Erlangen 2026 — P

Tuesday

P 8: Low Pressure Plasmas Il

Time: Tuesday 16:15-18:45

Invited Talk P 81 Tue 16:15 KH 01.020
Near-plasma Chemical Surface Engineering — ePauLa Navas-
cuEs and Dirk HEGEMANN — Empa, St. Gallen, Switzerland

The possibility of avoiding ion bombardment during plasma surface
engineering, while simultaneously benefiting from the contribution of
reactive plasma species, is a targeted objective for materials process-
ing. In this context, we have recently developed a new experimental
strategy called near-plasma chemical (NPC) surface engineering. By
introducing a polymeric mesh between the substrate and the plasma,
close to the plasma-sheath boundary, charged particles are attracted
to the mesh. As a result, unlike direct plasma exposure, high-energy
deposition at the sample surface can be mitigated without modify-
ing the plasma properties. The beneficial impacts of NPC have been
demonstrated for plasma activation of polymers to enhance wettability
and durability, as well as for the deposition of thin films via plasma
polymerization. Furthermore, NPC can prevent dust deposition onto
the samples, even in highly dusty plasmas, resulting in smooth sur-
faces at the nanoscale. In this talk, the main aspects explored by our
group and our collaborators for Near-plasma Chemical Surface Engi-
neering will be presented, as well as different applications of surface
modification and thin film deposition using this approach.

P 82 Tue 16:45 KH 01.020
Systematic investigations of static and dynamic effects deter-
mining the performance of the ELISE negative ion source in
H and D — eJoEy RuBIN, DiIRk WUNDERLICH, and URSEL FANTZ —
Max Planck Institute for Plasma Physics - Boltzmannstrasse 2, 85748
Garching-bei-Munchen

The ELISE negative ion source is designed to meet the requirements of
ITER’s NBI system: deliver high negative ion currents Ic;+ in hydrogen
(H)/deuterium (D) for up to 1h, keeping an acceptable co-extracted
electron current I, high beam uniformity and low divergence.

A major challenge is the rapid rise of I. during pulses, more pro-
nounced in D (isotope effect). Previous campaigns showed that static
(set directly by source parameters) and dynamic (time- and location-
dependent plasma and surface processes, arising from the presence of
Cs and its own behavior) effects contribute to the evolution of I.. A
mechanism explaining the observed increase of I, was proposed, based
on datasets collected over multiple campaigns with varying source con-
figurations. A dedicated campaign was carried out in which ELISE was
operated with full diagnostic coverage, stable caesium conditioning and
closely matched driver plasma densities in H and D. Systematic scans
of the operational parameters were performed for short (10 s) and long
(300 s) pulses, enabling to separate static and dynamic contributions.
The results show that: the isotope effect is prominent in caesium den-
sity, extracted currents and beam divergence; the proposed mechanism
for the dynamic rise of I, is overall valid; beam divergence and unifor-
mity do not simply correlate with plasma parameters.

P 83 Tue 17:10 KH 01.020
Plasma Sheath Tailoring for Advanced 3d Plasma Etching:
Emission, Excitation and Etching Properties of a CCP Dis-
charge — eNikrLAs EicHSTAEDT, ELia JUNGLING, MERET NURN-
BERG, MARC BOKE, and AcHiM voN KEUDELL — Ruhr University
Bochum, Germany

Three-dimensional plasma etching plays a crucial role in the fabrica-
tion of microstructures for advanced technological applications. The
control and targeted manipulation of the ion density and flux are ne-
cessities to create three-dimensional structures. Previously, it has been
demonstrated for an Ar/CFy plasma that the inclusion of a localized
magnetic field leads to asymmetric etching profiles with dependencies
on various factors, including the applied bias voltage. This has been
attributed to ExB-drift.

However, the exact mechanisms, especially regarding the plasma dy-
namics, are still unclear. To address this issue, the temporal develop-
ment and the steady-state shape of an asymmetrical plasma sheath of a
capacitively coupled plasma were examined using time-resolved as well
as time-integrated optical emission spectroscopy. These sheath geome-
tries, as well as the resulting etching rates and profiles, are compared
between different experimental parameters such as the bias voltage, the
mask geometries and the material of the surface (Si or Si0O2). Based
on those observations, we proposed a model explaining the influence

Location: KH 01.020

of the observed plasma dynamics on the etching profiles.

P 84 Tue 17:25 KH 01.020
Holographic optical tweezers for dusty plasmas — PascaL
Konig, NatascHA Brosczyk, and eDIETMAR Brock — IEAP der

CAU, 24098 Kiel, Germany

Dusty plasmas are well suited to study strongly coupled systems, be-
cause they allow to study their structure and dynamics at an individual
particle level. To manipulate their dynamics, lasers are a very versa-
tile tool. Laser heating as well optical tweezers have been realized in
the past. This contribution will show first results of a new approach,
which promisses a new level of particle manipulation. We replaced
the conventional optics of our tweezers with Fourier optics. A spatial
light modulator allows to map arbitrary holograms to a dust cloud.
We present such a holographic setup and show that it allows to tweeze
particles. Based on examples, the potential of this new manipulation
tool is shown and compared to conventional laser tweezers.

