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When it comes to securing grants
for new projects we continue to
be highly competitive with a good
success rate. This fact has lead us
to organise a recruitment event to
attract more Chalmers students
to consider a PhD position as an
attractive career move. We will
continue organising such an event.
Dear Reader,
in this issue of the MC2 annual report you can get a
summary of what actually happened in 2017. It has
as always been a year full of activities. We contributed
in putting Chalmers and Sweden on the map by
organising two major international conferences
bringing roughly 6000 scientists and engineers to
Göteborg during a couple summer weeks in August.
The topics of the conferences were low-temperature
physics and optical communication, two of our strong
areas of research at the department. I would like to
thank all our fantastic colleagues for making both
events a success.
In the News and activities section we list a few of
the many research highlights that were published
during the year. We see that our staff are getting
acknowledged for their excellence in the awards they
bring home from meetings and gatherings around
the world. When it comes to securing grants for new
projects we continue to be highly competitive with a
good success rate. This fact has lead us to organise a
recruitment event to attract more Chalmers students
to consider a PhD position as an attractive career
move. We will continue organising such an event
and hopefully involve our collaborators in industry
to support us in this. Many of the brilliant young
people we educate eventually find their future outside

Mikael
Fogelström
was appointed
as new chair of
Gothenburg
Physics Centre
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academia strengthening the innovative industry of
Sweden and abroad.
In 2017, the Knut and Alice Wallenberg Foundation
(KAW) decided to make a major initiative in
the field of quantum technologies. This initiative
involves apart from Chalmers also KTH and Lund
University. A cornerstone of this initiative is to build
a working quantum computer with 100 qubits, an
activity that will be carried out at MC2. Such a big
project has consequences. We will grow by 20-25%
in personnel and we form a new laboratory, The
Quantum Technology Lab (QT), and a new centre,
the Wallenberg Centre for Quantum Technology
(WACQT), in 2018.
So, we here summarise 2017 in this report and I,
as Head of Department, want to thank you all for
your very hard work and endurance to take brilliant
ideas to scientific knowledge and technological
breakthroughs.
As a last word I like to point out that even though we
have very little presence in undergraduate education
what we do is highlighted as a success story by the
European Commission. With colleagues like we have
it is a pleasure to work at MC2.

Mikael Fogelström
Head of Department

A beginner’s
guide to Micro- and
Nanotechnology
M

icrotechnology is technology with features near one micrometre (one millionth of a metre, or 10−6 metre).
The micro prefix comes from the Greek μικρός (mikrós), meaning “small”. Microtechnology takes massive
amounts of information and condenses it in a very small area, such as a silicon wafer or the microchip used in
computers and mobile phones, thereby constructing very compact technical devices.

Nanotechnology — technology at one-billionth of a meter (10-9 metre) — is taking the application of science and
technology at the micro level even further. It explores how to make devices even smaller than a microchip. The nano
prefix is derived from the Greek νᾶνος, meaning “dwarf ”. Nanotechnology is the creation of materials, devices, and
systems using individual atoms and molecules. At such a small scale, new physical, chemical, and biological properties
become evident. Miniaturized circuits enable technology to operate on a dramatically smaller scale, work more
efficiently, reduce cost and improve performance.

Sources
http://swednanotech.com/in-english/what-is-nanotechnology
http://en.wikipedia.org/wiki/Nanotechnology
https://en.wikipedia.org/wiki/Microtechnology
http://www.nano.gov/nanotech-101/what/definition
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Think small.
Think really, really small.
The Department of Microtechnology and Nanoscience – MC2 – is a unique environment where successful research
and education is conducted within photonics, high-frequency electronics, medical electronics, microsystems, electronic
systems construction and quantum components. Semi-conductors, superconductors, liquid crystals, graphene and
carbon-nanotubes are examples of materials that are used to produce unique nanostructures for the research. The multidisciplinary environment provides an excellent breeding ground for research and innovation, which will benefit society
by new inventions and ultimately new business opportunities. MC2 also hosts the Nanofabrication Laboratory, which is
an open national infrastructure for nanotechnology in a clean room environment.
Different types of superconducting quantum components for sensor technology and quantum informatics, highfrequency components in compound semiconductors for microwave and terahertz applications, optoelectronic
components and micro/nano electromagnetic systems are built from these materials. Fiberoptic systems and system
integration constitute additional significant aspects of activities. Strong and successful cooperation initiatives between
theoreticians and experimentalists have developed at the department.
Cooperation with the Swedish and international business communities is well developed. Research creates a base in this
arena for the Swedish telecom and space industry, for example, and provides technical platforms for bioapplications and
medical electronics. One key area involves how our components can be structured at nano level at the Nanofabrication
Laboratory.
With a unique research competence, we offer education at undergraduate level, postgraduate level and within mainly
two international master’s programmes. The greatest extent of our educational instruction takes place as an integral part
of master’s and research school level programmes.
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Research Areas at MC2
Nano-scale electronics

The research at the Applied Quantum Physics
Laboratory falls into three major categories: quantum
information processing with superconducting circuits,
transport phenomena in graphene and molecular
nanostructures, and unconventional and topological
superconductors. Our goals are the application of novel
low-dimensional materials, novel superconductors and
their heterostructures, superconducting spintronics and
quantum information processing with superconducting
electronics.

Electronics packaging, microsystem
technology and materials theory

At the Electronics Materials and Systems Laboratory,
research is focused on electronics packaging, microsystems
and liquid crystals using carbon and silicon based
materials and processes in order to achieve superior device
and system performance. We address scientific issues
within current CMOS integration technology as well as
beyond CMOS using novel concepts such as carbon based
electronics systems and neuromorphic computing. We also
pursue electronics and biology-relevant physics-theory
modelling and fundamental as well as applied materials
physics.

Future communication and remote
sensing systems

Wireless communication and remote sensing play an
important role in the modern society and almost everyone
are using such systems every day. Typical examples are
mobile phones, wireless internet connectivity, radio and
TV broadcasting, and wireless networks at home or in
public areas. Thanks to the rapid development in the
semiconductor technology, 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.
In the ‘networked society’ vision, 50 billion devices will be
connected in the year 2020. The Microwave Electronics
Laboratory focuses on application driven research on
high speed electronic components, circuits and systems
for future wireless and fiber communication, and remote
sensing applications.

Optoelectronics and fibre optics
At the Photonics Laboratory, we conduct application
oriented research on optoelectronic materials and devices,
photonic integrated circuits, ultrafast photonics and fibre
optical communication. Optical communication is a major
area of research, with efforts on system, circuit and device

technologies for applications extending from long-haul
transmission to short reach interconnects. This research is
coordinated in the Fibre Optical Communications Research
Centre (FORCE), which involves researchers from three
departments: MC2, E2 and CSE. Efforts are also invested
in the development of optical frequency comb technologies
for spectroscopy and in the development of new photonic
materials and devices for emission in the infrared, visible and
ultra-violet.

Bridging the THz gap

Sandwiched between the visible light on the short
wavelength side and radio waves on the long wavelength
extreme, the sub-millimetre wave radiation or terahertz
wave radiation has long been considered the last
remaining scientific gap in the electromagnetic spectrum.
This is a part of the spectrum where optical and
microwave techniques meet. We fabricate novel THz
devices in our state-of-the-art Nanofabrication facility
at MC2 and evaluate circuit demonstrators in our topclass microwave and terahertz characterisation facilities.
Our research finds applications in radio astronomy,
atmospheric science, life science, radar sensors, and future
wireless communication systems.

Small quantum devices

The modern society benefits from a high density of
information that is carried and processed by electronic
machines. The high density means small parts. However,
as electronic components become smaller and smaller,
the technology approaches a limit when the classical
electrodynamics is no longer valid. Quantum mechanical
effects such as electron tunnelling start dominating the
properties of small electronic devices. The research at
the Quantum Device Physics Laboratory extends over a
variety of different topics including quantum computation
and electrodynamics, molecular- and single electronics,
spintronics, high-temperature superconductivity,
radiation- and magnetic sensors, and atomic-level
quantum theory.

Nanotechnology

The Nanofabrication Laboratory is a world-class
university cleanroom for research into and fabrication
of micro and nanotechnology. The laboratory is run by
MC2, as an open user facility for external as well as
internal academic and industrial interested parties. The
laboratory offers a broad platform of process tools for
the development and testing of new ideas in micro and
nanotechnology. The laboratory is a part of the Swedish
national research infrastructure for micro and nano
fabrication, Myfab.
MC2 - 5

News and activities

Devices from Chalmers going to space

Schottky diodes fabricated at the Nanofabrication Laboratory at MC2 are becoming important components of the
second generation weather satellite space project MetOp, scheduled for launch in 2019. The diodes were delivered
to Omnisys Instruments in May. It is the successful outcome of a five-year journey pursued by Vladimir Drakinskiy
and Peter Sobis, and the latest example of research utilisation from MC2. “We are very proud of our achievement and
already see the effects in upcoming projects with the European Space Agency (ESA)”, says Vladimir Drakinskiy.
The weather satellite project MetOp is one of the biggest projects at the European Space Agency (ESA). Apart from
improving the observations of the first MetOp generation, and observing precipitation and cirrus clouds, it will also
further improve weather forecasting and climate monitoring from space in Europe and worldwide. The project will yield
benefits from 2022 onwards to further improve forecasting.
www.chalmers.se/en/departments/mc2/news/Pages/Devices-from-Chalmers-going-to-space.aspx

The spin in graphene
can be switched off

 y combining graphene with another two-dimensional
B
material, researchers at the Quantum Device Physics
Laboratory have created a prototype of a transistor-like
device for future computers, based on what is known as
spintronics. The discovery was published in the scientific
journal Nature Communications.
www.chalmers.se/en/departments/mc2/news/Pages/The-spinin-graphene-can-be-switched-off.aspx
The experiment setup consists of a heterostructure of graphene and
molybdenum disulphide spintronic device. By applying a gate
voltage across the heterostructure, it is possible to control whether
the current that passes will include any spin signal or not.
MC2 - 6

News and activities
Illustration: Boid – Product Design Studio, Gothenburg.

Graphene enables high-speed electronics on flexible materials
 flexible detector for terahertz frequencies has been developed by researchers at the Terahertz and Millimetre
A
Wave Laboratory, using graphene transistors on plastic substrates. It is the first of its kind, and can extend the use of
terahertz technology to applications that will require flexible electronics, such as wireless sensor networks and wearable
technology. The results were published in the scientific journal Applied Physics Letters.
www.chalmers.se/en/departments/mc2/news/Pages/Graphene-enables-high-speed-electronics-on-flexible-materials.aspx

Finding elusive
surface spins on
superconducting
quantum devices

 indings published in the renowned journal
F
Physical Review Letters, shed new light on
the origin of magnetic noise in quantum
circuits. “We address a long standing problem
of the source of environment noise in
superconducting quantum devices, like squids,
q-bits and so on”, says Andrey Danilov, Senior
Researcher at the Quantum Device Physics
Laboratory, and one of the authors.
www.chalmers.se/en/departments/mc2/news/
Pages/Finding-elusive-surface-spins-onsuperconducting-quantum-devices.aspx
MC2 - 7

News and activities
Engineering of a Swedish quantum computer set to start

 SEK 1 billion research initiative is setting Sweden on course to a global top position in quantum technology. The
A
focus is on developing a quantum computer with much greater computing power than the best supercomputers of today.
The initiative, which is headed up by Professor Per Delsing at MC2, has been made possible by an anniversary donation
of SEK 600 million from the Knut and Alice Wallenberg Foundation.
A major Swedish initiative – the Wallenberg Centre for Quantum Technology – is being launched on 1 January 2018
under the leadership of Chalmers to contribute to, and implement the second quantum revolution. Some 40 researchers
are to be recruited under the decade-long research programme. In addition to the donation from the Knut and Alice
Wallenberg Foundation further funds are coming from industry, Chalmers and other universities, resulting in a total
budget of close to SEK 1 billion.
www.chalmers.se/en/news/Pages/Engineering-of-a-Swedish-quantum-computer-set-to-start.aspx

