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Preface

Building activities

It is my pleasure to present you the annual report of the Dutch Institute for Fundamental Energy Research DIFFER.
In it, we highlight exciting results achieved in our mission to perform and support science for future energy.

On many different levels, the past year at DIFFER has been a year of building and growth. For one, our flagship experiment
Magnum-PSI came into its own as a world-class facility, able to attract international top level visiting scientists and
research contracts, amongst others from ITER. This world leading position was recognised with the granting of an FOM
strategic program, bringing DIFFER in an excellent position to attract funding from the EUROfusion consortium.

Building takes a different meaning in the young solar fuels theme, where we are initiating new research projects as part
of the recently granted NWO program on CO, neutral fuels, and as part of the Dutch Topsector Energy. To further grow
and diversify the solar fuels theme, we are actively recruiting top talent via a tenure track scheme. Our first tenure track
candidate will shape the collaboration on functional foils for sustainable energy applications together with Fujifilm, and
we opened two more positions on photoelectrochemical approaches to solar fuels. The tenure track system fits into a
new organizational structure, which gives our scientific staff increased freedom and responsibility to drive their research
groups to a leading position in their fields.

Ahead of DIFFER's own move to Eindhoven, our nanolayer surfaces and interfaces division is undertaking its own
relocation to become part of the MESA+ institute at Twente University. There, they face a bright future as the heart of the
new public-private Industrial Focus Group on XUV Optics.

Through all these activities and more, we help bring together a multidisciplinary public-private network focused on
creating tomorrow’s sustainable energy infrastructure. By providing new opportunities for collaboration, such a network
both strengthens and extends each partners’ own research, and inspires innovative breakthroughs on the interfaces of
disciplines in the network.

Last but not least, actual construction of our highly sustainable building is progressing rapidly on the campus of Eindhoven
University of Technology. | am proud to see our staff taking up the challenge to organise the move of all our facilities while
at the same time keeping up their high productivity - and spirits.

Richard van de Sanden,

Director
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About DIFFER

DIFFER is the Dutch Institute for Fundamental Energy Research, and is part of the Foundation for Fundamental
Research on Matter (FOM) and the Netherlands Organisation for Scientific Research (NWO). The mission of
DIFFER is to conduct leading fundamental research in the fields of fusion and solar fuels, in close partnership
with academia and industry. To successfully transfer fundamental insights to society at large, DIFFER is actively
building an energy science society through the formation of multidisciplinary networks.

Science for Future Energy

The issues of energy and climate change require us to
develop sustainable energy on a global scale. This transition
is one of mankind’s biggest challenges in this century and
its success depends on our solving a wealth of scientific
questions. As national institute for fundamental energy
research, DIFFER focuses its research efforts on two themes:
solar fuels and fusion.

Fusion has the potential to provide concentrated, safe and
clean energy from the process powering the sun and stars.
DIFFER's two fusion research programmes both address high
priority topics in the European Fusion Roadmap. With its
unique high-flux plasma generators Magnum-PSI and Pilot-
PSI, DIFFER explores plasma surface interactions under future
fusion reactor conditions. In the program on control of burning
plasma, DIFFER develops the understanding and tools to control
magnetohydrodynamic instabilities in ITER, and tests these on
intermediate sized tokamaks such as ASDEX Upgrade.

Plasma pulses test ITER wall material

Solar fuels address the global challenge of energy storage
and transport by converting intermittent sustainable energy
into fuels. DIFFER is investigating the splitting of water into
hydrogen or the activation of carbon dioxide into carbon
monoxide, and the processing of these products into a
hydrocarbon fuel. The research involves the synthesis and
design of novel materials and processes to obtain scaleable,
efficient and cost-effective systems.

In 2013, DIFFER’s division nanolayer Surface and Interface
Physics started its relocation to the University of Twente,
notably the MESA+ Institute for Nanotechnology. The group
will continue its pioneering work on multilayer mirrors for
Extreme Ultraviolet wavelength photolithography and other
applications in an upgraded setting in answer to the Dutch
Topsectoren policy. This Industrial Focus Group XUV Optics
includes industrial partners ASML Carl Zeiss., PANalytical,
DEMCON, SolMateS, and TNO.


https://www.youtube.com/watch?v=ETXQAMcZrK0

On April 8" 2013, Member of Parliament Mohammed Mohandis for the PvdA labour party visited DIFFER together with a delegation from
NWO and FOM. The programme included a discussion on the organisation of fundamental research in the Netherlands, on the cooperation
between the research and industry, and on sustainable energy in general. During a lab tour, young researchers presented their work on solar
fuels and on advanced materials for future fusion reactors.

On November 11t 2013, a delegation of
four researchers from the Chinese Chengdu
University visited DIFFER to sign a framework
collaboration agreement. The university’s
Chengdu Development Center of Science and
Technology CDCST has embarked on a mission
for fundamental energy research in 2010
and is looking to form strategic partnerships.
DIFFER’s former director Aart Kleijn will advise
CDCST on setting up research and the technical
infrastructure in Chengdu.




DIFFER employees at the construction site on the campus of TU/e

To expand our research facilities, DIFFER will move to a new
building on the campus of Eindhoven University of Tech-
nology (TU/e) starting 2015. Currently, the institute is still
located at the Rijnhuizen estate in Nieuwegein.

OnSeptember 161 2013, DIFFER celebrated the construction
start of its new laboratory building in Eindhoven. The new
DIFFER building will be located on the interface between
the campus areas for research, education and industry.
Joining DIFFER’s staff in the ‘first foundation

pile’ event were representatives from
the university, provincial government
and the research agencies FOM and
NWO.

http.//goo.gllAzZ90Wy

With the institute’s new home, DIFFER’s parent organisation
FOM is aiming for a sustainable building. The design is based
on the high standards of the sustainable construction rating
‘BREEAM excellent’. On September 12t 2013, our new buil-
ding was already awarded this certificate for its design phase.

Throughout the construction process, DIFFER is taking steps
to ensure that our new building will be the first in the
Netherlands to meet the ‘excellent’ standard for the materials
and processes in both office and laboratory areas. As part
of the sustainable building process, DIFFER's new building
will feature a facade with a sawtooth profile that allows
minimal use of active sunscreens while still allowing ambient
light to enter. Large jetties on the south side block direct

Wim van Saarloos (Director FOM) and Hans van Duijn (Rector
Magnificus TU/e) gave the official starting signal by drilling in
one of DIFFER’s foundation piles

1 8
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Artist impression of the new building, a design by Ector
Hoogstad Architects. The construction is realised by Dura
Vermeer Group

sunlight to prevent unwanted heating of the building,
while triple glazing ensures that heat loss is minimized.
DIFFER generates electricity via 1500 m? of photovoltaic
panels on the top roof, and is connected to the campus’
heat and cold storage.


https://www.youtube.com/watch?v=NAWMAz2ZRzw
http://www.breeam.nl/

1 - Asout DIFFER

In 2013, fusion researcher Peter de Vries accepted a position as
scientific coordinator for plasma operations and control at the
international fusion project ITER. De Vries headed DIFFER’s Plasma
diagnostics group and supervised the operation of the Plasma
Surface Interactions facility, and was stationed in Culham (UK)
where he was task force and session leader at the Joint European
Torus fusion experiment.

