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Welcome

I

t is time to summarise 2016 and the activities and events that went on at our
department. As the years before we have been conducting research, publishing
papers and presenting our findings at conferences. We have educated students on
all levels and also reached out to audiences outside the traditional university via
online courses and activities towards the scientists and engineers of tomorrow.
All of this is summarised in this annual report in short stories and in numbers. As
this is the first annual report written when I am head of department I will let it
speak for itself. It very much reflects the excellent work of my predecessor Dag
Winkler during his nine years he spent in my new shoes.
For this we are all in his debt.

“
MIKAEL FOGELSTRÖM

As this is the first
annual report written when I am head of
department I will let it
speak for itself.

head of department

mikael.fogelstrom@chalmers.se
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From the left: Debora Perlheden, coordinator, Paul Häyhänen, chair, Ruag, Nermin
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NEW METHOD LEADS ONE STEP CLOSER TO QUANTUM COMPUTER
Researchers at MIT and Chalmers, with
collaborators, have developed a new
method to improve superconducting
quantum electronic circuits, and thus get
one step closer to the future quantum
computers. The findings were published
in the Science, with Jonas Bylander, assistant professor at the Quantum Device
Physics Laboratory as one of the co-authors. (Read more on page 22)
S. Gustavsson et al. “Suppressing relaxation in superconducting qubits by quasiparticle pumping”, Science vol. 354, 15731577 (2016). https://doi: 10.1126/science.
aah5844
COOLING GRAPHENE-BASED FILM CLOSE TO PILOT-SCALE PRODUCTION

Heat dissipation in electronics and
optoelectronics is a severe bottleneck
in the further development of systems
in these fields. To come to grips with
this serious issue, researchers at Chalmers University of Technology have
developed an efficient way of cooling
electronics by using functionalized

graphene nanoflakes. The results were
published in Nature Communications.
Haoxue Han, et. al., “Functionalization
mediates heat transport in graphene
nanoflakes”, Nature Communications
7, 11281 (2016); https://doi:10.1038/
ncomms11281

SIX MC2-RESEARCHERS SHARE 17 MILLIONS IN GRANTS FROM VR
31 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. Six of these are working at MC2 and received a total amount
of 17 200 000 SEK. Here are the great MC2 researchers who got funding from the
council:
Serguei Cherednichenko, Terahertz and Millimetre Wave Laboratory, Andrey
Danilov, Quantum Device Physics Laboratory, Saroj Prasad Dash, Quantum
Device Physics Laboratory, Åsa Haglund, Photonics Laboratory, Victor Torres
Company, Photonics Laboratory, and Dag Winkler, Quantum Device Physics
Laboratory.
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ROBUST NANOSTRUCTURES
Nanostructures fabricated in the quasi-2DEG
at the LaAlO3/SrTiO3 (LAO/STO) interface,
capped with the SrCuO2 layer, preserve their
characteristics independent of the structure
size, ranging from 100 nm to 30  μm. This is in
contrast to non-capped LAO/STO structures,
where the room-temperature electrical resistivity significantly increases when the structure
size becomes smaller than 1  μm. We demonstrate that the capping increases the size of the
surface-potential “puddles” seen in the electrostatic force microscopy. In addition, the capped
structures show superconductivity below 200
mK and nonlinear current-voltage characteris-

tics with a clear critical current observed up to
700 mK. These findings can be useful in designing new robust electronic devices.
P.P. Aurino, et. al., “Retention of Electronic
Conductivity in LaAlO3/SrTiO3 Nanostructures Using a SrCuO2 Capping Layer”, Phys.
Rev. Applied 6, 024011 (2016); https://doi.
org/10.1103/PhysRevApplied.6.024011.
Fig. Two AFM height images of two nanostructures patterned in the SCO-capped LAO/STO
interface using Ar+ ion-beam irradiation.

NEW TRANSMISSION LINE TECHNOLOGY TAKES US ONE STEP CLOSER TO URBAN 5G
Sofia Rahiminejad at the Electronics Materials
and Systems Laboratory has managed to fabricate a new type of transmission line at frequencies above 100 GHz , together with researchers
from the Antenna systems group at the Department of Signals and Systems – S2 – and the
Micro- and Nanosystems group at MC2. She
presented her results in her PhD thesis “Microsystem technology for microwave applications at frequencies above 100 GHz”.
http://publications.lib.chalmers.se/records/fulltext/245543/245543.pdf
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NEW FLAGSHIP UNDER DISCUSSION FOR TOP RESEARCHERS

The Chalmers researchers Per Delsing and Jari Kinaret were on the panel of leading international researchers who discussed the EU’s future Quantum Technology
Flagship at a seminar just before Christmas. Delsing saw a positive development
in which researchers from different disciplines had started to talk to one another:
“They’ve now started to talk the same language, but they weren’t doing so ten
years ago. I think that we’re now entering a new phase in which we have to link
researchers with industry. We need to come together and understand each others’ language and way of working to a greater extent. This is something I’m really
looking forward to,” he said. The Chalmers Nanoscience and Nanotechnology
Area of Advance organised the ‘Quantum Technology’ Initiative Seminar at the
Chalmers Conference Centre. Some 200 participants listened to and networked
with 20 or so of the top notch research names in the sector. The three packed days
also included a poster exhibition with about 40 posters.

MIKAEL FOGELSTRÖM NEW HEAD
Mikael Fogelström, professor of theoretical physics, became new head of department on 1 July 2016.
“I think it will be a very interesting job,
there are many challenges to tackle,” he
said in a first comment.

ANDRÉ DANKERT AWARDED
THE ARNE SJÖGREN’S PRIZE
André Dankert, post doc at the
Quantum Device Physics Laboratory, was awarded with Arne Sjögren’s
Prize for the most innovative PhD
thesis in the area of Nanoscience
and Nanotechnology. The price of
30 000 SEK was introduced in 2013
in memory of the Chalmers alumnus Arne Sjögren, F68.
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MANY EXAMPLES OF UTILISATION DURING CENTRE DAY
About 150 participants from the academic and
business worlds got together to celebrate Chalmers Chase excellence centre and GigaHertz
Centre in the Palmstedt Hall on 30 November.
Centre Day featured a wealth of interesting
speakers, who presented many examples of
fruitful collaborations between the business
community and Chalmers over the past decade.
It was a day for celebrating the past and looking to the future, with many personal reflections
on the benefits of collaboration.
The three centre directors Erik Ström, ChaseOn,
Staffan Sjödin, Chase, and Jan Grahn, GigaHertz
Centre, were pleased with the event.
WELL-ATTENDED EVENING FOR ALUMNI

“Have fun,” was the motto when around
one-hundred alumni from the business community and from within MC2 met at the department on 26 October. Behind the exhortation
was Cristina Andersson, vice head of utilization
at MC2, and the evening’s organizer together
with the department coordinator Debora Perlheden. “Take the opportunity to interact with
the companies – they are like low-hanging fruit
here this evening”, Cristina said in her welcome
speech.
The purpose of the alumni gathering was to
bring people together, to network and have fun.
FAITHFUL SERVANT OF THE
CLEANROOM BOWED OUT
The old electron-beam lithography equipment
JEOL JBX5D2 was finally wheeled out of the
cleanroom after astonishing 28 year’s of faithful service.

In the mingling area around Café Canyon there
was a poster exhibition, and the guests enjoyed
the tapas that were served as well. Among the
speakers were Stefan Bengtsson, president and
CEO of Chalmers, and Erik Carlsson (above
picture) with a long career at Ericsson. After
his graduation in 1993, he chose to continue with postgraduate studies on what would
become MC2 and became a PhD in 1998: “It is
the best choice I have ever made. My doctoral time was a brilliant school and the title has
really been a great help to me in my career”,
Erik said.
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MULTIDISCIPLINARY RESEARCH TEAM RECEIVES THE AREAS OF ADVANCE AWARD

fessor at MC2, (see picture) and Anna Kim
(missing in picture), PhD student at K, have
studied the interaction of terahertz radiation
with biological and chemical systems, and in
three years they have established a new, exciting research area together. Professor Jan Stake
has also made valuable contributions.

