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Techno-Enviro-Economic Evaluation for Thin-film Solar Cells
Integrated with Hybrid Renewable Energy System — eTaAwFik

HusseiN — Mechanical Engineering Dep., National Research Centre
(NRC), El Buhouth st.,Dokki, Cairo, Egypt

Thin-film solar cells (TFSC) have recently emerged as a transfor-
mative technology in renewable energy, offering advantages such as
lightweight design, flexibility, and cost-effectiveness compared to con-
ventional crystalline silicon photovoltaics. This study focuses on de-
signing an optimal hybrid renewable energy system (HRES) that inte-
grates TFSC to maximize the efficient use of renewable energy sources
(RES). A proposed HRES, combining multiple RES with TFSC, was
developed to supply reliable electricity to a scientific farm in Egypt,
with full technical, environmental, and economic evaluation.

The research examines TFSC performance under diverse environ-
mental conditions, highlighting their higher efficiency in low-light and
high-temperature scenarios. System indicators including performance,
net present cost, CO* emissions, and renewable fraction were analyzed.
Results demonstrate that TFSC-based HRES delivers reliable, low-cost
energy with notable environmental benefits. Compared to conventional
systems, the proposed design achieves substantial reductions in both
costs and carbon emissions, enhancing sustainability. These findings
confirm TFSC as a promising solution for future renewable energy sys-
tems, addressing the increasing demand for affordable and eco-friendly
power generation.
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Structural and electronic characterization of sputtered
MoSe2 and WSe2 thin films on ITO substrates us-
ing synchrotron-based XAFS/XRF techniques — eSABIT
Horoz!:2, EMRe TimugiN TaBaru!, Larir Urpan Kuan3, MEs-
saoup HarroucHe?, and Art KaratuTtLul? — 1Sivas University of
Science and Technology, Sivas, Tiirkiye — 2Sivas Cumhuriyet Univer-
sity Nanophotonics Application and Research Center-CUNAM, 58140
Sivas, Turkey — 3SESAME, Allan, Jordan — *Bilkent University
Ankara, Tirkiye

Two-dimensional transition metal dichalcogenides (TMDs) such as
molybdenum diselenide (MoSe2) and tungsten diselenide (WSe2) ex-
hibit remarkable optoelectronic and catalytic properties. In this work,
thin films of MoSe2 and WSe2 were fabricated on indium-tin oxide
(ITO) substrates using a sputtering technique and analyzed at the
SESAME Synchrotron facility through X-ray Absorption Fine Struc-
ture (XAFS) and X-ray Fluorescence (XRF) spectroscopy. XAFS re-
sults at the W L3- and Mo K-edges confirmed well-ordered W-Se and
Mo-Se bonds, demonstrating crystalline TMD structures. Upon an-
nealing up to 170 °C in air, partial oxidation led to the formation of
WO3 and MoO3 phases, accompanied by a visible color change from
silver to transparent. Complementary Raman, UV-VIS-NIR, and el-
lipsometric analyses supported these findings.
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Investigation of a hygrosensitive polymer coating for col-
orimetric humidity sensing — eKreTRIN Pavioval, KATERINA
Lazaroval, DarINKA CHRIsTOVAZ, MARTINA DocHEvAl, and TsvE-
TANKA BaBEval — !Institute of Optical Materials and Technologies
”Acad. J. Malinowski” Bulgarian Academy of Sciences, Sofia, Bul-
garia — 2Institute of Polymers, Bulgarian Academy of Sciences, Sofia,
Bulgaria

A thin coatings of newly synthesized branched copolymers of poly(vinyl
alcohol) comprising graft poly(N,N-dimethylacrylamide) with different
side chains were studied as sensitive media for environmental changes
of the relative humidity (RH). Spin-coating method was applied to de-
posit the thin films of both copolymers on Si-substrates, followed by
temperature heating. Reflectance spectra of the samples were mea-
sured and then used to determine coating's thickness and optical con-
stants. Sensing abilities of the coatings when exposed to different hu-
midity level in range 5-95 RH% were examined and parameters such
as hysteresis H and thickness change Ad were calculated. Possible
application of the coatings for colorimetric detection is demonstrated.
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Sputtered germanium absorbers for building-integrated semi-
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transparent photovoltaics — eNico Ruskaur®, KAl GEHRKE",
StepHAN HEeisE?, and MarTIN Vense! — lInstitut fiir Vernetzte
Energiesysteme, Deutsches Zentrum fiir Luft- und Raumfahrt e. V.,
Carl-von-Ossietzky-Strafe 15, 26129 Oldenburg — 2Institut fiir Solar-
forschung, Deutsches Zentrum fiir Luft- und Raumfahrt e. V., Carl-
von-Ossietzky-Strafte 15, 26129 Oldenburg

