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Head of department dialogue
Dear reader,
I hope that this annual report will give you a brief
insight into what happened at the department
of Microtechnology and Nanoscience – MC2 –
during 2015, and that you will find some interesting
reading.
Please, also visit our home page for regular updates
and to see what is going on at MC2.
2015 has been one of the busiest years for the
department in years, and especially in terms
of recruitments and promotions. Four adjunct
professors were appointed from industry, three
faculties were promoted to full professors, one
faculty to professor (biträdande professor), and 10
researchers gave their docent lectures. In addition,
15 PhD degrees and 18 licentiate degrees were
awarded, and more than 250 scientific papers
were published. This is also in par with the highest
turnover ever of 273 MSEK, where 218 highly
skilled employees turned turnover to science,
education and innovation.
As usual there are a number of great achievements
and awards. To mention a few, artificial atoms in the
form of transmon qubits could retain their excited
states 10 times longer by avoiding decoherence
from vacuum fluctuations by placing a mirror
(short circuit) half a wavelength away from the
artificial atom (Nature Physics). Quantized vortex
states were predicted at the edge of certain
superconducting materials (Nature Physics). In
topological insulators, spin currents were detected
(Nano Letters) and the lifetime of spin currents were
enhanced in graphene in moderate magnetic fields
(Physical Review Letters). Furthermore, unique
interactions between terahertz waves and proteins
were observed by synchrotron radiation (Structural
Dynamics), and graphene proved to be an excellent
material for passive cooling of electronics, even
four times better than copper (Advanced Functional
Materials). Göran Johansson was awarded the
Albert Wallin Science Prize by The Royal Society
of Arts and Sciences in Gothenburg, and Zhongxia
Simon He was honored with the Foundation’s Prize.

Just a few lectures into his class of
optics, the Engineering Physics
students decided to select Jörgen
Bengtsson as the recipient of the
“Gold Apple” pedagogic prize.
A new national infrastructure facility,
the national measurement laboratory
for characterisation at terahertz
frequencies, was started at MC2
with partial funding by the Knut and
Alice Wallenberg Foundation. The
Chalmers Graphene Centre is now
hosted by MC2 and a kick-off with
the new director Patrik Carlsson
was held at the Student Union in
December.
Two of the ten Grants for Distinguished Professors
were awarded to researchers at MC2 by the
Swedish Research Council (VR), a value in total
of 100 MSEK. With these grants, Per Delsing
and Peter Andrekson, can now continue to do
independent research for another 10 years. Tomas
Löfwander et al. were awarded 32,5 MSEK by the
Foundation for Strategic Research (SSF). Another
SSF-project worth 34,6 MSEK includes Johan Liu
as project partner. Seven VR-grants added another
24 MSEK to researchers at the department.
Unfortunately, VR’s infrastructure council has come
into a financial predicament and although our Myfab
application for the next funding period received
the highest score, our funding was cut down by
more than half, a situation which puts us as well as
many other Swedish national infrastructures out in
the cold. This is of course a national catastrophe
with consequences for researchers and projects
that are depending on many of the facilities which
are facing decommissioning or huge budget cuts.
Having said this, we are of course looking into
solutions for this critical situation and hope that
the Swedish government realize that experimental
research cannot be done without open national
research infrastructures.
Enjoy the annual report!

DAG WINKLER
head of department
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THE DEPARTMENT OF
MICROTECHNOLOGY
AND NANOSCIENCE – MC2
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The Department of Microtechnology and Nanoscience – MC2 – works with everything from basic material and quantum
physics to applications for electronics and photonics solutions of the future. The materials area includes, for example,
carbon-based structures such as graphene and carbon-nanotubes, compound semiconductors, superconductors and
liquid crystals. Electronic materials can be theoretically modelled and synthesised in thin film format with a high degree
of precision and generally with control down to atom level.
Different types of superconducting quantum components for sensor technology and quantum informatics, high-frequency
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, which also constitutes an open national infrastructure for nanotechnology in a clean room environment.
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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Nano-scale
electronics

Fabrication and
characterisation
At the BioNano Systems Laboratory (from 19
August 2015: Electronics Materials and Systems
Laboratory), research is focused on carbon-based
device fabrication, characterization, interconnects
and packaging for electronics, microsystems and
biomedical applications. We pursue 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
characterisation of sparse-matter challenges like e.g.,
the carbon-based systems, and experiment-theory
collaborations to study functional organics.

Future communication
and
remote sensing
systems

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 lowdimensional materials, novel superconductors
and their heterostructures, superconducting
spintronics and quantum information processing
with superconducting electronics.
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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
(MEL) focuses on application driven research on high
speed electronic components, circuits and systems
for future wireless and fiber communication, and
remote sensing applications.

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 stateof-the-art Nanofabrication facility at MC2 and
evaluate circuit demonstrators in our top-class
microwave and terahertz characterisation facilities.
Our research finds applications in radio astronomy,
atmospheric science, life science, radar sensors,
and future wireless communication systems.

Nanotechnology
The Nanofabrication Laboratory is a worldclass 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 Nanofabrication 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.

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.

The Photonics Laboratory conducts application-oriented research
on optoelectronics and fibre optics, as well as more fundamental
research on new photonic materials and nanophotonic device
elements. Optical communication is a major area of research,
with efforts on system and device technologies for applications
extending from long-haul transmission to short reach interconnects.
Efforts are also invested in the development of new photonic
materials and device technologies for emission and detection at
wavelengths spanning from the ultraviolet to the mid-infrared. The
materials oriented research involves the growth of nitrides, oxides,
graphene, and bismuth-telluride.

Optoelectronics
and
fibre optics
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EXCECUTIVE GROUP
Organisation chart of the MC2 department at Chalmers University of Technology

Advisory
council

Prefect group

Head of department

Excecutive
group

Head of
graduate education

Head of
undergraduate education

Head of NFL
infrastructure

Industrial relations

Director of studies

Faculty

Engineering support

Administration

Applied
Quantum
Physics
Laboratory

Bionano
Systems
Laboratory*

Microwave
Electronics
Laboratory

Nanofabrication
Laboratory

Photonics
Laboratory

Quantum
Device Physics
Laboratory

Terahertz and
Millimetre Wave
Laboratory
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*New name from 19 August 2015: Electronics Materials and Systems Laboratory

PREFECT GROUP
Cristina Andersson
Ingrid Collin
Sheila Galt
Magnus Karlsson
Karin Kjell
Peter Modh
Dag Winkler

DAG WINKLER

MAGNUS KARLSSON

head of department

deputy head of department

dag.winkler@chalmers.se

magnus.karlsson@
chalmers.se

ADVISORY COUNCIL
Paul Häyhänen, chair
Eric Andersson
Jonas Bylander
Susannah Carlsson
Maria Ekström
Jonas Hansryd
Josef Hansson
Åsa Hedin
Hans Hjelmgren
Bo Håkansson
Debora Perlheden
Mogens Rysholt Poulsen
Dag Winkler
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CRISTINA
ANDERSSON

INGRID COLLIN

PER DELSING

head of administration

faculty representative

industrial relations

and finances

cristina.andersson@
chalmers.se
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ingrid.collin@
chalmers.se

per.delsing@
chalmers.se

MIKAEL
FOGELSTRÖM

SHEILA GALT

JAN GRAHN

head of undergraduate

deputy head of the

head of the applied

education

microwave electronics

quantum
physics laboratory

(until 31
october 2015)

laboratory

sheila.galt@chalmers.se

mikael.fogelstrom@
chalmers.se

jan.grahn@chalmers.se
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KARIN KJELL

ANDERS LARSSON

JOHAN LIU

PETER MODH

MICHAEL NYSTÅS

hr specialist

head of the photonics

head of the bionano

head of infrastructure

communications

DEBORA
PERLHEDEN

laboratory

systems laboratory

head of the

officer

coordinator

michael.nystas@
chalmers.se

debora.perlheden@
chalmers.se

karin.kjell@chalmers.se

nanofabrication

anders.larsson@
chalmers.se

JAN STAKE
head of the terahertz and
millimetre wave laboratory

johan.liu@chalmers.se

laboratory

peter.modh@
chalmers.se

IDA-MARIA
SVENSSON

AVGUST YURGENS

HERBERT ZIRATH

head of the quantum

head of the microwave
electronics laboratory

phd student

device physics

representative

laboratory

ida-maria.svensson@
chalmers.se

avgust.yurgens@
chalmers.se

jan.stake@chalmers.se

herbert.zirath@
chalmers.se
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SCIENTIFIC PROGRESS
A necklace of fractional vortices New nano-scale processing technology
paves the road for using carbon
nanotubes in flexible and stretchable
electronics

7
Researchers at MC2 have arrived at how what is known as time-reversal
symmetry can break in one class of superconducting material. The results
have been published in the high-ranking Nature Physics journal, which
also put the researchers’ study on the cover.
“Symmetries are an important aspect when describing nature. A ball is round
and looks the same regardless of how we rotate it; thus, it has rotational
symmetry. In the same way, most materials have symmetries that describe what
the materials look like and what their properties are. If one or more symmetries
breaks, this signals a phase transition to a new state. When a material
becomes magnetic, a more abstract symmetry, what is known as time-reversal
symmetry, is broken,” says Mikael Fogelström, who is a professor of theoretical
physics.

Fabricated high-resolution flexible and stretchable electronic circuit with a
minimum width of 40 micrometer.
Researchers at MC2 have recently developed a new large scale method
to functionalize carbon nanotubes (CNTs). This makes it potentially
possible for utilizing CNTs as interconnect material for flexible and
stretchable electronics products.
Wang, N. ; Jiang, D. ; Ye, L. et al. (2015). Flexible Multifunctionalized Carbon
Nanotubes-Based Hybrid Nanowires. Advanced Functional Materials. 25
(26) s. 4135-4143. [Nr. 219876]

Caption: A route to a time-reversal symmetry-broken states for d-wave
superconductors is shown to occur via the formation of a necklace of fractional
vortices around the perimeter of the material, where neighbouring vortices
have opposite current circulation. This vortex pattern is a result of a spectral
rearrangement of current-carrying states near the edges. Illustration: Mikael
Håkansson
Håkansson, M. ; Löfwander, T. ; Fogelström, M. (2015). Spontaneously broken
time-reversal symmetry in high-temperature superconductors. Nature Physics.
11 (9) s. 755-760. [Nr. 222787]

Spin current on topological insulator
detected electrically at room temperature

Researchers at Chalmers University of Technology have for the first time
reported the electrical detection of spin current on topological insulator
surfaces at room temperature by employing a ferromagnetic detector. The
findings have been published in the journal Nano Letters.
Dankert, A. ; Geurs, J. ; Mutta, V. K. et al. (2015). Room Temperature Electrical
Detection of Spin Polarized Currents in Topological Insulators. Nano letters. 15
(12) s. 7976-7981. [Nr. 225881]
Schematics of the spin current on the topological insulator surface, with the spin direction (S)
perpendicular to the current direction (kx). The zoom in schematic shows the electronic band structure on
the surface of the topological insulator. The spin polarization on topological insulator surface is electrically
probed by a ferromagnetic tunnel contact (FM). Illustration: André Dankert
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Graphene looking promising
for future spintronic devices

Spin transport in CVD graphene. In graphene, electrons keep their
magnetization, their spin (the pink arrows in the picture) much longer
than they do in ordinary conductors such as copper and aluminum. This
characteristic of graphene may enable spintronics to become a complement
to traditional electronics, which only utilizes one of the electron´s degrees of
freedom, namely their charge. Illustration: M Venkata Kamalakar et al, Nature
Communications
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Researchers at MC2 have discovered that large area graphene is able to
preserve electron spin over an extended period, and communicate it over
greater distances than had previously been known. This has opened the
door for the development of spintronics, with an aim to manufacturing
faster and more energy-efficient memory and processors in computers.
The findings are published in the journal Nature Communications.
“We believe that these results will attract a lot of attention in the research
community and put graphene on the map for applications in spintronic
components,” says Saroj Dash, who leads the research group at Chalmers
University of Technology.

Spin lifetime of electrons in
graphene increased by
magnetic fields

Researchers at MC2 show that applying a moderate in-plane magnetic
field increases spin lifetime of electrons in graphene. The results of
this work have profound implications for graphene’s use as postCMOS platform in spintronics, and make an important contribution to
the understanding of physics of 2D materials. The findings have been
published in the journal Physical Review Letters.
“With this work we have contributed to adding a piece to the puzzle of why
graphene is in practice not as good for spintronics a theory predicts. We
must continue finding other pieces of this interesting puzzle” says Sergey
Kubatkin, professor in quantum device physics, at MC2.
What limits the spin lifetime in real graphene devices? That is the question
addressed by the study and currently one of the main puzzles in graphene
physics. In a previous publication the group put forward the idea that the spin
lifetime in graphene may be limited by scattering on defects in graphene,
which behave as magnetic impurities. Now the team has proven this idea
directly.
The work, also selected as Editor’s Suggestion by Physical Review Letters,
is a result of more than two years of work by an international team, which
included scientists from the Quantum Device Physics Laboratory.
Lara-Avila, S. ; Kubatkin, S. ; Kashuba, O. et al. (2015). Influence of Impurity
Spin Dynamics on Quantum Transport in Epitaxial Graphene. Physical
Review Letters. 115 (10) s. 106602. [Nr. 222673]

Mutta, V. K. ; Groenveld, c. ; Dankert, A. et al. (2015). Long distance
spin communication in chemical vapour deposited graphene. Nature
Communications. 6 s. 6766. [Nr. 215074]

Graphene-based
film can be used for
efficient cooling of
electronics
Researchers at Chalmers University of Technology have developed a method
for efficiently cooling of electronics using graphene-based film. The film has a
thermal conductivity capacity that is four times that of copper.
A couple of years ago, a research team led by Johan Liu, professor at
Chalmers University of Technology, was the first to show that graphene can
have a cooling effect on silicon-based electronics. That was the starting
point for researchers conducting research on the cooling of silicon-based
electronics using graphene.
Zhang, Y. ; Han, H. X. ; Wang, N. et al. (2015). Improved Heat Spreading
Performance of Functionalized Graphene in Microelectronic Device
Application. Advanced Functional Materials. 25 (28) s. 4430-4435. [Nr.
221140]

Graphene-based film on an electronic component with high heat intensity.
Cooling of electronics
using graphenebased film. Silane
coupling between
the graphene and the
silicon (an electronic
component). After
heating and hydrolysis
of (3-Aminopropyl)
triethoxysilane (APTES)
molecules, silane
coupling is created,
which provide mechanic
strength and good
thermal pathway.
Images: Johan Liu
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NEWS
Mikael Damberg visited MC2
Mikael Damberg, the Swedish Minister for Enterprise and Innovation, visited MC2 on 4 May. “The event was very relaxed and higly successful,”
says Jan Grahn, professor of microwave electronics, who served as host.
The visit was important for both the minister and Chalmers. The Gigahertz Centre and CHASE, which are part of the Swedish Innovation Agency (Vinnova)
Vinn Excellence Programme, have received funding through next year.
“I hope that we can pry ourselves loose from the eternal discussion about basic versus applied research,” Mr Damberg said.
Text published courtesy of Kenny Genborg at Business Region Göteborg. Thanks!

9

Andrekson and Delsing
appointed Distinguished
Professors by VR

Peter Andrekson (to the left) and Per Delsing (to the right) at MC2 have
received two of the ten prestigious Grants for Distinguished Professors in
the Swedish Research Council’s (VR) call for applications. Together they
have been granted almost SEK 100 million, which will be paid over a tenyear period between 2016 and 2025.

32 MSEK to Tomas
Löfwander from SSF

Tomas Löfwander, associate professor at the Applied Quantum
Physics Laboratory (AQP), gets 32 530 000 SEK from the
Swedish Foundation for Strategic Research (SSF) for his project
“Epitaxial graphene for metrology, sensing, and electronics”.
The project is a collaboration between Chalmers and Linköping
University. Löfwander’s co-applicant at MC2 is professor Sergey
Kubatkin at the Quantum Device Physics Laboratoy (QDP).
Principal Investigators are Samuel Lara-Avila, assistant professor at
QDP, and professor Mikael Fogelström, head of AQP.