Photo: Kerstin Hamilton

The Areas of Advance Award 2016 was awarded to researchers from two different departments: MC2 and the Department of Chemistry
and Chemical Engineering (K). The team members Josip Vukusic, researcher at MC2, Gavin
Jeffries, assistant professor at K, Aldo Jesorka,
professor at K, Helena Rodilla, assistant pro-

GREAT INTEREST FOR VIEWING
OF THE CLEANROOM FILM
A big audience took the opportunity to watch the
film “Zero Point Energy”, which was filmed in
the Nanofabrication Laboratory, in Kollektorn on
25 May. The film makers Kerstin Hamilton and
Jonas Hannestad shared their experiences from
the project. During 2016 the film was exhibited at
Moderna Museet in Malmö as well as at A-venue
on Kungsportsavenyn 25 in Gothenburg.
10
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SECOND LAUNCH FOR SUCCESSFUL
ONLINE COURSE ON GRAPHENE
The successful online course “Graphene Science and Technology” started for the second
time on 31 October. Just as the previous year,
the course was led by Jie Sun, Associate Professor at the Quantum Device Physics Laboratory. “I feel excited because I can transfer some
useful knowledge to the public”, he commented. During 2016, Jie Sun could celebrate more
achievements as well, such as the Foundation
Award and the IAAM Scientist Medal.
GÖRAN JOHANSSON
RECIPIENT OF EDLUND AWARD
Göran Johansson, full professor of applied quantum physics and new head of the Applied Quantum Physics Laboratory, was honoured with the
Edlund Award from The Royal Swedish Academy of Sciences (KVA). “It is a great honour that
my research is being commended by The Royal
Swedish Academy of Sciences,” he said. The
Edlund Award 2016, consisting of SEK 30,000,
was being awarded to Göran Johansson for his
“work in quantum informatics where, in addition to theoretical problem solving, he has also
contributed to experimental groups, with the
resulting demonstration of the dynamic ‘Casimir
effect’, amongst other things.”
WORKING ENVIRONMENT INSPECTIONS EXAMINES THE BIG AND THE SMALL
The annual working environment rounds are
important activities at MC2. “The rounds are
an opportunity for us to ensure that our facil-

ities are functional and safe for all who work
here,” says Kaija Matikainen, house responsible
and safety representative.

Svante Pålsson and Kaija Matikainen are responsible for the working environment and safety actions at MC2.
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LABORATORY
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NANO-SCALE ELECTRONICS
The research at the Applied Quantum Physics
Laboratory falls into three major categories: i)
quantum information processing and quantum
optics in superconducting circuits; ii) transport
phenomena in graphene and molecular scale
nanostructures, including time-dependent drive
and thermodynamic aspects; iii) unconventional
and topological superconductors. Our goals are
basic exploration and novel devices, including superconducting spintronics and quantum
information processing with superconducting
electronics.

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

GENERATING AND DETECTING MICROWAVE PHOTONS ONE BY ONE
ultrasmall junction, due to coulomb reIn the field of quantum communication, messages are sent by single
pulsion [Phys. Rev. B 93, 014506 (2016),
Phys. Rev. Lett. 115, 027004 (2015)].
photons. This enables absolute secure
communication. This year we have
The other architecture explored, is
built around a single artificial atom
reviewed the possibilities to detect
in front of a mirror [see also Nature
microwave photons with and without
absorbing them, which we previously
Physics 11,1045–1049 (2015)]. The novinvestigated in a series of publications. el feature in our setup is that the pulse
The study was published in a special
used to excite the atom is canceled in
the output using a beamsplitter disissue of the proceedings of the French
Academy of Science (Comptes Rendus placement operation [Phys. Rev. A 93,
063823 (2016)] (see Fig. X above).
Physique 17, 756-765 (2016)). We also
investigated novel ways to produce single microwave photons, without using
Fig X: The atom in front of a mirror is
resonators. One using a voltage biased excited by a microwave pulse ∝in(t).
Josephson junction, where the single
At the beamsplitter with reflectivity r,
the reflected pulse is canceled by the
photon emission is achieved by the
dynamical Coulomb blockade, i.e. that additional pulse ∝in(t)/r, leaving the
single photon output d(t).
charges tunnel one by one through an
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QUANTUM ACOUSTO-OPTIC TRANSDUCER FOR SUPERCONDUCTING QUBITS
We performed basic theo- strong is the vacuum
retical study of a quantum phonon-photon coupling
transducer that reversibly provided by SBS, and (ii)
transforms states of super- can full phonon-photon
conducting qubit to opticonversion be achieved
cal photonic states using
with realistic intensity of
quantized acoustic field in optical pump? We evalpiezoelectrics. The device
uate the phonon-photon
we proposed consists of
coupling rate and show
a high quality integrated
that the required power
acousto-optic resonator
of the optical pump as
(Fig. 1) that utilizes Stimwell as the other device
ulated Brillouin Scattering parameters required for
(SBS) for phonon-photon full and faithful quantum
The device we proposed
conversion, and piezoeconversion are feasible for
consists of a high quality
lectric effect for coupling
implementation with the
integrated acousto-optic resophonons to superconduct- state-of-the-art integrated
nator.
ing qubits. The questions
acousto-optics.
we raise and answer in
this study are (i) how
Fig. 1: Sketch of device.

“

DYNAMICS AND THERMAL PROPERTIES OF NANOSCALE DEVICES
and magnetic fields influence the dynamics
Quantum dots are prototype circuit elements
for nanoscale devices. Their operation, which
(see also doi:10.1002/pssb.201600614, as part
of a special issue in pss(b) on “Single-electron
can be performed by the action of some external agent, eventually leads to a characteristic
control in solid-state devices”).
time-dependent response of the device. We
Furthermore, we have put forward a proposal
for the detection of charge relaxation rates by a
have recently gained new understanding of
the relaxation behavior of a quantum dot in
fitting-free non-adiabatic pumping spectroscopy (Phys. Rev. B 93, 235401 (2016)).
response to a switch of, e.g., a gate potential.
To obtain this, we have put forward a new,
very generally applicable relation connectFig: Pictorial scheme for a newly developed
relation connecting different decay modes,
ing different decay modes, their amplitudes
and decay rates (Phys. Rev. B 93, 081411(R)
their amplitudes and decay rates of the re(2016)). Based on this relation, we have studied sponse of a driven nanoelectronic system
time-dependent charge- and heat-flows emitted [Figure taken from Vanherck et al., doi:10.1002/
from driven quantum dots. We could also deter- pssb.201600614].
mine how external parameters like bias voltage
13
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ELECTRONICS MATERIALS AND SYSTEMS
LABORATORY
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Johan Liu
Head of the Electronics
Materials and Systems
Laboratory
johan.liu@chalmers.se

ELECTRONICS MATERIALS AND
SYSTEMS LABORATORY
At the Electronics Materials and 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 in the domain of more
than Moore and Beyond CMOS. 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 sparse-matter challenges like
e.g., the carbon based systems, and experiment-theory collaborations to study functional
organics. The vision of the laboratory is to conduct world-class research and education in new
carbon-based functional materials and systems
for life.

During 2016, a number of high quality papers have been published from
our laboratory regarding solar cell,
graphene and other 2Ds fundamental and thermal behaviour in Nature
Communications, Carbon and Physics
Review.
Johan Liu´s group has for instance
developed an efficient way of cooling
of electronics using a highly thermally conductive graphene based film.
They investigated the heat-spreading enhancement mechanisms of the
graphene-based film with functionalized molecules. A number of applications are being studied.
On the nanoscale interconnect side,
Johan Liu´s group developed during
the year a new large scale method
to functionalize carbon nanotubes
(CNTs). The technology forms a solid
foundation for a Horizon 2020 project
called “Smartherm” focusing on indus-