Architectural glass facades worldwide typically utilize solar-control
coatings deposited in inline magnetron sputter coaters to prevent
buildings from excess solar heating. To use the electricity-generating
potential of these facades, we aim to enable the glass industry to inte-
grate photovoltaic functionality into their glazing using existing pro-
duction lines. This requires a semi-transparent, fully sputtered thin-
film solar cell. As a first step, here we demonstrate sputtered ultra-
thin germanium absorber layers for semi-transparent solar cells. We
compare their optoelectronic properties and their microstructure with
established reference layers deposited by plasma-enhanced chemical va-
por deposition (PECVD) and identify sputter-process conditions that
yield germanium absorbers with PECVD-comparable properties suit-
able for device integration. We present a sputtered germanium layer
built into a solar cell, which delivers a power conversion efficiency of
2.8%. These results demonstrate that sputtered germanium is a vi-
able absorber for thin-film photovoltaics and represent an important
step towards an industrially sputtered semi-transparent solar cell for
window applications.
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Enhanced Ferroelectric Behavior in NH4Cl-Doped
SnO2/Perovskite Multilayer Memristors — eKATERINA
MaskaNaki!, EvancELos EvanceLou?!, and ANasTasia SourraTi?:3
— Department of Physics, University of Ioannina, 45110 Ioannina,
Greece — 2Institute of Nanoscience and Nanotechnology (INN),
National Center for Scientific Research Demokritos, 15341 Agia
Paraskevi, Athens, Greece — 3Department of Electrical & Computer
Engineering, Hellenic Mediterranean University (HMU), Heraklion
71410, Crete, Greece

Perovskite-based materials have emerged as promising candidates for
neuromorphic computing due to their diverse conduction mechanisms
and tunable electronic properties. This study is focused on the de-
velopment and characterization of multi-layered memristors with the
structure ITO/SnO2:NH4Cl/RbCsMAFAPDI3/P3HT /Al A reference
device employing a pristine SnO2 layer was also fabricated to com-
pare the memristive behavior to the modified devices incorporating
an NH4Cl-doped SnO2 nanocomposite layer in various concentrations.
All configurations exhibited stable memristive switching; however, the
NH4Cl-modified devices demonstrated significantly enhanced ferro-
electric behavior, achieving endurance over 200 switching cycles and
robust data retention exceeding 10”3 s. The high reproducibility and
scalability of these perovskite memristors highlight their strong poten-
tial for next-generation neuromorphic and memory applications.
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How Matrix-Mediated Osmotic Forces Govern Spatio-
Temporal Dynamics and Spreading in Two-Species Biofilms
— eAnTHONY PiETz!, Uwe THIELE!, and KaARIN Joun? —
IUniversity Miinster, Miinster, Germany — 2University Grenoble

Alps, Grenoble, France

Biofilms are thin films of bacterial communities encased in a self-
produced polymeric matrix that thrive on immersed or moist surfaces
[1]. The matrix confers the biofilm mechanical resistance and drives
an osmotic influx of nutrients rich water into the biofilm.

While the osmotic spreading of biofilms with only one species has
been extensively studied, much less is known about how matrix-
mediated osmotic forces influence the spatio-temporal organization
and spreading dynamics in multi-species communities. Experiments
on two-species mixtures of matrix producers / non-producers show
that the latter becomes confined to the advancing biofilm edge [2].

We numerically investigate the dynamics of such a two-species
biofilm where the matrix-producing species attractively interacts with
the matrix. Our description supplements a thermodynamically consis-
tent thin-film approach for a passive suspension by bioactive growth
terms. We analyse the resulting spatio-temporal dynamics and identify
conditions under which multispecies and monospecies biofilms develop.
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[1] Wilking et al. Biofilms as complex fluids. MRS Bulletin 36: 385,
2013. [2] Yan et al. Extracellular-matrix-mediated osmotic pressure
drives Vibrio cholerae biofilm expansion and cheater exclusion. Nature
Communications 8: 327, 2017.
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Coherent control in size selected semiconductor quantum dot
thin films — eVicror KAircHeR!:2, Tobias ReIker!, PEpro F.
G. M. pa Costa®, ANDREA S. S. pE CamarGo*®, and HELmUT
ZAcHARIAS! — Center for Soft Nanoscience, University of Miinster,
48149 Miinster, Germany. — 2Insititute of Physics, University of Miin-
ster, 48149 Miinster, Germany. — 3S&o Carlos Institute of Physics,
University of Sao Paulo, Sao Carlos, SP 13566-590, Brazil. — 4Federal
Institute for Materials Research and Testing (BAM), 12489 Berlin,
Germany. — ®Friedrich-Schiller University Jena (FSU), 07743 Jena,
Germany.