Tomas Löfwander and Sergey Kubatkin.
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New terahertz laboratory being built here

From left, Rabee al Hayek and Thomas Ogestadh from Anritsu, and Jörgen Stenarson, Simon He, Herbert Zirath and Jan Grahn.
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The first components for Chalmers new national measurement
laboratory for characterisation of terahertz frequencies are now
in place in the MC2 building. We were on hand on the 6th floor
when Anritsu installed the brand new oscilloscope. “This is a very
important aspect of verifying our circuits and systems. It is a very
welcome addition,” says Herbert Zirath.
He is a professor of high speed electronics and one of the research
leaders for the new measurement laboratory, which is headed by
Director Jörgen Stenarson. Both of the men were there when the
oscilloscope was installed, together with Jan Grahn, professor of
microwave electronics, and Simon He, assistant professor.
What is this before us?
“It is an oscilloscope with very high bandwidth. It can intercept signals
with a bandwidth of 100 gigahertz, which is the highest in the world.

We are going to use it in our projects that focus on wireless and wired
communication with high data rates. We are aiming for 100 gigabits
per second. “The oscilloscope is a very important aspect of verifying
our circuits and systems. It is a very welcome addition,” says Herbert
Zirath.
Chalmers’ new oscilloscope is the first one to be delivered in the
world.
“This is an important part of the investment from the grant we received
from the Knut and Alice Wallenberg Foundation. This is a central first
delivery, and something we are happy to tell our financial backers
about,” says Jan Grahn.
The oscilloscope is a Lecroy and was delivered to Chalmers by
Thomas Ogestadh and Rabee al Hayek from Anritsu.

Millions to MC2 from The Swedish Research Council

39 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 24 032 000 SEK.
Here are the great MC2 researchers who got funding from the
council:
Thilo Bauch, Quantum Device Physics Laboratory
Sondering av högtemperatursupraledare på nanonivå
3 300 000 (2016-2019)
Tomas Bryllert, Terahertz and Millimetre Wave Laboratory
Bildgenererande THz-radar
3 892 000 (2016-2019)
Christian Fager, Microwave Electronics Laboratory
Digital radio-över-fiber: En ny typ av radiosändare för framtidens
trådlösa tillämpningar
3 400 000 (2016-2019)
Mikael Fogelström, Applied Quantum Physics Laboratory
Små okonventionella supraledande gryn och supraledande kontakter
3 240 000 (2016-2019)

Magnus Karlsson, Photonics Laboratory
Polarisationsanpassad fiberoptisk transmission
3 400 000 (2016-2019)

Sergey Kubatkin, Quantum Device Physics Laboratory
Epitaxiell grafen på kiselkarbid: utforskandet av “traditionell” grafen
och sökandet efter nya 2D material
3 400 000 (2016-2019)
Helena Rodilla, Terahertz and Millimetre Wave Laboratory
Analys av biologiska processer med hjälp av Terahertzteknologi
3 400 000 (2016-2019)
The total amount appropriated for all grants within Natural and
Engineering Sciences was 1 181 864 000 SEK for the entire grant
period 2016-2019. The total amount appropriated for Chalmers was
136 963 000 SEK which was the fourth largest amount after KTH
Royal Institute of Technology, Lund University and Uppsala University.

News
Annual Report

2015

Well-attended summer school on
quantum simulation and computation

11
110 participants and 14 prominent lecturers gathered for the QUTEEUROPE Summer School 2015 on 21-27 June at Hindåsgården.
Göran Wendin, professor of theoretical physics at MC2 was acting
chairman of the local organizing committee.

Best Poster Award
to Elof Köhler

Elof Köhler, doctoral student at the Electronics Materials and Systems
Laboratory, was awarded with the best poster award at the MC2 Day
2015.

“Two highlights were the two general starting talks by the prominent
and very entertaining scientists Anton Zeilinger from Vienna, and
Seth Lloyd from MIT. This really broke the ice and initiated a lot of
discussion, and this spirit then permeated the school”, he says.

Dag Hanstorp awarded with
the Sigurd Scholarship

Dag Hanstorp, professor at the Department of Physics at the University of
Gothenburg, has been awarded with the Sigurd Scholarship for best peer
effort 2015. He received his award of 15 000 SEK at a ceremony at MC2
on 15 June.
Behind the annual Sigurd Scholarship is the company Leijon Engineering
AB. The scholarship is addressed to researchers and doctoral students
at Chalmers and the University of Gothenburg who are good at spreading
social networking and gladness within the fields of physics and applied
physics. It is named after Sigurd Andersson and was awarded for the first
time in 2010.

/ 2015
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Successful user meeting for Myfab

Thomas Swahn, Kay Gastinger, Anneli Löfgren and Ivan Maximov summarized a successful user meeting.

12
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Lund put its best foot forward when 250 European nano researchers
gathered at Myfab’s fourth user meeting in April. Enthralling speakers
such as entrepreneur Lennart Ramberg and Danish professor Peter
Böggild from the Technical University of Denmark took turns speaking
in the student union’s lecture hall. Participants networked, listened to
presentations and took part in a mini expo and poster exhibit.
Planning for the user meeting has been under way for almost a year under
the leadership of Anneli Löfgren and Ivan Maximov from Lund NanoLab.
Myfab’s director Thomas Swahn and Kay Gastinger, who is the director
of Norwegian counterpart NorFab, welcomed everyone and presented
their organisations. The user meeting was a joint event by the two

organisations. For the first time this year, Denmark’s counterpart DTU
Danchip also took part.
“We are well on the way to achieving a joint Nordic user meeting. This
makes the meetings even better, and the increasing number of participants
helps develop the network. We are on our way to an ‘OurFab’,” said
Thomas Swahn in his welcome address.

Chinese graphene
elite visited MC2

MC2 welcomed a delegation from the China Innovation Alliance of the
Graphene Industry (CGIA Graphene) on 17 March. The Chinese guests
were, among other things, visiting the Nanofabrication Laboratory
and took part in a Sino-Sweden Graphene Workshop in Kollektorn,
arranged by MC2 and CGIA.
Throughout the day there were presentations by many of the Chinese
guests and from vice president Fredrik Hörstedt and MC2 researchers
Avgust Yurgens and Jie Sun, as well as from representatives from various
Swedish organisations, trade and industry.
Johan Liu, professor and head of the Bionanosystems Laboratory, was the
host of the day:
“China has come very far in graphene research and innovation. I am looking
forward to an intense day with the Chinese academic, business and
investors creme of the crop – with focus on graphene”, he said.

BioNano Systems Laboratory
became Electronics Material
and Systems Laboratory

The BioNano Systems Laboratory at MC2 changed name in 2015 – to
Electronics Material and Systems Laboratory. The new name became valid
retroactively from 19 August 2015. “It becomes clearer when it comes to
show what we are doing. We thus have easier to get in contact and to create
exchange with researchers in the same field”, said John Liu, laboratory head
and professor of electronics production at MC2.
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Double-installation of
professors at MC2

Thomas Emanuelsson and Bo
Berglund were successfully
installed as adjunct professors
at MC2 on January 19. Both
come from the telecom giant
Ericsson, which is an important

partner to Chalmers. “I think this
is a unique event in the history of
Chalmers”, Jan Grahn, professor in
microwave electronics, said in his
introduction.

Jörgen Stenarson to lead
new terahertz laboratory

Jörgen Stenarson was
appointed as head of the new
national laboratory for terahertz
characterisation – which is hosted
by MC2. He was recruited from
SP Technical Research Institute of
Sweden and took over on March
1 2015.
“Jörgen has more than ten years
of post-doctoral experience
in microwave measurement

techniques, which makes him
very, very good for this position.
He will be a key person in pulling
this together”, says professor Jan
Grahn.
As lab director Jörgen Stenarson
is responsible for the operational
and technical development in
collaboration with users and
principal investigators.

Year of light exhibition at MC2
To celebrate and highlight (!) the International Year of Light seven
influential scientists in the field are presented in a new exhibition at Café
Canyon in the MC2 building: Albert Einstein, Theodore Harold Maiman,
Thomas Alva Edison, James Clerk Maxwell, Carl Friedrich Zeiss, Sir Isaac
Newton and Augustin-Jean Fresnel. The poster exhibition is an initiative
from Anders Larsson, head of the Photonics Laboratory.

Göran Johansson awarded with
the Albert Wallin Science Prize
Göran Johansson, professor of applied quantum physics at MC2, has
been awarded with the Albert Wallin Science Prize 2015 by the Royal
Society of Arts and Sciences (KKVS) in Gothenburg. “It’s a great
honour to receive this award. It’s my first prize”, says Göran Johansson.
The Albert Wallin Science Prize of SEK 50 000 is awarded annually to
a researcher with remarkable results within his/hers area.
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Saroj Prasad Dash new editorial
board member of Scientific Reports
Saroj Prasad Dash, Associate Professor at the Quantum Device
Physics Laboratory at MC2, has been invited to serve as an Editorial
Board Member for Scientific Reports for two years, a journal from
Nature Publishing Group.
In his role as one of the editorial board members, he manages the peer
review process, and takes final decisions on whether papers should be
accepted, while ensuring that the process is efficient, constructive and
fair.
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Important workshop on
suppression techniques
Some 40 participants gathered for
an important workshop on going
from suppression techniques to
affirmation techniques at MC2 on 1
June. The engaged discussions were
led by Chalmers equality coordinator
Johanna Andersson (picture to the
left). As the basis 26 self-produced
films that illustrate different situations
were used.
The classic master suppression
techniques were identified already
in the 40’s. From the beginning they
were nine in number but in the 70’s

the Norwegian social psychologist
Berit Ås reduced them to five:
making invisible, ridicule, withhold
information, damned if you do and
damned if you don’t, and blame and
shame.
The workshop at MC2 was a unique
opportunity to jointly talk about
suppression techniques and how
they can be replaced by confirming
techniques. All agreed that the
suppression techniques certainly
occurrs there at MC2.

Powerful perspectives
on the MC2 Day
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We are only a grain of sand in
the universe. It was a common
thought after the mighty 3D
journey through space that MC2
employees were invited to during
the MC2 Day on 3 September. The
day was surrounded by exciting
mini-lectures and attracted 150
people to the lecture hall RunAn in
Chalmers student union building.
Anders Ynnerman, professor
of scientific visualization at

Linköping University and director
of the Visualization Center C
in Norrköping, was a success
when he performed with his
fascinating 3D journey on the
Chalmers Day for a Sustainable
Future earlier this year. It gave the
coordinator Debora Perlheden the
idea of taking the show to MC2
– a big bet that became really
appreciated.

Award winning degree
project can set the stage
for Mars expeditions

The Swedish Society of Aeronautics and Astronautics (SSAA) has
awarded Fredrik Brosser and Emil Milh its scholarship for their degree
project, “SEU Mitigation Techniques for Advanced Reprogrammable
FPGA in Space.” The project may set the stage for future space
expeditions. “We are very pleased to have received this recognition,” they
say.

Huge success for the
13th MC2 Relay Race –
trophy won back from Physics

With 16 participating teams, the 13th consecutive MC2 Relay Race on
7 October could not be described as anything else than a huge success
and a real folk fest with lots of cheering and encouraging audience. Not
least: for the first time in several years the prize trophy was retrieved back
to MC2 from Applied Physics as team Quantum Leap won the race. The
winning time was 20 minutes and 38 seconds.
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Proud recipient of the Foundation’s prize

Chalmers student and MC2 researcher Simon He was awarded the
prestigious Foundation Award in 2015 for his efforts. We were there when
he received his award from the president Stefan Bengtsson’s hand on 24
September. “I am touched and proud to get the Foundation Award”, said
Simon He.
Stefan Bengtsson – who was MC2’s first head in his time – was proud of
Simon He:
“Myself, having my background at MC2, I am very proud of you. Well done,
Simon – and congratulations!”, he said in a short speech on stage.
Simon, how do you feel right now?
“I am pretty honoured about the prize. It is in fact difficult for me to realize

that it is really true! It is a great honour!”, Simon says.
Have you decided what you want to do with the prize?
“Yes, I want to use the money to improve the master’s students’ education.
Currently in a lot of projects the students don’t have a real chance to get
real hands-on on real problems and real hardware. I want to improve that
by having some projects that really cross the industry, solving cuttingedge problems, so that we make the students have a better starting-place
for their career. This way they can get great experience so that other
companies like to hire them immediately, and give them the feeling that
Chalmers education is really down to the ground and close to industry.”

System on Chip
Conference hosted
by Chalmers

Looking for extras for the
clean room dance project

The Swedish System on Chip Conference took place in Gothenburg at
hotel Novotel in the Klippan cultural reservation on 4-5 May 2015. Since
2001 the Swedish System on Chip Conference, or SSoCC for short,
gathers researchers and students to present and discuss challenges of
System-on-Chip and Embedded Electronic System Design.
Since 2006 this conference is organized by the IEEE Sweden SolidState Circuits, and Circuit and Systems joint chapter, this year with local
arrangements by Chalmers, with professor Kjell Jeppson at MC2 as
chairman of the local organization committee.
In addition to presentations of submitted technical papers, the conference
included talks by leading international researchers and local system
developers from industry. This year invited talks were given by Infineon,
Volvo Cars, Ruag Space, and Fingerprint Cards.

The Nanofabrication Laboratory
served as the stage for an exciting
dance project. Choreographer Anna
Asplind led the hunt for extras for
a provocative new film production
in September. “The dance is a lot
more subtle than what people are
accustomed to,” Ms Asplind said.
“Observing the way that safety and
hygiene rules generate their own
pattern of movement is a particular
thrill for me.”
The clean room dance is part of the
Nanosamhällen (Nano Societies)
project that Anna Asplind is
conducting with Jonas Hannestad, an
artist and PhD in Physical Chemistry,
as well as photographic artist Kerstin
Hamilton. The project resulted in a
film, a book and an exhibition.

More MC2 News on pages 36 and 40 >>>
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Electrical circuits for generation of single microwave photons using Coulomb blockade
of Cooper pairs.
(a) A simplified circuit with a half wavelength cavity. (b) The output spectrum including
a peak of single photon emission at the Josephson frequency (f=2eV/h). (c) An
experimentally viable circuit, using a quarter wave resonance.
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head of the applied quantum
physics laboratory
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APPLIED QUANTUM
PHYSICS LABORATORY
Applied Quantum Physics Laboratory is the theory division at MC2 and part of
the Linnaeus Centre on Engineered Quantum Systems – Linneqs – that works
on the fundamental problems of nano-scale physics and electronics
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Two different schematic setups for generating single photons from a coherent field using an atom in front
of a mirror, along with either a beam splitter Fig.(a) or tunable coupling Fig.(c). Bottom figures (b) and (d)
show possible implementations in superconducting circuits.
17

/ 2015

Generating Photons One by One
In the field of quantum communication, messages are sent by single photons.
This enables absolute secure communication. This year we have explored the
possibility to generate single microwave photons in superconducting quantum
circuits in two different architectures. One using a voltage biased Josephson
junction, where the single photon emission is achieved by the dynamical
Coulomb blockade, i.e. that charges tunnel one by one through an ultrasmall
junction, due to coulomb repulsion [Phys. Rev. Lett. 115, 027004 (2015)]. The
other architecture explored, is built around a single artificial atom in front of a
mirror [see also Nature Physics 11,1045–1049 (2015)]. The novel feature in
our setup is that the pulse used to excite the atom is canceled in the output
using a beamsplitter displacement operation [arXiv:1511.03038].
Dynamics and thermal properties of nanoscale devices
We have analysed the power output of a quantum dot machine coupled to
two electronic reservoirs via thermoelectric contacts, and to two thermal
reservoirs - one hot and one cold. This machine is a nanoscale analogue of
a conventional thermocouple heat-engine, in which the active region being
heated is unavoidably also exchanging heat with its cold environment. We
observe an “exotic” power generation, which remains finite even when
the heat absorbed from the thermal reservoirs is zero. This effect can be
understood in terms of a non-local effect in which the heat flow from heat
source to the cold environment generates power via a mechanism which we
refer to as Coulomb heat drag. It relies on the fact that there is no relaxation
in the quantum dot system, so electrons within it have a non-thermal energy
distribution. More poetically, one can say that we find a spatial separation of
the first-law of thermodynamics (heat to work conversion) from the second-

law of thermodynamics (generation of entropy). We present circumstances in
which this non-thermal system can generate more power than any conventional
macroscopic thermocouple (with local thermalisation), even when the latter
works with Carnot efficiency.
Mesoscopic unconventional superconductivity
We consider mesoscale superconducting grains where size of the grain is
compared to the coherence length of the superconducting state. During the
last years we developed a computational tool based on a massively parallelised
code running on GPU:s that can handle unconventional superconductors
in realistic geometries with applied external fields. In this setting, using the
computational tool, we show that surface scattering and pair-breaking effects
dictates the nature of the superconducting state in the grain. The first results
were published in the September issue of Nature Physics 2015 and were also
high-lighted on the cover of this issue (see the back cover of the annual report).
Theory for electron transport in graphene high-frequency transistors
We develop a model based on Floquet theory describing Dirac electron
transmission through a harmonically driven potential barrier. Photon-assisted
tunneling results in excitation of quasibound states at the barrier. Under
resonance condition, the excitation of the quasibound states leads to
promotion of higher-order sidebands and enhanced higher harmonics of the
source-drain conductance. The resonances in the main transmission channel
are of the Fano form, while they are of the Breit-Wigner form for sidebands. We
discuss the possibility of utilising the resonances in prospective ballistic highfrequency devices, in particular frequency multipliers.
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“The vision of the laboratory is to
conduct world class research
and education in new carbon-based
functional materials and systems
for life.”

