering/ 
mathematics/ 
physics 

12 months 
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TABLE II 
EUROPEAN PROGRAMS IN NANOELECTRONICS AND/OR MICROSYSTEMS – FOCUS ON ‘MORE 

MOORE’ 

University Program, 
www-address 

Main 
discipline 

Compulsory 
subjects 

Elective 
subjects 

Admission 
requirements 

Duration 
credits 

Royal Institute 
of Technology 
KTH, Sweden 

Systems-on-Chip 
design 
http://www.kth.se/en/st
udies/master/kth/syste
m-on-chip  

Computer 
engineering 

Embedded hard-
ware, embedded 
systems,  
digital HDL 

Mixed mode 
design,  
radio 
electronics, 
RFID systems 

Bachelor in 
electrical/ 
computer 
engineering 

24 months 
120 ECTS 

University of 
Kaiserslautern
Germany, 
NTNU, 
Norway, and 
University of 
South-
hampton, UK 

Erasmus Mundus 
program in embedded 
systems 
http://mundus.eit.uni-
kl.de/  

Computer 
engineering  

Hardware 
architectures of 
embedded 
systems, 
system-on-chip 
design, system 
software 

Advanced topics 
in embedded 
systems, 
microsystems, 
communication 
& signal 
processing, au-
tomation and 
control  

Bachelor in  
computer 
engineering/ 
electronics 

24 months 
120 ECTS 

 

TABLE III 
EUROPEAN PROGRAMS IN NANOELECTRONICS AND/OR MICROSYSTEMS – OPTIONS IN BOTH ‘MORE 

MORE’ AND ‘MORE THAN MOORE’ 

University Program, 
www-address 

Main 
discipline 

Compulsory 
subjects 

Elective 
subjects 

Admission 
requirements 

Duration 
credits 

University of 
Oslo, Norway 

Nanoelectronics and 
robotics 
http://www.uio.no/engli
sh/studies/programme
s/inf-nor-master/  

Electrical 
engineering or 
computer 
engineering 

Three options: 
nanoelectronics, 
signal 
processing, 
robotics 

RF, Mixed signal 
CMOS design, 
image analysis, 
signal 
processing 

Bachelor in 
electronics/ 
informatics 

24 months 
120 ECTS 

Linköping 
University, 
Sweden 

Electronics 
engineering 
http://www.liu.se/utbild
ning/pabyggnad/6MEL
E?l=en  

Electrical 
engineering 

Wireless 
communication, 
digital circuits 
and systems, 
analog and RF 
circuits 

Systems-on-chip 
design, 
embedded 
systems, 
Mixed analog/ 
digital design, 
RF circuits 

Bachelor in 
electrical 
engineering 

24 months 
120 ECTS 

TU Hamburg-
Harburg, 
Germany 

Microelectronics and 
Microsystems 
http://www.tuhh.de/alt/
tuhh/education/degree
-courses/international-
study-
programs/microelectro
nics-and-
microsystems.html  

Electrical 
engineering 

Microelectronics
Microsystems, 
communication, 
computer 
science and 
signal 
processing 

Specialized 
topics within 
microelectronics, 
Microsystems, 
communication, 
computer 
science and 
signal 
processing 

Bachelor in 
electrical 
engineering 

24 months 
120 ECTS 
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TABLE IIV 
EUROPEAN PROGRAMS IN NANOELECTRONICS AND/OR MICROSYSTEMS – OPTIONS IN BOTH 

‘BEYOND CMOS’ AND ‘MORE THAN MOORE’ 

University Program, 
www-address 

Main 
discipline 

Compulsory 
subjects 

Elective 
subjects 

Admission 
requirements 

Duration 
credits 

University of 
Southampton, 
UK 

Nanoelectronics and 
nanotechnology 
http://www.ecs.soton.a
c.uk/programmes/msc-
nanoelectronics-and-
nanotechnology  

Physics 
engineering 

Nanoelectronic 
devices, nano 
and micro- 
fabrication, logic 
and quantum 
devices, 
memory and 
spintronics  