We introduce a novel technique for coherent control that employs reso-
nant internally generated fields in CdTe quantum dot (QD) thin films
at the L-point. The bulk band gap of CdTe at the L-point amounts to
3.6 eV, with the transition marked by strong Coulomb coupling. Third
harmonic generation (A = 343nm, hv = 3.61 V) for a fundamental
wavelength of A = 1,030 nm is used to control quantum interference
of three-photon resonant paths between the valence and conduction
bands. Different thicknesses of the CdTe QDs are used to manipulate
the phase relationship between the external fundamental and the in-
ternally generated third harmonic, resulting in either suppression or
strong enhancement of the resonant third harmonic, while the nonres-
onant components remain nearly constant. This development could
pave the way for new quantum interference-based applications in ul-
trafast switching of nanophotonic devices.
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Ion slicing of gallium phosphide — eOTT0 ARNOLD:2:3, To-
Bias BucHer!, Karsuva Tanakal 234 Muvi Yang! 234 CARSTEN
RonNING!, and IsaBELLE Staupe!234 — llnstitute of Solid-State
Physics, Friedrich Schiller University Jena, 07743 Jena, Germany —
2Abbe Center of Photonics, Friedrich Schiller University Jena, 07745
Jena, Germany — 3Institute of Applied Physics, Friedrich Schiller Uni-
versity Jena, 07745 Jena, Germany — 4Max Planck School of Photon-
ics, Germany

Gallium phosphide (GaP) has unique non-linear and quantum opti-
cal properties, such as second harmonic generation and spontaneous
parametric down-conversion. For integrated optics, preparing the sin-
gle crystalline GaP on a low reflective index material would be useful,
as the reflective index scales with the mode confinement of the en-
hanced near-field. So far, GaP thin films are grown epitaxially or
with MOCVD, which are both expensive and complicated. An alter-
native approach is ion slicing, where a helium-irradiated GaP is bound
to a borosilicate glass. We fabricated high quality GaP thin-film in
(100) and (110) crystal orientation on glass, with a thickness of 760
(40) nm. Energy-dispersive X-ray spectroscopy (EDX) and Ruther-
ford backscattering spectrometry (RBS) characterization of the fab-
ricated thin-films allow us to further optimize the irradiation profile
and bonding parameters towards best optical performance for further
nanofabrication of resonant meta-surfaces operating in the visible and
near-infrared.

DS 20.9 Thu 18:30 P2
Piezoelectric coatings on Fiber Bragg Gratings for electric
field measurement — eFLORIAN SCHMIDBAUER and JENS EBBECKE
— Technology Campus Teisnach Sensor Technology, Deggendorf Insti-
tute of Technology, 94244 Teisnach

Monitoring high-voltage systems is gaining increasing importance.
Conventional sensors often rely on electrical components that exhibit
cross-sensitivities and require electrical wiring, which can pose a source
of interference in certain applications. In addition, the physical dimen-
sions of sensor heads can limit their usability.

An alternative approach employs Fiber Bragg Gratings (FBGs)
coated with piezoelectric materials. Through the piezoelectric effect,
mechanical deformation of the piezoelectric layer induces strain in the
FBG, resulting in a measurable shift of its resonance wavelength. This
type of sensor offers several advantages, including electrical passivity,
a compact form factor, and the capability for remote and rapid signal
interrogation via optical fibers.

This work presents the current progress in the development of such
a sensor. Barium Titanate (BaTiO3) was selected as the piezoelectric
material due to its high piezoelectric coefficient and more environmen-

tally friendly profile compared to PZT. The coating was successfully
applied using two different methods: sol-gel dip coating and pulsed
laser deposition. Potential application areas and opportunities for fur-
ther design optimization are also discussed.
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Thermoelectric-based position-sensitive detector — Jun PENG,
Lucas RavEe, Pa1 Zuao, RaksHiTH VENUGOPAL, KRISTIAN DENEKE,
STEFANIE Hauca, RoBeErRT H. BLick, and € ROBERT ZIEROLD — Cen-
ter for Hybrid Nanostructures, University of Hamburg, Germany

Precise positioning is a never-ending goal in both fundamental science
and technology. Conventional position-sensitive detectors (PSDs),
which rely on lateral photoelectric effects in semiconductor junctions,
are inherently restricted in operating temperature and are often unsuit-
able for detection beyond the optical regime. Here, we present a new
detector architecture, the thermoelectric-based position-sensitive de-
tector (T-PSD), that extracts spatial information solely from heat con-
duction and thermoelectric conversion. Specifically, the device incor-
porates an ALD-deposited Al-doped ZnO (AZO) thermoelectric thin
film on an isotropic substrate, where Seebeck voltages measured across
multiple electrodes encode the position of an incident heat spot. It can
detect single heat spots arising from various energy sources, includ-
ing electromagnetic radiation, electrons, and macroscopic mechanical
heat. The thin-film design enables sub-micrometer spatial resolution in
1D configurations, while a two-ratio voltage decoding scheme provides
robust and intensity-independent localization in 2D devices. Further-
more, the T-PSD exhibits broad temperature compatibility and is par-
ticularly well suited for high-energy beams, which remain challenging
to localize with existing PSD technologies.
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Research Infrastructure Access in NAnoscience & nanotech-
nology (RIANA) — eRvaN Yang — Helmholtz-Zentrum Dresden-
Rosendorf, Dresden, Germany

RIANA is a Horizon Europe-funded consortium of seven Analytical
Research Infrastructures in Europe (ARIE) comprising of 69 research
facilities that offer open, curiosity-driven research in nanoscience and
nanotechnology. By integrating advanced capabilities within Europe in
simulation, material synthesis, nanofabrication, characterization, and
analysis, RIANA provides a single-point entry for users to perform
targeted and impact-orientated investigations.