JOHAN LIU
head of the electronics
materials and systems
laboratory

johan.liu@chalmers.se
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BIONANO SYSTEMS
LABORATORY*
*New name from 19 August 2015: Electronics Materials and Systems Laboratory

At the Electronics Materials and Systems Laboratory (formerly known as the
BioNano Systems Laboratory), research is focused on carbon-based device
fabrication, characterization, interconnects and packaging for electronics,
energy storage e.g. supercapacitors, functionalization materials formulation,
microsystems and biomedical applications. We pursue microsystems for energy
harvesting, biosensing, 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
parameter-free and computationally efficient theoretical characterization of sparsematter challenges like e.g., the carbon based systems, and experiment-theory
collaborations to study functional organics.
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Fig. 1 Liquid crystal formation in 8 base pair DNA oligomer in water. The
concentration of nano DNA increases from lower left to upper right in the
picture. The photo is taken between crossed polarizers.
During 2015 we started to harvest the research results in the carbon related
areas, something that we started already since beginning of last decade.
This has been manifested by four high impact journal papers in Advanced
Functional Materials, Small and Journal of Chemical Physics. On the research
funding side, we received successfully another EU Horizon 2020 program
called “Smartherm” on developing heat dissipation technology using large
scale carbon nanotube manufacturing processes. On the infrastructure side,
we have completed Pulsed Photothermal Reflectance (PPR) and 3-omega
technology set up for nanoscale thermal transport property measurement.
These together with earlier measurement techniques of xenon flash, hotdisk,
high resolution IR imaging put us in a unique position in a university to host
such a platform of thermal property determination for liquids, solids, thin film
of polymer, inorganic materials and metals.
Clearly, nanoscale heat dissipation remains to be a core research field in the
Laboratory. Johan Liu’s group has for instance developed an efficient way
of cooling of electronics using a graphene based film. They investigated
the heat-spreading enhancement mechanisms of the graphene-based film
with functionalized molecules. They discovered that the inclusion of silane
molecules as functionalizing material double the heat spreading capability of
the graphene based film.
The improved heat spreading performance indicates large potential in
integrating the graphene-based film into microelectronics devices and
systems such as high-power Light Emitting Diodes, lasers and radio
frequency components etc for cooling purposes, and also pave the way for
faster, smaller, energy efficient and longer-lifetime high power electronics.
The work was carried out in collaboration Shanghai University, China, Ecole
Centrale Paris, EM2C - CNRS, France and SHT Smart High Tech AB,
Sweden.
On the nanoscale interconnect side, Johan Liu’s group developed during the
year a new large scale method to functionalize carbon nanotubes (CNTs).
This makes it potentially possible for utilizing CNTs as interconnect material
for flexible and stretchable electronics products.
Flexible and stretchable electronics are considered as one of the most
interesting high growth industries. With successful implementation of
the developed technology, many new applications such as portable and
wearable smart systems, paper based displays, smart clothing, and bendable
biomedical sensors, for instance, can become a reality.
In this work, a new surface treatment process for synthesizing intrinsically
flexible multi-functionalized CNT based hybrid nanowires was developed. The
key benefit of the hybrid nanowire lies in their high electrical conductivity and
flexible structures to maintain stable electrical and mechanical performances
under significant deformation. The multi-functionalized CNT based hybrid
nanowires were synthesized with different functional materials on the surface
of CNTs to produce a metal nanoparticle coating layer and form uniform
dispersions whilst possessing the CNT’s original structural integrity and high
flexibility. Using this unique concept, they were able to show that the flexible
and stretchable circuits made by the CNT based hybrid nanowires can have

a relatively low and stable electrical resistivity about 1×10-5 ohm·centimeter
(Ω·cm) under different bending and stretching states. This value is orders of
magnitude lower than pure CNTs (1 Ω·cm) and also competitive with that of
pure copper (1.7×10-6 Ω·cm).
Peter Enoksson’s group continues and expands the research that the
group does on carbon nanomaterial-based supercapacitors. This is the
fruit of synthesis and electrochemical characterization of carbon electrode
nanomaterials both from cellulose by carbonization and CVD (chemical
vapour deposition) and building fully working devices. This is performed
within the projects WWSC, CarPolCap and from 2015 in the new EU
Horizon 2020 project SmartMEMPHIS that combines piezoelectric energy
harvesting with electronics and supercapacitor storage for pacemaker
applications. Novel cellulose based separators has also been developed
in this research. This has during 2015 resulted in two excellent licentiate
of engineering theses, Volodymyr Kuzmenko “Carbon nanomaterials from
cellulose for efficient use in advanced applications ” and Amin Saleem “CVD
grown carbon nanostructures and their characterization for interconnect,
super- and on-chip capacitors”.
Other areas of research pursued by Peter Enoksson’s group are other
types of energy storage, energy harvesting, high-frequency components
and RFID. E.g. a new project started 2015 in collaborations with battery
and material groups at Chalmers on hybrid supercapacitors funded by
Energimyndigheten. RFMEMS are pursued on Micromachined Gap
Waveguide Devices which during 2015 has been focused towards realising
the first 100 GHz antenna based on these technologies. This link well to
the group’s previous work on micromachined dielectric and fractal based
antennas. Also further work continued on RFID initiating in collaboration
with the printer company SATO that are now resulting in very promising
novel designs. Energy Harvesters for Wireless Sensors are pursued in the
group especially for vehicle and gas turbine applications. During 2015
we presented a novel High Temperature Thermoelectric Energy Harvester
(showing proof of concept for thermoelectric harvesting at 600 – 800 °C)
and performed modelling and experimental verification of more efficient
vibrational energy harvesting by coupling of piezoelectric resonators.
The thermoelectric materials were a result from collaboration with the
Chemistry department at Chalmers and both concepts for energy harvesting
are investigated in the EU project Stargate. Also a sensors system for
regenerative medicine, test systems, is developed in collaboration with
ACREO and Sahlgrenska University Hospital within a Vinnova funded UDI
project.
Per Rudqvist as the main corresponding author published a front cover
feature paper in Applied Physics Letters together with University of Colorado
at Boulder on electric field-alignment of bent core smectic liquid crystals.
The liquid crystal research further comprises studies of chiral induction
from helical nanoparticles in liquid crystalline systems in collaboration with
University of Stuttgart and The Max Planck Institute in Stuttgart, Germany.
Together with Hyldgaard’s group at EMSL, he continues to explore the
potential of using liquid crystal formation in nano-DNA as a possible model
system for studies of certain inter- and intramolecular interactions in DNA.
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The photo shows the 140 GHz transmitter chip, containing
an I-Q modulator, a 3-stage amplifier, and a x3 frequency
multiplier for the local oscillator. The chip was designed by Sona
Carpenter, Herbert Zirath, and Mingquan Bao. Data-transmission
measurements was done by Simon He. The chip size is 1.3x0.9
mm2.
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MICROWAVE
ELECTRONICS
LABORATORY
At the Microwave Electronics Laboratory (MEL), we focus on application
driven research on high speed electronic components, circuits and systems
for future wireless and fiber communication, and remote sensing applications.
The research spans frequencies from below 1 GHz to 500 GHz. Our main
research areas are wireless high speed digital communication, sensors such
as radar systems and radiometers. We demonstrate innovative microwave
components and circuits in our own fabrication lab, the Nanofabrication
Laboratory at MC2, or at external cooperation partners/foundries. We
characterize our components and circuits in our state-of-the-art microwave/
THz measurement laboratory. Most of our work is project oriented together
with other universities, companies and institutes, where MEL is responsible
for high speed electronics hardware research and development. In addition
we contribute to an extensive educational programme including Master of
Science and PhD level; approximately 20 PhD students are at the moment
pursuing their studies towards a PhD-degree.
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Wideband 5.8 – 8.8 GHz GaN MMIC power amplifier with
record efficiency for point-to-point radio link applications.

New transistors for millimeterwave power applications
Our research on devices and integrated circuits based on wide bandgap
semiconductors (WBG) is targeting the need for power generation at
millimetre wave frequencies and beyond. We have developed fabrication
and characterization methods to evaluate such electronics for applications
in mobile communication infrastructure and sensor application. Our target
for 2016 is to fabricate Monolithic Microwave Integrated Circuits (MMICs)
based on 50 nm gate length GaN-based transistors. Thanks to a newly
funded project by the Knut and Alice Wallenberg foundation, we have just
started work on realizing InN-based High Electron Mobility Transistors,
HEMTs. Our aim is to develop this technology for applications in the socalled ‘THz-gap’ and integrate such circuits in a silicon-based platform. In
addition, we have developed an MMIC-process for Graphene FETs (G-FETs)
on SiC and demonstrated our first amplifiers. Receiver and transmitter
circuits based on G-FETs, were designed during 2015 and we hope to
fabricate working circuits for the W-band (75-110GHz) during 2016.
Millimeterwave/THz integrated circuits for high speed digital
communication and sensors
We are using state-of-the-art MMIC-processes based on Silicon and
compound semiconductors for the design of multifunctional integrated
circuits for wireless and fiber communication, and sensors. We have so far
successfully demonstrated numerous wideband circuits, based on a 250 nm
DHBT-MMIC process from Teledyne Scientific, such as low noise amplifier,
oscillator, mixer, variable gain amplifier, modulator, demodulator, Digital-toAnalog Converters (DAC) etc. for the D-band and G-band (110-170 GHz,
220-320 GHz). Work during 2015 resulted in highly integrated D-band
multifunctional receiver and transmitter chipset demonstrating a data rate
of 55 Gbps, which is world record in this frequency band. In addition, high
speed circuits for fiber optical communication are designed in a newly
started SSF-project (MuToi) together with the Photonics group at MC2,
Chalmers. During 2015, circuits for laser driver, modulators with 4 levels
(PAM4), predistorsion etc. were successfully demonstrated. In the beginning
of 2015 a new project, funded by the EU Horizon 2020 program started,
named M3tera. The aim is to design ‘system in package’(SIP) solutions for
wireless communication and sensing, see http://m3tera.eu. Our task in the
project is to design multifunctional integrated circuits in Infineons B11HFC
process, based on 130 nm SiGe transistors, having a cut-off frequency of
>400 GHz. The first circuits in this project were designed and characterized.
Other partners are KTH, Ericsson, Infineon, CSEM, Anteral, and Technicon.
Several prototypes including wireless communication and sensing are
defined in this project.
Narrow bandgap devices and ultra-low noise circuits
We are studying ultra low-noise InP HEMT technology operating at
cryogenic temperatures (5-15 K) in low noise amplifier (LNA) designs from
a few GHz up to 100 GHz. During 2015, we have initiated a new two-

year project in GHz Centre with Low Noise Factory AB (LNF) and other
companies in the centre. The goal is to develop and optimize a W-band
cryo low-noise amplifier module. In an on-going project on cryo LNA MMICs
for Ka band, we have achieved very promising results with 6 K minimum
noise temperature (to be published). These circuits are developed in a
collaboration project with LNF funded by European Space Agency (ESA)
aimed for ground base stations.
During 2015, we have finalized the studies on In(Ga)As self-switching
diodes (SSD) used for zero-bias detection in the microwave to terahertz
regime. We presented the lowest noise equivalent power ranging from
40 to 150 pW/Hz½ measured from 2 to 315 GHz with a 50 ohm source.
Furthermore, we published the first zero-bias direct-detecting SSD based on
graphene in the literature. The results were part of Andreas Westlund’s PhD
thesis defended in April 2015. International collaborators were from IEMN in
Lille and University of Salamanca.
A project was initiated on new cryo InP HEMTs based on superconducting
technology in order to reduce the parasitic gate resistance. The gold was
replaced by niobium (Tc=9.2 K) in the gate stack in the transistor. Initial
results on hybrid low-noise amplifier at 4-8 GHz have been achieved. This
project is a collaboration between Microwave Electronics Laboratory at MC2
and Advanced Receiver Development (GARD) at Department of Earth and
Space Sciences. This activity was made possible by a grant from Area of
Advance Nanoscience and Nanotechnology at Chalmers.
Energy efficient power amplifiers for next generation mobile systems
We perform research on power amplifiers for the need of increased
bandwidth and higher energy efficiency in mobile communication
transmitters. Our research involves co-design of circuit- and digital signal
processing and is done in close collaboration with the Communication
Systems group at the department of Signals and Systems.
During 2015 we have intensified our research related to active antenna
arrays for millimetre wave 5G communication. Heat dissipation is of great
concern in such applications and is driving the need for efficient power
amplifiers. As a first step, we have demonstrated a fully integrated 30 GHz
SiGe BiCMOS Doherty power amplifier with >25% efficiency at 6 dB output
power back-off. We have also proposed a generalization of the Doherty
amplifier theory and experimentally demonstrated how it can be used to
improve the linearity and gain while maintaining the efficiency high.
We have also presented a new method which allow us to efficiently analyse
the nonlinear relationships between temperature, transmitter distortion and
efficiency, antenna design, digital algorithms, and radiated communication
signals. We are now building a 32-channel (each 500 MHz wideband)
testbed which will give us unique possibilities to verify the analysis
predictions and to explore new communication-, radar-, and sensor systems
based on the circuits that we develop.
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PETER MODH
head of the nanofabrication
laboratory

The delivery of the new stepper system through the laboratory window on 26 May 2015.

22

/ 2015

peter.modh@chalmers.se

2015

NANOFABRICATION
LABORATORY
The Nanofabrication Laboratory is a world-class university cleanroom for
research into and fabrication of micro and nanotechnology. The laboratory is
run by the Department of Microtechnology and Nanoscience 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. It is a part of Myfab – the Swedish national research
infrastructure for micro and nano fabrication. 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.
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Canon FPA 3000-i4 photolithography stepper system commissioned during 2015.