Göran Wendin, Per Delsing, Göran Johansson and Jonas Bylander are the four researchers at Chalmers University of Technology
who, thanks to the donation from the Knut and Alice Wallenberg Foundation, will now bring forward Sweden’s first quantum
computer. This is happening in the context of the newly established Wallenberg Centre for Quantum Technology. In addition there
are two more principal investigators; Gunnar Björk at KTH Royal Institute of Technology will coordinate research in quantum
communication, and Stefan Kröll at Lund University will focus on quantum sensing.
MC2 - 8

News and activities

Nobel Prize Laureate speaker at major
conference on low-temperature physics

On 9-16 August, researchers from all over the world gathered at the Swedish Exhibition & Congress Centre in
Gothenburg for a major international conference on low temperature physics. The “28th International Conference
on Low Temperature Physics” (LT28) gathered 900 international top researchers together with the hottest Swedish
colleagues in the area. It is the most important conference in low temperature physics. It is held every three years,
alternating between Europe, Asia and America. The target group is physicists who works at low temperatures.
The conference started with a keynote speech by J Michael Kosterlitz (picture above), who was awarded the Nobel Prize
in Physics 2016 together with David Thouless and Duncan Haldane for their work in the physics of condensed matter.
Kosterlitz opened the conference with the lecture “Topological Order and Defects, and Phase Transitions in Two
Dimensions”. In front of an interested audience, he told about his inspiring journey up to the Nobel Prize.
Most members of the organizing committee for the conference were from MC2, but there were also members of the
Department of Physics at the University of Gothenburg. Chairman of the local organizing committee was Per Delsing,
Professor of Experimental Physics at MC2.
www.chalmers.se/en/departments/mc2/news/Pages/Flying-start-for-conference-on-low-temperature-physics.aspx

Environmentally certified
conference on Optical
Communication

On 17-21 September, around 5,000 researchers from all
over the world gathered at The European Conference
on Optical Communication (ECOC) at The Swedish
Exhibition & Congress Centre in Gothenburg. “In
total, the conference contained 425 presentations plus
another 100 during Sunday’s workshops. So we had over
500 presentations here, it’s pretty amazing”, says Peter
Andrekson, Professor of Photonics and chairman of the
program committee. ECOC is the largest conference on
optical communication in Europe.
www.chalmers.se/en/departments/mc2/news/Pages/
Environmentally-certified-conference-on-OpticalCommunication-in-Gothenburg.aspx
MC2 - 9

News and activities

Successful recruitment event

 ver 100 potential doctoral students and thesis workers participated when MC2 hosted a major recruitment and
O
information evening on 13 December. “Very nice that so many showed interest in the opportunities for a career with
us,” says Mikael Fogelström, head of department. The event will be repeated in 2018.
www.chalmers.se/en/departments/mc2/news/Pages/Successful-recruitment-event-at-MC2.aspx

Seven MC2 researchers share 48 MSEK to new research
22 million in grants from VR environments at MC2
3 5 researchers at Chalmers were successful in getting grants
from The Swedish Research Council (VR) in its general call for
applications within natural and engineering sciences. Seven of
these are working at MC2 and received a total amount of 22
360 000 SEK. Congratulations to you all!
Here are the MC2 researchers who got funding from the
council:
Johan Gustavsson, Photonics Laboratory
3 200 000 (2018-2021)
Göran Johansson, Applied Quantum Physics Laboratory
3 200 000 (2018-2021)
Anders Larsson, Photonics Laboratory
3 200 000 (2018-2021)
Jochen Schröder, Photonics Laboratory
3 200 000 (2018-2021)
Jan Stake, Terahertz and Millimetre Wave Laboratory
3 200 000 (2018-2021)
Andrei Vorobiev, Terahertz and Millimetre Wave Laboratory
3 160 000 (2018-2021)
Herbert Zirath, Microwave Electronics Laboratory
3 200 000 (2018-2021)
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 öran Johansson and Anders Larsson get nearly
G
48 MSEK in the allotment on large research
environments within natural and engineering sciences
from the Swedish Research Council. Anders Larsson,
Professor of Photonics and head of the Photonics
Laboratory, has been granted 23,988,000 SEK for the
project “Integrated WDM Transmitters for UltraHigh Capacity Datacenter Connectivity”.
Göran Johansson, Professor of Applied Quantum
Physics and Head of the Applied Quantum Physics
Laboratory, gets almost as much funding, 23,688,000
SEK for the project “Quantum plasmonics – a
technology for quantum photon-photon interactions
at room-temperature”.
www.chalmers.se/en/departments/mc2/news/Pages/48MSEK-to-new-research-environments-at-MC2.aspx

News and activities
Sofia Rahiminejad new
Wenner-Gren Fellow and
Osher scholarship holder

Sofia Rahiminejad, postdoctoral researcher at the
Electronics Materials and Systems Laboratory (EMSL),
has been honoured with the prestigious Wenner-Gren
Foundation’s fellow scholarship for postdoctoral education.
Later in 2017 Sofia Rahiminejad was awarded 110,000
SEK from the donor fund Barbro Osher Endowment,
which supports Chalmers researchers’ visits at US
universities. The grants are funding Sofia’s visit as a guest
researcher at NASA’s Jet Propulsion Laboratory ( JPL), at
California Institute of Technology (Caltech), Pasadena,
USA, and Stanford University, California.

Riccardo Arpaia gets the
chance
to research abroad
Postdoc researcher Riccardo Arpaia at the Quantum Device
Physics Laboratory, has been awarded an International
Postdoc Grant from the Swedish Research Council of 3
150 000 SEK. He is now given the opportunity to research
abroad for three years.
Riccardo Arpaia gets a grant for a project titled “Evolution
of nanoscale charge order in superconducting YBCO
nanostructures”. He will spend his time at the Physics
Department of the Politecnico di Milano (Polytechnic
University of Milan) in Italy. It is the largest technical
university in Italy, with about 42,000 students.

Best Student Paper
Award to Ewa Simpanen

 wa Simpanen, PhD student at the Photonics Laboratory,
E
has been awarded with second prize for best student
paper at the IEEE Photonics Conference 2017 in
Orlando, Florida – in tough competition with 350 other
contributions. Her research was also highlighted in the
June 2017 issue of the scientific journal Electronics Letters.
www.chalmers.se/en/departments/mc2/news/Pages/BestStudent-Paper-Award-to-Ewa-Simpanen-at-internationalphotonics-conference.aspx

Best Poster Distinction to Michael Bergmann

Michael Bergmann, PhD at the Photonics Laboratory, received the best poster distinction at the Optics & Photonics in
Sweden conference in Stockholm in October 2017.
MC2 - 11

News and activities
Tomas Bryllert takes
the chance to be guest
researcher in industry

Tomas Bryllert, researcher at the Terahertz and Millimetre
Wave Laboratory, has received the 2017 Strategic Mobility
contribution from the Swedish Foundation for Strategic
Research (SSF). The aim is to increase the mobility
between business and academia and thus enriching both
environments. Tomas Bryllert works very broad with
anything from device- and circuit technology all the way
up to operating systems. He now gets a one year’s full-time
salary to be a guest researcher at the defence and security
company Saab. In total, 15 million SEK were distributed
among 14 applicants.
www.chalmers.se/en/departments/e2/news/Pages/They-takethe-chance-to-be-guest-researchers-in-industry.aspx

Prestigious EU funding for
Victor Torres Company

 ictor Torres Company, Associate Professor at the
V
Photonics Laboratory at MC2, has been awarded a
prestigious Consolidator Grant of 2.2 million euro by the
European Research Council. He is one of only 14 Swedish
researchers and the only one at Chalmers who receives the
award. “It feels great of course! I will have the chance to
devote more time and efforts to an exciting line of research,”
says Victor Torres Company. He will lead a five-year project,
entitled “Dark Soliton Engineering in Microresonator
Frequency Combs”.
ERC Consolidator Grant is one of the finest personal
research grants available from the European Research
Council (ERC). Competition is razor sharp. Of the 2 538
applicants from all over Europe, only 329 were successful in
this round.
www.chalmers.se/en/departments/mc2/news/Pages/PrestigiousEU-funding-for-Victor-Torres-Company.aspx

Appreciated pioneer and
faithful servant left MC2

 e was the first employee hired when MC2 was founded.
H
Now the appreciated pioneer and faithful servant LarsÅke Sidenberg has clocked out after a total of 33 years at
Chalmers. He was thanked for his services with cake and
flowers at MC2 on 30 June.
MC2 - 12

News and activities
Video with Åsa Haglund on
blue lasers

 sa Haglund, associate professor at the Photonics
Å
Laboratory, talks about her research on blue lasers in a
video published by the Swedish Foundation for Strategic
Research (SSF). She is a member of the SSF career
development programme for future research leaders, and
funded with 6 MSEK for the years 2014-2019. Hear her
tell more about her research, and future applications of blue
laser light, in the six minute film.
Watch the film: https://youtu.be/YEe30yg-nuA

Photo: Tony Halldin Hultkvist

Göran Johansson spoke
at TEDx Göteborg

The Letterstedtska Prize to
Floriana Lombardi

 öran Johansson, professor of applied quantum physics
G
and head of the Applied Quantum Physics Laboratory,
was one of the speakers at TEDx Göteborg on 23 October.
TED is a non-profit international network that works
for ideas worth spreading. The phenomenon of recorded
lectures, nowadays also made freely available on the
internet, started in California already in 1984. The local
networking events around the world are called TEDx.
The theme on 23 October was “Brave New World”. The
title of Göran Johansson’s lecture was “The Conundrum of
Quantum Computers”. He talked about the next quantum
revolution, and how quantum computers in the future can
change our way of learning new things about the world.
www.chalmers.se/en/departments/mc2/news/Pages/GoranJohansson-speaks-at-TedX-Goteborg.aspx
Watch Göran Johansson’s Tedtalk: https://youtu.be/
Br91LGbKVYo

 loriana Lombardi, professor at the Quantum Device
F
Physics Laboratory, has been honoured with the
Letterstedtska Prize for scientific investigations of high
importance 2017, from the Royal Swedish Academy of
Sciences. Floriana Lombardi gets the prize of 50 000 SEK
“for her findings regarding nanophysics/high temperature
superconductors”.
MC2 - 13

News and activities

Won hardware design contest on Hawaii

William
Hallberg and Sebastian Gustafsson, PhD students
at the Microwave Electronics Laboratory (MEL), won
first prize in a hackathon that was held at the International
Microwave Symposium Conference (IMS2017) on
Hawaii in June. A hackathon is a programming contest
where programmers are sitting and coding together
for a limited time. The theme at the IMS conference
was “30-minute circuits”, and was hardware focused on
building a useful microwave circuit in just half an hour.
Sebastian Gustafsson and William Hallberg ranked in the
“best isolation” category, where they managed to get the
first prize. IMS is one of the world’s largest conferences

in microwave technology, bringing together 2,500
participants from 50 countries.
2017 was in all a successful year for William Hallberg.
In addition to the hackathon prize, he also received two
travel grants from Fredrik H Lamm’s fund and Solveig and
Karl G Eliasson’s Commemorative Fund. The grants were
used for a field trip to the University of Colorado Boulder,
Colorado, USA. Both funds are managed by the Chalmers
University of Technology Foundation, the sole owner of
Chalmers University of Technology AB.