Users can simply submit a single application to access any of the
nanoscience infrastructures within RIANA. A comprehensive service,
anchored by 21 Junior Scientists and supported by a panel of senior fa-
cility experts will guide users through technique selection, experimental
operation, data analysis and publication. Parallel Innovation Services
tailor access for industry (especially SMEs) helping mature technolo-
gies, raise TRLs, and scale production processes. The Smart Science
Cluster (SSC) network of on-site Junior Scientists ensures hands-on
support at every research stage, from experiment design to result inter-
pretation. Specifically, users requiring beam-time among other meth-
ods of research can take advantage of RIANA and the FIB aspects of
their projects will be delegated to the RADIATE network such as the
HZDR*s Ion Beam Center.

My poster will introduce this EU project and how potential users
can tap into this resource.
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Tailoring of MoO3 Thin Films by Irradiation with Energetic
Heavy Ions — elsLam ArL-Hamap!, AymaN EL-Saip!, MonaMm-
MAD AL-KuHAILI!, SHAVKAT AKHMADALIEVZ, and STEFAN Facsko?
— !Physics Department and Interdisciplinary Research Center for Ad-
vanced Materials, King Fahd University of Petroleum and Minerals,
Dhahran 31261, Saudi Arabia — 2Institute of Ion Beam Physics and
Materials Research, Helmholtz-Zentrum Dresden-Rossendorf, 01328
Dresden, Germany

In recent years, energetic heavy ions have been used to modify the
physical properties of various materials [1]. In this study, we investi-
gate the influence of irradiation of molybdenum trioxide (MoO3) thin
films with MeV ions of various parameters [2]. The films were deposited
on fused silica using thermal evaporation technique. After irradiation,
the films were characterized using optical spectroscopy and XRD tech-
niques, showing the effectiveness of ion-irradiation in tuning the films
optical and structural properties by varying ion beam parameters. This
is highly important for the design of advanced metal oxide materials
for sensing, switching, and energy applications.

Acknowledgements: Parts of this research were carried out at the Ion
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Beam Center at the Helmholtz-Zentrum Dresden-Rossendorf e. V., a
member of the Helmholtz Association. A.S. El-Said acknowledges the
support by KFUPM, Saudi Arabia (Project: ISP24236).

[1] A.S. El-Said, S. Rao, S. Akhmadaliev, S. Facsko, Phys. Rev.
Appl. 13, 044073 (2020). [2] R. Sivakumar, et al., J. Phys.: Condens.
Matter 19, 186204 (2007).
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Quantifying surface/H-plasma interactions via in-situ obser-
vation of metal - insulator transition (MIT) in rare earth
perovskites (MNiO3) — eBaLAzs AnTaLicz!, SopHiaA SAHOOZ,
PariksuiT Puapke!, RoLanp Briem!, and GERTIAN KOSTER? —
TARCNL, Materials & Surface Science for EUVL, Science Park 106,
1098 XG Amsterdam, The Netherlands — 2University of Twente, In-
organic Material Science Group Hallenweg 23, 7522 NH Enschede, The
Netherlands

In ’green’ plasma reactors and semiconductor manufacturing, reactive
H species clean surfaces, but also induce degradation, e.g. via blis-
tering or embrittlement. To retain device performance, low-cost &
complexity exposure monitoring is required — which faces fundamental
challenges.

To solve this, materials with strong response to hydrogenation are
of interest. For example, Pt-dissociated H2 was shown to induce MIT
in MNiO3 perovskites, which was accompanied by an up to 107-fold
electrical resistance increase. Because H-plasma contains multiple pre-
activated species, we anticipate simpler sensor designs are possible,
without the Pt catalyst.

Using an accelerated plasma exposure tool, we then demonstrate
MIT in epitaxially grown, Pt-free NdNiO3. X-ray diffraction (XRD)
and X-ray photoelectron spectroscopy (XPS) shows partial Ni3t re-
duction, and loss/alteration of crystallinity. Further results explore
re-settability by annealing in Oz, and correlate O 1s XPS spectra with
crystal-field theory, structure changes, and the onset of the insulator
state.
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Distributed Bragg Reflector-Enhanced Grating Coupler on
SiON-Doped Silicon Platform for 905 nm Using Particle
Swarm Optimization — eMEgTEHAN ARI!, IREMNUR Durul, ALI
KaratuTLul2, and Timugin EMRE TaBarul — 1Sivas University
of Science and Technology — 2] Institute of Materials Science Nan-
otechnology and National Nanotechnology Research Center (UNAM)
Bilkent University

A vertical grating coupler operating at 905 nm was designed on a silicon
oxynitride-doped silicon (SiON-Si) platform for on-chip LiDAR. For
the first time, the SiON-Si layer served as the core of a grating struc-
ture. The material exhibited a refractive index of 2.27, CMOS compat-
ibility, and negligible two-photon absorption, with its electronic struc-
ture confirmed via soft X-ray absorption spectroscopy at the HESEB
beamline (SESAME).