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 189 process
tools available for fabrication and characterisation at the micro/nano-scale.
In 2015 we commissioned a photolithography stepper system, model Canon
FPA 3000-i4, funded by Knut and Alice Wallenberg Foundation. The system
is used for step and repeat exposures on wafers but also on smaller pieces
using wafer carriers. The resolution is better than 500 nm and the alignment
accuracy is 50 nm.
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 2015 the number of active user and the number of
booked tool-hours in the cleanroom was 200 and 57292 respectively (206
and 56098 in 2013).
The Nanofabrication Laboratory together with the Ångström Microstructure
Laboratory at Uppsala University and the Electrum Laboratory at KTH, form

Myfab, the Swedish Research Infrastructure for Micro and Nano Fabrication
and Characterization (www.myfab.se).
In April Myfab, now including Lund Nanolab at Lund University, applied
to the Swedish Research Council, SRC, for a new funding period as a
national research infrastructure. Myfab’s application received the highest
possible score (7, outstanding) in the evaluation, but the research council’s
total budget for national research infrastructures for 2016 was just fraction
of what it was in 2010 (about one third), so the grant was reduced to a
significantly lower level compared to the previous funding period. The final
details about the grant will be set through negotiations with SRC during
spring of 2016.

SUMMARY OF FACTS – CLEANROOM USAGE 2015
•
200 users that booked equipment
•
57 292 booked hours
•
30 external customers
•
17 Swedish companies where 11 used their own personnel in the
cleanroom
•
4 foreign companies where 1 used their own personnel in the
cleanroom
•
5 Swedish universities or institutes where 2 used their own
personnel in the cleanroom
•
4 foreign universities or institutes where 3 used their own
personnel in the cleanroom
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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.

ANDERS LARSSON
head of the photonics
laboratory

anders.larsson@
chalmers.se
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PHOTONICS
LABORATORY
At the Photonics Laboratory we conduct application oriented research on
optoelectronic materials and devices, ultrafast photonics and fibre optical
communication. Optical communication is a major area of research, with
efforts on system 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, S2 and CSE.
Efforts are also invested in the development of optical frequency comb
technologies for communication and spectroscopy and in the development
of wide bandgap materials and devices for emission in the visible and ultraviolet.
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A silicon nitride micro-ring resonator coupled to a silicon nitride
waveguide on silicon.
Fibre Optic Transmission Systems
Our fibre optic transmission research aims at developing transmission
schemes that can increase spectral efficiency and/or reach in fibre links.
Much of this work is carried out in collaboration with the communication
systems group at the S2 and CSE departments within Chalmers. In a
project funded by the Knut and Alice Wallenberg foundation we develop
energy-efficient links and interconnects as well as investigate the
fundamental energy limits for optical transmission systems. In a project on
spatial multiplexing, we work on multicore and multimode fibre solutions,
which we believe can increase throughput 10-100 times. In order to
achieve these goals a plethora of technologies needs to be investigated and
developed, e.g., optical comb sources, polarization drift channel models and
digital signal processing algorithms.

Datacom Lasers and Optical Interconnects
This research aims at developing vertical cavity surface emitting lasers
(VCSELs) and associated technologies for optical interconnects with
multi-Tbit/s capacity, high bandwidth density and high energy efficiency.
Highlights from 2015 include the demonstration of VCSELs with record
modulation bandwidth and record energy efficiency at high data rates,
monolithic multi-wavelength VCSELs arrays for wavelength multiplexed
optical interconnects (with HP Labs) and heterogeneous integration of
VCSELs on silicon for photonic integrated circuits (with Ghent University).
Techniques such as electronic pre-emphasis and forward error correction
were explored for improved interconnect performance. Work on VCSELdriver integration was initiated in collaboration with the Microwave
Electronics Laboratory and the CSE department.

Agrell, E. ; Karlsson, M. (2015). Influence of Behavioral Models on Multiuser
Channel Capacity. Journal of Lightwave Technology. 33 (17) s. 35073515. [Nr. 222516]

Haglund, E. ; Westbergh, P. ; Gustavsson, J. S. et al. (2015). 30 GHz
bandwidth 850 nm VCSEL with sub-100 fJ/bit energy dissipation at 25-50
Gbit/s. Electronics Letters. 51 (14) s. 1096-1097. [Nr. 219953]

Parametric Processing and Amplification
In our research on phase-sensitive optical amplifiers we have 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. This work is funded by the
European Research Council and the Knut and Alice Wallenberg foundation.
In long-haul transmission we demonstrated a threefold reach extension
compared to conventional approaches using commercial optical amplifiers.
We have also demonstrated ultrafast all-optical switching based on these
amplifiers. While the current work is relying 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.

Wide Bandgap Optoelectronics
Our research on optoelectronics in wide bandgap materials is focused on
resonant-cavity light-emitting diodes and microcavity lasers for applications
such as efficient solid-state lighting, visible light communication and medical
diagnosis and treatment. Using molecular beam epitaxy we have grown key
building blocks for these light emitters, such as state-of-the-art III-nitride
layers, high quality ZnO layers, ZnO/GaN heterostructures and highly
reflective GaN/AlN distributed Bragg reflectors (DBRs). As an alternative
to the DBR, high contrast gratings in TiO2 with a reflectivity close to 100%
have been developed. Graphene, directly grown on GaN, is explored as
a transparent intra-cavity contact material in collaboration with Jie Sun at
Quantum Device Physics Laboratory.

Olsson, S. ; Corcoran, B. ; Lundström, C. et al. (2015). Phase-Sensitive
Amplified Transmission Links for Improved Sensitivity and Nonlinearity
Tolerance. Journal of Lightwave Technology. 33 (3) s. 710-721. [Nr.
213543]
Ultrafast Photonics
We develop laser frequency combs that operate at ultra-high repetition
rates (>10 GHz). This technology enables applications in fibre-optic
communication systems and ultrafast precision metrology. Highlights from
2015 include the implementation of an optical technique that measures
spectra at a record-high refresh rate (25 MHz). In collaboration with UCSB
(USA) we have shown wavelength conversion of high-speed data using
their low-loss integrated waveguide technology. We have established
collaboration with Purdue (USA) on fibre-optic coherent communications
systems using their microresonator frequency combs. We have also
developed the infrastructure to fabricate thick (> 700nm) silicon nitride
waveguides at Chalmers, which allows for high-density photonic integration
and dispersion engineering.
Krückel, C. ; Fülöp, A. ; Klintberg, T. et al. (2015). Linear and nonlinear
characterization of low-stress high-confinement silicon-rich nitride
waveguides. Optics Express. 23 (20) s. 25827-25837. [Nr. 225822]

Hashemi, S. E. ; Bengtsson, J. ; Gustavsson, J. S. et al. (2015). TiO2
membrane high-contrast grating reflectors for vertical-cavity light-emitters
in the visible wavelength regime. Journal of Vacuum Science and
Technology B: Nanotechnology and Microelectronics. 33 (5) [Nr.
223294]
Epitaxy of Novel Photonic Materials
III-V semiconductors containing dilute Bi enable long wavelength emission
in the mid-infrared through Bi induced bandgap reduction. GaSbBi thin
films with a record high Bi concentration of 11.1% have been realized.
This novel alloy reveals a bandgap reduction of 33 meV/% Bi. A type II
InGaAs/GaAsBi quantum well was proposed and experimentally verified to
effectively extend the emission wavelength.
Zhou, S. X. ; Qi, M. ; Ai, L. K. et al. (2015). Effects of buffer layer preparation
and Bi concentration on InGaAsBi epilayers grown by gas source molecular
beam epitaxy. Semiconductor Science and Technology. 30 (12) s. Art nr.
125001. [Nr. 231881]
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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.
AVGUST YURGENS
head of the quantum
device physics laboratory

avgust.yurgens@
chalmers.se
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QUANTUM DEVICE
PHYSICS LABORATORY

The research at the Quantum Device Physics Laboratory (QDP) extends
over a variety of different topics including quantum computation and
electrodynamics, molecular- and single electronics, spintronics, hightemperature superconductivity, radiation- and magnetic sensors, and atomiclevel quantum theory.

Quantum Device Physics Laboratory
Annual Report

2015

The lifetime of an atom can be extended up to ten times by placing it in front of a mirror. The artificial atom consists of a superconducting circuit on a silicon
chip. The interaction between the atom and its mirror image modifies the vacuum fluctuations seen by the atom and thus its lifetime. The microwaves that
mediate the interaction between the atom and the mirror flow in a transmission line on the chip.
Illustration: Moa Carlsson and Lisa Kinnerud, Krantz NanoArt
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An artificial atom in front of a mirror: Probing and canceling vacuum
fluctuations
We have built a superconducting circuit which mimics an atom in front of a
mirror. The role of this artificial atom is played by superconducting transmon
qubit placed in a microwave transmission line. The mirror is simply a short
circuit of the transmission line that reflects the microwaves just as a mirror.
Next we probe the scattering properties of the atom by sending a very weak
microwave signal towards the atom/mirror and detect the reflected signal.
This allows us to measure the lifetime of the atom. Since the lifetime of the
atom depends on the vacuum fluctuations that it sees, this is in fact a way
to measure the vacuum fluctuations. The mirror also allows us to shape the
vacuum fluctuations by changing the effective distance between the atom
and the mirror, creating regions in space where the vacuum fluctuations are
suppressed. Moving the artificial atom through these regions and measuring
the lifetime of the atom allows us to measure the spectral density of the
vacuum fluctuations as a function of the distance between atom and mirror.
In this way we can reduce the vacuum fluctuations substantially and increase
the life time of the atom by a factor of 10.
I.-C. Hoi, A. F. Kockum, L. Tornberg, A. Pourkabirian, G. Johansson, P.
Delsing and C. M. Wilson, Nature Physics 11, 1045 (2015)
Influence of Impurity Spin Dynamics on Quantum Transport in Epitaxial
Graphene
Experimental evidence from spin-valve and quantum transport measurements
points towards unexpectedly fast spin relaxation in graphene. We report
magnetotransport studies of epitaxial graphene on SiC in a vector magnetic
field showing that spin relaxation, detected using weak-localization analysis,
is suppressed by an in-plane magnetic field B||, thereby proving that it is
caused at least in part by spinful scatterers. A nonmonotonic dependence
of the effective decoherence rate on B|| reveals the intricate role of the
scatterers’ spin dynamics in forming the interference correction to the
conductivity, an effect that has gone unnoticed in earlier weak localization
studies.
S. Lara-Avila, S. Kubatkin, O. Kashuba, J. A. Folk, S. Luscher, R. Yakimova,
T. Janssen, A. Tzalenchuk, V. Fal’ko, Physical Review Letters 115, 106602
(2015)

Long distance spin communication in CVD graphene
Graphene is proposed to have a longer coherence length for spin polarized
electrons due to its low coupling strength with light weight carbon atoms.
So far, the prospect is limited to the small size exfoliated graphene flakes.
Here we demonstrate a high spintronic performance in large-area chemical
vapour-deposited (CVD) graphene at room temperature. We show pure spin
transport and precession over long graphene channel lengths extending
up to 16 micrometers with a spin lifetime of 1.2 nanoseconds at room
temperature. These spin parameters are up to six times higher than previous
reports on CVD graphene and highest at room temperature for any form
of pristine graphene on SiO2/Si substrates. These findings open up new
prospects for the development of lateral spin-based memory and logic
devices on large area CVD graphene.
M.V. Kamalakar, C. Groenveld, A. Dankert, S. P. Dash, Nature
Communications 6, 6766 (2015).
Coherent interaction with two-level fluctuators using near field scanning
microwave microscopy
Near field Scanning Microwave Microscopy (NSMM) is a device combining
functionality of standard tuning fork AFM with microwave circuitry to sample
near field in the tip proximity. It uses a microwave resonator as the near-field
sensor. Such a system has been developed at QDP and described in Rev.
Sci. Instr, 84, 023706, (2013). In our paper to Sc. Rep. we have discussed
the intriguing possibility to use this system to study two level fluctuators
(TLFs) in dielectric materials commonly used in today’s quantum circuits and
devices. The TLFs are atomic-sized material defects with excitation energies
in the GHz range and are believed to be the main source of decoherence
hampering the future progress in the field of quantum computing. We
argued that with NSMM it is possible to locate, with nanometer precision,
and to measure on an individual TLF defect, opening up for applications in
materials science and device characterization in solid state-based quantum
technologies.
S. E. de Graaf, A. Danilov, S. Kubatkin, Scientific Reports (2045-2322), 5
(2015)
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JAN STAKE
head of the terahertz and
millimetre wave laboratory

jan.stake@
chalmers.se

The staff of TML, photographed in January 2016.
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TERAHERTZ AND
MILLIMETRE WAVE
LABORATORY
At the Terahertz and Millimetre Wave Laboratory, we conduct research on new
materials, devices and circuits for applications in the microwave, millimetre
wave and terahertz frequency region.
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Lysozyme molecules arranged in a crystal lattice. The red helical structures are associated
with electron density changes when the protein crystal is exposed to terahertz radiation.
Press Release: www.chalmers.se/en/departments/mc2/news/Pages/Unique-interactionbetween-terahertz-radiation-and-proteins.aspx

THz electronics
The continuous interests in terahertz wave applications have generated a
strong need for reliable, room temperature operational and compact THz
electronics.
Currently we pursue the development of heterogeneous integration
techniques, by transferring of III-V devices onto silicon, and research on
narrow band gap materials for novel THz devices. Together with Virginia
Diodes, US, we have demonstrated Schottky mixers up to 3 THz that can
be used for phase-locking quantum cascade lasers. Furthermore, we have
demonstrated state-of-the-art THz mixers and multipliers for scientific
instrumentation (ISMAR and SWI) as part of a joint collaboration with
Omnisys Instruments AB. An in-house developed setup for VNA calibration,
in combination with the newly installed terahertz measurement lab, makes
highly accurate S-parameter characterisation of waveguide integrated
devices up to 1.5 THz available.
THz detectors
Superconducting Hot-Electron Bolometer (HEB) mixers provide the best
sensitivity for THz space instrumentation, which is required when studying
molecular composition of interstellar medium, atmospheres of other planets,
and even for tracking many pollutants in our own atmosphere. Pursuing
the goal of increased HEB mixer bandwidth as well as better sensitivity,
we need to utilise very thin superconducting films. For this purpose, we
have constructed a new deposition system for ultrathin MgB2 films: Hybrid
Physical Chemical Vapor Deposition (HPCVD). This has resulted in a
significant increase of the superconducting transition temperature from 20K
to 38K for 15-20 nm films. This will open up for new applications, which can
take advantage of ultra-sensitive superconducting detector technology.
Graphene THz electronics
The two-dimensional material graphene, consisting of a single layer of
carbon, possesses unique properties of interest for future high frequency

electronics. The intrinsically extremely high carrier velocities in graphene
open pathways towards high performance transistors and detectors in
the millimetre wave and THz frequency regimes. We have demonstrated a
compact and accurate model for FET detectors, which was published in
IEEE Transactions on Microwave Theory and Techniques. Moreover, we
have explored the potential of graphene antennas for radio-frequency (RF)
energy harvesting together with Ericsson research as part of a VINNOVA
SIO project.
THz techniques for life science applications
THz frequencies are predicted to have unique interaction with biomolecules,
due to their structure and size, opening up a new promising research field
in which THz waves are applied in life sciences. In collaboration with the
Chemistry Department at Chalmers, we investigate the use of THz waves for
cell and cell membrane identification and sensing. Moreover, as part of a joint
KAW project between Göteborg University and Chalmers we have for the
first time observed non-thermal effects of THz radiation in protein crystals1.
These results support the prospects of the use of THz waves for life science
applications.
THz radar systems
Radar systems operating at THz frequencies can achieve superior resolution
compared to regular radars – both in range as well as in cross-range. We
develop radar technology at 220 GHz and 340 GHz with the goal to be
able to take 3-D radar images with 1 cm resolution in real-time. The transmit/
receive chips are fabricated in the Nanofabrication Lab on 3 µm thin
semiconductor membranes. The circuits are packaged in modules and we
test the modules in complete radar prototypes.
1
Press Release: www.chalmers.se/en/departments/mc2/news/Pages/
Unique-interaction-between-terahertz-radiation-and-proteins.aspx
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INDUSTRIAL COLLABORATION

CRISTINA ANDERSSON
industrial relations

cristina.andersson@
chalmers.se

Mingling participants at the MC2 Day on 3 September 2015, where industry met the academy, one of
several collaboration examples during the year.
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Cross border collaboration, both at national and international level,
between different disciplines and industrial sectors, has once again
proven to be a successful element at the Department of Microtechnology
and Nanoscience – MC2. Both long lasting well-established and newer
developed collaborations have helped paving the department’s path towards
excellence – excellence in education, research and utilization.

component layout provide both new functionality and better performance of
graphene based microwave generators. The research results are becoming
very promising, spanning from new state of the art electronic devices, such
high frequency devices, transistors, and cryo coolers, to materials with
improved physical and mechanical properties such as new thermal interface
materials and graphene reinforced concrete.