Jonathan Citrin received the fifth and last of the prestigious
Young Energy Scientists Fellowship (YES) from the Dutch physics
funding agency FOM. Citrin performed his PhD research in DIFFER’s
computational plasma physics group. He will use the four year
grant to investigate the effect of tungsten on fusion reactor plasma
performance at the French CEA Research Institute on Magnetic
Fusion (IRFM), located in Cadarache near the international fusion
project ITER.

Fusion researchers Thomas Morgan and Dmitry Moseev were
each awarded one of the prestigious European Fusion Researcher
Fellowships by the European Fusion Development Agreement EFDA.
The Fellowships fund two year post-doc positions on innovative
techniques for fusion reactors. Thomas Morgan will work on a liquid
wall concept to counter erosion, to be tested in DIFFER’s plasma
experiment Magnum-PSI. Dmitry Moseev will test methods to study
the interaction between fast ions and instabilities in the plasma of
the ASDEX Upgrade tokamak. Furthermore, PhD student Matthijs
van Berkel received a Fellowship from the Japan Society for the
Promotion of Science, which consists of a 1 year secondment at the
National Institute for Fusion Science (NIFS).

Dmitry Moseev

At the annual Student Research Conference of the Dutch
Universities’ Association VSNU, physics student Christine Verbeke
won the Dutch best bachelor research prize. As the first student in
the solar fuels theme, Verbeke performed a theoretical analysis of
plasma dissociation of CO, with a view to producing the building
blocks for artificial fuels (see page 26).

The Royal Netherlands Academy of Arts and Sciences (KNAW) has
appointed fifteen new members, among which DIFFER’s director
Richard van de Sanden. The approximately 500 members of the
KNAW come from all academic disciplines and are appointed on the
basis of scientific and scholarly achievement.

Tony Donné, who heads DIFFER’s fusion theme, has been appointed
to Euratom’s Scientific and Technical Committee (STC). The STC has
a very broad strategic advisory mandate and covers the whole range Tony Donné
of nuclear topics.
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2.1 Fusion

Plasma surface interactions

The plasma surface interactions theme explores the behavior of materials in a regime of extreme heat and
particle flux conditions never seen before. Understanding and control of plasma-surface interaction effects is
for example crucially needed to design materials able to withstand the harsh conditions expected in a fusion
reactor. However, the non-equilibrium conditions induced by the bombardment by extreme fluxes of low-energy
particles also open a novel route for the synthesis of advanced nanostructured materials.

The plasma surface interactions program actively studies:

e Surface evolution under extremely high ion fluxes;

e  Diffusion/retention of hydrogen species under non-
equilibrium irradiation conditions;

e Interplay between stationary and transient effects on
metal surface damage;

e  Power exhaust of liquid metals and prospects for
future reactors;

e Exploration of novel plasma processing techniques.

The powerful in-house linear plasma generators Magnum-
PSI and its predecessor Pilot-PSI, provide a cost-effective
approach to the fundamental understanding of plasma-
surface interactions, with a good access to the plasma-
material interaction zone for diagnostics and sample
manipulation. Those devices are worldwide unique in
their abilities to reproduce and even exceed the heat
(>30MWm??) and particle fluxes (up to 10ms") expected
in the divertor of a fusion reactor. In addition, combined

Program leaders

Funding

Grants

steady-state/pulsed operations are possible to study the
effects of transient heat loads on a plasma-facing surface,
similar to those expected during so called Edge-Localized
Modes (ELMs).

This unigue system was designed and built in-house (see p9)
and can generate Tms plasma pulses in excess of 1GWm?
with a repetition rate of 70 Hz. In addition, a smaller scale
experiment, Nano-PSI, provides a versatile platform to
study ion irradiation-induced nano-structuring of surfaces.

The experimental program was supported with numerical
simulations of impurity transport in a high-density low-
temperature hydrogen plasma (using the ERO code) and a
kinetic model for the neutral hydrogen species (using the
EUNOMIA code). Specific attention was paid to the drag
exerted by the fast flowing beam on the impurities and to
validation of EUNOMIA against visible spectroscopy.

Collaborations




Windows in the plasma experiment Magnum-PSI provide
ample diagnostics access to the hot, dense plasma.

A custom designed and constructed set of remotely
controlled shutters protect windows which are not in use

from stray plasma particles.
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Fusion - Plasma surface interactions

Strongly reduced penetration of deuterium in tungsten

In a fusion reactor, the hydrogen isotopes deuterium and tritium will fuse into helium. The exhaust of the reactor or

divertor must be able to withstand large quantities of heat and particles. For safety reasons, only a limited amount of

hydrogen (tritium) may be present in the reactor wall.

The divertor of ITER will consist of tungsten with its high
melting point and good thermal conductivity. Tungsten is
known to retain little hydrogen, although the retention
can rise by several orders of magnitude under the
influence of neutrons from the fusion reaction. Recent
experiments together with IPP Garching have shown that
the penetration of hydrogen in tungsten can be strongly
reduced as compared to the incoming plasma flux.

The experiments were carried out on the linear plasma
generator Pilot-PSI where intense reactor-like deuterium
plasmas were produced. It was observed that only a
very small fraction, in the order of one millionth, of the
deuterium plasma flux penetrates the exposed tungsten.

It was also found that this fraction strongly depends on
the local surface temperature. The results strongly suggest
that the deuterium forms a protective chemisorbed layer
on top of the tungsten surface. Deuterium atoms arriving
at the surface collide with the atoms in this layer, thereby
losing large part of their kinetic energy and preventing
direct penetration. The chemisorbed deuterium atoms
need to cross an energy barrier of 1-2 eV to penetrate bulk
tungsten, explaining the small influx of deuterium and the
strong temperature dependence.

Strongly reduced penetration of atomic deuterium in
radiation-damaged tungsten, Phys. Rev. Lett. 111 (2013)
225001

Max-Planck-Institut
fir Plasmaphysik
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Plasma pulses test ITER wall material

The tungsten exhaust of future fusion reactors such as ITER

faces punishing plasma conditions, with short energy bursts 1600 ' ' ' ' '
(ELMs or Edge Localised Modes) on top of a continuous 1400 |

high temperature and density plasma. DIFFER’s plasma — 1200 | ‘M MH‘ M “H“ ‘MH‘H ‘

experiment Magnum-PS| is the first laboratory setup able % I ‘H.‘\‘ w ‘H“
to mimic those conditions, thanks to a modular capacitor 5 1000 |

bank designed and built by the in-house high power g_ 800 }

electronics group. E 600 |

In 2013, the ITER International Organization placed 400

a service contract to study transient melting and 200

recrystallisation of tungsten by the repeating ELMs. 0 . . . . .
Magnum-PSI's pulsed plasma system can mimic Edge 0 5 10 15 20 25 30
Localized Modes (ELMs), transient instabilities which can Time (s)

develop at the edge of a fusion plasma. Each pulse lasts up
to a millisecond and reaches a peak power density of 150
MW m-=2. During each pulse, the surface temperature rises
by approximately 300 degrees Centigrade.