To enhance performance, a Distributed Bragg Reflector (DBR) con-
sisting of three alternating SiON-Si/SiO* layers was integrated be-
neath the grating to suppress substrate leakage. Design optimization
using Particle Swarm Optimization (PSO) and FDTD analysis demon-
strated that the DBR increased coupling efficiency from ~35% to 53%.
Consequently, the optimized device achieved 53% (-2.76 dB) efficiency
for TM-polarized vertical coupling at 905 nm. Fabricating both the
grating and waveguide within the same SiON-Si layer eliminated het-
erogeneous interfaces, maintained single-mode behavior, and validated
the platform’s potential for integrated photonic circuits.
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XRD Data Analysis and Curve Fitting Using Differential
Evolution in Python — eSiMoN LorcH, ToBiAs POLLENSKE, and
JoacHiM WoLLSCHLAGER — Institute of Physics, University of Os-
nabriick, Barbarastr. 7, 49076 Osnabriick, Germany

Precise evaluation of X-ray diffraction (XRD) data is essential for un-
derstanding thin-film and interface structures at the atomic scale. In
this contribution, we present a Python-based framework for automated
fitting and quantitative analysis of experimental diffraction data using
Differential Evolution (DE) as a global optimization strategy. The
method minimizes the difference between measured and simulated in-
tensity curves by evolving parameter sets such as layer thickness, den-
sity, and interfacial roughness toward the global minimum of an error
function. Unlike conventional structure-factor-based approaches, the
model deliberately omits detailed atomic scattering factors and instead
focuses on the optimization of macroscopic parameters to reproduce

the experimental curve shape. This allows a robust and efficient fitting
of complex multilayer systems even in cases where structural details or
phase information are incomplete. Compared to traditional gradient-
based approaches, DE shows superior robustness against local minima
and enables reliable fitting of complex multilayer systems with corre-
lated parameters. The implementation allows user-defined boundary
conditions, parallel evaluation of population members, and integration
of physical models for scattering amplitude and Debye-Waller damp-
ing. This open and modular approach shows how evolutionary algo-
rithms can make XRD data analysis more reproducible and accurate.
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Stress Evolution in Gold Thin Films Under Ion Irradia-
tion — eJasmiN KanLl, KarLa Paz!, BERIT MARX-GLOWNAZ, and
CarsTEN RonnNiNg! — lInstitute of Solid State Physics, Friedrich
Schiller University Jena, 07743 Jena, Germany — 2Helmholtz-Institut
Jena, Fraunhoferstr. 8, 07743 Jena, Germany

Gold thin films are important for applications requiring mechanical
stability and radiation tolerance in optoelectronic devices. This work
investigates the stress evolution of polycrystalline Au films irradiated
with He, Si, Ag, and Au ions at various energies and fluences. In-
situ stress measurements during irradiation show that the as-deposited
films are pre-stressed and the mechanical stress increases under irra-
diation producing a tensile stress. SEM and FIB cross-section images
confirm that this stress increase is associated with grain growth, which
depends strongly on the ion species. Grain growth increases local den-
sity and generates tensile stress because the films are constrained by
the substrate. Large grains are advantageous in applications such as
electrical interconnects and microstructures, as they reduce electromi-
gration and optical losses. X-ray diffraction reveals structural damage,
lattice distortion, and possible crystallite reorientation, while AFM
shows increased surface roughness due to sputtering. These results
highlight the strong influence of ion species and irradiation conditions
on Au thin films, guiding the optimization of gold-based components
in demanding environments.
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Structural and magnetic properties of epitaxial Fe-Sn thin
films. — eBENEDIKT EBERTs!, FRANZ WEIDENHILLER?, MATTHIAS
Kuss!, Lin CHEN2, CHRISTIAN Back?, and MANFRED ALBRECHT! —
Hnstitute of Physics, University of Augsburg, 86135 Augsburg, Ger-
many — 2Institute of Physics, University of Augsburg, 86135 Augs-

burg, Germany

Magnetic Weyl semimetals exhibit strong spin-orbit coupling and non-
trivial band structures, enabling efficient field-free manipulation of
magnetic states through spin-orbit torque [1], which makes them highly
attractive for spintronic applications. Among them, the ferromagnetic
Weyl semimetal Fe3Sn2 and the antiferromagnetic Dirac semimetal
FeSn provide a good platform for investigating spin-orbit-driven phe-
nomena. Both compounds crystallize in a layered Kagome lattice,
where the corner-sharing triangles lead to strong frustration. In this
work, we have grown high-quality epitaxial thin films of FeSn and
Fe3Sn2. The films were deposited at elevated temperatures using mag-
netron sputtering. A seed layer system of Pt and Ru on A1203(0001)
substrates was used to promote epitaxial growth. Thin films of varying
thickness were prepared and characterized using XRD, AFM, MFM,
SEM, TEM, and SQUID magnetometry. FMR measurements on
Fe3Sn2 revealed low damping and the expected sixfold symmetry as-
sociated with the Kagome lattice. These thin films will next be used
to study charge-spin conversion processes [2]. [1] Lyalin, I. et al., Nano
Lett. 21, 6975-6982 (2021) [2] Zhang, S.-L. et al., Phys. Rev. Lett.
123, 187201 (2019)
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Single-crystalline Ni thin films as templates for epitaxial
growth of 2D materials — ePauLa VIERCK, AUDREY GILBERT,
DoMENIK SPALLEK, JoNAs LAHNEMANN, and J. MARrRcELo J. LopPEs
— Paul-Drude-Institut fiir Festkorperelektronik, Leibniz-Institut im
Forschungsverbund Berlin e.V., Berlin, Germany