Thorvald put Chalmers on the
world map for semiconductors
 orvald Andersson was one of the people who helped to
Th
put Chalmers on the world map for semiconductors in the
1980s. He has now been retired for a few years, but has not
yet cut all ties with MC2. “It’s been successful – and above
all fun,” says Andersson, reflecting on the past.
Read an extensive interview with Thorvald Andersson:
www.chalmers.se/en/departments/mc2/news/Pages/Thorvaldput-Chalmers-on-the-world-map-for-semiconductors.aspx

MC2 - 14

News and activities
Important workshop on gender and power

“ Everything is all about power”, Malmö Researcher Jesper
Fundberg said when he attended a workshop on gender and
norms on MC2 on 30 March. He warned to stereotypify
people, but at the same time stressed that it is important to
understand that stereotypes in fact exist.
Jesper Fundberg is a senior lecturer in sports science at
Malmö University, and a researcher in masculinity, sport,
ethnicity and gender.
About 60 participants gathered in the lecture hall
Kollektorn on to listen to the invited guest and talk about
the perspectives he highlighted. The initiative for the
workshop came from Cristina Andersson, vice head of
utilization and gender equality representative at MC2:
“The purpose of this event is to increase your awareness and
willingness to discuss these issues in our own environment,”
she said briefly before she left the word to Jesper Fundberg.
www.chalmers.se/en/departments/mc2/news/Pages/Importantworkshop-on-gender-and-power.aspx

Successes for the Master’s programme in Nanotechnology

 rasmus Mundus international Nano+ programme – of which Chalmers Master’s programme Nanotechnology is a
E
part – has been granted three million euros for the period 2018-2022. At the same time, the programme has received
the prestigious stamp “Success Story” by the European Commission. “We are very proud and happy about it,” says Thilo
Bauch, local coordinator for the Erasmus students.
Thilo is an associate professor at the Quantum Device Physics Laboratory at MC2. His colleague Elsebeth Schröder, is
professor at the same laboratory and since 2013 also coordinator of the Master’s programme.
www.chalmers.se/en/departments/mc2/news/Pages/Successes-for-the-Masters-programme-in-Nanotechnology.aspx

Scholarship to
Evgenii Novoselov
Evgenii Novoselov, PhD at the Terahertz and Millimetre

Wave Laboratory (TML), has been awarded a grant
of 20 000 SEK from Solveig and Karl G Eliasson’s
Commemorative Fund.
The grant was used for a workshop in Kurume, Fukuoka in
Japan on 17-21 July.
Evgenii Novoselov defended his thesis, “MgB2 hotelectron bolometer mixers for sub-mm wave astronomy”,
on 31 May.
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Applied
Quantum Physics
Laboratory
Head of Laboratory Göran Johansson
goran.l.johansson@chalmers.se

The research at the Applied Quantum Physics Laboratory falls into three major
categories: quantum information processing with superconducting circuits, transport
phenomena in graphene and molecular nanostructures, and unconventional and
topological superconductors. Our goals are the application of novel low-dimensional
materials, novel superconductors and their heterostructures, superconducting
spintronics and quantum information processing with superconducting electronics.

Fig 1: The injector-detector setup, where charge and heat currents as well as their fluctuations can be detected. Ref.: N. Dashti,
M. Misiorny, P. Samuelsson, J. Splettstoesser, “Probing charge and heat current noise by frequency-dependent temperature and
potential fluctuations”, arXiv:1711.11523.
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Quantum Information Processing in
Superconducting Circuits

The Applied Quantum Physics Laboratory is part of
the Wallenberg Centre for Quantum Technology and
will build the theoretical foundation needed for the
superconducting quantum processor being developed at
MC2. We have a long tradition of working on quantum
effects in superconducting circuits and during 2017 we
focused on elucidating how non-degenerate parametric
effects can be utilized in these settings (see Fig 2a).
In addition we explored how delay lines of on-chip
sound waves can be used to completely new regimes of
spontaneous emission (see Fig 2b), corresponding to an
atom with a 100-meter diameter.

Single Electron Sources

One of our research interests is the characterization of
single-electron sources, which can have applications in
various fields reaching from metrology to novel research
topics like quantum optics with electrons. We have
recently studied the energetic properties of single electrons
and holes injected into an electronic conductor from
such a source. These properties reflect in heat currents
as well as their fluctuations. However, the question is
how to measure such delicate quantities? In Fig. 1, on
the opposite page, we show the injector-detector setup,
which we suggest to read out charge and heat currents as
well as their fluctuations via potential and temperature
fluctuations in a probe contact. In a detailed analysis, we
have worked out the conditions on relevant time scales
making such a readout possible. We have furthermore
demonstrated that the signal induced by the backaction
from the readout process is not expected to obscure
the desired detection of fluctuations. The experimental
detection of energetic properties of electronic singleparticle sources hence becomes tangible with our proposed
setup.

Topological effects in High-Tc
Superconductors

Fig 2a: The superconducting circuit realizing the frequencytunable resonator studied in W. Wustmann, V. Shumeiko,
“Nondegenerate Parametric Resonance in a Tunable
Superconducting Cavity Phys. Rev. App. 8, 024018 (2017).
Fig 2b: Schematics of the superconducting circuit realizing
an artificial atom connected at two distant points to surface
acoustic waves, studied in L. Guo et al., Phys. Rev. A 95,
053821 (2017).

Flat bands of zero-energy states at edges of quantum
materials have a topological origin. However, their
presence is energetically unfavourable if there is a
phase transition providing a mechanism to shift the
band to finite energies. We study high-temperature
superconductors hosting flat bands of midgap Andreev
surface states. In an external magnetic field, a second order
phase transition at roughly a fifth of the superconducting
transition temperature occurs where continuous
translational symmetry along the edge is spontaneously
broken. The phase should be quantified by its order
parameter, the superfluid momentum ps, that forms a
planar vector field with a sequence of edge motifs. Each
motif consists of one edge source and one edge sink,
both with winding numbers 1/2, and a saddle point with
winding number −1, as shown in the figure (Fig. 3) below.

Fig 3: Superfluid momentum at the edge of a d-wave superconductor with topological defects. Ref.: P. Holmvall, A. B.
Vorontsov, M. Fogelström, T. Löfwander, “ Broken translational symmetry at edges of high-temperature superconductors”,
arXiv:1711.07946.
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Electronics Materials and
Systems Laboratory
Head of Laboratory Johan Liu
johan.liu@chalmers.se

At the Electronics Materials and Systems Laboratory, research is focused
on electronics packaging and microsystems using carbon and silicon based
materials and processes in order to achieve superior device and system
performance. We address scientific issues within current CMOS integration
technology as well as beyond CMOS using novel concepts such as carbon based
electronics systems and neuron amorphous based computing.
We pursue microsystems for energy harvesting, bio-sensing, RFID and
high frequency applications (above 100 GHz) and electronics and biology
relevant physics-theory modelling and fundamental as well as applied
materials physics. The materials research includes developing a parameterfree and computationally efficient theoretical characterization of sparsematter challenges like e.g., the carbon based systems, and experiment-theory
collaborations to study functional organics. The vision of the laboratory is to
conduct world-class research and education in new carbon-based functional
materials and systems for a sustainable society and a joyful life.

Part of right-handed (top) and left-handed (bottom) double-helices of topological defect lines in reflection symmetry broken
liquid crystal structures in cylindrical capillary with diameter 700µm.
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Electronics Packaging and
Microsystems Technology

Micro and Nanosystems Technology
Group

During 2017, a number of high quality papers have, again
been published from our laboratory regarding thermoselectric energy harvesting, carbon nanotube for bacterial
killing and nanostructured thermal interface materials
in Nano Energy, Carbon, Langmuir and International
Materials Review.

During 2017, the Micro and Nanosystems technology
group has delivered two PhD theses: Volodymyr
Kuzmenko successfully defended his work on ”Cellulosederived conductive nanofibrous materials for energy
and tissue engineering applications” in May and in June
Muhammad Amin did the same for his thesis on “Carbon
nanomaterial-based interconnects, integrated capacitors
and supercapacitors”. This year we have also received
several new grants from Vinnova (e g with SAAB on high
power radars, with RISE Acreo, Autoliv and others on
energy harvesting) together with project funding from
Ford Foundation for a collaboration with Delft University
on optical particle detection. We have recruited two new
post docs and one new Ph D student. Among our results
2017 we have contributed to explaining the energy storage
mechanism in supercapacitors using a KBr electrolyte.

The work led by Professor Johan Liu has focused on
developing new functionalization method of carbon
nanotubes manifested by a nano-Ag coating technology.
This has been used to kill E. coli bacteria efficiently in a
collaboration with Professor Ivan Mjakovic at Department
of Biology and Biological Engineering. Furthermore, the
group has been able to grow controlled graphene layers
using CVD process based on a new catalyst system of
Cu-Pt alloys. The fabricated layers are intended to be used
in a SSF frame program on GaN based high speed carbon
electronics system for device fabrication.

Konkoli Group
There is a growing awareness in the semiconductor
industry that there are information processing problems,
which cannot be easily solved using the standard CMOS
based technology. These problems do not necessarily
scale according to Moore’s law, and to solve them other
information processing solutions are needed that are not
based on the classical von Neumann setup. To describe
this process, the term “functional diversification” has
been coined. The field of unconventional computation
led by Zoran Konkoli in the Laboratory developed
as an interdisciplinary response to the functional
diversification challenge. Our contributions to the field
of unconventional computation include the exploitation
of the reservoir computing paradigm for the development
of in situ information processing. Our recent efforts
focused on developing a theory of using Reservoir
Computing for advanced sensing applications: challenging
sensing problems that require embedded neuromorphic
computation. We pioneered the SWEET sensing
algorithm as a generic algorithmic template that can be
used to engineer sensors in situations where the sensor
and the environment one wishes to analyse are weakly
linked, the sensor output is hard to read, or where the
output is noisy.
In our research on chirality in liquid crystalline soft
matter, we have reported spontaneous reflectionsymmetry-broken (chiral) structures from achiral micellar
lyotropic liquid crystals in cylindrical capillaries. Because
micellar systems are closely related to vesicles and
biomembranes, these observations add to the discussion
about reflection symmetry breaking and the origin of
homochirality in biological systems. The work was carried
out in collaboration with University of Stuttgart, Germany
and published in the journal Langmuir.

Materials Theory Group
The Materials theory group, led by Professor Per
Hyldgaard, pursues fundamental density functional
theory (DFT) development. The group also pursues
applications of this strictly parameter-free materialstheory tool for predictive investigations of nanostructure
function, of molecular energy systems, and of softmaterials response. The group leads the many-body theory
activities for development of the Chalmers-Rutgers
van der Waals density functional (vdW-DF) method,
seeking truly general-purpose formulations that works
for both traditional matter and for molecules. The group
has documented an exceptional versatility of the vdWDF method, recently explaining, for example, 1) the
role of competing interactions in understanding the
response behaviour of oxide ferroelectrics, 2) the dramatic
reductions of thermal transport that arise in disordered
layered materials, 3) the storage/capture of hydrogen
fuel and carbon dioxide pollution in porous materials,
4) accurate structure determination for molecular
crystals 5) the role of having sub-Ångström accuracy in
predicting molecular-crystal optical absorption, 6) the
thermophysical properties of transition-metal elements,
and 7) the nature and dynamics of defects in polymer
crystals.
The group has funding from the Swedish research Council
(VR) and the Swedish Foundation for Strategic Research
(SSF). The group´s activities has been recognized by 4
Thomson highly cited papers alone in the present 10year window. The importance of the vdW-DF method
for Materials research was also highlighted in the
international evaluation of the 2010-2015 research
activities that followed the 2009 government proposition
call.
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Microwave
Electronics Laboratory
Head of Laboratory Herbert Zirath
herbert.zirath@chalmers.se

At the Microwave Electronics Laboratory, we perform research on
advanced wireless transmitters that address the need for improved energy
efficiency and capacity in future mobile communication and sensor
applications. Our research ranges from transmitter circuit design, nonlinear
measurements, RF system modelling, and digital signal processing
techniques.

Exploring advanced CMOS technology
During 2017, we have started a new project that will
explore advanced CMOS technology for mm-wave 5G
base station and radar transmitter applications. The goal
is to integrate high-speed digital and mm-wave analog
functions on the same chip for increased performance
and higher energy efficiency. We do this research in close
collaboration with industries, through GHz Centre,
and with the VLSI research group at CSE department
and with the Communication Systems Division at E2
department.

Heterogeneous 3D integration

We have also started a new project on heterogeneous 3D
integration for dense mm-wave active antenna arrays.
We are investigating vertical stacking of silicon, GaN
and antenna arrays to maximize performance under the
strict area constraints set by the antenna array design. The
project is truly multi-disciplinary as it includes electrical-,
thermal-, mechanical-, and manufacturing properties that
all will be accounted for in the design.