The well-established problem-solving approaches well incorporated with
state of the art research are key factors attracting industrial partners to
collaborate with our researchers.

In order to support and increase utilisation of graphene, MC2 is now
hosting the Graphene Centre at Chalmers – an umbrella organisation
gathering all the research, education and innovation related to graphene.

The industrial partners come in different sizes and shapes, from the largest
global leaders in the forefront of their technology field, such as HP, Saab,
Ericsson, and Infineon, to high tech SMEs such as Omnisys Instruments,
LNF, Wasa Millimetre Wave and Gotmic. The smaller spin-offs originate
typically from the department’s own research environments and have a very
high technology know-how and high ambitions to grow and offer smart
solutions to technical problems of our time.

Apart from the involvement in research, industry is also enrolled in
educational activities, giving for example guest lectures in several courses.
Industry also interacting directly with the whole staff at the department.
At the 2015 MC2 day, having a space theme, companies such as RUAG,
Omnisys, LNF, and Wasa Millimetre Wave, presented how they collaborate
with researchers at MC2.

Collaboration happens in many different disciplines, as a result of the
multidisciplinary environment found at MC2. Within the photonics area,
the Photonics Laboratory is for example collaborating with HP Labs (Palo
Alto, CA, USA) through an HP Labs Innovation Research Award. The
teams at MC2 and HP Labs have jointly developed and demonstrated a
new technology for the fabrication of multi-wavelength arrays of vertical
cavity surface emitting lasers (VCSELs). Such laser arrays enable the
use of wavelength division multiplexing to increase the capacity and
bandwidth density of optical interconnects used in e.g. datacenters and
supercomputers.
Newer research fields, such as graphene, are also attracting an ever
increasing interest from industry. Ericsson, together with researchers at the
Terahertz and Millimetre Wave Laboratory is evaluating if graphene can be
used as a transparent electrode material for the detection of surrounding
high frequency radio waves, and the rectification and storage of energy for
the supply of M2M (Machine-to-Machine) communication links. Ganosc
is working together with researchers at the Quantum Device Physics
Laboratory, developing a demonstrator where substrate biasing and

A new company, Sintema, was started, as a spin-off from another already
existing company, SHT AB. Sintema’s core business is Thermal Interface
Materials (TIM).
The enrollment of industrial staff in our environment, mainly as adjunct
professors, was a major success during 2015, with an increase by almost
50%, with 4 new positions, two from Ericsson and one from Saab. A new
mobility grant has also allowed Mingquang Bao, from Ericsson, to spend
some time at the department and interact directly with our researchers. On
the infrastructure side, the Nanofabrication Laboratory, one of the world’s
most advanced clean rooms, continues to offer high-quality services to a
variety of industrial partners. Work is also ongoing in the development of
the new Teraherts laboratory. During the year a laboratory head, Jörgen
Stenarson, was hired and new equipment was purchased. The lab will offer
an open environment for science and for the users.
All these productive industrial partnerships have resulted in fantastic results,
such as high-quality joint publications, PhDs, increased mobility, patents,
licenses, industrial growth, and many other success stories, all comprising
technology, knowledge and knowhow, developed at the department.
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Vigorous workshop on contracts and utilisation
Experts on industrial agreements and utilisation of research appeared in front of around 40 scientists at MC2 on 21 October. “This is a unique
event. Almost all support functions are available in this room today”, said Fredrik Hörstedt, vice president of utilisation.

Linnéa Lindau, CEO at Chalmers Ventures.

Fredrik Hörstedt, vice president of utilisation at Chalmers.
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Anders Wennberg, chief resource officer (CRO),
talked about utilisation as one of the university’s
three missions, beside education and research.
– That’s why we collaborate, that’s why
collaboration is important. It gives us
opportunities to operate our own strategic
imperatives. Through utilisation we can influence
and attract new students and staff to Chalmers,
he said.
“Collaboration can look in many different
ways”
Wennberg meant that it is important to show
the universitie’s wideness by having deep
collaboration with the industry.
– Collaboration can look in many different
ways, such as thesis work, doctoral students,
guest lectures, mentorship and internships, he
exemplified.
This can be formalized within research centres,
industrial PhD positions, education of company
staff and by industrial scholarship for students at
Chalmers.
– We compete internationally for the best
students. Therefore utilisation is good for
Chalmers and good for you as researchers.
Fundraising is another aspect which is growing
in significance - both when it comes to direct
financing of research and education, and when
it comes to getting public funding, Anders
Wennberg said.
Aim: To be the best in the world
Linnéa Lindau is CEO at Chalmers Ventures,
which she represented at the workshop. By

founding Chalmers Ventures the university is
reinforcing and gathering strength. The objective
is to become the best in the world at innovation
and entrepreneurship.
– Our philosophy is that the inventor doesn’t
always want to be the entrepreneur, promoting
the product, making sales calls and all that. That’s
why we have the processes of having ideas on
the other side, for example from researchers
as you, and entrepreneurs, working together in
accelerating companies, Linnéa Lindau said.
Strengthening the entrepreneurial spirit
By Chalmers Ventures Chalmers is strengthening
the entrepreneurial spirit of the university.
– In five years a majority of our students is
recieving some kind of entrepreneurial experience
during their education. This is much more than
we have today.
She encouraged everyone to get in touch:
– If you have something that can be a venture,
then Chalmers Ventures is the right place for you
to go, Linnéa Lindau said.
Working together with the researchers
Anna Aspgren, head at the Innovation Office,
talked about their activities.
Together with the researchers the Innovation
Office works with something called the innovation
process to make utilisation happen. The process
aims to transform research-based knowledge
into value and benefit in the society. Questions
discussed and cleared out in the innovation
process are roles and responsibilities, what’s
being utilised and how to do it.

The Innovation Office gives support if you want
to discuss, for example, how to utilise research,
models for how to select the best way, funding
for research-based verification, help when
applying for funding or finding partners, and
arrange strategy workshops.
Pleased participant
One of the workshop participants was Niklas
Rorsman, associate professor at the Microwave
Electronics Laboratory at MC2. He was pleased
with the content:
– I wanted to get a view on what help Chalmers
can provide for me as a researcher when it
comes to utilize the research in the society.
There is a great need for this, and it is a success
criteria to be able to show that you have outreach
acitivities in the projects. Therefore it is important
to know what you can get help with. Often you sit
very alone, Niklas Rorsman said.
Model for discussions
The workshop was an initiative from Cristina
Andersson, industrial relations officer at MC2.
Anders Wennberg highlighted it as a model for
how these issues can be discussed on other
departments at Chalmers.
Cristina Andersson chose a more humble
position:
– But this workshop shows that Chalmers has
a very good and solid support organization
regarding innovation and entrepreneurship, she
says.
Text and photo: Michael Nystås
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LINNEQS
Linnaeus Centre on Engineered
Quantum Systems
www.chalmers.se/en/centres/linneqs
PER DELSING
centre director

per.delsing@chalmers.se
Linneqs is a research centre with 10-year support from the Swedish Research Council. Normally quantum
mechanics is used to describe microscopic objects like atoms and molecules, things which are given by nature
and cannot easily be integrated or engineered. Exciting opportunities open up when we now can engineer
quantum systems based on electronic circuits. The centre pursues research in four areas at the interface between
quantum physics, computer science and electronics. Those areas are Qubits, Quantum Transport, Graphene, and
Enabling Technologies. Below we describe some of the highlights from the past year.

QUBITS
A long-term goal is to develop quantum computers, which are predicted to
perform some computational tasks much faster than ordinary computers.
However, the building blocks, the qubits also have very interesting
properties which allows us to address fundamentally important questions
in quantum mechanics such as entanglement, decoherence and quantum
measurement.
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An artificial atom in front of a mirror: Probing and canceling vacuum
fluctuations
Linneqs researchers have built a superconducting circuit that mimics
an atom in front of a mirror. The role of this artificial atom is played by a
super-conducting transmon qubit placed in a microwave transmission line.
The mirror is simply a short-circuit of the transmission line that reflects the
microwaves just as a mirror. The scattering properties of the atom can be
probed by sending a very weak microwave signal towards the atom/mirror
and detect the reflected signal. This allows to measure the lifetime of the
atom. Since the lifetime of the atom depends on the vacuum fluctuations
that it sees, this is in-fact a way to measure the vacuum fluctuations. The
mirror also allows us to shape the vacuum fluctuations by changing the
effective distance between the atom and the mirror, creating regions in
space where the vacuum fluctuations are suppressed. In this way we can
reduce the vacuum fluctuations substantially and increase the life time of
the atom by a factor of 10.
I.-C. Hoi et al. Nature Physics 11, 1045 (2015)
Dephasing due to quasiparticle tunneling in fluxonium qubits
Heat currents carried by quasiparticles in superconducting junctions
depend on the phase-difference of the superconducting condensates.
In superconducting flux qubits, such as the Delft qubit or the fluxonium
qubit, quasiparticle heat currents therefore effectively “measure” the flux
state of the qubit, consequently leading to a dephasing mechanism which
depends on temperature gradients. This insight, which can be important
for determining the dephasing times of flux qubits, also has a technical,
theoretical advantage: The theoretical study of heat currents across the
qubit junctions may be used as a phenomenological tool to capture the
physics of the complex dephasing mechanism caused by tunneling of
nonequilibrium quasiparticles.
S. Spilla et al., New J. Phys. 17, 065012 (2015)

QUANTUM TRANSPORT
New nanotechnologies allow us to study processes in quantum devices
for qubit applications and ultra sensitive detectors. In particular we study:
single electron devices, single molecular devices, and Josephson junctions,
with the aim of designing and fabricating three terminal devices and
sensitive detectors.
Linneqs researchers have shown that time-reversal symmetry can
break in one class of superconducting material
Symmetries are an important aspect when describing nature. Most
materials have symmetries that give the materials their properties. If one or
more symmetries breaks, this signals a phase transition to a new state.
Superconducting materials conduct electricity without loss of energy.
In 1986, researchers discovered that a family of perovskite materials
become superconducting at relatively high temperatures. Recently
Linneqs researchers have shown a new mechanism for breaking timereversal symmetry in such superconductors. A periodic pattern of vortices
spontaneously forms in the shape of a necklace along the surface below a
certain temperature. These vortices generate magnetic flux that alternates
direction on a length scale of 30 nanometers. The discovery is based on a
software package developed by Mikael Håkansson. The software package
utilises massive parallelisation of the numeric work, which can then be
processed in graphics processing units, or GPUs.
M. Håkansson et al., Nature Physics 11, 755–760 (2015)
GRAPHENE RESEARCH
Graphene is a unique material with fantastic properties. It is ultrathin,
extremely strong and has top class electrical and thermal conductivities.
We study the properties of graphene for metrology and other applications
both experimentally and theoretically.
A table-top Quantum Hall system
In collaboration Oxford Instruments and several other groups, Linneqs
researchers have demonstrated quantum Hall resistance measurements
with metrological accuracy in a small cryogen-free system operating at a
temperature of around 3.8 K and magnetic fields below 5 T. Operating
this table-top system requires little experimental knowledge or laboratory
infrastructure, thereby greatly advancing the proliferation of primary
quantum standards for precision electrical metrology. This significant
advance in technology has come about as a result of the unique properties
of epitaxial graphene on SiC.
T.J.B.M. Janssen et al., 2D Mater. 2, 035015 (2015)

LINNEQS RESEARCHERS
Thilo Bauch
Jonas Bylander
Per Delsing (Director)
Göran Johansson
(Coordinator)
Sergey Kubatkin
Mikael Fogelström

Floriana Lombardi
Tomas Löfwander
Eva Olsson
Vitaly Shumeiko
Janine Splettstößer
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FORCE
Fibre Optic Communications
Research Centre
www.chalmers.se/force
PETER ANDREKSON
centre director

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 work performed.
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Schematic set-ups for multi-core fiber, polarization-multiplexed, quadrature-phase-shift keying signal digital optical transmission investigation for (a) single
span and (b) recirculating transmission experiments, conducted in collaboration with National Institute of Information & Communications, Technology
(NICT), Japan.
The core of the centre is the Photonics Laboratory at the Department of
Microtechnology and Nanoscience – MC2, the Communication Systems
Group at the Department of Signals and Systems, 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.
While FORCE is a centre with no direct funding, it relies on sizeable external
project grants from e.g. the Swedish Research Council (VR), The Swedish
Foundation for Strategic Research (SSF), the K.A. Wallenberg Foundation
(KAW), the European Research Council (ERC), and EU-Horizon 2020.

An extensive amount of research was conducted on optical phasesensitive amplifiers (PSAs). These are the only known optical amplifiers
that can amplify light with no addition of noise. In addition, they have
the ability to counteract nonlinear distortion taking place in transmission
fibers. With these merits, we were able to demonstrate the first longhaul transmission using PSAs as in-line optical amplifiers and showing a
three-fold transmission reach increase over conventional approaches. We
also demonstrated the first truly broadband operation (3-dB bandwidth of
110 nm) of such amplifiers as well as their ultrafast all-optical switching
operation. We have also started the investigation of new nonlinear platforms
for the amplifiers, which can enable smaller footprint as well as operation
at wavelengths well beyond the traditional telecommunication wavelengths,
which in turn can facilitate new applications.

In a recently (2014) established large five-year project funded by KAW, the
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.

The work on advanced modulation formats used in long-haul coherent
transmission systems also continued during 2015. We experimentally
investigated the concept of mutual information, which can be interpreted as
a measure of the performance in presence of strong coding, for coherent
optical transmission systems. Single channel and wavelength division
multiplexing (WDM) transmission over transmission links with and without
inline dispersion compensation were studied.

In 2015, we launched a new four-year VR-funded project on spatial-divisionmultiplexing (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. These approaches could form the next frontier in optical
communications, allowing a 100-fold throughput increase, but several
challenging aspects need to be addressed; e.g. multi-frequency spatially
coherent transmitters, optical amplifiers for SDM, channel modelling, and
digital signal processing in SDM systems.