Integrated circuit 
design, MEMS, 
photonic 
devices, 
biosensors and 
bio-
nanotechnology, 
instrumentation 

Bachelor in 
physics/ 
engineering/ 
material science 

12 months 
60 ECTS 

EPFL, 
Switzerland,  
POLITO, Italy, 
and Grenoble 
INP, France 

Micro and nano 
technologies for 
integrated systems 
http://nanotech.grenob
le-inp.fr/  

Physics 
engineering 

Materials for 
MEMS, solid 
state physics, 
integrated circuit 
design, nano-
structures 

Biosystems, 
microfluidic 
systems, 
magnetic 
microsystems, 
optoelectronics 

Bachelor in 
engineering 
physics/ 
electrical 
engineering/ 
microtechnology 

24 months 
120 ECTS 

University of 
Surrey, UK 

Nanotechnology and 
nanoelectronic 
devices, 
http://www.surrey.ac.u
k/postgraduate/nanote
chnology-and-
nanoelectronic-
devices  

Physics/ 
electrical 
engineering 

Nanoscience 
and nano-
technology, 
molecular elec-
tronics, nano- 
fabrication, 
nanoelectronics, 
nanophotonics 

Silicon device 
technology, RF 
systems and 
circuits, 
optoelectronics, 
microwave 
engineering 

Bachelor in 
electrical 
engineering/ 
physics 

12 months 

KU Leuven, 
Belgium, 
Université 
Joseph 
Fourier, 
France, 
TU Dresden, 
Germany, 
Chalmers 
Tekniska 
Högskola, 
Sweden 

Erasmus Mundus 
program in 
nanoscience and 
nanotechnology, 
http://onderwijsaanbod
.kuleuven.be/2013/opl
eidingen/e/CQ_51228
258.htm  

Interdisciplinary Nanoelectronics, 
nanophysics, 
nanochemistry, 
nanobio- 
chemistry 

Nanophysics, 
nanochemistry, 
nanoelectronics, 
biophysics,  
bio-nano-
technology 

Bachelor in 
physics/ 
chemistry/ 
biochemistry/ 
electrical 
engineering/ 
materials 
science 

24 months 
120 ECTS 

University of 
Southampton, 
UK 

MicroElectroMechanic
al Systems (MEMS) 
http://www.ecs.soton.a
c.uk/programmes/msc-
microelectromechanic
al-systems-mems  

Physics/ 
electrical 
engineering 

MEMS, Lab-on-
a-chip, micro-
fabrication, 
instrumentation, 
MEMS sensors 
and actuators 

Integrated circuit 
design, bio-
nanotechnology, 
nanoelectronic 
devices, 
photonic 
devices, 
nanofabrication,   
spintronics, 
quantum 
devices 

Bachelor in 
mathematics/ 
physics/ 
engineering 

12 months 

Helmholtz- 
Zentrum 
Dresden- 
Rossendorf,  
TU Dresden, 
Germany 

Molecular electronics 
http://www.hzdr.de/db/
Cms?pNid=2880  

Physics Nano 
technology, 
nanostructures, 
 

Molecular 
electronics, 
memory 
technology 
polymer micro-
electronics and 
optoelectronics 

Master in 
physics/ 
electrical 
engineering/ 
chemistry/ 
materials 
science 

36 
months, 
PhD 
program 
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TABLE V 
EUROPEAN PROGRAMS IN NANOELECTRONICS AND/OR MICROSYSTEMS – BROAD PROGRAMS 

University Program, 
www-address 

Main 
discipline 

Compulsory 
subjects 

Elective 
subjects 

Admission 
requirements 

Duration 
credits 

AGH 
University of 
Science and 
Technology, 
Poland 

Electronics and 
Telecommunications: 
Sensors and 
Microsystems 
https://international.ag
h.edu.pl/#pg=1232i&st
r=243  

Electrical 
engineering 

Optimization, 
information 
theory, 
photonics, 
testing, 
embedded 
systems, CMOS, 
sensors, Micro-
systems, 
nanoelectronics 