Helium effects on tungsten under fusion-relevant plasma

loading conditions, J.Nucl.Mater. (2013) Volume 438,
Supplement, July 2013, Pages S78-583

O30

china eu india japan korea russia usa

http://goo.gl/Ow0f78



https://www.youtube.com/watch?v=0ReX8VHHUnQ
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2.2 Fusion

Control of burning plasma

Fusion research aims to develop a clean, safe and sustainable energy source based on the process powering the
sun and stars. With the construction of the ITER experiment in Cadarache in France, a global effort is underway
to build the first ever fusion reactor to produce more power from fusion than the device requires: a so-called

burning plasma.

In the burning ITER plasma, which will be the first reactor
dominated by alpha particle heating, magnetohydrodynamic
(MHD) instabilities arise which can both enhance and
decrease the reactor performance. Active control of the
MHD instabilities will allow tuning of the plasma and
reaching the planned tenfold greater power output from
the fusion process than is injected via the reactor’s heating
and control systems.

The research groups in the program Control of burning
plasmas study the physics underlying the active control of
instabilities in burning plasmas and are directly involved
in the design of ITER components. The development
of high resolution multi-channel diagnostics allows the
measurement of small scale structures in hot magnetized
plasmas. These novel diagnostics concepts lead to new
insights in plasma physics, which feed into the development
of sensors, actuators and models for the control of MHD
instabilities. The diagnostics and control work are supported
and inspired by mathematical and numerical modelling of
MHD instabilities and their real-time control.

Program leaders

Grants

Funding

Partners

The experimental work of the division is largely focused on
the ASDEX-Upgrade tokamak in Garching (Germany) and
the Joint European Torus (UK), with some smaller activities
ongoing at the tokamaks TCV (Switzerland), MAST (UK)
and Tore Supra (France). The instrumental work for ITER is
organized within the framework of ITER-NL, a consortium
consisting of four Dutch research institutes: TNO, DIFFER,
NRG and Eindhoven University of Technology. ITER-NL aims
to facilitate front-line participation of Dutch researchers in
the scientific exploitation of ITER and additionally to enable
Dutch companies to have strong participation in ITER.

Together with HIT and Dutch Space, DIFFER exploits a

state of the art virtual reality simulation of ITER to validate
remote handling maintenance procedures.

Collaborations




Fast ions, and not rotation stabilise fusion turbulence
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Detection and localization of metastable, rotating magnetic islands is an important requirement for control of the plasma
in the ITER fusion reactor. To analyze different detection and localization algorithms, PhD student Hugo van den Brand
(photo) developed a simulated electron cyclotron emission (ECE) radiometer in collaboration with Eindhoven University
of Technology. The optimal IF bandwidth of the radiometer is determined at 300 to 400 MHz. This allows both a timely
detection (within 1 second after the initial destabilization of the island) and an accurate localization (within 0.5% of the
tokamak minor radius) of the island.

Evaluating neoclassical tearing mode detection
with ECE for control on ITER, Nucl. Fusion 53

(2013) 013005
T U Le"c‘::s::: Universiteit
e University of Technology

ITER hybrid scenario t = 900s

In a tokamak fusion reactor, the winding magnetic fieldlines and layered
flux surfaces are important quantities for the performance and stability 3|
of the plasma. Normally, these quantities are iteratively derived by solving
plasma equilibria. PhD student Gillis Hommen now demonstrates a new

optical technique which quickly infers the invisible plasma structures

from the visibly glowing plasma edge at a fraction of the computational
cost. Comparisons with the CRONOS code for the plasma regimes in the o
tokamaks ITER, JET and MAST yielded better than 1% agreement for the
flux surface positions, and better than 10% agreement with the inferred
profiles for magnetic field winding. The Optical FIT (OFIT) technique will 2t
be tested further on the Swiss TCV tokamak at EPFL.

A fast, magnetics-free flux surface estimation and g-profile reconstruction
algorithm for feedback control of plasma profiles, Plasma Phys. Control. a 5 6 7 8

Fusion 55 (2013) 025007 OFIT + flux surfaces
---- HELENA flux surfaces




B o » B J /
L - » . » . .
. » - . ’ »
2  TE T &/ .
s ul.lio! . 543 -
“r i - - - '.‘. . .
o 9 . - - . - o‘*, -
&‘ - - - o—’o (.
. 0 P > s Wl = . i
- - » . . o :j_. i ' ’
e . . » Ly g :
L . - o Aj
2 VN e adaE ey

a oed 10 e plasma alagno aevelopeq gp/asma.

Lorentz |

In 2013 the diagnostics group within DIFFER has participated in many developments in Thomson orens TS KT
scattering (TS) systems. Contributions include; the correction to JET core LIDAR TS calibration via ray R —
tracing, participation in the optical design and performance analysis for divertor Thomson scattering on '

MAST Upgrade, proving a new method for characterization of dust particles in TEXTOR using TS, and

also contributions to develop the first Thomson Scattering system to measure bootstrap current density
profiles at ASDEX Upgrade.

In December 2013 a workshop on Modeling Kinetic Aspects of Global MHD Modes was organized
at the Lorentz Centre in Leiden. The fact that a fusion plasma is almost collisionless poses intricate
problems when one wants to combine a fluid description of the plasma with kinetic effects. The goal of
the workshop was to bring together experts from the different fusion plasma modeling communities to -
discuss how to simultaneously implement their approaches. !

.lorentzcenter.nl
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2.3 Solar fuels

Sustainable energy storage

Large scale implementation of renewable energy sources in our current energy infrastructure involves balancing
the differences in time and location of energy generation and consumption. Efficient storage and transportation
is essential to overcome these supply-demand mismatches of particularly wind and solar energy. An attractive
solution is energy storage in chemical bonds, for example by using CO, and H,0 as feedstock for the production

of CO,-neutral solar fuels.

The DIFFER solar fuels research and development program
is driven by the need for cost-effective production of solar
fuels and the use of abundantly available materials. The
central theme is to achieve power efficient dissociation of
CO, or H,0 (or both). Subsequently, established chemical
conversion methods (Fisher-Tropsch, Sabatier, etc.) may
be applied to convert the resulting CO and H, into the
fuel of choice. Specifically, DIFFER is exploring the use of
plasma for efficient CO, conversion, materials for photo-
electrochemical water splitting, and membranes for fuel
conversion applications.

Most of the worldwide research efforts in solar fuels
are directed at the splitting of water into hydrogen and
oxygen. The quest is to develop a scalable, earth abundant
catalyst for this process. DIFFER contributes in this area with
research on alternative metal oxide materials and structures
as well as the investigation of the electrochemistry of so-
called photo-electrochemical cells. Such devices provide
the photocatalytical dissociation of water into hydrogen
and oxygen, opening directly the storage of solar energy in
molecular hydrogen.

Program leaders
Funding

Collaborations

Teaming up with Fujifilm

A new FOM industrial partnerschip programme (IPP)
between DIFFER and Fujifilm investigates the production
of silica-plastic systems with atmospheric pressure plasma
processing. A potential application of such systems is as
membrane to separate solar fuel relevant mixtures such as
CH, and CO,or CO, and N,.