In the area of short-reach transmission in optical multi-mode fibers using
inexpensive VCSEL based transmitters, we analyzed the merits of preequalizing the driver signal and show substantial improvements at 56 Gb/s
operation with a simple one-tap equalizer. A goal here is to reach 100 Gb/s
operation with a single VCSEL based optical interconnect with an overall
interconnect energy consumption of less than 1 pJ/bit.
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GIGAHERTZ CENTRE
www.chalmers.se/ghz

CENTRE DIRECTOR
Prof. Jan Grahn, MC2, jan.grahn@chalmers.se
CENTRE COORDINATOR
Dr. Cristina Andersson, MC2, cristina.andersson@chalmers.se
CHAIRMAN
Dr. Peter Olanders, Ericsson
SPONSORS
Chalmers University of Technology (MC2 centre host)
Area of Advance Information and Communication Technology at
Chalmers (MATE project)
Company partners
Swedish Governmental Agency for Innovation Systems (VINNOVA)
in the VINN Excellence program 2007-2016

GigaHertz Centre (GHz Centre) carries out leading microwave research by
collaboration between Chalmers and industry.
The Department of Microtechnology and Nanoscience – MC2 – has hosted
the GHz Centre from the very beginning in year 2007. The overall mission of
the GHz Centre is to bring scientific results from Chalmers to commercial
exploitation primarily through its company partners.
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During 2015, GHz Centre has launched its final research Stage number 4
(2015-2016) in the VINN Excellence Programme supported by VINNOVA
year 2007-2016. The research programme is carried out between Chalmers
and fifteen companies. At Chalmers, three laboratories at two departments
(MC2 and Signals and Systems – S2) participate. From MC2, the Microwave
Electronics Laboratory and the Terahertz and Millimetre Wave Laboratory are
involved. Around 70 people (10 female) work in the projects of which 25 are
at Chalmers, 2 at institutes and the rest in industry. Around 17 person-years
are provided in kind for the GHz Centre projects by the partners. The total
budget for Stage 4 is 66.6 MSEK (30.1 MSEK cash) of which industry
finances 55% (37% cash), Chalmers 24% (17% cash), and VINNOVA 21%
(47% cash).
The company partners in the GHz Centre represent several dimensions
of MC2 research with industry. Six of the company partners are smalland medium enterprises, five of them university spinoffs in different fields
of relevance to microwave technology: terahertz space instrumentation,
high-frequency circuit design, mm-wave components, low-noise amplifiers
and epitaxial growth. Several of these companies have been strongly

COMPANY PARTNERS 2015
Classic WBG Semiconductors AB (from January 2016 SweGaN
AB)
Comheat Microwave AB
Ericsson AB
Gotmic AB
Infineon Technologies Austria AG
Low Noise Factory AB
Mitsubishi Electric Corporation
National Instruments
NXP Semiconductors BV (from December 2015 Ampleon)
Omnisys Instruments AB
Ruag Space AB
Saab AB
SP Technical Research Institute of Sweden
United Monolithic Semiconductors
Wasa Millimeter Wave AB
Qamcom Research and Technology (only in MATE project jointly
with CHASE)
growing during our collaboration, e.g. by hiring our examined PhDs. Another
dimension of the GHz Centre is the global setting. In Stage 4, GHz Centre
has formal collaborations with companies all around the world: Germany, the
Netherlands, Austria, Japan, and USA. Finally, the centre also connects the
different parts in the value chain: By combining well-established Swedish
industrial strengths in the telecom, defence and space system industry with
component and subsystem companies, the GHz Centre acts as a unifying
research and innovation hub for long-term needs in microwave technologies
from low GHz to THz and beyond.
The following research projects are run during 2015-2016: Siliconbased Transmitters for Millimeter-wave Antenna Arrays (SITRA), Towards
a Dispersion Free GaN HEMT (TOPGAN), Gallium Nitride Oscillators+
(GANOSC+), Integrated THz Electronics (INTHEL). In addition, GHz Centre
is running a joint project called MATE with the CHASE Antenna Systems
VINN Excellence Centre hosted by S2. The MATE project is about a Massive
MIMO test bed for 5G telecommunication. This may be the first time ever two
VINN Excellence Centres run a joint project.
A major activity during Stage 4 has been to prepare for the future of the GHz
Centre when the VINN Excellence program is due to end 2016. A proposal
for a continuation and development of GHz Centre has been formulated
between Chalmers and stakeholders and was submitted to VINNOVA early
2016.

GHz Centre’s Scientific Profile Stage 4 (2015-2016)

CENTRE
Transmitters for Millimeter-wave Antenna Arrays

Dispersion Free GaN
HEMTs

- Efficiency/linearity trade-offs in
SiGe BiCMOS based PAs and
array transmitters
- Single-chip transmitter including
PA and modulator/up-converter
- Calibrated on-wafer nonlinear
characterization and modelling of
transmitter circuits with wideband
modulated signals
- Co-design of transmitter circuits,
antenna array, and signals that
maximize system performance
- Demonstrate a highly efficient
and wideband multi-channel
transmitter chip co-designed with
an antenna array

- Correlate system performance
to material properties and device
fabrication
- Optimize GaN HEMTs for (1)
linear transmitters for mm-wave
applications (2) low phase noise
oscillators
- Develop system-like
characterization methods at
device level
- Develop improved models
enabling transient simulations in
TCAD and circuit simulators

GaN Oscillators

Integrated THz Electronics

Massive MIMO Test Bed

- Design of integrated VCOs with
good phase noise and
reasonable tuning range within
the frequency range 7.3-12.3GHz
- Design of ultra-low phase noise
oscillators based on external
resonators, e.g., MEMS
- Low-frequency noise
measurements of GaN devices
based on different material
compositions
- Investigation of switch-mode
oscillators
- Detailed study of the varactor’s
contribution to oscillator phase
noise

- Demonstrate a highly integrated
high performance 1080-1280
GHz receiver module
- Develop a record ultra-low noise
cryogenic W-band LNA module
- Perform a reliability study of
Schottky diode and InP HEMT
devices and RF modules
- Develop a method for THz
S-Parameter characterization of
membrane devices and circuits
using the waveguide embedded
TRL calibration technique

- Joint project between GHz
Centre and CHASE Antenna
Systems Centre at Chalmers
- Techniques and architectures
for building a massive set of RF
transmitters and receivers
integrated with an array of
antennas
- Different interfaces between
digital and analog parts (I/Q, IF
etc.)
- Synchronization techniques for
massive MIMO transmission
- Study hardware bottlenecks and
developing DSP techniques to
overcome them
- Demonstrate massive MIMO
transmission for wireless
communication and radar

Centres at MC2 – GigaHertz Centre/
The Graphene Centre
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Director Jan Grahn at the GHz Centre exhibition at VINNOVA Centre Day 12 November 2015 at Chalmers.

GRAPHENE CENTRE
www.chalmers.se/graphene
PATRIK CARLSSON
centre director

patrik.carlsson@cit.chalmers.se

The Graphene Centre at Chalmers gathers all of our research, education
and innovation related to graphene under one common umbrella. Synergies
between our multiple graphene projects can be identified, utilised and
developed, at same time we create an environment that attracts researchers,
students and cooperation partners.
The centre is the obvious entry point to the Swedish network of graphene
research and development, as well as to the EU’s research initiative on
graphene – the Graphene Flagship, which is headed and coordinated by
Chalmers. The mission is to take graphene from the realm of academic
laboratories into European society in the space of ten years.
The strong connection to the Graphene Flagship gives us access to an
enormous, worldwide network of research groups, competence centres in
other countries and involved companies and organisations.
Centre Director Patrik Carlsson at the Graphene Centre kick-off in the
Student Union Building on 2 December 2015. Read more on page 40.
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UNDERGRADUATE EDUCATION AND OUTREACH
The faculty at MC2 is active in teaching in a number of undergraduate
courses, mainly within two of Chalmers Master’s programmes:
Nanotechnology (MPNAT), led by Elsebeth Schröder, and Wireless,
Photonics and Space Engineering (MPWPS), led by Hans Hjelmgren.
Below are some highlights from our activities during 2015.

The brightest upper secondary physics students fought it out in Gothenburg
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Between the 16 and 20 March and on the 25 April, Sweden’s brightest
upper secondary physics students competed for five finals places in
the International Physics Olympiad. For five days these young people
were drilled with seminars, study visits and experiments at Chalmers and
Gothenburg University. The best were sent to the World Finals in Mumbai,
India 5-12 July.
“The competition is aimed at spurring young people on to be even better
physicists and, of course, to encourage their interest in the subject,” said
Sheila Galt, head of undergraduate education and professor of applied
electromagnetics at MC2.
The Physics Olympiad is a competition for second and third year upper

secondary students. Most are third year students, but some are in their
second year. First year students will also be considered if they wish to
apply.
“It’s a three-stage competition – first locally at their own school, and the
15 best in the country are then sent to Gothenburg for the experimental
and theory finals. The five best go on to the international finals,” said
Sheila Galt.
The picture to the left is from the Mumbai finals, where Ida Svenningsson
(picture to the right), among other Swedish participants, got an
honourable mention.
Photo: International Physics Olympiad, IPHO, and Sheila Galt

Jörgen Bengtsson awarded
students’ pedagogic prize

New record with 2 000
participants for Save the egg

Jörgen Bengtsson, associate
professor at MC2, was awarded
the “Guldäpplet” (translator’s note
approx. The Golden Apple), the
engineering physics students’
pedagogic prize. The purpose of
the prize is to award achievements
that improve education for students
of applied physics and applied
mathematics at Chalmers. ‘I feel very
pleased and highly honoured. The
physics students themselves are
involved in deciding who is to be
awarded the prize, and consequently
this is probably one of the finest
pedagogic prizes to be won,’ said
Jörgen Bengtsson.

Mark Popescu won Student Challenge
at European Microwave Week

On 17 and 18 November there were laughter and happy cries in the
entrance hall at MC2, as Chalmers classic technique race Save the egg
settled in the house for the second time. Per-Anders Träff, who calls
himself “oviduct”, reported a new record – nearly 2 000 fifth-graders from
across western Sweden came here to battle for the victory. “We can see
an increasing interest for science and technology among the schools and
teachers regard Save the egg as a useful tool in their education”, he says.
The challenge of Save the egg is to construct a vehicle that makes it
possible to drop a traditional egg from 15 meters without cracking it.
Mark Popescu, student at the Master’s Programme Wireless, Photonics and
Space Engineering at MC2, won the Student Challenge at the conference
European Microwave Week in Paris recently.
Mark Popescu participated in a team with three students from other
universities: Joseok Bae, Vitalü Vitko and Mohammad Reza Dehgani
Kodnoeih.
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Involvement in undergraduate education is central to the identity of our
faculty at MC2, even if our volume of teaching is small compared to
research in economic terms at this department. Together with high profile
outreach activities, including plenty of visits to the cleanroom, we continue
to inspire and help the next generation of engineers and scientists prepare
to tackle important challenges. Undergraduate education and outreach at
MC2 is led by Sheila Galt.
Here at MC2, our teachers are involved in courses mainly within the
following two master’s programmes:
MPNAT: Nanotechnology, coordinated by Elsebeth Schröder
MPWPS: Wireless Photonics and Space Engineering, coordinated by
Hans Hjelmgren

four University partners, providing the final year for international students
specializing in Nanophysics or Nanoelectronics.
Our master’s programmes are given in English, with an inspiring mix of
Swedish and international students working together in our courses. This
prepares them well for international competitions, like the one our student
Mark Popescu won, together with students from three other universities,
the Student Challenge at the conference European Microwave Week in
Paris.
A significant part of our teaching is focused on supervision of bachelor
and master thesis projects, where students are welcomed into the
different research laboratories here at MC2 to try their hand at realistic
R&D projects.

At the bachelor’s level, although we give very few of these courses, one
notable course, Microelectronics, is one of our biggest courses, and one
of our best! Taught by Per Lundgren, it has been further developed during
2015 to include blended learning (in-class and on-line) with the help
of “Quality funding” awarded after Chalmers excellent outcome on the
recent national evaluation of the quality of undergraduate education.

Besides the scientific and technical courses that we teach here at MC2,
we are also involved in the teacher education master’s programme
Learning and Leadership, where successful students are awarded double
degrees, as engineers and teachers. Our role is within the practicum
courses, in collaboration with five high schools in the Göteborg area.

Another of our teachers of bachelor level courses, Jörgen Bengtsson,
was awarded the Golden Apple prize for his teaching in the Optics course
during 2015. When the students were asked anonymously what should
be retained in the next version of the course, their answer was coherent:
“Jörgen!”

MC2 is also the home of two of Chalmers’ three Education Area
Pedagogical Developers, or as we say in Swedish, “peduler”. Per
Lundgren and Sheila Galt work together with teachers and educational
leaders in other departments at Chalmers to further develop the quality of
teaching and learning at Chalmers.

The highest score (4.8 out of 5) for student satisfaction in MC2 courses
given during 2015 was given to the course “Liquid crystals, physics and
applications” taught by Per Rudquist. As one of the students phrased the
praise: “Very interesting lectures that were always worth a visit. To let the
students plan the lab project on their own and not directing every step
had a high learning outcome for me in planning and practical work.”

2015 has been the International Year of Light, and has been celebrated
here at MC2 with seminars for colleagues, breakfast workshops for school
teachers as well as activities for school classes during the yearly Science
Festival. This year, four new workshops were provided for different age
groups, from pre-school to teenagers. One of the experiments that
attracted a lot of interest was to observe large projected shadows of live
swimming paramecia in a drop of “yucky” water illuminated by a laser
pointer. Just as planned, all had fun, and without noticing it, a lot of good
learning took place!

Closely integrated with the Nanotechnology master’s programme is an
Erasmus Mundus program named EMM Nano where Chalmers is one of

Scan the QR code to watch a film
with swimming paramecia. Or type in
this address in your browser:
http://youtu.be/nbwm8EFz5go

head of undergraduate

SHEILA GALT

ELSEBETH SCHRÖDER
director of master’s

deputy director of master’s

FREDRIK WESTERLUND

education

programme nanotechnology

programme nanotechnology

sheila.galt@chalmers.se

elsebet.schroder@
chalmers.se

fredrik.westerlund@
chalmers.se

HANS HJELMGREN
director of master’s
programme wireless,
photonics and space
engineering

hans.hjelmgren@
chalmers.se
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GRADUATE EDUCATION
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 staff.

professors: Mikael Fogelström (chair), Jan Grahn and Avgust Yurgens. I would
like to thank them for their contributions in maintaining the high scientific
quality of the theses produced at our department.

The graduate school of the Department of Microtechnology and Nanoscience
is a four 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 so that the study time can amount to five years.

In 2015 we introduced some novel elements in our graduate school. We
developed and gave new graduate courses in Semiconductor Physics and
Measurement Techniques. Especially the latter course is unique for our
department, aiming to educate the participants in skills and procedures
around laboratory work, but also to give an overview of the research
performed at the various laboratories of the department. The measurement
techniques course will be extended with an additional laboratory and given
again 2016.

Every student has a main supervisor and an examiner who may or may not
be the same person. The supervisor and examiner shall, together with the
student, plan the graduate studies in an individual study plan. Each student
should also have a co-supervisor to help with the planning and specific issues
that may arise. 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 can be written and defended at a public seminar. Often this
is a good preparation for the PhD defense, so we generally recommend the
students to pursue the licentiate. The licentiate thesis can also be partly
reused for the PhD thesis.
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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
defense. A thesis is given green light to go up for defense only if TRC finds
the scientific quality sufficient. If not, the student will be given more time
to complete the work. During 2015 TRC consisted of the following three

The department also hosted the QUTE-EUROPE Summer School on quantum
computation and simulations June 21-27. The summer school was a huge
success, and became fully booked, attracting over 110 students and 14
distinguished lecturers in the quantum physics area from all over the world.
Special thanks goes to Göran Wendin, Jonas Bylander, Per Delsing, Göran
Johansson and Vitaly Shumeiko for organizing the program and Susannah
Carlsson for the administrative support. Events like this are extremely valuable
for putting Chalmers and, not least, our department on the international
research map.
MC2 awarded 15 PhDs and 18 Licentiate degrees during 2015. The theses
are available on our webpage: www.chalmers.se/en/departments/mc2/
education/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.