Hexagonal boron nitride (h-BN) offers multiple interesting applications
as a component in heterostructures with other 2D materials, for exam-
ple as a passivation layer or a tunnel barrier in electronics. However,
the synthesis of large-scale high quality h-BN required for such ap-
plications remains challenging, and the vast majority of the van der
Waals heterostructures having h-BN as a building block are still pre-
pared using mechanically exfoliated h-BN flakes.

To serve as a substrate for large-scale h-BN grown by molecular beam
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epitaxy (MBE), in this work, we investigate the synthesis of Ni films
on Aly03(0001) and MgO(111) using magnetron sputtering. The
structure and morphology of the Ni films is characterized using X-
ray diffraction (XRD), atomic force microscopy (AFM) and electron
backscatter diffraction (EBSD). The structural quality of the Ni films
is improved by systematically varying experimental parameters such as
substrate temperature, sputtering power, film thickness and the post-
growth annealing temperature, finally resulting in single crystalline Ni
films with (111) orientation only.
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Structural and optical properties of undoped 5-Ga203 thin
films deposited by ultrasonic spray pyrolysis — ePoLINA SHAM-
ROVSKA, NARMINA BaLAYEvA, and DieETRiIcH ZAHN — Technische
Universitdt Chemnitz, Chemnitz, Germany

$-Ga203 thin films have gained significant research interest due to
their wide bandgap, high thermal stability and breakdown voltage,
making them suitable for e.g. UV photodetectors. Here, 5-Ga203
thin films were deposited on c-plane sapphire substrates via ultrasonic
spray pyrolysis, a cost-effective technique suitable for large-scale pro-
duction. The deposition was performed with Ga(NO3)3 dissolved in
a 1: 1 water-ethanol mixture at a substrate temperature of 190 °C
and post-deposition annealing was performed at 1000 °C. The films
were characterized by Raman, AFM, XRD, optical transmittance, and
conductivity measurement.

The stoichiometric 3-phase Ga203 films revealed a preferred (-201)
orientation in agreement with previous results [1]. The samples show
transparency of up to 85% in the visible range and the conductivity
increases with increasing film thickness. The results obtained reveal
that ultrasonic spray pyrolysis allows the fabrication of highly crys-
talline and transparent $-Ga203 films suitable for further studies as
solar-blind UV photodetectors.

[1] Akazawa, Housei, Vacuum, 2016, 123: 8-16.
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Analyzing interface properties of energy materials using thin
film model systems materials — eJurius K. DINTER, ANJA
Henss, and MarTHIAsS T. ELM — Institute of Experimental Physics
I, Justus-Liebig University, Heinrich-Buff-Ring 16, D-35392, Giessen,
Germany

Energy materials used in modern electrochemical devices must provide
sufficiently high ionic and electronic conductivity, as both ions and elec-
trons are stored and/or transported during device operation. However,
most ionic conductors exhibit negligible electronic conductivity, and
the opposite is true for typical electronic conductors. Consequently,
artificial mixed-conducting composite materials are often prepared by
combining ionic and electronic conducting compounds. These artificial
mixed ionic-electronic conductors exhibit a large number of internal in-
terfaces, which strongly influence charge storage and transport in the
composite.

To clarify the role of such interfaces on overall electrochemical be-
havior, thin-film model systems with controllable and well-defined in-
terfaces are essential. In this work, we present the fabrication of ar-
tificial mixed-conducting thin films based on lithium-ion- and oxygen-
ion-conducting oxides prepared by pulsed laser deposition. Structural
and compositional characterization using XRD, Raman spectroscopy,
time-of-flight secondary ion mass spectrometry, and electrochemical
impedance spectroscopy confirms the successful deposition and in-
tegrity of the designed model systems.

DS 20.21 Thu 18:30 P2
InAsP quantum emitters on InP with single-photon emis-
sion from O- to C-band up to 80 K — eYITEnG ZHANG!,
DoaA ABDELBAREY!, MARKUS ETzKORN2, ZENGHUI JiaNG!, ANKITA
CuoupHARY!, ToMm FanpricH!, ARuIT CHAKRABORTY!, CHENXI
Mal, Pencyr Lil, Xin Caol, Eppy P. RucErRaMIGABO!, MICHAEL
Zoprl3, and Fr1 Ding!3 — lLeibniz University Hannover, Insti-
tute of Solid State Physics, Appelstrafte 2, 30167 Hannover, Germany
— 2Technische Universitit Braunschweig, Laboratory for Emerging
Nanometrology (LENA), Langer Kamp 6a, 38106 Braunschweig, Ger-
many — 3Leibniz University Hannover, Laboratory of Nano and Quan-
tum Engineering, Schneiderberg 39, 30167 Hannover, Germany