trialization of carbon nanotube technology applications together Thales
Microelectronics, France among other
collaborators.
The Micro- and Nanosystems group,
led by Professor Peter Enoksson,
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 from
CVD (chemical vapour deposition),
resulting in working prototype devices. This work is performed within the
projects WWSC (Wallenberg Wood
Science Center) and the EU Horizon
2020 project Smart-MEMPHIS which
combines piezoelectric energy harvesting with electronics and supercapacitor
storage for pacemaker applications.
Novel cellulose-based separators have
also been developed and we address
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the packaging technology challenges for supercapacitors and on-chip capacitors. Hybrid- and
pseudocapacitors are explored within a project
funded by the Swedish Energy Agency.
Other areas of research pursued by Peter
Enoksson’s group are alternative forms of energy storage, energy harvesting, high frequency components and RFID. RF-MEMS is the
topic of micromachined gap waveguide devices
above 100 GHz, which during 2016 has been
focused towards realizing the first 100 GHz
antenna based on micromachining. This links
well to the group previous work on micromachined dielectric and fractal antennas and was
presented at the excellent PhD defense of Sofia
Rahiminejad: “Microsystem technology for
microwave applications at frequencies above
100 GHz“. Further work continued on RFID
couplers in collaboration with the printer company SATO, resulting in very promising novel
designs and an excellent licentiate of engineering thesis by Markus Frank: “Prerequisites
for Efficient Programming of RFID Inlays in
Reactive Near Field“.
Energy harvesters for wireless sensors are
developed and investigated in the group, especially for vehicle- and gas turbine applications. A novel high temperature thermoelectric
energy harvester (showing proof-of-concept for
thermoelectric harvesting at 600 – 800 °C) has
been demonstrated, and we have performed
modelling and experimental verification of
more efficient vibrational energy harvesting by
mechanical coupling of piezoelectric resonators. The thermoelectric materials were a result
from collaboration with the Department of
Chemistry at Chalmers and both concepts for
energy harvesting were investigated in the EU
project Stargate (in collaboration with Rolls
Royce, GKN Aerospace, SCITEK Consultants
Ltd and Coventry University). A new Vinnova
funded UDI project on energy harvesting and
storage has also been initiated in collaboration
with RISE.
Photon upconversion is a way to increase
the efficiency of solar cells. Together with the
groups of Karl Börjesson (GU) and Kasper

Moth Poulsen Per Rudqvist’s group has
demonstrated that the direction of up-converted light can be controlled in a reversible way,
by embedding photon upconverting molecules
a liquid crystalline matrix.
In our collaboration with University of Stuttgart, Germany, we have in an article published
in Langmuir demonstrated a new and simple,
but still extremely sensitive method for chirality detection based on the formation and shape
of topological line defects in sessile liquid crystal droplets.

Fig. 1: “Polarized light microphotographs of
sessile liquid crystal droplets of opposite chirality on anisotropic surfaces. The boundary
conditions and the curvature of the top surface
lead to a topological defect in the form of a disinclination line which forms an “S” or “inverted
S” depending on the handedness of the chiral
structure.”
Source: Langmuir, 2016, 32, 6140-6147, DOI:
10.1021/acs.langmuir.6b00382
There is a growing awareness in the semiconductor industry that there are information
processing problems which cannot be easily
solved using the standard CMOS based technology. These problems do not necessarily scale
according to Moore’s law. The term “functional
diversification” has been coined to emphasize
the need to develop novel computing architectures that do not exploit the von Neumann
setup. Konkoligroup´s contributions to the field
of unconventional computation involve novel
developments and applications of reservoir
computing paradigm, including the development of novel sensing applications.

15
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MICROWAVE ELECTRONICS
LABORATORY

ENERGY EFFICIENT WIRELESS TRANSMITTERS

At the Microwave Electronics Laboratory, we
perform research on advanced wireless transmitters that address the need for improved
energy efficiency and capacity in future mobile
communication and sensor applications. Our
research ranges from transmitter circuit design,
nonlinear measurements, RF system modelling,
and digital signal processing techniques. We
collaborate closely with the Communication
Systems group at the department of Signals and
Systems and with internationally leading industries.
Herbert Zirath
Head of the Microwave
Electronics Laboratory
herbert.zirath@chalmers.se
FULLY INTEGRATED 30 GHZ WIRELESS TRANSMITTER CHIP REALIZED
During 2016, we have realized a fully
integrated 30 GHz wireless transmitter
chip using latest silicon BiCMOS technology. The chip includes advanced
analog linearization functionality that
improves efficiency and output power
for wideband communication signals
as conceived in future 5G systems. A
unique 16-channel mm-wave testbed
was realized and will facilitate testing
and research on transmitter circuits
and algorithms in realistic wideband
MIMO and phased array scenarios.
We have developed new methods for
comprehensive analysis of distortion
in multi-antenna transmitters and used
it to predict how antenna mutual coupling and thermal effects deteriorate
performance in multi-antenna systems.
ALL-DIGITAL RADIO-OVER-FIBER
CONCEPT
In a new VR-funded project we are investigating an innovative all-digital radio-over-fiber concept. It offers a low
cost- and energy efficient alternative
for remote generation and distribution
of wireless communication signals. The

16

project brings together leading Chalmers research in optical components
(Photonics Lab, MC2), signal processing (S2) and wireless transmitter
(MEL, MC2) areas.
DEVELOPING ELECTRONIC COMPONENTS
In a joint SSF-project with the Photonics Laboratory, we are developing
electronic components such as modulators and drivers for lasers, and amplifiers/equalizers for photodiode receiver, used for fiber-optical links. During
2016 we demonstrated and published a
100Gbps modulator/driver for a VCSEL (Vertical Cavity Surface Emitting
Laser) based on the InP DHBT IC
process.
III-NITRIDE BASED MICROWAVE
ELECTRONICS
In our research on transistors and integrated circuits based on wide bandgap
semiconductors we explore new findings in the design and growth of III-nitride heterostructure (eg. AlGaN/
GaN, InAlN/GaN). This semiconductor technology is of large interest for
wireless communication and different
types of sensor systems, where effi-
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cient power generation at high frequencies is
essential.
DIFFERENT TYPES OF ELECTRON TRAPPING EFFECTS
We have lately focused on different types of
electron trapping effects that prevent the full
utilization of the potential performance of
III-nitride heterostructures. Electron trapping potentially occurs in several places in the
transistor, which can be remedied by specific
design, growth, and processing methods. In one
study, we compared the recovery of integrated
low noise amplifiers (with different types of
buffer-doping) after a large power pulse. It was
clear that buffer doping methods that are used
to optimize high power and efficiency were
diametrical to the recovery properties of the
amplifiers.
INVESTIGATING INDIUM CONTAINING
III-NITRIDES
Furthermore, we are investigating indium
containing III-nitrides which potentially will
facilitate a more aggressive lateral and vertical
down-scaling of the transistor. Firstly, in standard III-nitride heterostructures, the current
density will decrease too much when scaling
the transistor for power generation at very high
frequencies. Using InAlN as barrier material
offers a much high current level even for very
small thicknesses (down to a few nanometers).
Recent result demonstrate record high electron
transport properties in this type of heterostructure. Secondly, incorporating indium in
the electron channel will improve the electron
transport characteristics, which potentially will
enable a new transistor technology reaching
record performance. Molecular Beam Epitaxy
have several interesting features that may enable the growth of high quality indium containing layers. We have therefore started the refurbishment of MBE-chambers for this purpose.
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 1 -115 GHz low noise amplifier (LNA) designs.
A study on superconducting gate materials for

HEMTs learned us how to integrate sputtered
Nb in the InP HEMT process. Gain and noise
data in a 4-8 GHz hybrid low-noise amplifier
were recorded above and below the superconducting transition of Nb using three 300 nm
Nb-gate based InP HEMTs.
We investigated scaling effect of the sourcedrain distance in the cryogenic InP HEMT.
Somewhat surprising (and possibly related
to defects in the material), we found that the
longer source-drain distance yielded best low
noise performance. A device Tmin of 0.9 K at
5.8 GHz was extracted.
Together with Low Noise Factory AB, we
published a a room temperature LNA with 10
K noise temperature intended for the Square
Kilometre Array.
An old problem with cryogenic HEMTs is
instabilities in the output characteristics resulting in reduced gain. We have mitigated this
effect in two-finger HEMTs by designing the
HEMTs with a source air-bridge arrangement.
As a result, stability could be achieved and a
24-40 GHz InP HEMT MMIC was measured
with record gain and noise data at 5.5 K. The
concept has successfully been applied to low
frequency broadband designs in SKA Band 2
to 5 as well as for a W-band LNA with an average noise temperature of 24 K. All these results
will be presented at IMS in Hawaii 2017. The
Ka band results are essential for finalising our
project with European Space Agency on LNAs
for ground base stations.
During 2016, we arranged two workshops with
Kyungpook National University in Korea (Prof.
D.-H. Kim). We also gave invited lectures at
Korea Advanced Nano Fab Center (KANC)
and Korea Institute of Science and Technology
(KIST).
CHALLENGE FOR THE COMING YEAR
A challenge for the coming year is frequency
generation for high-data rate millimeter-wave
communication. The capacity of these systems
is today, often, limited by phase noise. In collaboration with the Communication Systems
group at the department of Signals and Systems, we are reconsidering the architecture of
the frequency generation chain to design oscillators optimized for millimeter-wave communication.
17
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Peter Modh
Head of the Nanofabrication
Laboratory
peter.modh@chalmers.se

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.
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.