MAGNUS KARLSSON
deputy head of department

magnus.karlsson@
chalmers.se
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THESES 2015
DOCTORAL THESES
Quantum optics and relativistic motion with
superconducting circuits, Joel Lindkvist
Parametric interactions with signals and the
vacuum, Michaël Simoen
Multidimensional Modulation Formats for
Coherent Single- and Multi-Core FiberOptical Communication Systems, Tobias A.
Eriksson
Epitaxial graphene technology for quantum
metrology, Thomas Yager
Millimeter and Sub-Millimeter Wave
Integrated Active Frequency DownConverters, Yu Yan
Quantum Hall devices on epitaxial graphene:
towards large-scale integration, Arseniy
Lartsev
Fabrication and characterization of graphenesuperconductor devices, Niclas Lindvall
VCSELs for High-Speed, Long-Reach,
and Wavelength-Multiplexed Optical
Interconnects, Erik Haglund
Characterization of Nanomaterials for
Interconnect and Thermal Management in
Electronic Packaging, Si (Steven) Chen
Frequency Selective Cold-Electron
Bolometer Arrays, Sumedh Mahashabde
Optical Transmission Systems Based on
Phase-Sensitive Amplifiers, Samuel L.I.
Olsson

Self-Switching Diodes for Zero-Bias Terahertz
Detection, Andreas Westlund

Characterisation of terahertz integrated
membrane circuits, Johanna Hanning

Spin Transport in Two-Dimensional Material
Heterostructures, André Dankert

Towards 3D carbon based electronics
integration, Wei Mu

Silicon Integrated HBV Frequency Multipliers
for THz Applications, Aleksandra Malko

Characterization and Applications of Vector
Phase-Sensitive Amplifiers, Abel LorencesRiesgo

InP DHBT Amplifiers and Circuit Packaging
up to Submillimeter-Wave Frequencies, Klas
Eriksson
LICENTIATE THESES
Characterization of Nanoscale Materials for
3D IC Interconnect and Heat Dissipation
Applications, Shuangxi Sun
GaN HEMT Low Frequency Noise
Characterization for Low Phase Noise
Oscillator Design, Thanh Ngoc Thi Do
Integrated Nonlinear Optics in Silicon Nitride
Waveguides, Clemens Krückel
Advanced Heterostructure Designs and
Recessed Ohmic Contacts for III-NitrideBased HEMTs, Johan Bergsten

CVD grown carbon nanostructures and their
characterization for interconnect, super- and
on-chip capacitors, Muhammad Amin Saleem
Multi-Gigabit Radio System Demonstrators
for Next Generation Mobile Networks, Jinjing
Chen
Optimum GaN HEMT Oscillator Design
Targeting Low Phase Noise, Mikael Hörberg
Engineering and detecting microwave
photons, Sankar Raman Sathyamoorthy
Mesoscopic Thin Film Superconductors
A Computational Framework, Mikael
Håkansson

Functionalization and Characterization of
Carbon-based Nanomaterials, Nan Wang

Optical Guiding and Feedback in Gallium
Nitride-Based Vertical-Cavity SurfaceEmitting Lasers, Seyed Ehsan Hashemi

Nonlinear Microwave Measurement
Architectures for Wideband Device
Characterization, Sebastian Gustafsson

Carbon nanomaterials from cellulose for
efficient use in advanced applications,
Volodymyr Kuzmenko

Plasmons in Nanostructured Graphene,
Tobias Wenger

Nano-patterning of two-dimensional electron
gas at the interface between SrTiO3 and
LaAlO3, Pier Paolo Aurino

Niclas Lindvall defended his thesis, “Fabrication and characterization of graphene-superconductor devices”, in Kollektorn on 2 October 2015.
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Well-attended kick-off
for the Graphene Centre

The well-attended kick-off event for the Graphene Centre at Chalmers took
place in the student union building on 2 December. Among the participants
were Chalmers president Stefan Bengtsson and Avgust Yurgens, professor
at MC2. In the throng we also sighted Mikael Fogelström, Sergey Kubatkin,
Johan Liu, Tomas Löfwander, Saroj Dash, Per Hyldgaard and MC2 head Dag
Winkler, as well as legendary professor Tord Claeson, just to mention a few.
Martin Schuurmans (left picture below), founding chairman of Eindhoven
Institute of Innovation and Technology (EIT) in the Netherlands, former
chairman of Philips Research Eindhoven and board member of Philips
Health Care, was a special invited guest. He gave a short presentation titled
“From science to business”.
“I am very glad that we now have the Graphene Centre. I wish you lots of
success”, Martin Schuurmans concluded.
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Students from Tohoku
University visited MC2

A delegation of 23 students, faculty members and staff from Tohoku
University in Japan visited Chalmers and MC2 on 17 September. The
purpose of the visit was to promote student exchange program between
Chalmers and Tohoku University. The visitors got a guided tour in the
cleanroom. Hosts at MC2 were assistant professor Ulf Södervall, research
engineer Mattias Fredriksson, PhD students Ida-Maria Svensson and Astghik
Adamyan, both at the Quantum Device Physics Laboratory.

Psychological horrorthriller filmed at MC2

Part of an upcoming French feature film will be set at MC2 at Chalmers.
Scenes were filmed in the clean room to depict the main character’s
workplace in the film. “He has the type of job that calls for a sterile
environment where people work in protective clothing – and we are very
happy to have found the right environment here at Chalmers,” says Frida
Hallberg, who is the film’s Swedish producer.
In the Forest is a psychological horror-thriller directed by Gilles Marchand
and written in cooperation with Dominik Moll.
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SCIENTIFIC REVIEW

PUBLICATIONS 2006-2015
YEAR

WEB OF SCIENCE
(article, review, letter)

CHALMERS PUBLICATION LIBRARY*
(articles)

CHALMERS PUBLICATION LIBRARY
(conference proceedings, refereed)

2006

117

137

146

2007

133

141

98

2008

97

107

102

2009

97

103

99

2010

121

130

119

2011**

131

147

108

2012**

148

149

98

2013**

160

168

99

2014**

165

183

112

2015

168

186

73

* http://publications.lib.chalmers.se/cpl
** Updated value due to new calculation methods

Field normalized citation score, Cf
Cf = citations per publication, compared to global averages for articles published at the
same time and in the same subject. Cf > 1 thus means ‘better than the world average’. N =
number of articles

Field normalized citation score

YEARS

N

Cf

2005-2009**

573

1,26

-

2006-2010**

563

1,15

0,94-1,39

2007-2011**

580

1,15

0,98-1,32

2008-2012**

606

1,22

1,07-1,40

2010-2013**

567

1,18

1,04-1,33

2011-2014**

641

-

-

** Updated value due to new calculation methods

95% Cf
(confidence interval)
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ECONOMIC REPORT
Main external contributors (KSEK)

MAIN EXTERNAL CONTRIBUTORS (KSEK)

2013

2014

2015

The Swedish Research Council (VR)

57 423

54 262

52 609

The Swedish Foundation for Strategic Research (SSF)

20 778

18 431

27 898

The European Union (EU)

31 681

32 468

32 096

The Knut and Alice Wallenberg Foundation (KAW)

10 514

14 984

22 323

The Swedish Agency for Innovation Systems (VINNOVA)

13 965

13 500

6 680

Main external contributors (KSEK) 2013-2015
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TOTAL TURNOVER

273 MSEK
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PERSONNEL
Distribution of incomes to MC2 from different
sources

Distribution of personnel at MC2

PERSONNEL AT MC2
Adjunct Professors

2015

2014

2013

6

4

4

Administrators

9

9

8

Amanuens

2

4

1

Assistant Professors

11

9

11

Associate Professors

13

12

12

PhD Students

73

68

71

Post Doc/PhD

23

20

11

Professors

26

26

27

Project Workers

7

5

5

Researchers

25

30

26

Technicians

23

22

21

TOTAL

218

209

197
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DISTRIBUTION OF INCOMES TO MC2
FROM DIFFERENT SOURCES (TSEK)
The Ministry of Education and Science /
Education

6 648 (2%)

The Ministry of Education and Science /
Research

80 914 (30%)

Other state funding*

64 876 (24%)

Companies etc

13 987 (5%)

Public foundations**

58 183 (21%)

The European Union

32 095 (12%)

Miscellaneous

16 424 (6%)

*

The Swedish Research Council
The Swedish Agency for Innovation Systems

**

The Swedish Foundation for Strategic Research
The Knut and Alice Wallenberg Foundation
Chalmers University of Technology Foundation
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STAFF LIST
HEAD OF DEPARTMENT
Dag Winkler
ADMINISTRATION
Cristina Andersson
Jan Andersson
Susannah Carlsson
Ingrid Collin
Henric Fjellstedt
Catharina Forssén
Karin Kjell
Michael Nystås
Debora Perlheden
Maria Tremblay
Jeanette Träff
APPLIED QUANTUM PHYSICS
LABORATORY
Nastaran Dashti
Angelo Di Marco
Mikael Fogelström
Anton Frisk Kockum
Lingzhen Guo
Fatemeh Hajiloo
Patric Holmvall
Mikael Håkansson
Göran Johansson
Andreas Josefsson Ask
Ian Kellett
Yevgeniy Korniyenko
Joel Lindkvist
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Tomas Löfwander
2015 Maciej Misiorny
Daniel Persson
Isaac Fernando Quijandria Diaz
Sankar Raman Sathyamoorthy
Jens Schulenborg
Oleksii Shevtsov
Vitaly Shumeiko
Janine Splettstoesser
Giovanni Viola
Tobias Wenger
Waltraut Wustmann

/

BIONANO SYSTEMS
LABORATORY/ELECTRONICS
MATERIALS AND SYSTEMS
LABORATORY
Stefan Bengtsson
Bill Brox
Si Chen
Michael Edwards
Peter Enoksson
Yifeng Fu
Josef Hansson
Mohammad Mazharul Haque
Per Hyldgaard
Di Jiang
Kjell Jeppson
Zoran Konkoli
Volodymyr Kuzmenko
Elof Köhler
Qi Li
Johan Liu
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chalmers.se/cpl]. The references without journal references are master’s theses.
Adamyan, A. ; De Graaf, S. ; Kubatkin, S. et
al. (2015). Kinetic inductance as a microwave
circuit design variable by multilayer fabrication.
Superconductor Science and Technology. 28 (8)
[Nr. 219992]

Axelsson, O. ; Thorsell, M. ; Andersson, K. et al.
(2015). The Effect of Forward Gate Bias Stress
on the Noise Performance of Mesa Isolated GaN
HEMTs. IEEE transactions on device and materials
reliability. 15 (1) s. 40-46. [Nr. 216926]

Adolph, D. ; Tingberg, T. ; Ive, T. (2015). Growth of
ZnO(0001) on GaN(0001)/4H-SiC buffer layers
by plasma-assisted hybrid molecular beam epitaxy.
Journal of Crystal Growth. 426 s. 129-134. [Nr.
219883]

Baek, S. J. ; Hong, W. G. ; Park, M. et al. (2015).
Electrical conduction of palladium-decorated
multi-layered graphene oxide effected by hydrogen
dissociation. Synthetic Metals. 199 s. 74-78. [Nr.
213728]

Adolph, D. ; Tingberg, T. ; Andersson, T. et al.
(2015). Plasma-assisted molecular beam epitaxy of
ZnO on in-situ grown GaN/4H-SiC buffer layers.
Frontiers of Materials Science. 9 (2) s. 185-191.
[Nr. 220084]

Baghdadi, R. ; Arpaia, R. ; Charpentier, S. et al.
(2015). Fabricating Nanogaps in YBa2Cu3O7delta for Hybrid Proximity-Based Josephson
Junctions. Physical Review Applied. 4 (1) [Nr.
221885]

Agrell, E. ; Karlsson, M. (2015). Influence of
Behavioral Models on Multiuser Channel Capacity.
Journal of Lightwave Technology. 33 (17) s. 35073515. [Nr. 222516]

Baghdadi, R. ; Arpaia, R. ; Bauch, T. et al. (2015).
Toward YBa2Cu3O7-õ nanoscale structures for
hybrid devices. IEEE transactions on applied
superconductivity. 25 (3) [Nr. 230855]

Agrell, E. ; Durisi, G. ; Johannisson, P. (2015).
Information-theory-friendly models for fiber-optic
channels: A primer, IEEE Information Theory
Workshop (ITW), Jerusalem, Israel [Invited]. [Nr.
220564]

Bamiedakis, N. ; Chen, J. ; Westbergh, P. et
al. (2015). 40 Gb/s Data Transmission Over a
1-m-Long Multimode Polymer Spiral Waveguide
for Board-Level Optical Interconnects. Journal of
Lightwave Technology. 33 (4) s. 882-888. [Nr.
215164]

An, S. ; Chen, J. ; He, Z. et al. (2015). A 40
Gbps DQPSK Modem for Millimeter-wave
Communications, Asia-Pacific Microwave
Conference. [Nr. 228749]
Andrekson, P. (2015). Phase-sensitive amplifiers
for long-haul transmission systems, 2015
Photonics Conference (IPC). New York: Ieee.
ISBN/ISSN: 978-1-4799-7465-8 [Nr. 233862]
Andzane, J. ; Kunakova, G. ; Charpentier, S. et
al. (2015). Catalyst-free vapour-solid technique
for deposition of Bi2Te3 and Bi2Se3 nanowires/
nanobelts with topological insulator properties.
Nanoscale. 7 (38) s. 15935-15944. [Nr. 224571]
Arpaia, R. ; Ejrnaes, M. ; Parlato, L. et al. (2015).
High-temperature superconducting nanowires for
photon detection. Physica. C, Superconductivity.
509 s. 16-21. [Nr. 213266]
Arzeo, M. ; Lombardi, F. ; Bauch, T. (2015).
Microwave losses in YBCO coplanar waveguide
resonators at low power and millikelvin range ,
IEEE Transaction on Applied Superconductivity .
25 (3) [Nr. 218714]
Asghari, Z. (2015). Comparison of different driver
topologies for RF Doherty power amplifiers.
Göteborg: Chalmers University of Technology. [Nr.
220377]
Aurino, P. P. ; Kalabukhov, A. ; Tuzla, N. et al.
(2015). Reversible metal-insulator transition of
Ar-irradiated LaAlO3/SrTiO3 interfaces. Physical
Review B. Condensed Matter and Materials
Physics. 92 (15) [Nr. 226217]

conversion in two coupled superconducting
resonators. Göteborg: Chalmers University of
Technology. [Nr. 216366]
Bergh, E. (2015). On improving the expressive
power of chemical computation. Göteborg:
Chalmers University of Technology. [Nr. 220764]
Bergsten, J. (2015). Advanced Heterostructure
Designs and Recessed Ohmic Contacts for
III-Nitride-Based HEMTs. Göteborg: Chalmers
University of Technology. [Nr. 221790]
Bergsten, J. ; Malmros, A. ; Tordjman, M. et
al. (2015). Low resistive Au-free, Ta-based,
recessed ohmic contacts to InAlN/AlN/GaN
heterostructures. Semiconductor Science and
Technology. 30 (10) s. 105034. [Nr. 225483]
Bergvall, A. ; Carlsson, J. M. ; Löfwander, T. (2015).
Influence of 0001 tilt grain boundaries on the
destruction of the quantum Hall effect in graphene.
Physical Review B. Condensed Matter and
Materials Physics. 91 (24) [Nr. 219684]
Berland, K. ; Cooper, V. R. ; Lee, K. et al. (2015).
van der Waals forces in density functional theory:
a review of the vdW-DF method. Reports on
progress in physics. 78 (6) s. 066501. [Nr.
217343]

Bamiedakis, N. ; Wei, J. ; Chen, J. et al. (2015). 56
Gb/s PAM-4 data transmission over a 1 m long
multimode polymer interconnect, CLEO: Science
and Innovations, CLEO-SI 2015, San Jose; United
States; 10-15 May 2015. s. 2267. ISBN/ISSN:
978-155752968-8 [Nr. 219897]

Bevilacqua, S. ; Novoselov, E. ; Cherednichenko,
S. et al. (2015). MgB2 Hot-Electron Bolometer
Mixers at Terahertz Frequencies. IEEE transactions
on applied superconductivity. 25 (3) s. 2301104.
[Nr. 231150]

Bao, J. ; Wang, W. W. ; Li, S. T. et al. (2015).
Measurement of Dielectric Properties of Ultrafine
BaTiO3 Using an Organic-Inorganic Composite
Method. Journal of Electronic Materials. 44 (7) s.
2300-2307. [Nr. 219003]

Bidmeshkipour, S. ; Vorobiev, A. ; Andersson, M.
et al. (2015). Effect of ferroelectric substrate on
carrier mobility in graphene field-effect transistors.
Applied Physics Letters. 107 (17) s. Article
Number: 173106. [Nr. 225186]

Barker, D. ; Fors, A. ; Lindgren, E. et al. (2015).
Beräkningar av bindningsenergier mellan
grafenoxid och vattenföroreningar med Density
Functional Theory: En inledande studie för
utvärdering av grafenoxid som vattenrenare.
Göteborg: Chalmers University of Technology. [Nr.
232741]

Boikov, Y. ; Claeson, T. (2015). Dielectric response
of Ba0.05Sr0.95TiO3(110) films to variations in
temperature and electric field. Physics of the Solid
State. 57 (5) s. 957-961. [Nr. 218763]