We grow InAsP nanostructures on InP(001) by high-temperature an-
nealing under arsenic flux followed by controlled cooling. In situ
RHEED and ex situ AFM/TEM show that this sequence produces
coherent, compositionally graded InAsP islands. Low-temperature
micro-photoluminescence reveals spectrally isolated emission lines from

individual emitters covering the telecom O- to C-bands; power de-
pendence and second-order correlations under continuous-wave excita-
tion show excitonic behaviour and clear antibunching with g2(0)<0.1,
confirming single-photon emission. Temperature-dependent measure-
ments indicate that single-photon emission persists up to temperatures
above 80K.
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Investigations of point defects in Nb3Sn thin films for SRF

application — eSeBasTiAN Kruc!, Maik BurTerLINGZ, ERIC

HirscaMANN!, ANDREAS WAGNER!, and Macies OskAR LiEDkE! —
Mnstitute of Radiation Physics, HZDR, Germany — 2Reactor Insti-

tute Delft, Delft University of Technology, The Netherlands

Bulk Niobium cavities are the state-of-the-art option to realizes high-
performing linear particle accelerators. To achieve even better per-
formance and lowering operational costs, a thin film approach with
different superconducting materials is necessary. Nb3Sn coatings are
promising candidates because of its high superconducting transition
temperature (Tc up to 17 K). Magnetron sputtering is a very suited
PVD method which provides high deposition rates and a large spec-
trum of deposition parameters optimization. Maximizing the transi-
tion temperature and the lower critical magnetic field Hcl could be
correlated to the structure and point defects in thin films like vacan-
cies, their agglomerations and pores. To study this effect, positron
annihilation spectroscopy (PAS) with a high sensitivity to small void-
like defects is used. PAS provides non-destructive and depth-resolved
information of defect type, size and density as well as their local atomic
chemistry in many material types like metals, polymers, ceramics and
semiconductors. In this contribution, investigations on magnetron
sputtered Nb3Sn thin film samples will be presented. A special focus
is set to positron annihilation spectroscopy to study the influence of
different deposition parameters on defect formation and the resulting
superconducting performance.

DS 20.23 Thu 18:30 P2
Surface Investigations of Ga-polar wz-GalN Grown by Plasma
Assisted MBE — ¢ ABDpUL QADIR SHABAZ!2, ANEEs UL Hassan!:2,
FaBiaN ULLMANN'2, and STEFAN KriscHok!:2 — 1TU Ilmenau,
Ehrenbergstrafe 29, 98693 Ilmenau — 2Zentrum fiir Mikro- und Nan-

otechnologien, Gustav-Kirchoff-Strafie 7, 98693 Ilmenau

Since very high polarization gradients are predicted for wz-GaN /rs-ScN
interfaces, well-oriented, clean Ga-polar wz-GaN surfaces are required
in order to grow rs-ScN on top of this layer in a ultra high vacuum
to achieve high quality interfaces. These thin layers were grown via
plasma-assisted molecular beam epitaxy on 6H-SiC substrate. X-ray
photoelectron spectroscopy (XPS), ultra violet photo electron spec-
troscopy (UPS), scanning electron microscopy (SEM) and atomic force
microscopy (AFM) were performed to investigate electronic structure,
composition and morphology of the surfaces.

DS 20.24 Thu 18:30 P2
Bonding and properties in NiTe-NiTes: Transition from nor-
mal metal to Dirac semimetal — eCHRrIsTIAN STENz', KETHU-
saN KARUNANATHAN!, PAuL ZrUROMsSKYY!, KijooN Creong!, Tim
Barrscu!, and MarTaias WurTich? — 1. Institute of Physics (IA),
RWTH Aachen University, Germany — 2?Peter Griinberg Institute
- JARA-Institute Energy Efficient Information Technology (PGI-10),
Jilich, Germany

We investigate the evolution of bonding and electronic properties
across the NiTe-NiTes system, focusing on the transition from con-
ventional metallic behavior in NiTe to topological Dirac semimetal-
licity in NiTez. NiTe exhibits isotropic bonding between Ni d- and
Te p-electrons, characteristic of a normal metal. In contrast, NiTeo
forms a layered structure with a pseudo van-der-Waals gap and weak
Te p-p interactions, hosting Dirac nodes near the Fermi level that give
rise to non-trivial topological surface states and linear magnetoresis-
tance. By tuning the Ni content in sputtered thin films, we control the
interlayer coupling mediated by Ni d-electrons, enabling systematic
exploration of the transition between these bonding regimes. Using
density functional theory and tight-binding calculations, we analyze
how additional d-electrons influence the band structure, Berry curva-
ture, and Dirac cone formation in NiTes. Correlations between these
electronic changes and material properties - such as optical and electri-
cal conductivity, linear positive magnetoresistance, emergence of soft
anharmonic bonds and bond rupture behavior - are examined.