A WORLD-CLASS UNIVERSITY CLEANROOM
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.
NEW ELECTRON-BEAM LITHOGRAPHY
SYSTEM
In 2016 we commissioned a new electron-beam lithography system, model
Raith EBPG5200, funded by Knut and
Alice Wallenberg Foundation. The system
is used for direct write of patterns with a
resolution down to a few nanometers. The
ultimate performance of the system in our
environment is still under investigation.

In December, we started the training of
the first users on the tool. We also commissioned a dry etch system, an Oxford
Plasma Pro 100, for reactive ion etching
of various semiconductor material. A new
process not previously available in our
lab is cryogenic silicon etching where you
achieve smooth surfaces compared to the
previously available Bosch silicon etch
process.
LABORATORY STAFF
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 2016 the number of active user and
the number of booked tool-hours in the
cleanroom was 213 and 61 988 respectively (200 and 57 292 in 2015).
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Raith EBPG 5200 electron-beam lithography system commissioned during 2016.
MYFAB
The Nanofabrication Laboratory together with
the Ångström Microstructure Laboratory at
Uppsala University, the Electrum Laboratory
at KTH, and Lund Nanolab at Lund University form Myfab, the Swedish Research Infrastructure for Micro and Nano Fabrication and
Characterization (www.myfab.se). During 2016
we have worked hard to adapt the operation
to the significantly lower funding level from
the Swedish Research Council. This work will
continue in 2017. Myfab has also continued the

development of the Nordic Nanolab Network,
where we on all levels collaborate with our
Nordic sister organizations. Besides the already
established activities on management and
expert level we now organize the first Nordic
Nanolab User Meeting that will be held in
Trondheim in May 2017.

SUMMARY OF FACTS
CLEANROOM USAGE 2016
• 213 users that booked equipment
• 61 988 booked hours
• 31 external customers
• 18 Swedish companies where 13 used own
personnel in the cleanroom

•
•
•

4 foreign companies where 1 used own personnel in the cleanroom
7 Swedish universities or institutes where 2
used own personnel in the cleanroom
2 foreign universities or institutes where 0
used own personnel in the cleanroom
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THE SCIENCE AND TECHNOLOGY OF LIGHT
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
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 new
photonic materials and devices for emission in the infrared, visible and ultra-violet.
FIBRE OPTIC TRANSMISSION
SYSTEMS
Our research on fiber optic communications is mainly organized in three larger
project areas, namely spatial division multiplexing (SDM), energy-efficient transmission, and novel transmission schemes.
The energy efficiency project involves
close collaborations with colleagues at the
Signals and Systems (S2) department and
the Computer and Science Engineering
(CSE) department, to get a holistic view
of the energy consumption of optical
links. The SDM project aims at finding
efficient transmission schemes over many
parallel optical channels at the same time,
also this jointly with researchers at S2. A
highlight in this context is our transmission experiment of 10 Tb/s data in the
form of 20 Gbaud, 64-QAM modulation
over 50 wavelength channels using a

single laser source and without electronic
phase tracking. This is based on a unique
concept of generating and regenerating a
frequency comb.
IEEE Journal of Lightwave Technology,
vol. 34, no. 8, pp. 1800-1806, 2016.
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 extensive reach
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SEM image of focused ion beam cross-section (left) and microscope top image (top) of a heterogeneously
integrated VCSEL on silicon. The technology has been developed in collaboration with Ghent University/
IMEC in the European H2020 project PIX4life.

extension compared to conventional approaches. We are also investigating the additional benefits of using distributed Raman amplification.
We have also demonstrated ultra-wideband
(>100 nm) amplification with PSAs. 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.
Optics Express, vol. 24, no. 2, pp. 888-900, 2016.
ULTRAFAST PHOTONICS
We develop laser frequency comb technology
for applications in fibre-optic communication
systems and ultrafast metrology. Highlights
from 2016 include the generation of >1.5 octave
supercontinuum in the original silicon nitride
waveguides fabricated at Chalmers. This work
has been done in collaboration with DTU in
Denmark. The remarkable aspect of this work
is that strong nonlinearities are attained with
relatively low power laser pulses. These results
open up new possibilities for realizing broadband precision metrology with high-repetition
rate laser sources in a robust integrated platform.
Optics Letters, vol. 41, no. 12, pp. 2719-2722,
2016.
WIDE BANDGAP OPTOELECTRONICS
The 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 light-

ing, visible light communication and medical
diagnosis and treatment. Using molecular beam
epitaxy we have grown key building blocks for
these light emitters, such as GaN/AlN distributed Bragg Reflectors (DBRs) with state-ofthe-art electrical conductivities and, for the first
time in the world, electrically conductive ZnO/
GaN DBRs. In addition, we have studied the
thermal lensing effect on optical guiding and
anti-guiding properties of III-nitride VCSELs.
The main findings were that the anti-guided
cavities have a built-in modal discrimination,
but stronger temperature dependent performance characteristics and higher threshold
gains.
Proc. SPIE, Semiconductor Lasers and Laser
Dynamics, 9892, 98920Y-1, 2016.
EPITAXY OF NOVEL PHOTONIC
MATERIALS
Our research on novel photonic materials focuses on epitaxial growth of high quality dilute
bismide for optoelectronic device applications
and understanding of their physical properties.
Single crystalline InPBi was first grown by our
group using molecular beam epitaxy in 2014,
and reveals strong and very broad (>700 nm)
near infrared photoluminescence (PL) at room
temperature which has potentials for improving the spatial resolution of optical coherence
tomography beyond one micrometer. We have
made careful analyses experimentally combined with a physical model and successfully
explained the anomalous PL behavior.
Scientific Reports, vol. 6, 27867, 2016.
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SMALL QUANTUM DEVICES

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

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

SUPERCONDUCTING QUBITS FOR
QUANTUM COMPUTING
Researchers at the Quantum Device
Physics Laboratory and at Massachusetts
Institute of Technology, in collaboration,
have developed a new method to improve
superconducting qubits, helping advance
the development of quantum computers.
Superconducting qubits have now been
made to serve 100,000 times better than
when they were first invented, in 1999. In
a superconductor, cooled below its critical temperature, electrons pair up into
so-called Cooper pairs and flow without
any heat dissipation, which is crucial for
maintaining quantum coherence. However, leftover unpaired electrons (quasi-

particles) can limit the performance of
superconducting qubits. These non-superconducting electrons jump around, and
their charge disrupts the qubit. By pumping away these quasiparticles, the life of a
coherent quantum state can be extended,
making it more useable for quantum
computing.
S. Gustavsson et al. “Suppressing relaxation in superconducting qubits by quasiparticle pumping”, Science vol. 354, 15731577 (2016).

Illustration: P. Krantz, Krantz NanoArt

QUANTUM DEVICE PHYSICS LABORATORY
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LARGE SPIN POLARIZATION IN 2D
HETEROSTRUCTURES
Van der Waals heterostructures of graphene
and its insulating isomorph h-BN are promising materials for electronic applications.
Here we demonstrated a large and negative
spin polarization in graphene by using h-BN
tunnel barriers. From systematic spin transport and precession measurements in devices with different h-BN barrier thicknesses,
we discover multilayer h-BN leads to significant spin filtering effects. The estimated spin
injection efficiency is highest ever measured for
graphene based devices at room temperature
(up to 65%). These results show a new route
towards realizing 2D heterostructures for next
generation electronic and spintronic devices.

Schematics and optical microscope picture of a
graphene/h-BN heterostructure device with multiple ferromagnetic contacts.