Integrated circuits for high data rate
wireless communication and photonics

Our research on high data rate wireless communication
is aiming at realizing chipsets for various frequency bands
up to 500GHz, namely D-band (110-170 GHz), G-band
(140-220 GHz), H-band 220-325 GHz) and WR2.2
(325-500 GHz). A receive and transmit chipset at D-band
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is recently realized for various applications in wireless
communication, a world record data rate of 48 Gbps was
demonstrated and published 2016, we are now working
towards the realization of a D-band millimeterwave link
demonstrator together with Ericsson AB. During 2017
we have developed receive and transmit modules for
the link and demonstrated 5 Gbps real-time traffic over
10 m distance in a 1 GHz channel. This is to our best
knowledge state-of-the-art for spectrum efficient high
data rate wireless communication at such high frequencies.
Two different technologies are used for the chip designs,
based on commercially available bipolar InP and SiGe
semiconductor processes. This project is funded by SSF
(until year 2020) and VR with the goal of achieving
100 Gbps data rate at frequencies up to the WR2.2band. Packaging of the chips is crucial, and within an
EU Horizon 2020 project, we are designing chipsets for
wireless communication and sensing based on a SiGe
BiCMOS process. We are studying various packaging
solutions including a micro machined silicon platform,
and antenna integration.

Developing electronic components

In a joint SSF-project with the Photonics Lab, MC2, we
are developing electronic components such as modulators
and drivers for lasers, and amplifiers/equalizers for
photodiode receiver, used for fibre-optical links. A
100Gbps modulator/driver for a VCSEL (Vertical Cavity
Surface Emitting Laser) based on the InP DHBT IC
process was recently demonstrated.

Photo: Magnus Bergström/KAW

First time demonstration

We demonstrated for the first time that Graphene based
integrated circuits can be successfully utilized for multi
Gbps high data rate modulators and demodulators. Due
to the unique properties of the Graphene field effect
transistor (GFET), modulators and demodulators become
very linear, making them ideal for use in high data rate
signal processing components. During 2016, frequency
conversion circuits such as basic frequency mixers were
demonstrated in the W-band (75-110 GHz) based on
our in-house GFET-on-Silicon Carbide monolithic
integrated circuit process. This year we have designed
more advanced modulators and demodulators, to be
processed and characterized during 2018.

II-nitride based microwave electronics

In our research on transistors and integrated circuits based
on wide bandgap semiconductors we explore new findings
in the design and growth of III-nitride heterostructure
(eg. AlGaN/GaN, InAlN/GaN). This semiconductor
technology is of large interest for wireless communication
and different types of sensor systems, where efficient
power generation at high frequencies is essential.
We have lately focused on different types of electron
trapping effects that prevent the full utilization of the
potential performance of III-nitride heterostructures.
Electron trapping potentially occurs in several places
in the transistor, which can be remedied by specific
design, growth, and processing methods. In one study,
we compared different GaN buffer dopants (carbon and

iron) and profiles. Although iron-doping results in good
devices, these still suffer from unwanted dispersive effects
under certain drive conditions. Carbon-doping also
results in good devices, but devices exhibit more dispersive
effects. We believe this is due to interaction between the
carbon atoms and dislocations that are formed to create
the doping.

Investigating indium

Furthermore, we are investigating indium containing IIInitrides that potentially will facilitate a more aggressive
lateral and vertical down-scaling of the transistor. In
standard III-nitride heterostructures, the current density
will decrease too much when scaling the transistor for
power generation at very high frequencies. Using InAlN
as barrier material offers a much high current level even
for very small thicknesses (down to a few nanometers).
In a recent study, we compared the high frequency
performance of InAlN/GaN HEMTs with an AlGaNback-barrier and different channel thicknesses. A thin
channel and a back-barrier will minimize short-channel
effects, but trapping effects in the back-barrier need to be
considered.
Incorporation of indium in the electron channel will
improve the electron transport characteristics, which
potentially will enable a new transistor technology
reaching record performance. Molecular Beam Epitaxy
have several interesting features that may enable the
growth of high quality indium containing layers. After
a long and thorough cleaning and refurbishment of
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an MBE-system we will be ready for the first growth
experiments in the beginning of 2018.
Due to the high power levels achievable in GaN there
is a need to study thermal effects on device and circuit
levels. In one study, we developed a method to study
the lateral heat propagation in an AlGaN/AlN/GaN
heterostructure. A special temperature sensor, which
is easy to integrate in GaN MMIC technologies, was
designed and implemented. Using the sensor, we were able
to characterize the thermal transient response and extract
the lateral thermal time constants.

New Vinnova centre with Linköping
University

We were jointly awarded a new Vinnova competence
centre together with Linköping University. The centre
for III-Nitride Technologies (C3NiT) will explore new
findings in III-nitride materials and device concepts for
both power and high frequency applications.

Narrow bandgap devices and ultra-low
noise circuits

We are studying ultra low-noise InP HEMT technology
operating at cryogenic temperatures (5-15 K) for low
noise amplifiers (LNAs). During the year, the spinoff
company from our group, Low Noise Factory AB (LNF),
has taken over the development of the baseline 100 nm
gate length InP HEMT MMIC process specially tuned
for ultra-low noise performance. We have in collaboration
with LNF been focusing on three aspects of the InP
HEMT technology: (1) In a HEMT scaling study, we
proved that average minimum noise temperature of cryo
100 nm HEMT MMIC LNAs could be further improved
at 0.3-14 GHz (3.5 K) and 16-28 GHz (6.3 K) despite
a 3x higher gate current compared to previous 130 nm
HEMT process. (2) We have published a device solution
on how to electrically stabilise 2-finger cryogenic InP
HEMTs for certain gate widths and gate lengths. This
solution was successfully implemented in 24-40 GHz and
28-52 GHz HEMT MMIC LNA designs. (3) We have
started a collaboration with QDP at MC2 to re-engineer
the InP HEMT for a qubit readout at C-band. The largest
challenge is the demand on dc power dissipation, typically
a factor 100 lower than used today. A diploma work on
pulsing the cryo InP HEMT in reducing the dc power has
been showing promising device results for 1 us pulses with
a 1% duty cycle.
During 2017, we arranged one workshop on microwave
HEMTs with Kyungpook National University, Daegu,
Korea (Prof. D.-H. Kim).

Low-phase noise frequency generation

We are designing circuits for low-phase noise frequency
generation in high data rate wireless communication
systems. A key circuit is the oscillator that consists of a
passive resonator and an active device compensating its
loss. The oscillator design involves trade-offs between
noise and power in the active device as well as tunability
and loss of the passive resonator. On circuit-design
level the challenge is to match the active device to the
resonator for optimum power transfer without degrading
the resonator’s loaded quality factor. On device level there
is a trade-off between power and noise. In particular
low-frequency noise, e.g., flicker noise is very detrimental
for near carrier phase noise performance. In recent years,
our focus has been on oscillators based on active devices
in wide-bandgap material, e.g., GaN HEMT. The high
power enables a better signal-to-noise-ratio. In particular,
the far carrier noise floor is directly proportional to the
power of the oscillator. We have demonstrated Ultra
low phase noise fully integrated MMIC GaN HEMT
oscillators as well as hybrid oscillators based on external
high-Q resonators. An excellent phase noise of -145 dBc/
Hz from a 10 GHz carrier signal is reported for a fixedfrequency cavity oscillator. A particular effort has been
dedicated to the trade-off between tunability and phase
noise performance. Low-loss MEMS switches, integrated
in a high-Q cavity, provides up to 5% tuning.

Integrating varactors in a high-Q cavity

In 2017, we have reported efforts on integrating varactors
in a high-Q cavity. A few percents tunability is achieved
but to the price of a significantly degraded phase noise.
Even if the varactors do not significantly degrade the
small-signal Q of the resonator, the phase noise is
degraded due to varactor modulation noise and largesignal Q factor. We have also reported state-of-the art
low phase noise integrated oscillators in GaN HEMT
MMIC technology –A VCO chip set covers the frequency
range from 7.3-12.3 GHz with 1MHz off-set phase noise
better than -125 dBc/Hz. Finally, we are now looking into
signal sources for very high frequency communication
systems operating with large bandwidth.
We have experimentally demonstrated that the capacity
of wideband systems is limited primarily by phase noise
floor rather than near carrier phase noise which most
signal sources traditionally are designed for. To reach a
good phase noise floor at high frequency, it is important
to generate the signal fundamentally at high frequency
instead of using frequency multipliers. For this matter, we
are now also working with mixed signal processes, e.g.,
SiGe HBT and InP HBT, where the oscillator can be
designed at the fundamental frequency.

Picture on the opposite page: Katharina Hausmair and Christian Fager in Chalmers microwave
characterisation laboratory, verifying new MIMO linearization algorithms for future 5G base
stations.
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Nanofabrication
Laboratory
Head of Laboratory Peter Modh
peter.modh@chalmers.se

The Nanofabrication Laboratory is a world-class university cleanroom for
research in and fabrication of micro and nanotechnology. The laboratory is
run by the Department of Microtechnology and Nanoscience – MC2 – at
Chalmers, as an open user facility for external as well as internal academic
and industrial interested parties.
The Nanofabrication Laboratory offers a broad platform
of process tools for the development and testing of new
ideas in micro and nanotechnology. Two strategic focus
areas in the cleanroom are within quantum devices and
microwave/photonic devices. Both rely on our strength
and strong heritage within nanolithography.
The Microwave and Photonics Processing Line
encompasses a complete set of process tools from material
growth to packaging where either access is limited to
microwave or photonic devices or where only approved
processes can be run. The Line supports complex
fabrication of high-quality III-V components with
fairly large number of mask layers, such as transistors,
varactors and lasers. In a similar way, the Quantum Device
Line supports fabrication of state-of-the-art quantum
devices such as single electron transistors and qubits.
The Nanofabrication Laboratory has 191 process tools
available for fabrication and characterisation at the micro/
nano-scale.
After two years, where we in total installed 10 new
instruments into the infrastructure, we in 2017
experienced no new additions to the cleanroom.
The Nanofabrication Laboratory staff, of 23 persons, is
responsible for running and maintaining the physical
cleanroom, maintaining the process equipment, educating
and training the users in proper cleanroom behaviour and
processing skills, supporting department research through

process development and problem solving, and offering
advanced process services to external customers. In 2017
the number of active user and the number of booked toolhours in the cleanroom was 208 and 65 137 respectively
(213 and 61 988 in 2016).
The Nanofabrication Laboratory together with the
Ångström Microstructure Laboratory at Uppsala
University, the Electrum Laboratory at KTH, and Lund
Nanolab at Lund University form Myfab, the Swedish
Research Infrastructure for Micro and Nano Fabrication
and Characterization (www.myfab.se).
During 2017 we have continued to adapt the operation
to the significantly lower funding level from the Swedish
Research Council. Myfab has continued the development
of the Nordic Nanolab Network, where we on all levels
collaborate with our Nordic sister organizations. During
2017 the Nordic Nanolab Network has been one of the
main partners to initiate a European cleanroom network,
the Euronanolab Network. The aim is to form a European
equivalent to the Nordic network. Euronanolab is
presently working to become part of the ESFRI roadmap.
The 9-10 of May the Nordic Nanolab Network arranged
the first Nordic Nanolab User Meeting in Trondheim.
This event replaces the earlier Myfab User Meetings.
The meeting in Trondheim was a great success with 263
participants.

A NEW MANUAL with updated safety instructions for the
Nanofabrication Laboratory was launched in 2017. Both new and old
users will be trained with the new printed matter as the basis.
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Cleanroom usage 2017
•
•

208 users that booked equipment
65 137 booked hours

34 external customers
•
•
•
•

20 Swedish companies where 13 used own personnel in the
cleanroom
4 foreign companies where 1 used own personnel in the cleanroom
6 Swedish universities or institutes where 3 used own personnel in
the cleanroom
4 foreign universities or institutes where 2 used own personnel in
the cleanroom
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Photonics
Laboratory
Head of Laboratory Anders Larsson
anders.larsson@chalmers.se

Photonics is the science and technology of light. Among the areas where
photonics has large impact is communication. Driven by the development of
the Internet, optical communication develops rapidly towards higher capacity
and energy efficiency and is increasingly used at shorter distances, such as in
datacentres, supercomputers and data storage systems.

At the Photonics Laboratory, we conduct application oriented research on optoelectronic materials and devices,
photonic integrated circuits, ultrafast photonics and fibre optical communication. Optical communication is a major
area of research, with efforts on system, circuit and device technologies for applications extending from long-haul
transmission to short reach interconnects. This research is coordinated in the Fibre Optical Communications Research
Centre (FORCE), which involves researchers from three departments: MC2, E2 and CSE. Efforts are also invested
in the development of optical frequency comb technologies for spectroscopy and in the development of new photonic
materials and devices for emission in the infrared, visible and ultra-violet.