A promising route for CO,-neutral fuel production involves
the dissociation or activation of CO, by means of plasma,
possibly combined with catalysis. The essence of the current
plasma CO, conversion research is understanding and
controlling the non-equilibrium between translational and
vibrational degrees of freedom of the feedstock molecules
(CO,). Ultimate energy efficiencies become viable by
directing the input power preferentially into vibration of
the molecules, in effect into bond breaking.

Instrumentation for thin layer deposition with
atmospheric plasma at Fujifilm Research in Tilburg, NL




In a collaboration with Alliander, Energy Valley, and Nederlandse Gasunie, DIFFER is investigating
an alternative to electrolysis of water by producing hydrogen out of water and CO, via plasmolysis.
This project is the first awarded to DIFFER out of the Dutch Topsector initiative, which is designed

to stimulate public-private collaboration on key societal challenges. .

How to harness flickering plasma channels for the creation of functional films with applications in sustainable energy? To tackle this
question, tenure track group leader Hindrik de Vries will head a new scientific group within DIFFER. The research is funded by a new
public-private Industrial Partnership Programme between DIFFER and Fuijifilm and De Vries' research group will be stationed at the Fuijifilm
site in Tilburg, the Netherlands. There, the two partners will investigate the fundamental behaviour of plasma in the context of large scale
advanced materials production using atmospheric plasma deposition. This will lead to a powerful technology platform for the creation of
functional foils with a large spectrum of applications.

The research in the new research group will focus on atmospheric plasma processing of functional films, a specialty of industrial partner
Fujifilm. Fujifilm Manufacturing Europe has developed a novel atmospheric pressure plasma that can deposit silica layers on plastic substrates.
These silica layers are dense and smooth and have excellent moisture barrier properties. The silica layers can meet the moisture barriers
requirements for thin film solar cell applications. Since the moisture permeation is governed by a nano-porous structure, the silica layers may
also be exploited as gas selective membranes, for applications such as CH, / CO, or CO,/N, separation.
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Solar fuels

Aiming to convert intermittent sustainable energy
into fuels that match the existing infrastructure

Three projects on CO,-neutral fuels awarded

Mike Gleeson and Gerard van Rooij from DIFFER’s solar fuels
research theme, together with colleagues from four Dutch
universities, are starting three research projects on the clean
production of fuels from water and CO,. The research is
financed by Shell, FOM and NWO and is part of the NWO
program CO,-neutral fuels. In total, seven research projects
received funding within this program, which is coordinated
by DIFFER.

Gleeson’s project “Direct Production of Fuels from Captured
CO," aims to integrate plasma-enhanced CO, conversion

with its release from a solid capture material. In collaboration
with the University of Twente (L. Lefferts) he seeks for
substantial process enhancement at both the macroscopic
(integration) and the molecular (enhance chemistry) levels.
The other project in which Gleeson is involved is “Surface
Reactivity of Activated CO,", together with the University of
Leiden. Here, the influence of material properties (structure

and composition) on the surface reactivity of plasma-
excited CO, molecules will be studied. Molecular beams
with controlled excitation of specific vibration modes will
be combined with state distribution analysis on plasma
excited CO, beams to disclose pathways of enhanced CO,
conversion.

Van Rooij’s project “Plasma Chemistry at Work: efficient
plasma-assisted fuel conversion through control of
vibrational excitation” concerns a collaboration with
Eindhoven University of Technology (R. Engeln) and the
Radboud University Nijmegen (G. Berden). In this project,
the intrinsic CO, vibration excitation in the plasma will be
perturbed through resonant infrared pulses. Probing the
evolution of these perturbations will elucidate the role
and dynamics of vibrational excitation in plasma chemical
reduction of CO,.
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2.4 Nanolayer Surfaces and Interfaces

Transition to University of Twente

The nSl division aims to perform high-quality scientific research in the fields of surface science and thin film
and interface physics. The research includes photo-chemical phenomena, photo-conversion processes, and the
solid state and interface physics of short-wavelength optics. The latter primarily concerns multilayered reflective
coatings relevant for the ‘XUV wavelength band’ ranging from the soft X-ray to the VUV. In particular, the division
studies the boundary areas between these topics: the use of XUV optics, for instance, generates exciting research
questions in the field of photo-induced surface chemistry, as in Extreme UV-induced optics contamination.

A key feature of the research in the nSI division is its
industrial and societal relevance: the investigations are
usually motivated by application of the knowledge in
plasma surface interaction phenomena as e.g. in advanced
photo-lithography optics or in the utilization of multilayer
reflective optics for radiation sources with highest
brightness.

The industrial relevance formed the basis for a new
activity, which has been formulated in the frame of the
national innovation policy by the Dutch government: the
establishment of the industrial-related research group
XUV Optics’, being founded at the MESA+ Institute for
Nanotechnology at the University of Twente. This is a brand
new type of organization of research, directly linked to the
new governmental ‘Topsectoren’ innovation policy.

The division’s research is carried out in three research
groups. Research on the behaviour of thin single and

multilayered films down to atomic scale processes
provides the foundation of the departments research.

Division leader

Program leaders

Funding

The development of physics and technology for XUV and
soft X-ray multilayer optics for various applications builds
on this basic research. Of special mention is the extramural
EUV Lab research group within ASML Research, which
focusses on the photochemistry at surfaces upon EUV
illumination up to intensities causing non-linear processes.

Transition to University of Twente

Upon the successful establishment of the Industrial Focus
Group XUV Optics by late 2012, the division started its
relocation to MESA+ at Twente. The experienced permanent
staff committed itself to moving to this nationally leading
institute in the Netherlands, with great prospects for
accelerating the XUV Optics research. Running PhD projects
are being continued with minimal interruption and new
staff has been appointed to reinforce the XUV Optics group
at Twente. A 500 m? laboratory was built, including an over
4 M€ investment in new, state-of-the-art equipment. Much
of the existing, thin film instrumentation was transported
from Nieuwegein to Enschede, and arranged in the new

Collaborations




\ AR
—

‘4

wh

- » bl 3 o ‘i w;"‘ . e — — = .
L il 3 ' T R L o U TR
Ml 'y ﬁﬂh \ f*] i |

Part of the new 500 m? large XUV laboratory at MESA+ dedicated to thin film and multilayer research

laboratory. The full move is ahead of schedule by about 4
months with respect to the formal completion by 1 July 2014.
The Focus Group is funded by a consortium of industrial
participants, the regional government and the MESA+
Institute for Nanotechnology. Industrial parties include
ASML, Carl Zeiss SMT, PANalytical, DEMCON, SolMateS,
and others. Together they raised the funding for an eight
year research programme with a 20M€ budget. In return,
the industrial participants have aquired a right in the
intellectual property developed in the Focus Group. The

Short period La/B and LaN/B multilayer mirrors for ~6.8 nm
wavelength, Optics Express, 2013, 21(24): p.29894-29904

World reflectivity record beyond the EUV wavelength range

parties are selected based on their complementary industrial
competence so that new innovations can be developed
jointly right from the very initial stages of know how.

