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Registration 

Please register (and announce your poster) by filling out 
the online form (until 6 May) at www.nevac.nl

Industrial exhibition participants: please use the online 
form at www.nevac.nl to register. 
Information: 
Pieter Heidema, pieterheidema@gmail.com
Ad Ettema, penningmeester@nevac.nl 

9.30 Registration
10.00 Welcome and opening
10.05 The physical and chemical basis for defect-con-

trolled surface reactions 
Ludo Juurlink, Leiden Institute of Chemistry

10.50 Microwave plasma for O2 based chemistry 
Marcus Schott, MKS

11.10 The FELIX free-electron lasers and their vacuum 
systems 
René van Buuren, FELIX Laboratory

11.40 NEVAC Prize winner 
Ion energy control during plasma-enhanced atomic layer deposition: Enabling 
materials control and selective processing in the third dimension 
Tahsin Faraz, Dept. of Applied Physics, Eindhoven University of Technology

12.00 General meeting NEVAC
12.30 Student and postdoc poster session, exhibition, lunch
13.30 FELIX Laboratory Tour
14.30 Plasma-enhanced atomic layer deposition of transition metal dichalcogenides: 

from 2D monolayers to 3D vertical nanofins 
Ageeth Bol, Dept. of Applied Physics, Eindhoven University of Technology

15.15 Infrared ion spectroscopy: new ways to structure determination in analytical mass 
spectrometry 
Jos Oomens, FELIX Laboratory, Radboud University, Nijmegen

16.00 Coffee break
16.20 Adaptive XUV mirrors based on piezoelectric film actuator 

Mohammadreza Nematollahi, MESA+ Institute for Nanotechnology, University of 
Twente

16.40 Delft Hyperloop: design challenges for a low-pressure environment power system 
Laura Croes / Roland Mulder, , Delft University of Technology

17.15 Conclusion
17.20 Reception, drinks

Programme NEVAC day 2019
Friday 17 MAY, FELIX Laboratory, Radboud University
Linnaeusgebouw, Heyendaalseweg 137, 6525 AJ Nijmegen

Organisation: dr. Joost Bakker, j.bakker@ru.nl

NEVAC poster prize

Junior researchers are invited to present advances in 
science and technology on A0 portrait-oriented pos-
ters. The best poster will be awarded a prize, consisting 
of a certificate and 100 euro. Please register your pos-
ter via the NEVAC website www.nevac.nl



 NEVAC blad   57 | 1   april 2019   21

NEVAC day

Reactive collisions of H2 and O2 molecules with the surface of 
platinum particles are central to many heterogeneously (elec-
tro)catalyzed reactions. They also serve as model systems to 
develop improved theoretical methods for predicting chemi-
cal reaction dynamics and kinetics. It is well established that 
atomic-level corrugation on Pt catalytic surfaces increases the 
reactivity toward both molecules. 
To unveil the origin of such behavior, we study the dependen-
cies of H2 and O2 dissociation on the surface structure of Pt 
model catalysts. In Leiden, we recently developed a curved sin-
gle surface approach for such studies. The curved surface of Pt 
single crystals provides a continuous variation in monoatomic 
step density with spatial separation of two common step types. 
Under UHV conditions and in combination with spatially-
resolved supersonic molecular beam techniques, we quantify 
how the local corrugation of these monoatomic steps controls 
single collision events. 
For H2, our results indicate that the dominant dissociation me-
chanisms are direct and elementary, resolving a 40-year old 
debate on the chemical and physical basis of the reaction [1]. 
For O2, the opposite is true – reactions are (mostly) indirect: 
physisorbed and chemisorbed molecular states are crucial in-
termediates to subsequent dissociation. In the study on O2, we 

investigated not only the orientation-averaged collision effici-
ency. In collaboration with dr. Kurahashi (Tsukuba, Japan), we 
used a magnetic hexapole to create spin-rotation, state-selected 
and aligned O2 and determined how molecular rotation paral-
lel and perpendicular to the Pt(111) plane and step directions 
affect trapping and dissociation [2].

References
1 Van Lent et al., Science 363, 155-157 (2019).
2 Kao et al., submitted.

The physical and chemical basis for defect-
controlled surface reactions

Ludo B.F. Juurlink, Leiden Institute of Chemistry, Leiden University, L.Juurlink@chem.leidenuniv.nl

We will present a method for process development using the 
example of an ashing process. The basics of plasma are dis-
cussed followed by some plasma characteristics with a focus 
on microwave plasmas. We then discuss the basic chemistry of 
plasma ashing and the major contributions to the process. This 
is followed by an example for process development leading to a 
process window and a process recipe example. We also present 
a set of product solutions suitable for the discussed example.