Bauer, M. ; Lisauskas, A. ; Zak, A. et al. (2015).
Terahertz detection with graphene field-effect
transistors, Graphene Week 2015. [Nr. 230634]
Bauer, M. ; Andersson, M. ; Zak, A. et al. (2015).
The potential for sensitivity enhancement by the
thermoelectric effect in carbon-nanotube and
graphene Tera-FETs, Proceedings of the 19th
International Conference on Electron Dynamics
in Semiconductors, Optoelectronics and
Nanostructures (EDISON’19), Salamanca, Spain;
29 june-2 july, 2015. 647 s. UNSP 012004. [Nr.
219153]
Bengtsson, A. (2015). Parametric frequency

Bremer, J. (2015). Utveckling av Z-Wave produkter.
Göteborg: Chalmers University of Technology. [Nr.
218244]
Brinkfeldt, K. ; Åklint, T. ; Neumaier, K. et al. (2015).
Model verification of heat exchangers in a flow
test rig, 2015 16th International Conference
on Thermal, Mechanical and Multi-Physics
Simulation and Experiments in Microelectronics
and Microsystems, EuroSimE 2015. s. 7103135.
ISBN/ISSN: 978-147999950-7 [Nr. 226083]
Brinkfelt, K. ; Edwards, M. ; Ottosson, J. et al.
(2015). Thermo-Mechanical Simulations of SiC
Power Modules with Single and Double Sided
Cooling , Thermal, Mechanical and Multi-Physics
Simulation and Experiments in Microelectronics
and Microsystems (EuroSimE), 2015 16th
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International Conference on. s. 1 - 7. ISBN/ISSN:
978-1-4799-9949-1 [Nr. 226257]
Bulcha, B. ; Hesler, J. ; Valavanis, A. et al. (2015).
Phase Locking of a 2.5 THz Quantum Cascade
Laser to a Microwave Reference using THz
Schottky Mixer, 40th International Conference
on Infrared, Millimeter and Terahertz Waves. [Nr.
221381]
Bulcha, B. ; Hesler, J. L. ; Drakinskiy, V. et al.
(2015). 1.9-3.2 THz Schottky Based Harmonic
Mixer Design and Characterization, Proceedings
of the 45th European Microwave Conference. s.
837-840. [Nr. 222393]
Bylander, J. (2015). Z-Gate Operation on a
Superconducting Flux Qubit via its Readout
SQUID. Physical Review Applied. 3 s. 034004.
[Nr. 213776]
Cagliani, A. ; Lindvall, N. ; Larsen, M. et al. (2015).
Defect/oxygen assisted direct write technique for
nanopatterning graphene. Nanoscale. 7 (14) s.
6271-6277. [Nr. 218282]
Cahuana, J. C. ; Fager, C. ; Eriksson, T. (2015).
A new variant of the indirect learning architecture
for the linearization of power amplifiers, 2015
European Microwave Conference (EuMC). [Nr.
230006]
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Growth. 428 s. 54-58. [Nr. 222566]
Chen, J. ; He, Z. ; Li, Y. et al. (2015). A datarate adaptable modem solution for millimeterwave wireless fronthaul networks, 2015 IEEE
International Conference on Communication
Workshop, ICCW 2015. s. 1-6. ISBN/ISSN: 978146736305-1 [Nr. 215213]
Chen, J. ; Olsson, B-E. ; Persson, A. et al.
(2015). Demonstration of analog millimeter-wave
fronthaul for 64-QAM LTE transmission, Vehicular
Technology Conference (VTC2015-Fall). [Nr.
215217]
Chen, J. (2015). Multi-Gigabit Radio System
Demonstrators for Next Generation Mobile
Networks. Göteborg: Chalmers University of
Technology. [Nr. 215272]
Chen, Q. M. ; Song, Y. X. ; Wang, K. et al. (2015).
A new route toward light emission from Ge:
tensile-strained quantum dots. Nanoscale. 7 (19) s.
8725-8730. [Nr. 218446]
Chen, S. ; Logothetis, N. ; Ye, L. et al. (2015). A
High Performance Ag Alloyed Nano-scale n-type
Bi2Te3 Based Thermoelectric Material. Materials
Today: Proceedings. 2 (2) s. 610-619. [Nr.
227292]

Campion, J. (2015). An Antenna Integrated LowNoise Receiver for mm-Wave Wideband, HighDatarate Communication. Göteborg: Chalmers
University of Technology. [Nr. 228004]

Chen, S. (2015). Characterization of Nanomaterials
for Interconnect and Thermal Management in
Electronic Packaging. Göteborg: Chalmers
University of Technology. ISBN/ISSN: 978-917597-204-6 [Nr. 216998]

Cao, H. W. ; Yu, Z. Y. ; Lu, P. F. et al. (2015).
Hybrid functional investigations of the crystal
structure, band gap energy, and elastic coefficients
of GaAs1-xBix solid solutions. Computational
materials science. 105 s. 6-10. [Nr. 218971]

Chen, S. ; Luo, X. ; Jiang, D. et al. (2015). Sn3.0Ag-0.5Cu Nanocomposite Solder Reinforced
With Bi2Te3 Nanoparticles. Ieee Transactions
on Components Packaging and Manufacturing
Technology. 5 (8) s. 1186-1196. [Nr. 222508]

Carpenter, S. ; Abbasi, M. ; Zirath, H. (2015). Fully
Integrated D-Band Direct Carrier Quadrature (I/Q)
Modulator and Demodulator Circuits in InP DHBT
Technology. Ieee Transactions on Microwave
Theory and Techniques. 63 (5) s. 1666-1675. [Nr.
218157]

Chen, X. R. ; Song, Y. X. ; Zhu, L. Q. et al. (2015).
Bismuth Effects on Electronic Levels in GaSb(Bi)/
AlGaSb Quantum Wells Probed by Infrared
Photoreflectance. Chinese Physics Letters. 32 (6)
[Nr. 220992]

Castro, J. M. ; Pimpinella, R. ; Kose, B. et al.
(2015). 48.7 Gb/s 4-PAM Transmission over 200
m of High Bandwidth MMF using an 850 nm
VCSEL. IEEE Photonics Technology Letters. 27
(17) s. 1799-1801. [Nr. 219220]

Cherednichenko, S. ; Novoselov, E. ; Bevilacqua,
S. et al. (2015). Study of MgB2 HEB mixers vs
the LO frequency and the bath temperature, 26th
International Symposium on Space Terahertz
Technology, ISSTT 2015. (M2) s. 1-3. [Nr.
227688]

Castro, J. M. ; Pimpinella, R. ; Kose, B. et al.
(2015). 50 Gb/s 4-PAM over 200 m of High
Bandwidth MMF using a 850 nm VCSEL, Optical
Fiber Communication Conference 2015, Los
Angeles, California, United States, 22–26 March
2015. ISBN/ISSN: 978-1-55752-937-4 [Nr.
219218]

Cowan, G. ; Cushon, K. ; Gross, W. (2015). Mixedsignal implementation of differential decoding
using binary message passing algorithms,
Proceedings of the International Conference on
Application-Specific Systems, Architectures and
Processors. 2015-September s. 116-119. ISBN/
ISSN: 978-147991924-6 [Nr. 231887]

Cegielski, P. ; Rahiminejad, S. ; Carpenter,
S. et al. (2015). A FOUR LEVEL SILICON
MICROSTRUCTURE FABRICATION BY DRIE,
26th Micromechanics and Microsystems Europe
Workshop, MME 2015, Toledo, Spain, September
20 - 23, 2015. [Nr. 224063]

Cushon, K. ; Larsson-Edefors, P. ; Andrekson,
P. (2015). Energy-Efficient Soft-Decision LDPC
FEC for Long-Haul Optical Communication, 41st
European Conference on Optical Communication,
ECOC 2015, Valencia, Spain, 27 September - 1
October 2015. ISBN/ISSN: 978-846081741-3
[Nr. 221594]

Chen, J. T. ; Pomeroy, J. W. ; Rorsman, N. et al.
(2015). Low thermal resistance of a GaN-onSiC transistor structure with improved structural
properties at the interface. Journal of Crystal

Czegledi, C. B. ; Agrell, E. ; Karlsson, M. (2015).
Symbol-by-Symbol Joint Polarization and Phase
Tracking in Coherent Receivers, Optical Fiber

Communication Conference and Exposition (OFC).
ISBN/ISSN: 978-155752937-4 [Nr. 208185]
Dankert, A. ; Geurs, J. ; Mutta, V. K. et al. (2015).
Room Temperature Electrical Detection of Spin
Polarized Currents in Topological Insulators. Nano
letters. 15 (12) s. 7976-7981. [Nr. 225881]
Dankert, A. (2015). Spin Transport in TwoDimensional Material Heterostructures. Göteborg:
Chalmers University of Technology. ISBN/ISSN:
978-91-7597-131-5 [Nr. 211440]
Dankert, A. ; Mutta, V. K. ; Wajid, A. et al. (2015).
Tunnel Magnetoresistance with Atomically Thin
Two‐Dimensional Hexagonal Boron Nitride
Barriers. Nano Research. 8 (4) s. 1357-1364. [Nr.
206835]
Desmaris, V. ; Saleem, A. M. ; Shafiee, S. (2015).
Examining Carbon Nanofibers: Properties, growth,
and applications.. IEEE Nanotechnology Magazine.
9 (2) s. 33-38. [Nr. 221549]
Devid, E. J. ; Martinho, P. N. ; Mutta, V. K. et
al. (2015). Spin Transition in Arrays of Gold
Nanoparticles and Spin Crossover Molecules. Acs
Nano. 9 (4) s. 4496-4507. [Nr. 218283]
Di Marco, A. ; Maisi, V. F. ; Hekking, F. W. J. et
al. (2015). Effect of photon-assisted Andreev
reflection in the accuracy of a SINIS turnstile.
Physical Review B. Condensed Matter and
Materials Physics. 92 (9) [Nr. 224520]
Drakinskiy, V. ; Sobis, P. ; Zhao, H. et al. (2015).
Status and Progress of Schottky Technology
Development for SWI and ISMAR, the 26th
International Symposium on Space Terahertz
Technology. s. P-6. [Nr. 219295]
Droste, S. ; Splettstoesser, J. ; Governale, M.
(2015). Finite-frequency noise in a quantum dot
with normal and superconducting leads. Physical
Review B. 91 (12) s. Art. no. 125401. [Nr.
215469]
Durán Bosch, V. A. ; Soldevila, F. ; Irles, E. et al.
(2015). Compressive imaging in scattering media.
Optics Express. 23 (11) s. 14424-14433. [Nr.
219767]
Durán Bosch, V. A. (2015). Compressive imaging
in scattering media. Optics Express. 23 s. 1442414433 . [Nr. 229368]
Durán Bosch, V. A. ; Tainta, S. ; Torres-Compnay, V.
(2015). Optical arbitrary waveform characterization
at the few-photon level using dual-comb
interferometry, Proceedings. [Nr. 231115]
Durán Bosch, V. A. ; Soldevila, F. ; Irles, E. et
al. (2015). Transillumination imaging through
biological tissue by single-pixel detection, Optical
Coherence Imaging Techniques and Imaging in
Scattering Media. 9541 ISBN/ISSN: 978-162841-706-7 [Nr. 221935]
Durán Bosch, V. A. ; Tainta, S. ; Torres Company,
V. (2015). Ultrafast electrooptic dual-comb
interferometry. Optics Express. 23 (23) s. 3055730569. [Nr. 228061]
Ebenhag, S. ; Zelan, M. ; Hedekvist, P. et al.
(2015). Two-way coherent frequency transfer in

Publications
Annual Report

2015

a commercial DWDM communication network
in Sweden, 2015 Joint Conference of the IEEE
International Frequency Control Symposium and
the European Frequency and Time Forum, FCS
2015 - Proceedings. s. 276-279. ISBN/ISSN:
978-147998866-2 [Nr. 224834]
Edwards, M. ; Brinkfeldt, K. ; Rusche, U. et al.
(2015). The shear strength of nano-Ag sintered
joints and the use of Ag interconnects in the
design and manufacture of SiGe-based thermoelectric modules. Microelectronics Reliability. 55
(5) s. 722-732. [Nr. 217042]
Eliasson, H. ; Johannisson, P. ; Karlsson, M. et al.
(2015). Mitigation of nonlinearities using conjugate
data repetition. Optics Express. 23 (3) s. 23922402. [Nr. 212174]
Enoksson, P. (2015). Bail Out, Radiostyrd
fallskärmshoppning. Modellflygnytt. (2) s. 18-20.
[Nr. 222586]
Erhart, P. ; Hyldgaard, P. ; Lindroth, D. (2015).
Microscopic Origin of Thermal Conductivity
Reduction in Disordered van der Waals Solids.
Chemistry of Materials. 27 (16) s. 5511-5518. [Nr.
222735]
Eriksson, K. ; Sobis, P. ; Gunnarsson, S. E. et al.
(2015). InP DHBT Amplifier Modules Operating
Between 150 and 300 GHz Using Membrane
Technology. IEEE transactions on microwave
theory and techniques. 63 (2) s. 433-440. [Nr.
212657]
Eriksson, K. (2015). InP DHBT Amplifiers and
Circuit Packaging up to Submillimeter-Wave
Frequencies. Göteborg: Chalmers University of
Technology. ISBN/ISSN: 978-91-7597-159-9 [Nr.
212655]
Eriksson, K. ; Darwazeh, I. ; Zirath, H. (2015). InP
DHBT Distributed Amplifiers With Up to 235-GHz
Bandwidth. Ieee Transactions on Microwave
Theory and Techniques. 63 (4) s. 1334-1341. [Nr.
218361]

Eriksson, T. (2015). Multidimensional Modulation
Formats for Coherent Single- and Multi-Core
Fiber-Optical Communication Systems. Göteborg:
Chalmers University of Technology. ISBN/ISSN:
978-91-7597-298-5 [Nr. 225814]
Eriksson, T. ; Luis, R. S. ; Puttnam, B. J. et al.
(2015). Single parity check-coded 16QAM
over spatial superchannels in multicore fiber
transmission. Optics Express. 23 (11) s. 1456914582. [Nr. 219779]
Fadaly, E. (2015). Molecular Beam Epitaxy of
Catalyst-Free InAs nanowires on Si (111) .
Göteborg: Chalmers University of Technology. [Nr.
222160]
Fadaly, E. ; Massiot, I. ; Sadeghi, M. et al. (2015).
Production of nano-holes patten on Si(111) by
colloidal lithography for growth of InAs nanowires,
15th International Conference on Nanotechnology
. [Nr. 220168]
Fager, C. ; Hausmair, K. ; Eriksson, T. (2015).
Analysis of thermal effects in active antenna array
transmitters using a combined EM/circuit/thermal
simulation technique, 2015 Integrated Nonlinear
Microwave and Millimetre-wave Circuits Workshop
(INMMiC). [Nr. 230005]
Ferrari, A. C. ; Bonaccorso, F. ; Fal’ko, V. et al.
(2015). Science and technology roadmap for
graphene, related two-dimensional crystals, and
hybrid systems. Nanoscale. 7 (11) s. 4598-4810.
[Nr. 217821]
Fhager, A. ; Dobsicek Trefna, H. ; Takook, P. et
al. (2015). Microwave technology in medical
diagnostics and treatment, IEEE MTT-S
International Microwave Workshop Series on RF
and Wireless Technologies for Biomedical and
Healthcare Applications, IMWS-BIO 2015, Taipei,
Taiwan, 21-23 September 2015. s. 133-134.
ISBN/ISSN: 978-1-4799-8543-2 [Nr. 233303]

in InGaAs planar diodes at room temperature.
Journal of Physics, Conference Series. 647 (1) [Nr.
230756]
Gasparinetti, S. ; Viisanen, K. L. ; Saira, O. P.
et al. (2015). Fast Electron Thermometry for
Ultrasensitive Calorimetric Detection. Physical
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