The themes in the Focus Group are selected on basic
physics aspects of thin film and multilayer systems within
the areas of the applications. Clever choices allow both the
fundamental research and high quality scientific output as
well as a high probability of industrial spin-off.
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Nanopyramids on multilayer mirror clean up extreme UV light

EUV -13.5nm

Unwanted UV

UV spectral filtering by surface structured multilayer Geometry of an UV diffractive pyramid structure to clean up
mirrors, Optics Letters 2014, Vol. 39, No. 5 EUV light beams from parasitic UV light. The reflectance plot
shows a 14x suppression of unwanted UV



Integrated infrared spectral filter for Extreme UV mirrors

Transmission grating spectroscopy in the EUV and VUV, Silicon chip holding 21 transmission gratings with line
P-SO-63, Sematech International Symposium on EUVL, densities ranging from 500 up to 10.000 lines/mm,
Toyama (2013) reproducibly fabricated by nanoimprint lithography

Surface and sub-surface thermal oxidation of ruthenium thin films

1 ()()nln.
T
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The transition to a fully sustainable energy infrastructure is one of the grand challenges facing us this century.
For the Netherlands to tackle this task, it needs a strong and coherent national research program. DIFFER wishes
to play a national role in basic energy research by helping develop a multidisciplinary community focused on

science for future energy.

A well-connected and collaborative network of researchers
working on energy-related topics is a promising soil for
scientific collaboration and breakthroughs. Equally important
to universities, research institutes and industries, it provides
new opportunities for collaboration to strengthen and extend
one’s own research. Moreover, innovative breakthroughs are
prone to arise on the cutting-edges of the scientific disciplines
brought together in such a research community.

As of May 2013, DIFFER has appointed a research development
officer to organize activities in close collaboration with other
institutes, research schools and universities to spark the
formation of a this energy community. Dr. Erik Langereis
works to connect to and cross-link existing networks, but also
to organize new activities in order to attract a multidisciplinary
audience from research, small to medium enterprise and
industry.

To strengthen the position of the Netherlands in the
international field of energy research, two FOM focus groups
have been established at the University of Groningen and at
the research institute AMOLF. As part of the DIFFER network,

Science & the Energy Challenge

they contribute to building a community of researchers
working on fundamental aspects in the global energy
challenge.

DIFFER helps to build an energy research community on the
basis of scientific content. To this end the workshop series
“Science & the Energy Challenge” is initiated as a format
to discuss various aspects of the global energy challenge.
The common nominator of each workshop is the strive to
formulate the fundamental research challenges in such way
that those working in and out of that field (almost) feel it as
a missed opportunity not to attend.

The workshop series is chosen to be an open format to
encourage those interested to adopt it for future workshops
to be organized. Besides bringing researchers together,
the intention is to give each of the workshops a relevant
outcome, such as preparation of a white paper for new
research programs, a kick-off event of national programs
(e.g. NWO program CO,-neutral fuels) or defining

R
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Developing a multidisciplinary community
focused on science for future energy

use-inspired research questions in close collaboration with
SMEs and industries. In national and international research
networks, DIFFER represents the Dutch energy research
community. We intend to contribute to the agenda for
energy research and to (scientific) preparation of future
project calls, such as for the Dutch Top Sectors and the
European Horizon 2020 programs. By connecting to and
collaborating with SMEs and industry, we address and
contribute to use-inspired innovation challenges.

Fusion

Over the years, DIFFER has built up a strong track record
on scientific excellence in the field of fusion energy. DIFFER
fulfills a coordinating role as a recognized member in
various organization bodies related to fusion energy, such
as within EUROfusion (the Horizon 2020 successor of the
European Fusion Development Agreement EFDA), Fusion
for Energy (FAE) and EURATOM. Nationally, DIFFER and
its industrial liaison officer (ILO) are active in the ITER-NL
consortium of SME and industry (see section 4), which has
among others aligned its activities within the Top Sector
High-tech systems and materials (HTSM).

Solar fuels

Nationally, DIFFER is representing basic research on energy
storage in chemical form in the top sectors Energy and
Chemistry, especially in the top consortia for knowledge and
innovation (TKI) Institute for Sustainable Process Industry
(ISPT), Bio-based economy (BBE) and lastly Gas, where
DIFFER’s director Richard van de Sanden was appointed to
the governing board as representative of NWO. In October
2013, DIFFER organized a session together with ISPT for
representatives of several large industries in order to define
economically and technologically promising routes for CO,
re-use in processing industries.

Internationally, DIFFER became a member in the divisions
Energy Storage and Advanced Materials and Processes
for Energy Application (AMPEA) of the European Energy
Research Alliance (EERA). Here we are contributing to a
Horizon 2020 project proposal on chemical storage routes.
As a new partner to the UK-based CO,CHEM network
on carbon capture and utilization, we contributed to the
formation of a separate cluster on plasma technology.
Currently, we are forming a consortium to submit a
proposal for the Future and Emerging Technologies (FET)
sector in Horizon 2020.

The DIFFER network of organizations and research collaborations

..-‘: -qh--t m_. ndia japan korea rus

Solar Fuels Institute
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The growing network for energy-related R&D is a promising soil for scientific collaboration and breakthroughs
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One of DIFFER's strategic goals is transfering knowledge to society at large. The institute focuses its outreach
efforts on secondary to higher education and the general science-interested public, matched by a strong outreach

effort to SME’s and industry.

DIFFER strongly pursues contact with industry to both
inspire its research and as the pathway to turning
fundamental energy research into practical applications.
The research on nanolayer surfaces and interfaces is
of high industrial relevance to e.g. advanced photo-
lithography optics. In 2013 the group started its
relocation to Twente University as the core of the new
Industrial Focus Group on XUV Optics (see page 20).

In its solar fuels theme, the institute is building consortia
of companies that can develop the diverse technologies
needed for large-scale conversion of sustainable energy
into fuels.

In the fusion theme, DIFFER helps optimise Dutch scientific
and industrial participation in the international ITER project
as part of the Dutch consortium ITER-NL. The consortium
organises industrial missions and conference representation

for companies interested in participating in ITER. As part of
its ITER-NL activities, DIFFER employs the national Industrial
Liaison Officer (ILO) to inform interested companies about
ITER-related opportunities via workshops, a newsletter and
the ITER-NL website.

DIFFER is keen to play a role in educating the next
generation of energy scientists and PhD students are an
integral part of the institute’s scientific staff. In 2013, 39
PhD candidates performed research at DIFFER and eight
of them successfully defended their PhD thesis at a Dutch
university. The average PhD period at DIFFER is 4.5 years,
slightly shorter than the national average. DIFFER’s science
staff both supervises the PhD candidates and serves on
thesis defense committees at home and abroad.

The institute also welcomes higher education interns for
three to twelve month MSc or BSc research projects. Six
staff members held a part-time professorship at a Dutch
university, and together with five more scientific staff (co-)
taught twenty courses at the BSc or MSc level.

At the secondary school level, DIFFER supports an elective
lessons module for the science subject NLT (nature, life and
technology). Students explore the design steps leading
to a fusion reactor, and can experiment with a dedicated
Paschen curve setup at DIFFER.

Bachelor student Christine Verbeke (left) received the VVSNU ‘best bachelor research’
prize for her theoretical work on plasma dissociation of CO,. Verbeke was the first
student to do a research project within DIFFER’s new solar fuels theme.