Microwave plasma for 
O2 based chemistry

Marcus Schott, MKS

The curved surface of Pt single crystals provides a continuous 
variation in monoatomic step density with spatial separation of 
two common step types.
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The FELIX laboratory houses three free-electron lasers named 
FLARE, FELIX and FELICE. They generate laser radiation by 
sending relativistic electrons through a periodically alternating 
magnetic field, which forces them to emit light. The wavelength 
of the light is continuously tunable between 5 micron and 1.5 
millimeter. The spectral range of this light is very suitable for 
the study of a rich variety of physical and chemical systems, 
and the lab in Nijmegen is visited by many researchers world-
wide to make use of this unique infrastructure.
In this contribution, I want to explain in simple terms how our 
linear accelerators generate these relativistic electrons, what 
causes the light emission, and how it is transported to user ex-
periments, sometimes tens of meters away from the laser. I will 
also address the vacuum requirements for the various parts of 
the infrastructure (accelerators, light transport, etc), and for 
several setups I will explain what design choices were made.

The FELIX free-electron lasers and their vacuum 
systems

René van Buuren, FELIX Laboratory, Radboud University, Nijmegen

2D materials have been the focus of intense research in the 
last decade due to their unique physical and chemical proper-
ties. This presentation will highlight our recent progress on the 
synthesis of two-dimensional transition metal dichalcogenides 
(2DTMDs) for nanoelectronics and catalysis applications us-
ing atomic layer deposition (ALD). ALD is a vacuum technique 
which is based on self-limiting surface reactions and results in 
ultrathin films, with sub-nm control over the thickness and wa-
fer-scale uniformity at low temperatures. ALD-grown 2DTMD 
films typically exhibit a high density of out-of-plane 3D struc-
tures in addition to the desired 2D horizontal layers. While the 
out-of-plane 3D structures are ideal for catalysis applications, 
the presence of such 3D structures can hinder charge transport, 
which hampers device applications. 
We investigated the growth mechanism of the 3D structures 
by extensive high resolution transmission electron microscopy 
analysis. We found that the fins typically originate at the grain 
boundaries in the 2D layers and that the grain orientation of 
adjacent 2D crystals play an important role in 3D structure for-
mation.

The shape and density of the 3D structures can be controlled 
during plasma-enhanced ALD. The shape of the 3D structu-
res can be varied by modulating the plasma gas composition 
(H2/H2S ratio) during ALD. This has a direct influence on the 
number of catalytic edge sites in WS2 films. The density of 3D 
structures can be suppressed by introducing a novel three step 
(ABC) ALD process, which involves the addition of an extra 
Ar and/or H2 plasma step (step C) to the conventional AB-type 
ALD process. This reduces the 3D structure density and conse-
quently reduces the resistivity of the TMD film by an order of 
magnitude.
Our work showcases the versatility of ALD for the controlled 
synthesis of transition metal dichalcogenide nanolayers, which 
can enable applications in both nanoelectronics and catalysis.

Plasma-enhanced atomic layer deposition of 
transition metal dichalcogenides: from 2D 
monolayers to 3D vertical nanofins 

Ageeth Bol, Dept. of Applied Physics, Eindhoven University of Technology

Substrate

      H2S plasma

Substrate

  H2+H2S plasma
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During the NEVAC day, you will have the 
opportunity to visit the FELIX Laboratory, 
to see the FEL infrastructure plus a selec-
tion of experiments coupled to the laser. 
FELIX is a large-scale research infrastruc-
ture, which, together with the neighbor-
ing High Field Magnet Laboratory, is rec-
ognized by NWO as part of the National 
Roadmap for Large-Scale Research Facili-
ties. Through this scheme, HFML-FELIX 
was recently awarded a 10.8 million Euro 

grant to expand and upgrade existing 
facilities and to enable three novel, dedi-
cated research laboratories: a ‘Molecular 
ID lab’, aimed at swiftly and accurately 
analyzing complex mixtures of e.g. medi-
cal relevance; a ‘Condensed Matter lab’ 
for studying the interaction of condensed 
and magnetic materials with intense THz 
radiation; and a laboratory that will ex-
plore the combination of high magnetic 
fields with intense THz radiation.

Mass spectrometry (MS) has developed into one of the key 
analytical technologies especially on account of its unrivalled 
sensitivity and resolving power. However, deriving accurate 
molecular structure information from MS data – especially 
when it comes down to distinguishing between isomeric speci-
es – remains challenging. Our lab has developed methods to in-
tegrate MS with IR laser spectroscopy [1], enabled by the Free 
Electron Laser for Infrared eXperiments (FELIX) [2]. The wide 
wavelength tunability and the high pulse energies delivered by 
this source allow us to routinely record IR spectra for virtually 
any mass peak isolated in the vacuum of a mass spectrometer. 
We employ both home-built as well as commercial MS plat-
forms, which have been modified to enable optical access to the 
trapped ion cloud in the mass spectrometer.
Over the past decades, infrared ion spectroscopy (IRIS) has 
been applied predominantly to resolve questions in fundamen-
tal ion chemistry, but the ability to record IR spectra with the 
selectivity and sensitivity of MS also has great potential in more 
analytical applications. IRIS allows IR spectra to be recorded 
for individual compounds buried in complex mixtures. Iden-

tification is accomplished through comparison of IRIS spectra 
with spectra taken for reference compounds, but reference-free 
identification with the help of quantum-chemical computati-
ons is also within reach. This can be exploited to identify un-
known compounds that are picked up in untargeted MS analy-
ses. I will show results from a collaboration with the Radboud 
University Medical Center, in which actual patient samples are 
analyzed with the aim to identify new biomarkers for inborn 
errors of metabolism [3,4].
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2 See www.ru.nl/felix 
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4 J. Martens, G. Berden, H. Bentlage, K.L.M. Coene, U.F. Engelke, D. 
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IR ion spectroscopy: New ways to structure 
determination in analytical mass spectrometry