PhD student Ewa Simpanen in the Nanofabrication Laboratory (right), fabricating VCSELs for long reach optical
interconnects (left). Photo: Filip Hjort

Fibre Optic Transmission Systems

Our research on fibre optic communications is mainly organized in three larger projects, namely spatial division
multiplexing (SDM), energy-efficient transmission, and novel transmission schemes. The SDM project aims at finding
efficient transmission schemes over parallel optical channels. The energy efficiency project involves close collaborations
with colleagues at the Electrical Engineering and Computer Science and Engineering departments, to get a holistic
view of the energy consumption of optical links. An example of the latter collaboration is our recent work on timedomain digital back propagation. This describes an ASIC-compatible digital implementation that, with reasonable
complexity, can mitigate nonlinear distortions in fibre transmission.
Proceedings Optical Fiber Communication Conference, paper W1G.4, 2017.
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Parametric Processing and Amplification

In our research on phase-sensitive optical amplifiers we demonstrated improved performance in optical transmission
by utilizing the unique features of these amplifiers; producing nearly no excess noise and the ability to mitigate
transmission fibre nonlinearities. In long-haul fibre transmission, we demonstrated extensive reach extension compared
to conventional approaches with both QPSK and 16-QAM signals. We are also investigating the additional benefits
of using distributed Raman amplification and few-mode fibres. We further demonstrated a record-sensitivity receiver
(4.5 photons per bit) for free-space optical communication. While the current work relies on a highly nonlinear silica
fibre platform, we are also pursuing compact solutions based on e.g. silicon nitride being fabricated in-house, which also
makes a wide range of optical wavelengths accessible.
IEEE Journal of Lightwave Technology vol. 35, no. 14, pp. 2810-2817, 2017.

Ultrafast Photonics

We develop laser frequency comb technology for applications in fibre-optic communication systems and ultrafast
metrology. Highlights from 2017 include the longest transmission reach ever achieved using an integrated frequency
comb generator as the multi-wavelength light source. This work utilized microresonator frequency comb samples from
our collaborators at Purdue University. The remarkable finding of this work is that it shows for the first time that this
silicon photonics technology is ready for fibre-optic applications that demand high-performance integrated optics.
Strong nonlinearities are attained with relatively low power laser pulses.
Optics Express, vol. 25, no. 22, pp. 26678-26688, 2017.

Vertical Cavity Lasers for Optical Interconnects and Life Science

This research aims at developing vertical-cavity surface-emitting lasers (VCSELs) and associated technologies for
applications in data communication and life science. In collaboration with Hewlett Packard Enterprise, we developed
1060 nm single-mode VCSELs capable of 50 Gbit/s modulation and demonstrated 25 Gbit/s transmission over 1
km multimode fibre provided by Corning. Together with Georgia Tech, we demonstrated, for the first time, error-free
100 Gbit/s PAM-4 transmission over 100 m MMF using our high-speed 850 nm VCSELs. There was also significant
progress in our work on hybrid vertical-cavity laser integration on silicon for bio-photonic sensors. This work is done
with Ghent University in the European H2020 project PIX4life.
Electronics Letters, vol. 53, no. 13, pp. 869-871, 2017.

Wide Bandgap Optoelectronics

We focus on resonant-cavity light-emitting diodes and microcavity lasers emitting in the ultraviolet and visible regime,
for applications such as efficient solid-state lighting, visible light communication and medical diagnosis. We have
developed a process for doping selective electrochemical etching of n-doped GaN, which enabled the realization of
ultra-smooth membranes. This will improve the fabrication of GaN-based VCSELs, thin-film LEDs and membranebased devices. In a collaboration with NCTU in Taiwan we have achieved lasing in GaN-based VCSELs with a
high-contrast grating. In addition, we have shown that anti-guided cavities have built-in modal discrimination, stronger
temperature dependent characteristics and higher threshold gains.
Optics Express, vol. 25, no. 9, pp. 9556-9568, 2017.

Epitaxy of Novel Bismuth-Containing Materials

Our research on novel bismuth-containing materials focuses on epitaxial growth of high quality dilute bismide for
uncooled lasers and Bi2Te3 topological insulator (TI) for spintronic device applications. We demonstrated room
temperature GaAsBi quantum well lasers with several record performances, including the longest lasing wavelength of
1.142 micrometre, the highest output power of over 120 mW and the first cw lasing at 275 K. We also demonstrated
spin injection from GaAs to 3D Bi2Te3 TIs and its significant contribution to the surface current by circularly polarized
light for the first time.
ACS Photonics, vol. 4, 1322, 2017; Nature Communication vol. 8, 15401, 2017.
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Quantum Device
Physics Laboratory
Head of Laboratory Avgust Yurgens
avgust.yurgens@chalmers.se

The modern society benefits from a high density of information that is carried
and processed by electronic machines. The high density means small parts.
However, as electronic components become smaller and smaller, the technology
approaches a limit when the classical electrodynamics is no longer valid.
Quantum mechanical effects such as electron tunnelling start dominating the
properties of small electronic devices. The research at the Quantum Device
Physics Laboratory extends over a variety of different topics including quantum
computation and electrodynamics, molecular- and single electronics, spintronics,
high-temperature superconductivity, radiation- and magnetic sensors, and
atomic-level quantum theory.

Schematics and SEM image of the graphene- MoS2 van der Waals heterostructure device for electrical gate control of spin
current.
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Creation and Control of Spin Current in 2D material heterostructures

Exploiting the spin degrees of freedom of electrons is considered as one of the alternative state variables for information
technology. In this regard, two-dimensional (2D) materials provide a promising platform due to their remarkable
spintronic properties. After showing graphene as an excellent medium for spin transport and h-BN as a spin tunnel
barrier, now we combine it with 2D semiconductor MoS2 for control of spin current at room temperature. First, we
showed the semiconducting MoS2 to be a good tunnel barrier for spin polarized tunneling in magnetic junctions
[1]. Secondly, we demonstrated the electric gate control of the spin current in graphene-MoS2 heterostructures by
taking advantage of their contrasting spin relaxation properties [2]. These findings represent the first all-electrical
spintronic device at room temperature combining creation, transport and control of the spin current in 2D material
heterostructures.
[1] André Dankert, P. Pashaei, V. K. Mutta, A.P.S. Gaur, S. Sahoo, I. Rungger, A. Narayan, K. Dolui, M.A. Hoque, R.S. Patel,
M.P. De Jong, R.S. Katiyar, S. Sanvito, and Saroj. P. Dash, ACS Nano 11, 6389 (2017).
[2] André Dankert, Saroj P. Dash, Nature Communications 8, 16093 (2017).

Direct Identification of Dilute Surface Spins on Al2O3: Origin of Flux Noise in
Quantum Circuits

An on-chip electron spin resonance technique is applied to reveal the nature and origin of surface spins on Al2O3. We
measure a spin density of 2.2x1017 spins/m2, attributed to physisorbed atomic hydrogen and S=1/2 electron spin states
on the surface. This is direct evidence for the nature of spins responsible for flux noise in quantum circuits, which has
been an issue of interest for several decades. Our findings open up a new approach to the identification and controlled
reduction of paramagnetic sources of noise and decoherence in superconducting quantum devices.
S. E. de Graaf, A. Adamyan, T. Lindström, D. Erts, S. Kubatkin, A. Ya Tzalenchuk, A. Danilov, Physical Review Letters 118,
057703 (2017).

Transport properties of ultrathin YBa2Cu3O7-delta nanowires: A route to singlephoton detection

We report on the growth and characterization of ultrathin YBa2Cu3O7-δ (YBCO) films on MgO (110) substrates, which
exhibit superconducting properties at thicknesses down to 3 nm. YBCO nanowires, with thicknesses down to 10 nm
and widths down to 65 nm, have also been successfully fabricated. The nanowires protected by an Au capping layer show
superconducting properties close to the as-grown films and critical current densities, which are limited by only vortex
dynamics. The 10-nm-thick YBCO nanowires without the Au capping present hysteretic current-voltage characteristics,
characterized by a voltage switch which drives the nanowires directly from the superconducting to the normal state. We
associate such bistability to the presence of localized normal domains within the superconductor. The presence of the
voltage switch in ultrathin YBCO nanostructures, characterized by high sheet resistance values and high critical current
values, makes our nanowires very attractive devices to engineer single-photon detectors.
R. Arpaia, D. Golubev, Reza Baghdadi, R. Ciancio, G. Drazic, P. Orgiani, D. Montemurro, T. Bauch, F. Lombardi, Physical
Review B 96, 064525 (2017).

Electrical and optical properties of a bolometer with a suspended absorber and
tunneling-current thermometers
We have developed a bolometer with a suspended normal-metal absorber connected to superconducting leads via
tunneling barriers. Such an absorber has reduced heat losses to the substrate, which greatly increases the responsivity
of the bolometer to over 109 V/W at 75 mK when measured by dc Joule heating of the absorber. For high-frequency
experiments, the bolometers were integrated in planar twin-slot- and log-periodic antennas. At 300GHz and 100
mK, the bolometers demonstrated the voltage- and current response of 3x108 V/W and 1.1x104 A/W, respectively,
corresponding to the quantum efficiency of 15 electrons per photon. An effective thermalization of electrons in the
absorber favors the high quantum efficiency.

M. Tarasov, V. Edelman, S. Mahashabde, M. Fominsky, S. Lemzyakov, A. Chekushkin, R. Yusupov, Dag Winkler, A. Yurgens,
Applied Physics Letters 110, 24 (2017).
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Terahertz and
Millimetre Wave
Laboratory
Head of Laboratory Jan Stake
jan.stake@chalmers.se

At the Terahertz and Millimetre Wave Laboratory (TML), we are focusing on innovating frontline
terahertz (THz) technologies (0.3-10 THz) that finds applications in basic science to future
wireless sensor and communication systems. Today, terahertz technology is an indispensable tool for
space science, with the hope of gaining fundamental knowledge of the origin of our universe, and
for atmospheric science directly related to our environmental challenge and climate change effects.
Sandwiched between the visible light on the short wavelength side and radio waves on the long
wavelength extreme, the sub-millimetre wave radiation or terahertz wave radiation has long been
considered the last remaining scientific gap in the electromagnetic spectrum. This is a part of the
spectrum where optical and microwave techniques meet.
We fabricate unique terahertz components in our state-of-the-art Nanofabrication facility at MC2
and evaluate demonstrators in our top-class terahertz characterisation facility. Our research aims to
close the THz-gap and light up the last dark region of the electromagnetic spectrum.

THz electronics and systems

The continuous interests in terahertz wave applications
have generated a strong need for reliable, room temperature
operational and compact THz electronics. An example
is front-end electronics and instrumentation for the
European Meteorological Operational satellite programme
(MetOp), with the plan to monitor the climate and to
improve weather forecast. Our team has been involved in
research and establishing space qualified THz components,
manufactured in the Nanofabrication facility at MC2.
The coupling of weak THz signals between the outer world
and components (ICs) is challenging due to high loss and
small dimensions at these frequencies. During 2017, we
presented the design and characterisation of a broadband
0.75 – 1.1 THz waveguide-to-suspended-stripline
transition, in the shape of a grounded loop probe, at the
international microwave symposium in Honolulu, Hawaii.
www.chalmers.se/en/departments/mc2/news/Pages/Devicesfrom-Chalmers-going-to-space.aspx

0.75 – 1.1 THz waveguide- to-suspended stripline loopprobe transition © 2017 IEEE. Reprinted, with permission,
from 2017 IEEE MTT-S International Microwave
Symposium (IMS).

TML celebrated its tenth anniversary in 2017
www.chalmers.se/en/departments/mc2/news/Pages/10th-anniversary-for-the-Terahertz-and-MillimetreWave-Laboratory.aspx
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Ultra-sensitive terahertz detectors

Detection of faint emission from molecules and atoms in the interstellar medium (the basis for star and planet
formation), or from tiny concentrations of atmospheric pollutants require unique receivers with extreme sensitivity, fast
response rate, and preferably with many pixels. We study novel THz wave detection approaches in new materials and
devices in an attempt to widen the horizon for future space science instrumentation. Examples of such materials are
ultrathin superconducting films of magnesium diboride (MgB2) and chemically doped monolayers of graphene. MgB2
hot-electron bolometers have shown outstanding performance which was recognised by the European Research Council
in a proof-of concept 2017 grant. Our studies of sensitive terahertz detectors can find use in other emerging fields such
as quantum communication. In 2017, we started a project on infrared (1.5 µm) single photon detectors based on MgB2nanowires with the goal to achieve Gbs (gigabit per second) data rate for deep space communication.