A high power pulsed plasma
system for material testing under
simultaneous continuous and
transient loads

THE LINEAR PLASMA GENERATOR




Students at DIFFER

St it

For a different take on fusion, schools can book the Fusion
Road Show. This dynamical performance showcases the
principles of fusion and explains how fusion can help
tackle the energy challenge. In 2013, the Fusion Road
Show reached over 4000 high school students at Antwerp
University’s biennual Fusion Days, via school visits and
during DIFFER’s two open days. The show also featured as
the ‘closing ‘act’ of the Woudschoten chemistry teachers’
conference. Custom versions were performed at the
Robeco Investors Day ‘Energy Revolutions’ and at KIJK
Live!, a science café hosted by the Dutch popular-science
magazine KIJK.

In 2013 the research on fusion and on CO,-neutral fuels
was covered in national newspapers and popular-science
magazines. As the national centre for fusion research,
DIFFER was approached for reactions on the ongoing ITER
construction and Dutch industrial involvement, and for
comments on work at the U.S. National Ignition Facility.
Finally, the start of construction of the new building in
Eindhoven generated a new and continuing stream of radio
and newspaper articles in the Eindhoven region.

DIFFER organised two open days for secondary to university
level students and for the general public. See the online
Appendix for the full list of outreach activities.

The national television science programme Labyrint E E
explored the concept of re-using CO,, with a prominent
role for DIFFER in interviews with researchers Waldo
Bongers and Richard van de Sanden. E

http://goo.gl/hhuDH4

On January 15th 2013, PhD researcher Willem Haverkort E E
(DIFFER and CWI) was interviewed on fusion energy in hﬁ
prime time science talkshow “De Wereld Leert Door”,
hosted by Matthij Nieuwkerk.

osted by Matthijs van Nieuwker Er

http://goo.gl/BBeFhl

Eight PhD students conducted their research at DIFFER and successfully defended their thesis in 2013:
Jakub Zielinski, Hans van Eck, Willem Haverkort, Vivike Lapoutre, Jeroen Bosgra, Alexey Kuznetsov,

Igor Makhotkin and Bircan Ayten.
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Igor A. Makhotkin


http://www.wetenschap24.nl/programmas/labyrint/labyrint-tv/2013/november/CO2.html
http://dewerelddraaitdoor.vara.nl/De-Wereld-Leert-Door-Gemist.2891.0.html?tx_varamedia%5Bmediaid%5D=205476&cHash=a91637a804200d616118b5a81b7ef72f
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Fuji: drie miljoen |

voor onderzoek

Een bijzondere samenwerking tussen
wetenschap en bedrijfsleven krijgt vorm
in de vestiging van Fujifilm in Tilburg.

topapier en offsetplaten geprodu- | slaan door brandstof te ma- . Hetz0u e, werd in 2011 directeur van Difier, dat voortkomt uit een strtegische herorigntatle van het Fom-insttuut vos
ceerd. Ook verricht Fujifilm on- | ken uit Het i ; . Plasmafysica Rijnhuizen
door]olun van Grinsven stituut uit Nieuwegein bij Fuji- derzoek om producten te vernieu- | klinkt bijna (e moo| om waar En dat kan, zegt Van ¢

TILBURG - Fu ﬁlmmTllburg gaal

film. Het is de bedoeling dat het
Tilburgse bedrijf en Differ samen

tuut Differ om efﬁciémer energie-
zuinige folies te kunnen produce-
ren. Fujifilm steekt drie miljoen
euro in deze nmenwerkmg, die

plasmatechnologie
gaan ontwikkelen voor materia-
len met uiteenlopende toepassin-
gen. ,Het is een project voor de
lange termijn. Meestal kijken be-

de zogeheten topsectoren. Ener-
gic is zo'n topsector.

Met ongeveer 850 werknemers is
Fujifilm Tilburg een van de groot-
ste productievestigingen van Fuji-
film buiten Japan. Hier worden fo-

‘wen en nieuwe producten te ont-
wikkelen, zoals materialen voor

Zonne- en windenergie op-

Van uitstoot naar brandstof

Bits2Chips

AUTOMOTVE ~ MEDISCH CE  SEMICON  SOLAR
CHIPS  DRAADLOOS  ELEKTRONICA  SOFTWARE a
Fujifl en Differ starten onderzoeksgroep
Awteur Paulvan Gerven @3
Mo dtarikel & prnten 113 v i RO G e

Fujfim in Tilourg startsamen

Differ

ele fims gemazi

e

heboen we fundamentes! bagrip en confrole nocig over het griige plasma tidens het productisproces. Samen m
Differ bouwen we die noodzakele fundamentele kennis uitom de technologie van functionele fims grootschalig e
zegt K

De samenwerking komt niet ut de Iucht vallen. Fujfim ontuikkelde eerder al een plasmadzpositistechniek met o
Eindhovense groep "Plasma and aterials Processing. De hoogleraar die daar e leiding had, Richard van d

Sanden.'

De nieuwe

te zijn, maar “ "~
Dezeweeki 18

Het Dutch Institute for Fund-
amental Energy Research (Differ)
in Nieuwegein telt zo'n 150 mede-
werkers en verricht onderzoek

is onderdeel van Difer en gaat van start met een senior wetenschapper en twel

ILUSTRATIETOMAS !

wel het

vijf jaar duurt. Volgens prof. dr. ir. ~drijven maar een paar jaar voor- naar fusie-energie en brandstof |kringloop! Cradle
Richard van de Sanden, directeur  uit, in dit geval hanteert Fujifilm  uit zonne-energie. Over twee jaar ‘k’:d o
erlands in

van Differ, is het bijzonder dat
een. Japans bedrijf kennis deelt
met  Nederlandse - wetenschap-

een lange-termijnvisie”, aldus
Van de Sanden.

Volgens de Tilburger past deze

verhuist Differ naar de campus in
Eindhoven. Fuji en Differ delen
de rechten op wat de samenwer-

over koolzwurgas,

L Differ ontwikkelt de energie

Wetenschappelijk instituut Differ
komt naar Eindhoven om te werken
aan de energie van de toekomst.

B2

Fujifilm investeert fors in duurzame energie

BRABANTS DAGBLAD

miskenbaar als we kunnen aan-
sluiten bij het energie-onderzoek
datal in Eindhoven plaatsvindt.
Ook Amsterdam, Leiden, Delft en
‘Twente hebben overigens aan ons
getrokken. Ongeveer 100 van on-
ze 135 werknemers gaan mee over
naar Eindhoven. Er s er al een
verhuisd naar Helmond. Er staan
verhalen in ons personeelsblad
van mensen die een hotel in Eind-
hoven nemen om de sfeer te proe-
ven en te kijken of je het beste i

f buiten de stad kunt wonen.
ieuwe gebouw komt op het
bedrijvengedeelte van de Techni-
sche Universiteit (TU/e) aan De
Zaale. .Dat is mooi tussen bedrij-
ven en universiteitsgebouwen,
waarmee we via een loopbrug
zijn verbonden. We willen ook
materialen testen in opdracht van
bedijven. Dat doen we naast het

derend onderzoek d

door Har ferrij
e-mail vﬂrm-lnl
rote stalen vaten, een
28 november 2013 | Laatste update: 28 november, 16:10
elektrische 3 .
De hoge hal en de aangrenzende
ruimtes van Differ in Nieuwegein
staan er vol mee. ,Het wordt een
hele Klus om dit allemaal naar
Eindhoven te verhuizen”, zegt
ppers, manager van het
instituut Differ. , De ervaring bij
de opbouw van deze machine,
die wijde Magnum noemen, -
ben we gebruike bij het ontwerp
van de laboraoriumbal in ons
nieuwe gebouw in Eindhoven.
Bijvoorbeeld bij de constructie
van de stalen wand van vijf cent
‘meter die deze machine moet af
schermen. Dat is om het super-
waarmee hij

TILBURG - Een bijzondere
samenwerking tussen wetenschap

en bedrijfsleven krijgt vorm in de
vestiging van Fujifilm in Tilburg. Fuji

investeert daar 3 miljoen euro in.