M. V. Kamalakar, A. Dankert, P. Kelly & S.
P. Dash, “Inversion of Spin Signal and Spin
Filtering in Ferromagnet|Hexagonal Boron
Nitride-Graphene van der Waals Heterostructures”, Scientific Reports 6, 21168 (2016);
doi:10.1038/srep21168
SENSITIVE MEASUREMENT TECHNIQUE
FOR A SUPERCONDUCTING QUBIT
We have proposed and successfully demonstrated a novel, sensitive measurement technique for a superconducting qubit – so sensitive, in fact, that otherwise necessary special
“quantum-noise limited” amplifiers are not
needed. This offers a useful simplification of
quantum computer setups. The technique uses
a superconducting microwave resonator circuit,
whose frequency can be tuned by an external
signal. This resonator can be made to self-oscil-

late with high output electric-field amplitude,
which can easily be detected. With a superconducting qubit connected to this resonator, the
oscillations can indicate the quantum state of
the qubit. A detailed error budget showed that
this method can surpass the fidelity threshold
required for quantum computing.

TUNABLE SUPERCONDUCTING MICROSTRIP RESONATORS
A simple tunable superconducting microstrip
resonator made from niobium nitride demonstrating the internal quality factor Qi ~ 104 in
the single-photon regime has been designed
and tested. Qi rapidly increases with the number of photons in the resonator N and exceeds
105 for N ~ 10 − 50. By applying a current
through the microstrip and thereby controlling
its kinetic inductance, the frequency tuning δf =

62 MHz around f0 = 2.4 GHz for the fundamental mode and δf = 164 MHz for a third harmonic has been achieved in a modified design of the
resonator. The resonator can be incorporated
into any superconducting circuitry operating at
temperatures below 2.5 K.

P. Krantz et al., “Single-shot read-out of a superconducting qubit using a Josephson parametric oscillator”, Nature Commun. vol. 7, 11417
(2016).

A. A. Adamyan, S. E. Kubatkin, and A. V.
Danilov, Applied Physics Letters 108, 172601
(2016); doi: 10.1063/1.4947579.
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Jan Stake
Head of the Terahertz and
Millimetre Wave Laboratory
jan.stake@chalmers.se

BRIDGING THE THZ GAP
Sandwiched between the visible light on the short
wavelength side and radio waves on the long wavelength extreme, the sub-millimetre wave radiation or
terahertz wave radiation has long been considered the
last remaining scientific gap in the electromagnetic
spectrum. This is a part of the spectrum where optical
and microwave techniques meet. We fabricate novel
THz devices in our state-of-the-art Nanofabrication
facility at MC2 and evaluate circuit demonstrators in
our 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.
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. In 2016, we celebrated our ten year anniversary.

ULTRA-SENSITIVE THZ DETECTORS
Superconducting Hot-Electron Bolometer (HEB) mixers are widely used in
high sensitivity THz radio astronomical
receivers, which allow to study molecular composition of interstellar medium,
atmospheres of other planets, and even
for tracking many pollutants in our own
atmosphere. High quality thin MgB2 films
have also been identified to have a great
potential for infrared Superconducting
Single Photon Detectors - a device for
quantum communication systems and
data encryption or data communication for deep space missions. In order

to achieve the ultimate performance
superconducting films have to be a few
nanometers thin, yet preserving a high
superconducting transition temperature
(Tc). We have developed an in-house
deposition process which allows to fabricate MgB2 (magnesium diboride) films as
thin as 5nm, yet with a Tc of 30-35K. As a
result, we demonstrated HEB mixers with
a bandwidth of times 3 larger than for any
other materials, hence setting a new stateof-the-art in the field.

THZ TECHNIQUES FOR LIFE SCIENCE APPLICATIONS
THz frequencies are predicted to have
sensing of biomolecules, cells and cell
unique interaction with biomolecules, due membranes. Moreover, as part of a joint
to their structure and size, opening up a
KAW project between Göteborg University and Chalmers we study low frequency
new promising research field in which
protein vibrations in the THz frequency
THz waves are applied in life sciences. In
collaboration with the Chemistry Depart- range (ps time scale).
ment at Chalmers, we investigate the use
of THz waves for the identification and
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THZ ELECTRONICS AND SYSTEMS
The continuous interests in terahertz wave applications have generated a strong need for reliable,
room temperature operational and compact THz
electronics. In order to address the lack of high
power sources, the so-called THz-gap, at high
frequencies, we have demonstrated waveguide
enclosed grid frequency multipliers. Spatial
combining offer excellent power handling scalability. For instance, a high power 128 Schottky
diode doubler grid with 0.25 W at 183 GHz and a
72 HBV diode grid at 250 GHz were presented.
The results were successfully defended in a PhD
thesis by Robin Dahlbäck.
R. Dahlbäck, V. Drakinskiy, J. Vukusic, and J.
Stake, “A compact 128-element Schottky diode
grid frequency doubler generating 0.25 W of out- A high-power 128-element Schottky diode grid
put power at 183 GHz,” IEEE Microw. Wireless frequency multiplier generating 0.25 W of output
power at 183 GHz. Illustration: Robin Dahlbäck
Compon. Lett., vol. 27, no. 2, Feb. 2017.
http://dx.doi.org/10.1109/LMWC.2017.2652857
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 subharmonic
mixer operating at 200 GHz, which is the
highest reported so far for GFET integrated circuits. These excellent results on
graphene mixers were successfully defended in a PhD thesis by Michael Andersson.
Moreover, we have developed the first
flexible THz detector using GFET integrated with a bow tie antenna on a polymer (PET) substrate. The detector reveals voltage responsivity above 8 V/W at 487 GHz. We
have investigated the effect of bending on the
characteristics of the detector and the results
indicate its robust performance. These promising achievements demonstrate that graphene
can open up for the THz flexible electronics.

field-effect transistors (GFETs), we are been
able to study the effect of oxide traps on channel transport characteristics in GFETs. An
important step towards faster graphene transistors.

Photograph of a 200-GHz subharmonic graphene
FET integrated mixer on silicon.

M. A. Andersson, Y. Zhang, and J. Stake, “A
185–215-GHz Subharmonic Resistive Graphene
FET Integrated Mixer on Silicon,” IEEE Trans.
Microw. Theory. Tech., vol. 65, no. 1, pp. 165–
172, 2017.
http://dx.doi.org/10.1109/TMTT.2016.2615928

With a new model that describe the C-V and
drain resistance characteristics in the graphene
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Fibre-optic systems are essential for communication and is an integral part of
our Internet-based society. FORCE was established in May 2010 with the aim to
coordinate research within this area at Chalmers and to generate more visibility
of the research.
Peter Andrekson
Centre Director
peter.andrekson@chalmers.se
www.chalmers.se/force
The core of the centre is the Photongain of 11 dB at 33% OH, providing
ics Laboratory, the Communication
400-Gbps operation with energy conSystems Group at the Department
sumption of under 3 pJ/bit. In the area
of Signals and Systems, and the VLSI
of short-reach transmission in optical
Research Group at the Department of multi-mode fibers using inexpensive
Computer Science and Engineering.
VCSEL based transmitters, we demonThe collaboration bridges traditional
strated operation at 94 Gb/s with the
discipline boundaries and includes the non-binary modulation format 4-PAM.
chain from components to system, inA goal here is to reach 100 Gb/s opcluding photonic devices and electron- eration with a single VCSEL based
ics, and from analysis to experiments.
optical interconnect with an overall
FORCE is open to everyone at Chalinterconnect energy consumption of 1
mers who has interest in contributing.
pJ/bit.
We are also exploring the “next
While FORCE is a centre with no
frontier in optical communication”:
direct funding, it relies on sizeable
Spatial-division-multiplexing (SDM),
external project grants from e.g. the
in which we work on multicore and
Swedish Research Council (VR), The
multimode fibre solutions where each
Swedish Foundation for Strategic
mode and/or core in a single optical
Research (SSF), the K.A. Wallenberg
fibre carries independent data.
Foundation (KAW), the European Research Council (ERC), and EU-HoriExtensive research is also conducted
zon 2020.
on optical phase-sensitive amplifiers
(PSAs). These are the only known
We conduct inter-disciplinary research optical amplifiers that can amplify
on energy-efficient optical communilight without addition of excess noise.
cation, in which teams from all three
They also have the ability to counterdepartments join together to address
act nonlinear distortion taking place in
the challenge to co-optimise the hard- transmission fibres. With these merits,
ware, algorithms and system with not
we were able to demonstrate long-haul
only performance, but also energy
transmission using PSAs as in-line
efficiency as a key metric. In terms of
optical amplifiers yielding more than
applications, both short-haul (< 1 km)
a 5-fold transmission reach enhancedatacom links and long-haul (>500
ment over conventional approaches.
km) links are investigated and their as- We also demonstrated novel all-optisociated challenges are quite different. cal functionalities such as quadrature
decomposition of a 16QAM signal to
Also, the fundamental energy limits
two 4-PAM signals.
for optical transmission systems are
studied. During the year, we demonThe work on advanced modulation
strated the design of a digital error
formats used in long-haul coherent
correcting chip capable of net coding
transmission systems also continues.