Microsensors, 
photovoltaics, 
CAD/CAM, 
spintronics, 
production 
methods 

Bachelor in 
electrical 
engineering 

18 months 
90 ECTS 

Lund 
University, 
Sweden 

Systems-on-Chip 
http://soc.eit.lth.se/  

Electrical 
engineering 

Analog and 
digital IC design, 
structured VLSI 
design, 
embedded 
systems, data 
converters,  

Nanoelectronics, 
processing 
technology 
microsensors, 
RF circuits, 
embedded 
systems design, 
DSP design 

Bachelor in 
computer 
science/ 
electrical 
engineering 

24 months 
120 ECTS 

University of 
Twente, the 
Netherlands 

Electrical engineering: 
Nanoelectronics 
http://www.utwente.nl/
en/education/master/p
rogrammes/electrical-
engineering/specializa
tion/nano-electronics/  

Electrical 
engineering 

Details not 
available 

Details not  
available 

Bachelor in 
electrical 
engineering/ 
physics 

24 months 
120 ECTS 
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6. EuroTraining services for universities 

The EuroTraining Course Directory (ECD) [11] includes a section with course material for 
download. The course material comprises lecture notes, slide presentations, videos and other 
types of course material which is available for use in courses in Microsystems, 
nanoelectronics and related areas. The course material is provided by different sources, 
including individual university professors and professional institutions like IEEE. 
The ECD also provides links to other course providers at university level, e.g. IDESA [12].  
In addition, a survey of summer schools, typically at PhD level, is provided and links to 
training initiatives from other EC supported programs, e.g. EURO-DOTS [13], or to lifelong 
learning programs, e.g. NanoEl [14] or NanoSkills [15], are given. 
 
Also, with a view to the university sector, links to courses targeting university teachers is 
provided, the ‘Train the Trainers’ courses aiming at the delivery of Micro-/nanosystems 
awareness courses to trainers and experts of electronics and related disciplines, who are 
working in Eastern Europe. These professors, teachers, PhD students and young scientists 
(who are considered future trainers) can get acquainted with educational tools about the 
basic disciplines of Micro-/nanosystems that could be lectured by them for their students. 
 
Finally, an upcoming revision of the EuroTraining Course Directory will include an expanded 
university section with links to the university programs listed in the tables from this report and 
with an option for European universities to have their programs in nanoelectronics and/or 
Microsystems listed in the ECD. 
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7. Conclusion 

University curricula in nanoelectronics and Microsystems have been around for a number of 
years, although the field is still rather immature. The present programs are mostly master 
programs and they build upon bachelor programs in physics, electrical engineering or 
computer engineering. Some have focus on the physical aspects of novel electronic devices 
(the ‘Beyond CMOS’ domain of development), others on the technology fusion between 
traditional CMOS and MEMS technologies or technologies for analog/RF circuits or sensors 
(the ‘More than Moore’ domain of development), and others on the design of complex 
systems utilizing the enormous complexity possible with the shrinking of device dimensions 
(the ‘More Moore’ domain of development).  
An investigation of programs in Europe has been carried out and a summary of programs 
offered in English is given in Tables I - V. It appears that the ‘More than Moore’ domain with 
analog and sensor integration has the largest number of programs, but also several programs 
related to the ‘More Moore’ domain are identified, typically with an emphasis on embedded 
systems and hardware/software co-design. The developments ‘Beyond CMOS’ appear to be 
mostly related to physics or material science programs and the immediate application to 
electrical engineering is not yet very clear.  
According to a recent study carried out for the European Commission [16] the changes in 
curricula also reflect the changes in the European semiconductor industry. The ‘More Moore’ 
field requires access to expensive processes which are generally moving out of Europe. The 
smaller/older fabs left in Europe do not follow the ‘More Moore’ trend but rather target 
alternative applications (MEMS/NEMS, high voltage, very low power, sensors) which means 
that they follow the ‘More than Moore’ track.   
The development will be continuously followed in the EuroTraining project and an upcoming 
revision of the EuroTraining Course Directory will be expanded to include a survey of 
European university programs in nanoelectronics and Microsystems.   
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