Fujifilm in Tilburg gaat samenwerken
met energie-instituut Differ om

- werkt tegen te houden.” hoofdtzak is” = Wim Koppers van Differ i ich d bevindt.
efficienter energiezuinige folies te De ver'}fffzmg statallang ge-  Dat funderend onderzoek is voor- s om dit allemaal naar Ein " foto Mamix Schidt
pland, masr de al voor het

kunnen produceren. Differ detacheert
vijf jaar lang enkele wetenschappers

wan hat anaraiainetifunt it

\emer Dura Ver-
‘meer brengt deze nu diehtbij. ,Er
is natuurlijk veel discussie als je

een instituut met 125 mensen ver-

Her, dat kernfusie ls toekomstige men uit, die dan de wand kun-  en 2o de invloed op de wandbe-
nen bereiken In de Magnum, die - Kleding esten Het pm,e(! van de
hetharfvan M mil-

is,kunnen wii  joen euro. Daarnn wordl 4opro

de binnenzijde wordt bekleed.
zich in extreem

heet, in een magnetisch veld ge-

vangen plasma af. Daar springen

is. ,Voor de fnsxerencmr die Iter
bouwt onderzoeken we het mate-

ons laboratorit

HOLLANDS GLORIE

Nedestand hesft ot s toe bina 5.5 miljoes euto a3 contracten e

ibsidies voar ITER In de wacht gesleept. Het Noord-Hallandse be-
4 DeMaCo bifvaorbesld masi enderdelen voar dé cryogese hoe-
liestallatle. Duze order, ter waarde van een miljoen eura, voert het
et als onderaannemer vesr het indisse ITER-agentsehap. 30
Metal Forming st Flevolind maskie in 2003 al een prolotype van
een dubbelyedround paneel voor het vacisinvat. Wu werkt het bedel
et Ralisanse parirers a0 een vecbindingsteehniek am de rosster]
stalen anderdelen i b bekleden el een kepertasy
Heamsherk Innovative Technology en Dutch Space g0 in de race
veor remote bandiingopdrachten.
an de Europese landen brek Hali2 veel van de grote bussen naar

e lagere lombosten, 0l de producie van de

a2

“DOOR
BREEAM-NL IS
DUURZAAMHEID
HANDEL
GEWORDEN"

Duurzaam ontwerp voor
DIFFER krijgt vier sterren

wcuinval

ot

Hand moe het voural v Kieinere opdrachien hebben, Totnutoe

o we een tikgeteleurgesteld, vestelt industrial aison

Taoa Vechoesen. 5 takisom et N bdsfsevn )
ITER be betsekken. ‘Maar e staan nog tientallen iljoenen op de
plank. Ock de Nederlandse wetensthap ontulkkeh mee san de fi

reactor. Zo paderzoskt snsrgie-inctitint DAFFER in Niewwegein
hoe de wand van de reacior sich gedraagt ander extreem hoge tero-
peraturen & ontudkel het contraletechnichen voor dé behesrsing
van et plasena.

wewwiteraknl

Aan de nieuwbouw van DIFFER (Dutch Institute for Funda-
mental Energy Research) in Eindhoven wordt het certificaat
BREEAM-NL ‘Excellent’ toegekend. De Dutch Green Building
Council ontwikkelt en beheert BREEAM-keurmerken voor de
beoordeling van gebouwen op hun duurzaamheidsprestaties.
Directeur Stefan van Uffelen vertelt over de achtergrond van
BREEAM-NL. Koen Klijn, projectarchitect van het nieuwe
gebouw voor DIFFER en BREEAM-expert bij Ector Hoogstad
Architecten, stelt hem kritische vragen.

EDITH VERHOEVEN

sport nas de bouwpt van [TER,
tar oom beionblokken:

atnak bestaal il angeveer een miljoen
llesde onderdelen. De grootste zijn
B0 ton wegend vacutimvat waarin de
Getic plaatsvindt, daaromheen een ex-
foud keelsysteenn van 3560 tan e 2an
eskant een 700 ton wegende divertor
en helium ap de bodem van het va-
3 moet afvoeren. De divertor bestaat
assettes van wolfraam, een me-
f dic bestund is tegen de hite van de
eterde neutranen. De puzzel-
moeten minutieus in elkear passen.
dute, hogtechnologische onderde-
niet elk technisch bedrijf heeft de ex
i huis o die te maken. Mede daar-

wm is ITER een samenwerkingsproject van de
EU. China, India. Japan. Zuid Kovea. Rusland
ende V. Zij bouwen allemaal mee 1n de
puuzzel en leggen daar ruim veertien miljasd
et voor neer.

Het hart van de machine, het vacu(iny;
wordt door [tali# en Zuid-Korea gemaakt. Het
zijn negen Devormige dubbelwandige roest
vrij stalen secties. Iallé magkt er zeven, Karea
tsvee. “Ze produceren niet allemaal exact vol-
gens o' verzucht dz. Rem Haange,
de Nededlandse adjunct-directeur van het
technische departement van ITER. ‘De ltalia-
nen hebben het antwerp aangepast. Zij ge-
bruiken een andere lastechniek, serwifl de Ko-

De 17 hage

—
‘Arbber aim acniechabburtendige boveakant

reanen min of meer het originele ontwerp
velgen.” De Italianen hebben een nieuwe las-
techniek ntwikkeld, op basis van elektronen-
busdels. Deze techniek is sneller en efficién.
ter, werkt met lagere temperaturen en geelt
minder vervormingen. Maat ef ging wel een
lang ootwikkeltraject san vooraf en het beno-
digde materieel is duurdee. De Koreaanse las-

techniek is niet nieuw en daarom goedkoper,
masr wel langzamer en minder efficiént. Dit
verschil in aanpak bezorgt de ITER-urganisa-
tie in Frankrifk kopzorgen. Want uiteindelifk
‘moeten de Ializanse en Koreaanse secties
aan elkaar worden gelast ot een feillons vaeu-
umvat. Haange: *Het is eigenlijk andoenliji:
om de componenten 2o onafhankelijk van el-
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‘Het draait in de wetenschap steeds
meer om 't maatschappelijk belang’