Jos Oomens, FELIX Laboratory, Radboud University, Nijmegen

FELIX Laboratory Tour, 13.30-14.30 hr
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Multilayer mirrors are key components in extreme ultraviolet 
(XUV) lithography systems. To achieve a high resolving power 
of the imaging and projection systems, adaptive XUV mirrors 
need to be fabricated. In this work, we propose piezoelectric 
based adaptive multilayer mirrors (figure 1a). We present the 
results for the actuator and demonstrate how the desired surf-
ace profile was achieved. 
The piezoelectric film must be grown on an XUV compatible 
amorphous substrate. This results in a low crystalline quality 
and piezoelectric response. To solve this issue, we used crys-
talline nanosheets as the seed layer. Consequently, the grown 
films had a single out of plane (100) crystalline orientation. 

The extension of the piezoelectric film through the thickness 
causes the film to contract laterally. This coupling which lowers 
the effective out of plane extension is known as the substrate 
clamping. To minimize the clamping, the piezoelectric layer 
was deposited with a columnar microstructure (figure 1b). 
The presence of a few nanometer voids between the columns 
allowed a high piezoelectric coefficient above 400 pm/V. The 
columnar structure was achieved by optimizing the growth of 
the piezoelectric film and the bottom electrode.
Finally, in order to have a gradually varying surface profile, we 
used a resistive mediation layer on the piezoelectric film (figure 
1c). The sheet resistance of the mediation layer was optimized 
in order to have a fast response while minimizing resistive he-
ating. The next step in the fabrication of the adaptive mirrors 
is to reach a sub-nanometer smooth surface by a smoothening 
layer before the multilayer mirror can be deposited.

Adaptive XUV mirrors based on piezoelectric film 
actuator
Mohammadreza Nematollahi1, Philip Lucke1, Muharrem Bayraktar1, Kerstin Hild2, Toralf Gruner2, Andrey Yakshin1, Guus 

Rijnders3, Eric Louis1, Fred Bijkerk1

1 Industrial Focus Group XUV Optics, MESA+ Institute for Nanotechnology, University of Twente, Enschede
2 Carl Zeiss SMT GmbH, Oberkochen, Germany

3 Inorganic Materials Science Group, MESA+ Institute for Nanotechnology, University of Twente, Enschede

Figure 1 (a) Piezoelectric actuator under the multilayer mirror, 
(b) textured PZT film with columnar structure with LNO top and 
bottom electrodes (c) An array of pixels are powered at different 
voltages to produce the desired surface profile.

Oproep aan bedrijfsleden
Het NEVAC blad heeft drie bedrijfsrubrieken:

• Vacuümtechniek
• Nieuw product

• Viewport

De richtlijnen voor deze (gratis) rubrieken staan op www.nevac.nl
Uw bijdrage voor deze rubrieken kunt u sturen naar:

redactie@nevac.nl
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The Hyperloop is a revolutionary new mode of transport that is 
as fast as an airplane and as convenient as a train, with a large 
reduction in energy usage and cost compared to existing mo-
des of transport. The concept consists of a vehicle which will 
travel in a low-pressure tube using magnetic propulsion. This 
allows it to reach high speeds at low energy consumption.

Delft Hyperloop is a team of 40 ambitious students from the 
Delft University of Technology with the purpose of developing 
this concept and making the transport industry a lot more sus-
tainable. The team will be participating in the Hyperloop Pod 
Competition in Hawthorne, California this summer. This com-
petition has been set up for student teams around the world by 
the CEO of SpaceX, Elon Musk. The main criterion is speed 
and the current record is at 467 km/h. We plan to break the 
current speed record this summer.
Roland Mulder, Powertrain Engineer, and Laura Croes, Lead 
Powertrain, are responsible for the power system of the Pod 
this year. The power system consists of the batteries, the safety 
components, but also the motor controllers. They will discuss 
the Hyperloop and the challenges they faced in designing a po-
wer system for a low-pressure environment. These challenges 
will be met by thinking of outside of the box solutions to design 
the Pod to be as light weight as possible, while at the same time 
providing sufficiently high power to break the current speed 
record.

Delft Hyperloop: design challenges for a low-
pressure environment power system

Laura Croes/ Roland Mulder, Delft University of Technology

www.hositrad.nl

info@hositrad.nl
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