GIGAHERTZ CENTRE
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GigaHertz Centre (GHz Centre) carries out leading microwave research by collaboration between Chalmers and industry. The Department of Microtechnology and Nanoscience – MC2 – has hosted GHz Centre from the very beginning in year 2007. The overall
mission of the GHz Centre is to bring scientific results faster from Chalmers to commercial exploitation primarily through its company partners. These are find in businesses
such as telecom, defence and space, all decisive for Swedish competitiveness.
Jan Grahn
Centre Director
jan.grahn@chalmers.se
www.chalmers.se/ghz

Cristina Andersson
Centre Coordinator
cristina.andersson
@chalmers.se

Peter Olanders
Chairman
peter.olanders
@ericsson.com

From Centre Day 30 November 2016 summarising the ten-year achievements between Chalmers
and industry. The day was co-organised between
GHz Centre and Chase and gathered around
120 participants, around half of them from
industry.

CENTRE
With the end of year 2016, GHz Centre has
finalized its ten year journey as a research
and innovation hub between Chalmers and
industry. We have run projects on transmitters for mm-wave antenna arrays, (almost)
dispersion-free GaN HEMTs, GaN oscillators and integrated THz low-noise
and high power component. In addition,
we had a joint project called MATE with
antenna systems centre Chase on a massive MIMO test bed. In total, seventeen
companies from five countries have been
collaborating with Chalmers through GHz
Centre. Around 140 MSEK cash (government sponsor Vinnova 63 MSEK) has been
invested from the partners in GHz Centre.
SOME KEY ACCOMPLISHMENTS
- We have produced 15 PhDs out of which
more than 10 are in industry positions
- We have written more than 180 scientific
publications with almost 50% academic-industrial co-authorship, proving the intellectual caliber of our collaboration.
- We have helped three small microwave
companies to grow, hiring around 30 more
people in Gothenburg, many of them PhDs
from GHz Centre
- We have helped GaN HEMT technology
from the university lab to the system level,

accelerating the paradigm shift of new
compact power modules for defence radar.
- We have helped telecom industry to advance standardization in beamforming for
5G
- We have seen IP, methods and improved
device models being adopted by company
partners for design of microwave circuits
Ten-years of results from GHz Centre now
constitute a large return on investment for
Sweden where Swedish companies now
hire competent people, and introduce new
or improved products based on microwave
technology earlier on a global market.
APPROVED FOR ANOTHER TERM
In May 2016, Vinnova decided to approve
GHz Centre for another term of funding
year 2017-2021. In the motivation from
Vinnova, it was stated that “The Centre
has an excellent industrial commitment and
shows excellent results, partly due to the
good mechanisms for transferring research
results into industrial use”. Strengthened
by this formulation, we now develop our
partnership with industry for advancing
the field of microwave electronics and its
future take-up in industry.
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GRAPHENE CENTRE
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The Graphene Centre at Chalmers is hosted by MC2 and involves many researchers at
MC2 in its activities. Supported by a contribution from the Chalmers Foundation, the
centre is developing graphene related scientific excellence and innovation in collaboration with partners and entrepreneurs and, based on this, create new business opportunities and societal impact.
Patrik Carlsson
Centre Director
patrik.carlsson@cit.chalmers.se
www.chalmers.se/graphene

One of the demonstrator projects funded by the
centre has resulted in a graphene terahertz detector on flexible substrate. The project was carried
out by a team in the Terahertz and Millimetre
Wave Laboratory. Portraited here is PhD student
Xinxin Yang.

SEVERAL ACTIVITIES DURING 2016
During 2016, the centre started a number
of demonstrator projects, arranged workshops on graphene composites, developed
and provided utilisation support to researchers and put forward a proposal for
the TIGR (Technology for Industry from
Graphene) Competence Centre together
with a number of major leading technology companies and small and medium-sized
enterprises.
GRAPHENE RESEARCH RESULTS
AND UTILISATION SUPPORT
The centre has compiled over 200 research results from graphene researchers
across Chalmers including 20 potentially
patentable inventions into a portfolio.
Using the portfolio as a starting point the
centre has supported researchers at MC2
with re-adjusting their research direction,
exploring patenting and collaboration
discussions with the industry. In October
2016, the centre hosted a meeting to discuss the portfolio and present challenges
and opportunities when utilising graphene
research results through industry collaborations and venture creation.
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APPLICATION FOR CREATING THE
TECHNOLOGY FOR INDUSTRY
FROM GRAPHENE (TIGR) COMPETENCE CENTRE
Chalmers has together with stakeholders from the Swedish industry and from
Region Västra Götaland submitted a full
application to Vinnova for creating the
TIGR competence centre. The TIGR will
focus on applications in graphene based
multifunctional materials, energy storage
and electronics. Researchers from MC2
are involved in all of these areas. Vinnova’s
decision was due on 1 April, and unfortunately it was negative.
LESSONS LEARNT MEETING
The graphene market and the development of the IP landscape in Europe and
globally was also presented. The researchers shared their thoughts on the centre
support and how to align it to even better
suit their needs.

LINNAEUS CENTRE ON ENGINEERED
QUANTUM SYSTEMS – LINNEQS

MC2 ANNUAL REPORT 2016 – OUR CENTRES
Linneqs is a research centre with 10-year support from the Swedish Research
Council. The centre started 1 July 2006 and ended last year on 30 June. The
research has focused on quantum device physics. 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 has pursued research in 4 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 2016.
Per Delsing
Centre Director
per.delsing@chalmers.se
www.chalmers.se/en/centres/linneqs
mensional electron gas (q2DEG) is
SINGLE-SHOT READ-OUT OF A
SUPERCONDUCTING QUBIT US- formed when at least 4 unit cells (u.c.)
of LAO are epitaxially deposited on
ING A JOSEPHSON PARAMETSTO under specific conditions. Such
RIC OSCILLATOR
Linneqs researchers have demonstrat- interfaces offer a unique playground
ed a read-out technique for supercon- to study the interplay and competitions between different ordering pheducting qubits by dispersive coupling
nomena in a strongly correlated twoto a Josephson parametric oscilladimensional electron gas (2DEG).
tor. The method employs a tunable
Recent studies of the LAO/STO interquarter wavelength superconducting
face reveal the inhomogeneous nature
resonator and modulate its resonant
of the 2DEG that strongly influences
frequency at twice its value with an
amplitude surpassing the threshold for electrical-transport properties. Nanowparametric instability. The qubit states ires needed in future applications may
be adversely affected, and our aim is,
are mapped onto two distinct states
of classical parametric oscillation: one thus, to produce a more homogeneous
electron gas.
oscillating state, with 185 +/- 15 photons in the resonator, and one with
In this recent work, Linneqs researchzero oscillation amplitude. This high
ers have demonstrated that nanostruccontrast obviates a following quantum-limited amplifier. We demonstrate tures fabricated in the quasi-2DEG
at the LaAlO3/SrTiO3 interface,
proof-of-principle, single-shot readout performance, and present an error capped with a SrCuO2 layer, retain
budget indicating that this method can their electrical resistivity and mobilsurpass the fidelity threshold required ity independent of the structure size,
ranging from 100 nm to 30 µm. Force
for quantum computing.
microscopy reveals an inhomogeneous surface potential with “puddles”
P. Krantz et al. Nature Communicaof a characteristic size of 130 nm in
tions 7, 11417 (2016)
the noncapped samples and a more
uniform surface potential with a larger
CONDUCTIVITY IN LAALO3/SRcharacteristic size of the puddles in the
TIO3 INTERFACES
The interface between two wide band- capped samples.
gap insulators, LaAlO3 and SrTiO3
P.P. Aurino et al., Physical Review Ap(LAO/STO) has the remarkable feature that a high-mobility quasi-two-di- plied, 6 024011 (2016)
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“

We have suddenly
reached 2017, leaving behind 2016 replete with both
successes and failures, joy
and sorrow.