5 min break

P 85 Tue 17:45 KH 01.020
Nanosecond discharges at high reduced electric fields as
a tool for measuring energy efficiency (G-values) — eINNA
OreLY2, Yousser Haoucuar!:3, Tar Loon Cuncl?, and Sver-
LANA STARIKOVSKAIAl — lLaboratory of Plasma Physics (CNRS,
Ecole Polytechnique, University Paris-Sud, Observatoire de Paris, Sor-
bonne Universite, Universite Paris-Saclay, IPP), Palaiseau, France —
2Ruhr University Bochum, Institute for Plasma and Atomic Physics,
Bochum, Germany — 3Biomedical Imaging Group, Ecole polytech-
nique federale de Lausanne, Lausanne, Switzerland — Department of
Mechanical Engineering, College of Design and Engineering, National
University of Singapore, Singapore
We examine N-atom production in a pure Ng cylindrically symmet-
ric, nanosecond, repetitively pulsed discharge at moderate pressure
and high reduced electric field (E/N). Two specific energy deposition
(SED) cases - 1 éV/molecule and 10~2 eV /molecule - are investigated.
On-axis N-atom densities are obtained using two-photon absorption
laser-induced fluorescence (TALIF), and SED values are derived from
voltage waveforms measured with back-current shunts. Radial species
distributions are included in the analysis. The experimental G-values
are compared with kinetic modelling. The results highlight the suit-
ability of nanosecond discharges for studying dissociation efficiency at
high reduced E/N.

P 8.6 Tue 18:00 KH 01.020
The influence of the electrode material on rf plasma sheaths
observed by force measurements on optically trapped mi-
croparticles — ePuiLiPpP NauUDIET, JESSiCA NIEMANN, VIKTOR
ScHNEIDER, and HOLGER KERSTEN — Institute of Experimental and
Applied Physics (IEAP), Kiel University

Using optically trapped microparticles, the sheath of a plasma can be
probed in a non-invasive way. To investigate the effects of secondary
electron emission from the surface of the electrode on the sheath of
a capacitively coupled radio frequency plasma, the force upon single
optically trapped microparticles was tracked along a path from the
bulk of the plasma through the sheath towards the electrode. These
measurements were carried out for electrodes made of stainless steel,
aluminium, titanium and glass-ceramic, under a range of different ar-
gon gas pressures and rf voltages.

We observe significant changes in the electric field force onto the
microparticle depending on the electrode material. We attribute the
changes in the location of the sheath edge and the forces onto the
particle to the emission of secondary electrons from the surface of the
electrode, and resulting changes of the particle’s charge.

P 87 Tue 18:15 KH 01.020
Characterizing pure electron plasmas with an electron beam
diagnostic in a levitating dipole trap — eVERONIKA BAYER!,
Apam DELLER!2, ALEX CARD!, PATRIK STEINBRUNNER!, MATTHEW
StoneEkING?, and EvE STENSON! — ! Max Planck Institut fiir Plasma-
physik, Garching b Miinchen — 2University of California San Diego,
San Diego, CA, USA — 3Lawrence University, Appleton, WI, USA
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Electric fields play a dominant role in the dynamics of pure electron
non-neutral plasmas (NNPs), such as those studied in the APEX levi-
tating dipole trap (APEX-LD). Multiple different, ideally non-invasive,
diagnostics verify the presence of a plasma and determine the confine-
ment time. Existing diagnostics are able to confirm the presence of
plasma, as long as the plasma density changes. A new electron beam
diagnostic, which can detect plasma regardless of density peturbation
is implemented on a levitating dipole; and first results from this diag-
nostic are presented. Electrons are emitted by this diagnostic onto a
field line passing through the center of the floating coil and are col-
lected on the opposite side. As plasmas become trapped within the
magnetic field lines of APEX-LD, the resulting space charge potential
can reflect the electron beam; the collected current therefore provides
a way to determine the potential of the trapped plasma.

P 8.8 Tue 18:30 KH 01.020
Characterization of three-dimensionally extended dust clouds
containing active particles under microgravity — eSTEFAN

ScHUTT, CHRISTINA KNAPEK, DANIEL MAIER, DANIEL MOHR, and
ANDRE MELZER — University of Greifswald, Greifswald, Germany

It was found that metal-coated melamine formaldehyde particles sus-
pended in an rf plasma can exhibit active behavior when they are
illuminated by lasers. Inhomogeneities and defects of the coating lead
to the emergence of photophoretic forces, resulting in a behavior sim-
ilar to Janus particles. In laboratory experiments, a fraction of 10 to
20 % of the particles showed such active behavior.

Here, silver and gold-coated particles were used in the Zyflex cham-
ber on parabolic flights. The setup allowed to study void-free extended
dust clouds with minimal external stress. A section of the dust cloud
was observed with a stereoscopic four-camera setup, allowing to recon-
struct particle trajectories in three dimensions. A characterization of
the active dust clouds using the three-dimensional data will be pre-
sented in this contribution, including velocity distributions as well as
other statistical measures.

This work was funded by DLR (German Aerospace Center) grants
50WM2161 and 50WM2561.