THz techniques for life science applications

With energy levels in the few meV range, terahertz frequencies have unique spectroscopic features for monitoring
biological molecules. Moreover, due to the low energy level of terahertz radiation (few meV ), the interaction with
biological matter is non-ionizing and generates very low cell and tissue damage.
Our research on terahertz technology for life science covers basic science on molecular dynamics in a joint project
between University of Gothenburg and Chalmers, the use of THz waves for the identification and sensing of
biomolecules, and instrumentation for the pharmaceutical industry together with AstraZeneca Gothenburg.

Graphene terahertz electronics

The two-dimensional material graphene, consisting of a single layer of carbon, possesses unique properties of interest for
a wide range of applications. In particular, the unique electronic features of graphene, combined with its flexible nature,
make it a promising material to integrate into plastic and fabric, something that will be important building blocks in a
future interconnected world. We have demonstrated a flexible terahertz detector that detects signals in the frequency
range 330 GHz to 500 GHz. It is translucent and flexible, and opens to a variety of applications. The technique can
be used for imaging in the terahertz frequency range (THz camera), wireless communication, and also for identifying
different substances (sensor). Hopefully, this can extend the use of terahertz technology to applications that will require
flexible electronics, such as wireless sensor networks and wearable technology. Moreover, we have studied charge carrier
transport in graphene field-effect transistors (GFETs) with the aim to improve graphene technology for high frequency
applications. By developing a model that correlate interface states with the transfer characteristics and a delay time
analysis, we observe that charge carriers emitted from traps prevent the drain current to saturate. These results indicate
that the performance of graphene transistors can be significantly improved if level of defects and impurities can be
reduced during material synthesis and device fabrication.
www.chalmers.se/en/departments/mc2/news/Pages/Graphene-enables-high-speed-electronics-on-flexible-materials.aspx

Flexible terahertz electronics.
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Fibre Optic Communications
Research Centre – FORCE
www.chalmers.se/force
Centre Director Peter Andrekson
peter.andrekson@chalmers.se

Fibre-optic systems are essential for communication and is an integral
part of our Internet-based society. FORCE was established in May 2010
with the aim to coordinate research within this area at Chalmers and to
generate more visibility of the research.
Core

The core of the centre is the Photonics Laboratory
at MC2, the Communication Systems Group at the
Department of Electrical Engineering, and the VLSI
Research Group at the Department of Computer Science
and Engineering. The collaboration bridges traditional
discipline boundaries and includes the chain from
components to system, including photonic devices and
electronics, and from analysis to experiments. FORCE
is open to everyone at Chalmers who has interest in
contributing.

Financiers

While FORCE is a centre with no direct funding, it relies
on sizeable external project grants from, for example, the
Swedish Research Council (VR), The Swedish Foundation
for Strategic Research (SSF), the K.A. Wallenberg
Foundation (KAW), and the European Research Council
(ERC).

Inter-disciplinary research

We conduct inter-disciplinary research on energy-efficient
optical communication, in which teams from all three
departments join together to address the challenge to
co-optimise the hardware, algorithms and system with
not only performance, but also energy efficiency as a key
metric. In terms of applications, both short-haul (< 1
km) datacom links and long-haul (>500 km) links are
investigated and their associated challenges are quite

different. Also, the fundamental energy limits for optical
transmission systems are studied. In the area of shortreach transmission in optical multi-mode fibres using
inexpensive VCSEL based transmitters, we are targeting
100 Gb/s operation with a single VCSEL based optical
transmitted with an overall energy consumption of 1 pJ/
bit.

Exploring the “next frontier”

We are also exploring the “next frontier in optical
communication”: Spatial-division-multiplexing (SDM),
in which we work on multicore and multimode fibre
solutions where each mode and/or core in a single optical
fibre carries independent data. A technology potentially
very suitable for this is the so-called optical frequency
comb, basically a source generating a large number of
mutually stable and closely spaced frequency tones. With
this approach we have demonstrated very high spectral
efficiency transmission and also working on the design
and fabrication of very compact versions of such combs.
Extensive research is also conducted on optical phasesensitive amplifiers (PSAs). These are the only known
optical amplifiers that can amplify light without addition
of excess noise. They also have the ability to counteract
nonlinear distortion taking place in transmission fibres.
This year we have applied this to free space optical
transmission in which we demonstrated a record receiver
sensitivity of 4.5 photons per bit at a bit rate of 20 Gb/s.

“We demonstrated a record receiver sensitivity
of 4.5 photons per bit at a bit rate of 20 Gb/s.”
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Graphene Centre
www.chalmers.se/graphene
Centre Director Ermin Malic
ermin.malic@chalmers.se

The Graphene Centre at Chalmers gathers all research on atomically
thin 2D materials (including graphene, transition metal dichalcogenides,
van der Waals hetero-structures and related materials). The Centre has
been recently restructured to enter a new phase. The previous external
coordination has been replaced by in-house leadership through an expert
in the graphene research (Ermin Malic) and an experienced coordinator of
industrial relations (Cristina Andersson).
Vision

The Graphene Centre at Chalmers (GCC) provides a
forum for 2D material researchers to exchange ideas,
to identify synergy effects, to build new and strengthen
already existing collaborations within Chalmers, and
finally to coordinate joint applications for large grants.
The explored scientific questions cover fundamental
research including physics, chemistry, and material science
and application-oriented research aiming at the design
of novel technologies. To reach the latter stage, industry
partners will be an important part of the GCC. We will
offer a platform for industry and research to discuss
current challenges in technology, to identify the need for
specific research directions, and to start joint projects.
Finally, GCC will also address students at different levels
with the aim to fascinate them for 2D material research
and to bring them together with our researchers.

Agenda

We have recently organized a first community building
event in Stenungsund addressing PIs and industry
partners with the purpose of networking across borders,
identifying focus areas and developing a roadmap on
graphene and 2D-materials at Chalmers. Further events
will follow in 2018, where also students will be involved.
Regular joint seminar will be established with alternating
internal and external invited speakers, who are leading
experts in research and industry. Furthermore, we will
organize a yearly specialized workshop on a topic that is
important for 2D material research at Chalmers. In 2018,
we will be responsible for the initiative seminar of the
Area of Advance Nanoscience and Nanotechnology. We
will also initiate focused workshop with industry partners
on the topics of multifunctional composite materials,
ICT, energy, and health. Finally, we will implement a new
master course on the fundamentals of graphene and 2D
materials.

“The Graphene Centre at Chalmers provides a forum
for 2D material researchers to exchange ideas, to
identify synergy effects, to build new and strengthen
already existing collaborations within Chalmers.”
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GigaHertz Centre
www.chalmers.se/ghz
Centre Director
Jan Grahn
jan.grahn@chalmers.se

Centre Coordinator
Cristina Andersson
cristina.andersson@chalmers.se

Chairman
Peter Olanders, Ericsson

CENTRE
A new 5-year research program

In January 2017, GigaHertz Centre started a fiveyear competence centre between Chalmers and twelve
companies in the wireless sector. MC2 is centre host. GHz
Centre involves researchers and PhD students from three
departments at Chalmers (MC2, EE, and CSE) to meet
the various demands from industry. Around 70 researchers
at Chalmers and industry are involved in GHz Centre
spending a total budget of 15 MEuro 2017-2021. The
following research areas have been agreed upon between
Chalmers and industry:
• Improved energy efficiency in mm-wave MIMO
transmitter systems, e.g. targeted for 5G
• Linearity and efficiency trade-offs in multi-antenna
receiver systems for 5G
• THz receivers for space instrumentation using GaAs
Schottky diodes
• Cryogenic InP HEMT low-noise amplifiers for receivers
up to 200 GHz and qubit readout
• Electro-thermal effects from component to system level,
in particular with respect to GaN HEMTs

Mission Accomplished

GHz Centre published a ten-year report (download
at www.chalmers.se/ghz) of our accomplishments
between Chalmers and seventeen company partners.
The report documents the stories rarely told, namely
the long-term uptake of our microwave research from
Chalmers to industry. As a result, a large focus in the
report has been interviews with key people at Chalmers
and industry. Ample evidence is given in the report how
RF/microwave collaboration in GHz Centre leads to
more rapid industrial utilisation, e.g. improved power
amplifier efficiencies for radio base stations, GaN HEMT
technology for radar systems, and setting a new industrial
standard for the minimum noise figure. An essential
ingredient in this process is also all examined and trained
PhDs, now active in relevant industry.

Microwaves + Antennas = True

During 2017-2021, GHz Centre is organised in a joint
consortium together with the antenna system centre
ChaseOn hosted by the EE department. By having
the microwave and antenna community to merge, we
strongly extend the wireless collaboration for all partners
including faculties at Chalmers. The two centres are
still independent and report separately to Vinnova but
share the legal framework (agreement), coordinator,
Steering Board, and International Scientific Advisory
Board (ISAB). In addition, the directors of GHz Centre
and ChaseOn meet regularly in a dedicated group (see
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picture). The joint consortium is also with global standards
a large program in microwaves and antenna systems with
25 companies and Chalmers. This is the first time two
independent competence centres between university and
industry form a joint research collaboration in Sweden.
We ended 2017 with a common centre day at Chalmers
between GHz Centre and ChaseOn gathering 130
participants from university and industry including our
ISAB.

GigaHertz Centre

Director’s Group for ChaseOn and GHz Centre 2017-2021. From left: Jan Grahn, (GHz Centre), Marianna Ivashina
(ChaseOn), Christian Fager (GHz Centre), Cristina Andersson (coordinator ChaseOn + GHz Centre), Erik Ström (ChaseOn).

“The ten-year report documents the stories
rarely told, namely the long-term uptake of
our microwave research from Chalmers to
industry.”
Sponsors
Chalmers University of Technology (MC2 centre host)
Company partners
Swedish Governmental Agency for Innovation Systems
(Vinnova)
Company partners 2017-2021
Ericsson AB
Gotmic AB
Infineon Technologies AG, Austria

Low Noise Factory AB
National Instruments, US
Omnisys Instruments AB
Qamcom Research and Technology
RISE
Ruag Space AB
Saab AB
United Monolithic Semiconductors, Germany
Wasa Millimeter Wave AB
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Industrial Collaboration
Vice head of utilization Cristina Andersson
cristina.andersson@chalmers.se

Things at the department never stop

January 2018. I look outside my office window and
contemplate a grey blurred sky over the green shaded
copper roofs and some majestic naked trees standing
still and co-existing in harmony with the stringent city
environment. A few raindrops fall down from the sky and
caress the outside of the glass window, seemingly wanting
to say hi. There is no wind, not even a slight winter breeze.
Only a few persons walk by in a rush towards something,
a meeting, a date, or just on the way to someplace else.
However, as grey as the weather might be outside and
as dark as our minds might feel right now, things at the
Department of Microtechnology and Nanoscience –
MC2 – never stop. Sunny days are just behind the corner
and with this hope in mind, everything continues in its
usual pace towards new knowledge, new results and new
achievements.

One of the largest national research
programs

In the quantum technology field, the department became
the host of one of the largest national research programs
with the goal to develop a Swedish quantum computer
– the Wallenberg Centre for Quantum Technology. The
10-year initiative will be headed by a new laboratory,
the Quantum Technology Laboratory, and driven in
collaboration with KTH Royal Institute of Technology
and Lund University as well as a large number of Swedish
industrial partners.

Co-existing in harmony

2017 is just behind us, replete with successes and failures,
joy and sorrow, in the form of successful and failed
experiments, accepted and rejected manuscripts, granted
and rejected grants, high and low citation indexes,
everything co-existing in harmony in the simultaneously
organised and chaotic world of a researcher.