E

30

ven for rational minds, time can occasionally seem to fly at the speed of
light! Irrespective of the unit chosen to
measure it, either second by second, and
accurately defined as the duration of
9 192 631 770 periods of the radiation corresponding to the transition between the
two hyperfine levels of the ground state if
the caesium 133 atom, minute by minute,
or hour by hour, we always leave irreversibly the past behind and embrace the
future, just hoping to have the time to fully
experience the present.
And as such, we have suddenly reached
2017, leaving behind 2016 replete with
both successes and failures, joy and sorrow,
in the form of successful and failed experiments, accepted and rejected manuscripts,
applications, grants, higher and lower citation indexes, everything co-existing in harmony in the simultaneously organised and
chaotic world of a researcher. However, all
these endeavours, either defined by success
or failure, lead to experience, knowledge,
wisdom and insight. It is this pursue for
knowledge, excellence, the never-ceasing
chase for state-of-the art results, higher
acceptance rates, the never-ending trial
and error, and never giving up that characterise the extremely resilient spirit of the
researchers at the department of Microtechnology and Nanoscience – MC2. This
spirit together with the well-established
problem-solving approach, well incorpo-

Cristina Andersson
Vice head of utilization
cristina.andersson@chalmers.se
rated with the state-of-the-art research
pursued at the department, are key factors
attracting industrial collaboration partners.

L

ooking at the year of 2016, and from
an industrial collaboration point of
view, MC2 has once again shown very
positive outcomes. Companies of different
sizes, sectors, and nationalities continued
to demonstrate their solid collaboration
interest with MC2. From the largest global
leaders in the forefront of their technology
field such as HP, Saab, Ericsson, and Infineon, to high tech medium size enterprises such as Omnisys Instruments, and smaller spin-off businesses such as Low Noise
Factory, or Gotmic, all have shown that it is
possible to create alliances of mutual benefit with researchers and generate value,
both for them in particular, and society in
general. These cross-border alliances, both
in the shape of bilateral and multilateral
collaborations projects have helped paving
the department’s path towards increased
quality- in education, research and utilization. For the researchers, it is this increase
in quality that is the main driving force for
such collaboration opportunities.

T

he year of 2016 was also very successful for the strong collaboration environment in the field of wireless microwave
electronics – the Vinnova Competence
centre, GHz Centre. The centre received
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Pictures from the Centre Day on
30 November 2016.

renewed financing for five more years, between
2017-2021, meaning continued collaboration
with 13 very much engaged companies in the
fields of security, communication and space.

T

he department continued to show its
strength in innovation and entrepreneurial
spirit. In the beginning of 2016, the company
OptiGOT AB was launched as a spin-off from
MC2. The company was jointly founded by
researchers at the Photonics Laboratory and
Chalmers Ventures (CV) and offers services in
VCSEL design, prototyping and testing. The
spin-offs originating from the environment
have normally a very high technology knowhow and have high ambitions to grow and offer
smart solutions to technical problems of our
time.

I

ndustrial partners, apart from being involved
in joint research activities, are also participating in educational activities. An example is
having industrial representatives giving guest
lectures in courses, which is a very much appreciated element by the students, since they offer
direct interaction with potential future employers.

T

he multidisciplinary environment at the
department results in a wide variety of
collaborations. The Photonics Laboratory
continued their collaboration with Hewlett
Packard Enterprise (HPE) through an HP Labs
Innovation Research Grant. The teams at MC2
and HPE recently demonstrated a new generation high-speed 1060 nm vertical-cavity surface-emitting laser (VCSEL). In contrast to the
standard 850 nm VCSEL, the 1060 nm VCSEL

allows for longer reach data transmission over
multi-mode optical fibre, as required in largescale datacenters.

T

he presence of industrial staff in our environment continued to be strong, with 7
adjunct professors from companies and research institutes such as Ericsson, Saab, NXP/
Ampleon, and Acreo. Industry representatives
are also very much present in the environment
through the collaboration environment GHz
Centrum, where office spaces are reserved for
industrial partners to spend time and interact
with researchers at the department.

I

ndustrial representatives also use our infrastructure, interacting also thereby with the
research community at the department. On
the infrastructure side, the Department continued to offer state-of-the-art infrastructure
capabilities. The Nanofabrication Laboratory,
one of the world’s most advanced clean rooms,
continued to offer high-quality services to both
academic and industrial partners. The test facility for microwave and THz technologies, the
Kollberg Laboratory, also continued to offer
an open environment for both academic and
industrial users.

A

ll the above successful industrial partnerships have contributed to fantastic outcomes, such as high-quality joint publications,
PhDs, person mobility, IP-transfer, industrial
growth, societal value, and many other success
stories, all comprising transfer of technology,
knowledge and know-how, between the Department of Microtechnology and Nanoscience
and its industrial collaboration partners.
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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), coordinated by Elsebeth Schröder, and Wireless Photonics and Space Engineering (MPWPS), coordinated by Lars Ulander.

SUCCESSFUL SCHOOL COLLABORATION GOT PUBLISHED
A successful collaboration between
MC2 researcher Elsebeth Schröder
and four students at Hulebäcksgymnasiet upper-secondary school resulted in an article in the scientific journal Plos One. “The article describes
a concrete project and discusses the
teaching principles behind the collaboration between Chalmers, University of Gothenburg and Hulebäcksgymnasiet,” Schröder says.

SWEDISH FINALS IN
THE INTERNATIONAL
PHYSICS OLYMPIAD
14-18 March 15 physics students from
Swedish upper secondary schools met
up at the MC2 and Physics departments to compete for five places in
the International Physics Olympiad
in Switzerland and Liechtenstein.
Chalmers also welcomed five specially invited female VIP guests to take
part in the intense programme of
workshops, lectures and study visits.
100 SCHOOLCHILDREN BECAME
NANOSCIENTISTS FOR A DAY
A forest of waving hands greets associate
professor Per Lundgren as he welcomes
pupils from Fenestra School in Billdal.
All week long, children have been pouring into MC2 – 100 in all – for its endlessly popular activity “Nanoscientist for
a day”. The International Science Festival’s school programme has attracted 300
children to the department.

14TH YEAR FOR THE TECHNOLOGY RACE SAVE THE EGG
Västergårdsskolan, Öckerö, The English School of Gothenburg and Karl Johansskolan, Gothenburg, took the victory when Save the egg was settled during two
intense days in November. It was the 14th consecutive year for Chalmers popular technology competition for tricky fifth graders. During two days the entrance
hall of the MC2 house murmured of happy children and their teachers. This year,
1 900 students from 50 schools with a total of 150 entries participated.
On 14 December, it was time for the award ceremony in conjunction with the
Chemistry Nobel Prize winner Sir James Fraser Stoddart’s lecture at the Conference Centre Wallenberg. A memory for life for the children and their teachers.
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Sheila Galt
Head of undergraduate
education
sheila.galt@chalmers.se

A

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

t MC2 we are proud to be involved in
Chalmers undergraduate education,
where our contributions are mainly within the
subject areas of Engineering Physics and Electrical Engineering.
The courses we give are mostly at the advanced
level, within two master programs: Nanotechnology, coordinated by Elsebeth Schröder, and
Wireless Photonics and Space Engineering,
coordinated by Hans Hjelmgren until the end
2016, now coordinated by Lars Ulander. Hans
Hjelmgren has now been appointed as the
director for the whole Electrical Engineering
program here at Chalmers.
Our teaching staff, including graduate students
and more senior staff work hard to support the
students’ learning in various courses, rated by
students in course evaluations after each study
period. We would like to congratulate the teachers of the course Active Microwave Circuits,
whose course evaluation showed the highest
student satisfaction at MC2 during the year
2016. From the student comments one can for
example read: “William Hallberg was an excellent tutor and his tutorials and Dan Kuylenstierna’s lectures were a great complement to
each other.”
During the Chalmers annual conference on
Teaching and Learning, “KUL 2016”, Jonas
Bylander presented an interesting study enti-