NIEUWS PRODUCTEN LABTECHNOLOGY VACATURES KRR I anden i j:m::ﬁ::“?ﬁfﬁ:?ﬂ;‘::, B SR
'mburg et z|d1 inzijn werken privéin voor pemsnedRGimieam, e e

e
5 e wwwﬂmm.‘ﬁwm P I
[ e gl i

[ Fusiereactor wordt grafeenfabriek ]

oy Sheos MT«\W w.‘mmmm.m i T —
Extreem plasma genereert onverwacht subtiele koolstofnanostructuren AT ‘“:j:’::"uw = s ol ook o d:ﬁz‘m;\;ﬁg"w;mm

: - - e

ey smmio Mmm%,w.w R

““‘IW”J&“&T"”"‘L"; Elrs e i e e vt

e SRR s

S GRSt BRI 66
SEeeRiT Heshs s

28 november 2013 - Arjen Dijkgraaf

o e e -
e e B i e

Fusiereactoren kunnen oo een heel exotische manier verkolen_ Als ie niet vitkiikt kriio ie een

e U
e i

aanslz

Einon Dagoceo - — 2B LeATeR

= Gerennomeerd instituut Differ naar TU/e
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EINDHOVEN - De TU/e krijgt er in

5 een gerenommeerd instituut
bij. Het gaat om het Dutc Institute
for Fundamental Energy Research
(Differ), een van de drie onder-
zoeksinstituten van de Stichting
voor Fundamenteel Onderzoek der
Materie (FOM).

v i e G e e poe e a3
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Televisie  Webcam  040Gemist  Overons

Gisteren werd op het TU/e-ter-
rein het startschot gegeven voor
de nieuwbouw van het complex.
Het gebouw wordt volgens de
nieuwste technieken zo duur-
zaam mogelijk gebouwd. Differ is
nu nog gevestigd in Nieuwegein.

Differ houdt zich bezig met het
zoeken nazr oplossingen voor het
wereldwijde  energievraagstuk.
‘Want naarmate de fossiele brand-
stofvoorraden opraken, wordt de
noodzaak om over te’ schakelen
op duurzame energie steeds ur-
genter. Behalve onderzoek naar
methoden om duurzame energie
op te wekken, wordt ook onder-
zocht hoe deze kan worden opge-
slaan.

Voortgekomen uit het FOM-insti~
tuut voor Plasmafysica Rijnhui-
zen, het Nederlandse centrum
voor_onderzoek naar kernfusie,
zal Differ ook in Eindhoven dit
onderzoek voortzetten. Kernfusie,
in tegenstelling tot kernsplitsing,
wordt gezien als een schone, veili-
ge en duurzame energiebron. Het
doel s het samensmelten van lich-
te atoomkernen, zoals dat ook op
de zon gebeurt, in te zetten als
energicbron op arde

Start bouw nieuw energielab TU/e

EDD
tomosr 20131610

Differ, het

Geplaast maandag 15 sopte

20131604 | Upaato maane

Op de campus van de Tule is vandaag ”
de stichting FOM.
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8 De aftrap van de nieuwbouw van het Differ-instituut. Rechts: het ontwerp
van het complex. foto Bart van Overbeeke  inzet: Ector Hoogstad Architecten

de vorm van solar fiels (vloeibare fer optieken voor extreem UV-
0ok moge- op basis van CO#) licht, het hart van de_fotolith-
ikhiid o dutrzame energie it of G stian. Verder onwiRI Dift  ogtafie-machines van ASML,

Wetenschappers en techici van de TUJe en Difr doen daar
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5.1 Governance

DIFFER is undergoing a major transition: starting
up a completely new research theme alongside the
existing fusion research, transferring two activities to
Dutch universities, and relocating to a new building in
Eindhoven. These changes influence the organization
on many levels and in order to tackle them optimally,
we strive to become a flatter organization that
supports an optimal communication between all levels
of the institute. To help achieve this ambition, in
2013 a new governance model was adopted, in which
group leaders have more freedom and responsibility
to shape their individual research programs within the
overarching research themes.

alajalaja’alalala
18.0 Permanent scientific staff

000000
12.7  Other scientific staff

alajalaja’alalalalala
28.2 PhD students

40.6 Technical staff

0000000000
25.4 Support staff

a =2ppy
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Tenure track positions

Attracting top talent to DIFFER is essential to grow the
institute into a world-class level in fundamental energy
research. To that end we offer young scientists a five
year tenure track program with attractive research
and carreer opportunities such as a permanent
position as head of a research group. Tenure trackers
are challenged to set up a research group and
position it within the broader research community.
A research proposal with well-defined milestones
coupled to regular coaching by senior researchers
and evaluations by an external committee provide an
optimal environment for the tenure trackers to set up
their own research groups.

} 969 Industry related
} 1217 EURATOM /EFDA
2572 Project funding

t 7204 NWO and FOM funding

(CCCCCCCreeee@ e (oo

Expenses
10,877

Budgets
11,962

129

Publications

A 44

Invited talks

WIS

PhD theses
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Transition Program nSl

Physics of Thin Films and
Molecules — AE. Yakshin

Advanced applications of
XUV Optics — E. Louis

EUV-lab
C.L. Lee

Theme Leader Fusion
A.J.H. Donné

Theme Fusion

ITER-NL
A.J.H. Donné

Computational Plasma
Physics High Temperature
E.G. Westerhof

Tokamak Physics
M.R. de Baar

Plasma Diagnostics
P.C. de Vries

Computational Plasma
Physics Low Temperature
W.J. Goedheer

Plasma Surface
Interactions Engineering
G.C. De Temmerman

Plasma Surface Interactions
Facilities & Instrumentation
P.C. de Vries

33

Director
M.C.M. van de Sanden

Institute Manager
W.R. Koppers

Occupational
Health & Safety
F.F. Hekkenberg

Theme Solar Fuels Support Facilities

Communication

Materials for Solar Fuels
FT.M.E. de Vries

Experimental

Electronics & ICT

Devices for Solar Fuel
evices for Solar Fuels A Broekema

Atmospheric Plasma
Processing of Functional
Films — H.W. de Vries

Financial Administration
M.P.M. Schoonen

Management Support
W.R. Koppers

Mechanical Techniques
FJ. van Amerongen

Personnel & Organization
A.M.A. van Oploo

Technical Service
F.F. Hekkenberg a.i.

Facility Management
J.E. Kragten

Estate Management

5.2 Organizational chart
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5.3 List of committees

Management Team

M.C.M. van de Sanden (institute director; chairman)
F. Bijkerk (program leader nSl)

A.J.H. Donné (program leader fusion)

W.R. Koppers (institute manager)

Scientific Advisory Committee

G. van der Steenhoven (University of Twente; chairman)

D.J. Campbell (ITER)

A. von Keudell (Ruhr-University Bochum)

D. Lincot (Institut de Recherche et Développement sur I'Energie)
E.B. Stechel (Arizona State University)

Y. Ueda (Osaka University)

H. Werij (TNO)

Employees Council
G. Kaas (chairman)

FJ. van Amerongen
B.S.Q. Elzendoorn

J.W. Genuit

M.H.J. 't Hoen

H.J. van der Meiden
A.P. Visser

Please see for a full list of employees per group, the online appendix, http://www.differ.nl/en/annual_reports
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