A strong collaboration year

In the frame of industrial collaboration, the attractive
multidisciplinary environment at the department resulted
once again in a strong collaboration year. Companies
of different sizes, sectors, and nationalities continued
to demonstrate a genuine interest in MC2. New crossborder alliances were created, old were kept and nourished,
all targeting at generating multilevel benefit for industry,
academia and society in general. These alliances, in the
shape of a wide variety of collaboration forms, have helped
paving the department’s path towards increased quality in
education, research and utilization.
From basic to applied quantum technology, through
photonics, electronic systems and materials, to microwave
and terahertz electronics, as well as the state of the art
infrastructure, the department stands strong in its role as
an excellent collaboration partner.

MC2 - 36

The Swedish quantum computer is built of superconducting
qubits, electrical circuits on a microchip that can host quantum
states of single photons. Linking many qubits is relatively easy,
but having control of quantum states and errors is difficult.
Photo: Johan Bodell/Chalmers

Continued work with HP

In the photonics field, the Photonics Laboratory,
supported by an HP Labs Innovation Research Grant,
continued working with Hewlett Packard Enterprise
(Palo Alto, CA, USA) on the development of longer
wavelength (1060 nm) vertical-cavity surface-emitting
lasers (VCSELs) for extended reach optical interconnects,
as needed in large-scale datacenters. Corning (Painted
Post, NY, USA), a leading provider of optical fibres, also
joined the project to provide specialty fibres. The teams
have recently demonstrated 25 Gbit/s transmission over
1000 m of 1060 nm optimized multimode fibre.

Industrial Collaboration

Radio links for 5G demonstrated

Together with Ericsson AB, the Microwave Electronics
Laboratory has demonstrated a new millimetre wave
radio link in the 140 GHz frequency band. This link
demonstrator is based on a previously developed chip set.
So far, a data-rate of 5 Gbps (realtime traffic) has been
achieved over a distance of 10 m. Such radio links can be
used in future 5G mobile communication systems. The
researchers are aiming at a distance of a few kilometres
and a data-rate of up to 100 Gbps, within a few years.

Six adjunct professors

Industry was also present at the department in the form
of adjuncts. The environment housed a total of six adjunct
professors mainly from large enterprises such as Ericsson
and Saab, and the research Institute RISE – Acreo.
However, for the first time ever, MC2 installed an adjunct
professor from a small and medium-sized company,
Gapwaves. This is unusual but very exciting and obviously
a clear opportunity for a small company to be in contact
with the research community at MC2.

Laboratory infrastructure used

Industry also used the laboratory infrastructure
capabilities found at the department, including the
Nanofabrication Laboratory, one of the world’s
most advanced clean room facilities, the test facility
for microwave and THz technologies, the Kollberg
Laboratory, and other measurement facilities at the
department, all offering an open environment for both
academic and industrial users.

Metasum a new start-up

Innovation and entrepreneurship also continued to
flourish. The environment showed once again its
strong innovative spirit and a new start-up was created.
Metasum, as the company is called, employs a patent
pending air-filled waveguide-based packaging technology
to make low cost millimetre-wave modules at high
volume. It provides solutions of surface mount amplifier/
transceiver modules at 70-200 GHz for automobile radar,
small cell base station and industrial sensing application.

Fantastic outcomes

All the above has contributed to fantastic outcomes in
the form of high-quality joint publications, graduated
students, mobility of individuals, industrial growth,
societal value, and many other successes, all comprising
win-win relations, and transfer of technology,
knowledge and knowhow, between the Department of
Microtechnology and Nanoscience – MC2 – and its
industrial collaboration partners.

“Sunny days are just behind the corner
and with this hope in mind, everything
continues in its usual pace towards
new knowledge, new results and new
achievements.”
Thomas Emanuelsson, CTO at Gapwaves, is the first adjunct
professor from a small and medium-sized enterprise (SME).
 r. Cristina Andersson was appointed as Vice head of utilization in 2017. In this role, she is working both
D
strategically and operationally with utilization of education and research results at the department.
www.chalmers.se/en/departments/mc2/news/Pages/Cristina-Andersson-new-vice-head-of-utilization.aspx
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Undergraduate Education and Outreach
Sheila Galt
Head of Undergraduate
Education
sheila.galt@chalmers.se

Elsebeth Schröder
Director of
Master’s Programme
Nanotechnology
elsebeth.schroder@
chalmers.se

Fredrik Westerlund
Deputy Director of
Master’s Programme
Nanotechnology
fredrik.westerlund@
chalmers.se

Lars Ulander
Director of Master’s
Programme
Wireless, Photonics and
Space Engineering
lars.ulander@chalmers.se

At MC2 we are proud to be involved in Chalmers undergraduate
education, where our contributions are mainly within the subject areas
of Engineering Physics and Electrical Engineering. The courses we
give are mostly at the advanced level, within two master’s programmes:
Nanotechnology, coordinated by Elsebeth Schröder, and Wireless
Photonics and Space Engineering, coordinated by Lars Ulander.
“Success Story” stamp for the Erasmus
Mundus Nano+ program by the
European Commission

Closely connected to the Nanotechnology program is
the Erasmus Mundus Nano+ program, coordinated by
Thilo Bauch. This international collaboration between
Chalmers, KU Leuven in Belgium, University Grenoble
Alpes in France, TU Dresden in Germany and University
Barcelona in Spain has been given the prestigious stamp
“Success Story” by the European Commission.

Great course evaluations

Our teaching staff, including graduate students and more
senior staff work hard to support the students’ learning
in various courses, rated by students in course evaluations
after each study period.
We would like to congratulate the teachers of three
“second-cycle” master level courses, whose course
evaluation showed the highest student satisfaction
at MC2 during the year 2017: Optoelectronics (Åsa
Haglund), Nanobioscience for information processing
(Zoran Konkoli), along with Liquid crystals, physics and
applications (Per Rudquist).

Great student comments

Further, we would like to focus on two “first-cycle”
bachelor level courses given by MC2 teachers, with a
couple of anonymous student comments:
Microelectronics (Per Lundgren): “Per was so absolutely
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awesome, the course was difficult but he was so good so it
compensated for everything. The best lecturer ever.”
Optics ( Jörgen Bengtsson): ”Fantastic course.
Unbelievably fun and rewarding! The first course where
I almost sit and cry now while writing this course
evaluation because I have to think about what an
experience it’s been, and that it’s over now.“

The John Ericsson Medal

We would also like to highlight one of the new doctoral
students at the Photonics Laboratory at MC2, Filip
Hjort, who was awarded the John Ericsson Medal
for excellent achievement during his undergraduate
education. Filip’s master thesis topic was “Electrical
conductivity of n-doped GaN-based distributed Bragg
reflectors”. From left to right in the picture, back row:
Erik Sandgren, Fredrik Ekre, Filip Hjort and Henrik
Alburg. Front row: Lily Ekman and Jacob Flårback.

Undergraduate Education and Outreach
Students awarded with the Microwave
Road Scholarship

Much of our teaching involves guiding master students in
their thesis projects, a rewarding task for all involved, even
literally. During the spring of 2017 two students were
awarded the Microwave Road Scholarship for excellent
master theses: Marika Svensson and Gergely Hrubó.
Gergely worked on his thesis, “Full 3D Modeling of
Waveguide-Embedded Frequency Multiplier Arrays”, at
the Terahertz and Millimetre Wave Laboratory at MC2.

“Helped the students to understand”

One example of an active learning exercise (creating
concept maps in the Fundamentals of Photonics course)
in the room “Air Bridge” (“Luftbryggan”) is shown in
the photo below. A student comment about this exercise:
“It was really informative and helped the students to
understand which portions were important in each
chapter.”
During the summer break, this room has been renovated
to facilitate a more flexible learning environment. Two
of the four walls are now lined with whiteboards, and an
adjacent group room is available.
All is not just serious hard work for the students, as noted
by the name chosen by the relay race team “Warpspeed,
Faster Than Light”! Students and faculty met in a friendly
competition in September.

Pedagogical Developers (Sheila Galt and Per Lundgren) –
for three of Chalmers four Educational Areas.

“Definitely the most rewarding course
during all my time at Chalmers”

Besides supporting pedagogical development at the
university level, Chalmers also offers teacher education
for the high school level, in the form of a master
program Learning and Leadership (MPLOL), in which
MC2 provides the two practical teaching courses in
collaboration with six local high schools. A particularly
heart-warming comment from one of these courses:
“Definitely the most rewarding course during all my time
at Chalmers”.

Activities at Universeum

On the outreach scene, our head of undergraduate studies
at MC2, Sheila Galt, has been “on loan” part time to
the Science Center Universeum, where she works with
activities for all ages in the maker-space-inspired area
known as “Teknoteket”. This is an integral part of the
support Chalmers provides, being one of the co-founders
of Universeum.

“Save the egg” in the entrance hall

Active in pedagogical support

MC2 teachers are also active in pedagogical support and
development work, including two “Peduler” – Collegial

The entrance hall at MC2 was again turned into a fun
science lab for school classes in the 15th annual Save
the egg competition. This year, the Nobel prize-winner
Richard Henderson presented the winners with their
prizes in conjunction with his lecture in December here at
Chalmers.

Active learning in Fasrummet.

Save the egg in the entrance hall.
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Graduate Education
Magnus Karlsson
Deputy Head of Department
magnus.karlsson@chalmers.se
The bulk of the research work at MC2 is carried
out by our PhD (or graduate) students. We have
around 80 students enlisted in our graduate school,
amounting to almost half of the department’s
research staff.
The graduate school at the department of
Microtechnology and Nanoscience - MC2 - is a
4-year educational program, comprising three years
of research and one year of course work, leading to
the doctor of philosophy (PhD) degree. In addition,
our graduate students also perform teaching and
other departmental duties of up to one year, making
the study time totaling up to five years.
Every student, together with their main supervisor,
co-supervisors and examiner, plan the graduate
studies in an individual study plan. Together with
the department’s director of graduate studies (Per
Lundgren), the student, supervisors and examiner
meet annually to scrutinize and update the student’s
individual study plan.
Approximately half-way (after 2-3 years) through
the studies, an optional licentiate thesis is written
and defended at a public seminar. Often this is
a good preparation for the PhD defence, so we
generally recommend the students to pursue the
licentiate degree. The licentiate thesis can also in
most cases be reused for the PhD thesis.
In preparation for the PhD, the department
puts particular value on the scientific quality of
the research reported in the thesis. Therefore, a
committee, the thesis review committee (TRC),

consisting of three professors from the department
reviews the content of the thesis six months prior
to the planned defence. A thesis is given green light
to go up for defence only if TRC finds the scientific
quality sufficient. If not, the student will be given
more time to complete the work. During 2016 TRC
consisted of the following three professors: Göran
Johansson (chair), Anders Larsson and Floriana
Lombardi. I would like to thank them for their
contributions in maintaining the high scientific
quality of the theses produced at our department.
During 2017 I was happy to see the formation of
a graduate student guild at MC2, which is now a
formal part of the Chalmers student organization.
They present themselves in a separate text in this
annual report. I look forward to work with the guild
in 2018 to identify problems and solutions that will
improve our PhD students’ working conditions.
MC2 awarded 16 PhDs and 6 Licentiate degrees
during 2017. The theses are available electronically
on our webpage, here: www.chalmers.se/en/
departments/mc2/education/doctoral%20programme/
Pages/E-nailed-thesis.aspx
With that I would like to thank all the department’s
staff contributing to the PhD education during
the year; examiners, supervisors, co-supervisors,
researchers and post-docs, administrative and
technical support personnel, and, last but not least,
our ambitious students.
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PhD students
“During 2017 I was happy to see the
graduated
in 2017
formation of a graduate student guild
at MC2, which is now a formal part of
the Chalmers student organization.”
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Theses
DOCTORAL THESES
Reza Baghdadi
YBa2Cu3O7-δ nanogaps: A path toward hybrid junctions