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

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

tled “Writing to Learn Quantum Engineering:
Improved Understanding and Communication
by Revising a Writing Assignment” in which
he proudly shared his methods of supporting
students writing lab reports.
The teaching of professional and research
ethics at the master program level has been in
focus recently, with MC2 providing an ethics
module within the course Fundamentals of
Photonics for the first time during 2016.
Much of our teaching involves guiding master
students in their thesis projects, a rewarding
task for all involved, even literally. During the
spring of 2016 three students were awarded
the Microwave Road Scholarship for excellent
master theses: Björn Persson, Tomas Rydholm
and Ewa Simpanen. Ewa is now a doctoral student in the Photonics Laboratory at MC2.
MC2 teachers are also active in pedagogical
support and development work, including two
“Peduler” – Collegial pedagogical developers
(Sheila Galt and Per Lundgren) – for three
of Chalmers four educational areas. Besides
supporting pedagogical development at the
university level. Chalmers also offers teacher
education for the high school level, in the form
of the master program Learning and Leadership, in which MC2 provides the two practical
teaching courses in collaboration with six local
high schools.
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The bulk of the research work at MC2 is
carried out by our PhD (or graduate) students. We have around 80 students enlisted in our graduate school, amounting to
almost half of the department’s research
staff.
The graduate school at the Department
of Microtechnology and Nanoscience is
a 4 year educational program, comprising three years of research and one year
of course work, leading to the doctor of
philosophy (PhD) degree. In addition, our
graduate students also perform teaching
and other departmental duties so that the
study time can amount to five years.
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 defence, so we generally recommend the students to pursue the
licentiate. The licentiate thesis can also be
partly reused for the PhD thesis.

In preparation for the PhD, the department puts particular value on the scientific
quality of the research reported in the
thesis. Therefore a committee, the thesis
review committee (TRC), consisting of
three professors from the department reviews the content of the thesis six months
prior to the planned defence. A thesis is
given green light to go up for defence only
if TRC finds the scientific quality sufficient. If not, the student will be given more
time to complete the work. During 2016
TRC consisted of the following three professors: Göran Johansson (chair), Anders
Larsson and Floriana Lombardi. I would
like to thank them for their contributions
in maintaining the high scientific quality of
the theses produced at our department.
During 2017, I look forward to work further with MC2’s graduate student community to ensure a good working environment for the students. An important part
of that work is the formation of a graduate
student guild at MC2, being a formal part
of the Chalmers student organization. The
work to form such a PhD student guild is
expected to be finished in early 2017.
MC2 awarded 16 PhDs and 9 Licentiate
degrees during 2016. The theses are available electronically on our webpage.
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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DOCTORAL THESES
Astghik Adamyan
Slow propagation line-based
superconducting devices for
quantum technology

Di Jiang
Carbon Nanotube Based
Interconnect Materials for
Electronic Applications

Philip Krantz
The Josephson parametric
David Adolph
oscillator – From microGrowth of ZnO/GaN distributed Bragg reflectors by scopic studies to single-shot
plasma-assisted molecular qubit readout
beam epitaxy
Wei Mu
3D Integration of Carbon
Michael Andersson
Characterisation and Mod- Based Electronics
elling of Graphene FETs for
Terahertz Mixers and Detec- Daniel Persson
Charge transport through
tors
superconducting nanodevices
Riccardo Arpaia
YBCO nanowires to study
nanoscale ordering in High- Sofia Rahiminejad
Microsystem technology for
Tc Superconductors
microwave applications at
frequencies above 100 GHz
Marco Arzeo
Decoherence and noise in
Michael Winters
High critical Temperature
Superconducting quantum Electron Transport and
Charge Control in Epitaxial
nanodevices
Graphene
Pier Paolo Aurino
Electrical Transport Prop- Yong Zhang
Graphene Heat Spreaders
erties of Nanostructured
for Electronics Thermal
SrTiO3/LaAlO3 Interface
Management Applications
Olle Axelsson
Characterization of Trapping
Effects, Robustness and Linearity in GaN HEMTs for
High Power and Low Noise
Microwave Amplifiers
Robin Dahlbäck
Millimetre wave waveguide
enclosed grid frequency
multipliers and imaging
Ehsan Hashemi
Optical Guiding and Feedback Structures in GaNBased Vertical-Cavity Surface-Emitting Lasers

LICENTIATE THESES
Maria Ekström
Towards measuring quantum sound
Henrik Eliasson
Mitigation of nonlinear fiber
distortion using phase conjugation
Markus Frank
Prerequisites for Efficient
Programming of RFID Inlays in Reactive Near Field
Attila Fülöp
Microresonator combs for
coherent optical communications
Emanuel P. Haglund
Vertical-Cavity Surface-Emitting Lasers: Large
Signal Dynamics and Silicon
Photonics Integration
William Hallberg
Frequency Reconfigurable
and Linear Power Amplifiers Based on Doherty and
Varactor Load Modulation
Techniques
Evgenii Novoselov
Study of MgB2 HEB mixers
at THz frequencies
Jens Schulenborg
Time-dependent relaxation
of charge and energy in electronic nanosystems
Tobias Tingberg
Epitaxial Growth of GaN by
Molecular Beam Epitaxy in
the Ga-rich Regime

Astghik Adamyan during her
thesis defence on 30 September
2016.
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T

T

T

D

he start of the year came with a significant cut-back on funding for the
cleanroom. The cut-back does not have
a severe direct impact on PhD students.
However, it emphasizes the necessity to
highlight the activity at MC2 through
utilization. With improved utilization at
MC2 in the future, the department could
improve the visibility of our projects and
attract more PhD student candidates. We
also would like to encourage our PhD students to take part in utilization activities
such as guiding visitors.
here is an ongoing project at Chalmers
where the full model for distribution
of faculty money is changed. The new
model affects the employment structure at
MC2 and it is expected that the adaption
will take some years. During this time,
some PhD students might experience
interruptions in their work due to changes
of supervisors.

S

ince a little bit more than a year back,
MC2 has been included in the distribution of teaching in the physics courses
provided by engineering physics. This has
resulted in many more teaching opportunities for Swedish speaking students.
However, for English speaking students
the amount of available teaching remains
very limited in parts of MC2.

T
36

he Chalmers employment survey usually gives good grades to MC2. We are
proud of our work place. Although, there
seems to be a culture at MC2 to have a
very high workload.

he lab safety is very good in MC2s
cleanroom facilities. However, it is
unclear how many of the employees that
are screened and provided with sufficient
education for frequent handling of certain
hazardous chemicals or materials. Also, in
each division of MC2 there is little follow
through in spreading information to the
employees about safety guidelines for
work in the measurement labs. From a
PhD student viewpoint, the safety in our
labs could be improved further.

ag Winkler, the head of department
at MC2 since 2007, left his position
during the summer of 2016. Among his
other qualities, Dag was always very good
at considering everyone’s opinion. The
PhD students of MC2 were represented in
the process of appointing a new head of
department through Lars Lundberg. Mikael Fogelström was assigned as the new
head of MC2 and he has so far continued
the good work and also shown to be keen
on hearing the advice from PhD students.

I

n the end of 2016 efforts were made to
start up a PhD student council at MC2.
This will be done during 2017. It remains
to be seen what topics will be the first to
be of concern to the new council.
Ida-Maria Svensson & Ewa Simpanen
PhD representatives in the MC2 executive
group during 2016
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BASIC FACTS
LICENTIATE DEGREE: 13
DOCTORAL DEGREE: 16
SCIENTIFIC JOURNAL ARTICLE – PEER REVIEWED: 178
CONFERENCE PAPER – PEER REVIEWED: 129

YEAR

WEB OF SCIENCE
(article, review, letter)

CHALMERS
PUBLICATION
LIBRARY*
(articles)

CHALMERS PUBLICATION
LIBRARY
(conference proceedings, refereed)

2012

148

149

98

2013

160

168

99

2014

165

183

112

2015

177

186

73

2016

157

178

129

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
YEARS

N

Cf

95% Cf (confidence
interval)

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

1,17

1,05-1,29
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TOTAL TURNOVER
287 MSEK
Main external contributors in %
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BASIC FACTS
NUMBER OF STUDENTS (FULL-TIME EQUIVALENT): 87
NUMBER OF EMPLOYEES: 217
POSITION

2016

2015

2014

Adjunct Professor

7

6

4

Administrator

9

9

8

Amanuens

5

2

4

Assistant Professor

8

11

9

Post Doc/PhD

13

23

20

PhD Student

73

73

68

Professor/Professor 27
with a chair

26

26

Project worker

10

7

5

Researcher/Senior
researcher

27

25

30

Technician/
Research Engineer

22

23

22

TOTAL

217

218

209

39