Minshu Xie
Development of high-Tc SQUID magnetometers for onscalp MEG

Jingjing Chen
Multi-Gigabaud Millimeter-Wave Communication
Challenges and Solutions
Mikael Hörberg
Low Phase Noise Oscillators in GaN
Yevgeniy Korniyenko
Quantum theory of time-dependent transport in graphene
Clemens Krückel
Integrated nonlinear optics in silicon nitride waveguides
Volodymyr Kuzmenko
Cellulose-derived conductive nanofibrous materials for
energy storage and tissue engineering applications
Evgenii Novoselov
MgB2 hot-electron bolometer mixers for sub-mm wave
astronomy
Ernst Otto
Cold-Electron Bolometer fabricated with Direct Write
Technology for Microwave Receiver systems
Ankur Prasad
Nonlinear Modeling of FETs for Microwave Switches
and Amplifiers
Muhammad Amin Salem
Carbon nanomaterial-based interconnects, integrated
capacitors and supercapacitors
Sankar Raman Sathyamoorthy
Quantum optics in superconducting circuits
Shuangxi Sun
Carbon Based Materials synthesis and characterization
for 3D Integrated Electronics
Nan Wang
Functionalization and Characterization of Carbon Based
Nanomaterials for Electronics, Composite and Biomedical
Applications
Tobias Wenger
Graphene plasmons in nanostructured environments

LICENTIATE THESES
Marlene Bonmann
Eﬀects of impurities on charge transport in graphene
ﬁeld-eﬀect transistors
Patric Holmvall
Modeling mesoscopic unconventional superconductors
Tamás Lengyel
Short-range Optical Communications using 4-PAM
Lars Lundberg
Aspects of Power Consumption in Coherent FiberOptical Communication Systems
Dhecha Nopchinda
Digital Techniques for High Data-rate Communicationat
Millimeter-wave
Xinxin Yang
Graphene FET terahertz detectors on ﬂexible substrates
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A PhD Point of View
Ewa Simpanen
PhD student representative in the executive group
ewa.simpanen@chalmers.se

2017 has been a year of many questions. There are questions about the
new faculty model, the funding of the cleanroom, Nano as an Excellence
Initiative, and Chalmers research assessment to mention a few. Although,
while MC2 is constantly adjusting to new regulations, directives, and
financial and structural rearrangements, the research carries on as usual.
“Much is still unclear”

The new faculty model at Chalmers has been under
development and much is still unclear. As someone who’s
looking for a long term academic career it will be of
interest to keep track on what will happen with regards
to the slots and the forms of employment that will be
available, both within and outside of the faculty.

Assessment to clarify strengths and areas
to develop
Chalmers Assessment of Research 2017-2019 aims to
clarify MC2:s strengths in research and identify which
areas to develop. The assessment is to be made both from
an international and a national perspective. The results
could prove useful for future profiling of MC2 and
strategic planning of the research.

Working environment needs to be
improved

The working environment at MC2 needs to be improved
when it comes to work load and recovery. The head of
each lab has a responsibility to help you find a balance
that works for you. A modest piece of advice from me is to
make sure to reach out to colleagues to get tips and ideas
on how to improve your days.

PhD student council formed

The MC2 PhD student council has been formed and has
had its first general assembly. As we move into the next
year I would like to see that they are able to establish a
good communication between PhD students and begin
their work to promote their common interests here at
MC2.

More involvement in undergraduate
courses

The amount of teaching at MC2 is low compared to other
departments at Chalmers and the plan is to get more
involved in undergraduate courses (Grundutbildningen).
Hopefully all who are interested to teach, both English
and Swedish speaking, will have the opportunity to do so.
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“A modest piece of advice
from me is to make sure to
reach out to colleagues to
get tips and ideas on how to
improve your days.”

A PhD Point of View
Josef Hansson
Chair of the MC2 PhD student council
josef.hansson@chalmers.se

Students at Chalmers have long enjoyed the backing of a strong student
union, which is constantly working for the benefit of the students,
regardless of the level of education.
A departmental PhD student council

PhD students are represented by the Doctoral student
guild (DS), which consists of PhD students from all
over Chalmers. Many departments also have a local
representation in the form of a departmental PhD student
council, which can work with issues more directly related
to that specific department. However, up until now, MC2
has only had local student representation in the form of
student representatives in the MC2 executive group and
the MC2 advisory council.

A council with a lasting impact

During the year, a group of students have been working
towards starting up a proper MC2 PhD student council.
In order to create a well-functioning council with a lasting
impact, we have put a lot of focus into outlining the
intended scope and functions of the council. Finally, in the
beginning of December, the statutes of the council were
adopted, and the first batch members of the MC2 PhD
student council were elected.

Three main purposes

The council has three main purposes:
The first purpose is to promote the common interests
of the PhD students at MC2. This includes monitoring
and assessing the working environment to identify
systematic issues that could be improved, and to use our
leverage whenever possible to ensure that our interests are
respected.
The second purpose is to act as a channel to inform the
students about their rights and responsibilities. There are

numerous examples of issues that would have been solved
before they ever became a problem if everyone had been
aware of what the rules actually are. However, it is not
always straightforward to find information, especially as
an English speaking student, and the council hopes to
provide support wherever we find that existing channels
are insufficient.
The third purpose is to facilitate communication and
good relations between students and other instances
at MC2 and Chalmers. We hope to work in close
communication directly with the students, as well as
toward other instances such as the executive group and the
Doctoral student guild.

Representatives from each laboratory

Among the members of the council, we aim to have at
least one representative from each laboratory at MC2 in
order to be able to reach out to every PhD student on an
individual basis.
MC2 PhD student council 2017-2018:
Josef Hansson, EMSL
Andreas Josefsson Ask, AQP
Filip Hjort, Photonics
Marlene Bonmann, TML
Silvia Ruffieux, QDP
Stavros Giannakopoulos, MEL
Ewa Simpanen, Photonics
Maria Ekström, QDP
If you have any questions about MC2 PhD council, don’t
hesitate to reach out to your local representative or directly
to us.
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Financial Review
Distribution of incomes to MC2
Distribution of incomes to MC2 from
different sources.
(tkr)

2017

Ministry of Education &
Science / Research 29%

Ministry of Education & Science / Research

80 186 (29%)

Other state funding

68 315 (25%)

Public foundations

Public foundations 27%
Other state funding 25%

72 040 (27%)

European Union

European Union 10%

28 519 (10%)

Companies etc

Ministry of Education & Science / Education
Miscellaneous

Companies etc 6%

14 937 (6%)

Ministry of Education &
Science / Education 2%

5 441 (2%)

Miscellaneous 1%

2 511 (1%)

Main external contributors
Main external contributors (tkr)

2017

2016

2015

The Swedish Research Council (VR)

50 611

48 559

52 609

The Swedish Foundation for Strategic Research (SSF)

28 520

30 642

27 898

Knut & Alice Wallenberg Foundation (KAW)

40 463

European Union

27 098

Swedish Agency for Innovation Systems (VINNOVA)

11 547

35 236
30 026
8 815

60000

50000

40000
2015

30000

2016
2017

20000

10000

0
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VR

KAW

SSF

EU

Vinnova

22 323
32 096
6 680

TOTAL
TURNOVER
2017: 289 MSEK
2016: 287 MSEK
2015: 273 MSEK

Our Staff
Personnel

2017

2016

2015

Administrators

11

9

9

Assistant Professors

7

Adjunct Professors
Amanuenses

6

7

7

5

11

73

73

16

12

Post Doc/PhD

18

13

Professors

Project Workers

72
25
4

Researchers

23

Technicians

8

Research Engineers
IT Personnel
TOTAL

12
1

210

2

8

Associate Professors
PhD Students

6

25
10

13
23
26
7

27

25

7

5

13
2

217

16
1

218

Tomas
Löfwander
and Niklas
Rorsman were

promoted to Professors
in 2017

The tiny box holds
nine chips with blue
emitting LEDs made
of materials based
on gallium nitride
(GaN).
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Scientific Review

242

Bibliometric Data

Starting this year, the bibliometric basis is based on the Scopus database. A
retroactive calculation of all indicators has therefore been made.

publications in
Web of Science
2017

Publications
Year

Web of Science
(article, review, letter)

2013

263

2015

262

2014

Chalmers Publication
Library (articles,
reviewed)

Chalmers Publication Library
(conference papers, reviewed)

186

140

271

2016

266

2017

176

124

193

110

172

242

141

186

119

Field weighted citation impact, FWCI
The field normalized citation score (Cf ) has been renamed from Cf to FWCI (field-weighted citation
impact). It is calculated according to exactly the same formula as before, the difference is that it is now based
on Scopus data, which means that many conference papers are included.
FWCI = citations per publication, compared to global averages for articles published at the same time and
in the same subject. To get more stable values, FWCI is calculated for a rolling four-year period. FWCI > 1
thus means ‘better than the world average’. N = number of publications.
Years

N

FWCI

1 035

1,15

2010-2013

1 024

2012-2015

1 060

2011-2014

MC2 - 46

1,13

1,17

Organisation

Advisory
Council

Prefect Group

Excecutive
Group

Head of department

Head of
graduate education

Head of
undergraduate education

Head of NFL
infrastructure

Vice head of utilization

Director of studies

Faculty

Engineering Support

Administration

Applied
Quantum
Physics
Laboratory

Electronic
Materials and
Systems
Laboratory

Head of department
Mikael Fogelström
Head of administration
and finances
Ingrid Collin
Prefect Group
Cristina Andersson
Ingrid Collin
Mikael Fogelström
Sheila Galt
Magnus Karlsson
Karin Kjell From
Peter Modh
Advisory Council
Jonas Bylander, assistant
professor
Susannah Carlsson, TA
Personnel

Microwave
Electronics
Laboratory

Nanofabrication
Laboratory

Maria Ekström, PhD
student
Mikael Fogelström, head
of department
Jonas Hansryd, Ericsson
Research
Åsa Hedin, ASH &
Partners
Hans Hjelmgren,
associate professor
Bo Håkansson, Electrical
Engineering
Paul Häyhänen, Ruag
Debora Perlheden,
coordinator
Nermin Trnjanin, student
representative
Daniel Ödman, student
representative

Photonics
Laboratory

Executive Group
Cristina Andersson
Ingrid Collin
Mikael Fogelström
Sheila Galt
Göran Johansson
Magnus Karlsson
Karin Kjell From
Anders Larsson
Johan Liu
Peter Modh
Debora Perlheden
Ewa Simpanen
Jan Stake
Avgust Yurgens
Herbert Zirath

Quantum
Device Physics
Laboratory

Terahertz and
Millimetre Wave
Laboratory

Deputy Head of
department &
Head of graduate
education
Magnus Karlsson
Head of undergraduate
education
Sheila Galt
Head of NFL
infrastructure
Peter Modh
Vice head of utilization
Cristina Andersson
Director of studies
Per Lundgren
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Members of the Executive Group

Cristina
Andersson

Ingrid Collin

Magnus Karlsson

Karin Kjell From

Vice head of utilization
cristina.andersson@
chalmers.se

Head of Graduate
Education
magnus.karlsson@
chalmers.se
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Head of Administration
and Finances
ingrid.collin@
chalmers.se

HR Partner
karin.kjell@chalmers.se

Mikael Fogelström

Sheila Galt

Göran Johansson

Anders Larsson

Johan Liu

Peter Modh

Head of Department
mikael.fogelstrom@
chalmers.se

Head of the Photonics
Laboratory
anders.larsson@
chalmers.se

Head of Undergraduate
Education
sheila.galt@chalmers.se

Head of the Electronics
Materials and Systems
Laboratory
johan.liu@chalmers.se

Head of the Applied
Quantum Physics
Laboratory
goran.l.johansson@
chalmers.se

Head of the
Nanofabrication
Laboratory
peter.modh@chalmers.se

Debora Perlheden
Coordinator
debora.perlheden@
chalmers.se

Ewa Simpanen
PhD student
representative
ewa.simpanen@
chalmers.se

Jan Stake

Head of the Terahertz
and Millimetre Wave
Laboratory
jan.stake@chalmers.se

Avgust Yurgens

Head of the Quantum
Device Physics
Laboratory
avgust.yurgens@
chalmers.se

Herbert Zirath

Head of the Microwave
Electronics Laboratory
herbert.zirath@
chalmers.se
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Nanotechnology is the
understanding and control of
matter at the nanoscale, where
unique phenomena enable
novel applications.

Chalmers University of Technology
Department of Microtechnology and Nanoscience – MC2
Postal address: 412 96 Gothenburg Sweden
Visiting address: Kemivägen 9, 41296 Gothenburg, Sweden
www.chalmers.se/mc2
+46 (0)31 772 1000