DS 20.25 Thu 18:30 P2
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Development of sacrificial layers grown on rare-earth scan-
date substrates for epitaxial KNN/KTN layer transfer —
eDiANA AVETISYAN, JEREMY MALTITZ, JUTTA SCHWARZKOPF, and
JENS MARTIN — Leibniz-Institut fiir Kristallziichtung

Future technologies in sensing, communication, and computing require
integrated devices with ultra-low-loss processing, precise control of
photons, electrons, and spins, fast switching, broad frequency oper-
ation, and strong nonlinearities. Silicon photonics alone cannot meet
these demands, making hybrid integration via layer transfer a promis-
ing approach. A promising material is sodium-doped potassium nio-
bate, potassium tantalate, and their alloys to enable integration with
photonic and acoustic devices. These materials exhibit exceptional
electro-optic coefficients, nonlinear Kerr coefficients, piezoelectric cou-
pling coefficients, and elasto-optic coefficients. The project focuses
on transferring freestanding sodium-doped potassium niobate mem-
branes onto SiO2/Si substrates. This involves growing sodium-doped
potassium niobate on a sacrificial layer/substrate stack, chemically
etching the sacrificial layer, and transferring the membrane. Differ-
ent substrates and sacrificial layers are explored to achieve crack- and
wrinkle-free membranes. The membranes are characterized for sur-
face topography, crystalline structure, ferroelectric, piezoelectric, and
electromechanical properties for future device applications.

DS 20.26 Thu 18:30 P2
Formation and protection of two-dimensional electron gases
at SrTiO3 interfaces via redox reactions — eSHi-Hur Liu,
GeorG HorrMmanN, and RomMaN ENGEL-HERBERT — Paul-Drude-
Institut fiir Festkorperelektroni, Berlin, Germany

Strontium titanate (SrTiO3) has been the workhorse for development
of new physical phenomena over decades. Recently, new momentum
was generated when the formation of a two-dimensional electron gas
(2DEG) via oxygen scavenging effect at the SrTiO3/AlOx interface
was observed, i.e. oxidation of the deposited metal-layer upon reduc-
tion of the SrTiO3 [1]. However, depending on the Al layer thickness,
these 2DEGs degrade over time due to diffusion of oxygen from the
gas phase through the AlOx layer refilling the vacancies.

In this work, amorphous aluminum layers with thicknesses rang-
ing from 0.5 to 2.5 nm were deposited on TiO2-terminated SrTiO3
(001) substrates using molecular beam epitaxy. The complementary
methods of in-situ x-ray photoelectron spectroscopy, and capacitance-
voltage measurements were performed to monitor the interfacial redox
reaction and to identify the spatially confined conduction channel, re-
spectively. Since the 2DEG remains stable only for a limited time
within an optimum aluminum layer thickness, strategies for protecting
and stabilizing the 2DEG will be pointed out.

References: [1] L. M. Vicente-Arche et al., Phys. Rev. Mater. 5,
064005 (2021).
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E-Beam Evaporation of thin metal and oxide films on Al203
(0001) — eLAURENZ HUFFMEIER, TOBIAS POLLENSKE, and JOACHIM
WoLLSCHLAGER — Institute of Physics, University of Osnabriick, Bar-
barastr. 7, 49076 Osnabriick, Germany

Ultrathin metal and oxide films are used in numerous fields of applica-
tion, particularly in optics, electronics, and energy applications. With
the increasing importance of these technologies, the requirements for
these films are also rising in order to improve their properties. Precisely
manufactured films with well defined structural and physical proper-
ties are required, as even minimal deviations in thickness or structure
can significantly impair device performance. A suitable method for
the growth of such layers is physical vapor deposition (PVD), which
enables the controlled deposition of a wide variety of materials under
high vacuum conditions. Here, electron beam evaporation (EBPVD)
is advantageous since extremely clean films can be deposited and high
evaporation rates of up to a few micrometers per second are possible.
Hence, in this work, ultrathin magnesium oxide, praseodymium oxide,
cobalt, and platinum films were deposited on insulating AloO3 (0001)
substrates using EBPVD. The structural properties of the resulting
layers were analyzed by XRR. XPS measurements were performed on
all films to examine their near-surface chemical composition. For the
cobalt layers deposited with different emission currents, XPS was per-
formed both in situ and ex situ to investigate the influence of atmo-
sphere conditions on the oxidation states.
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Low-Temperature ALD of Topological Insula-

Towards
tor SbyTez — eLuisE MErkwiTz! 2, PauL POHLER'2, STEFFEN

ZiLLER!, KNuT ULBRICH!, MAREK ULBRICH!, SEBASTIAN LEHMANNY,

and KorNEeLIus NieLscul'? — !Institute for Metallic Materials, Leib-
niz Institute for Solid State and Materials Research, IFW Dresden, D-
01069 Dresden, Germany — 2Technical University Dresden, D-01069
Dresden, Germany

Low-Temperature ALD expands the range of applications for ALD en-
abling not only the deposition of thin films on temperature-sensitive
substrates but also the possibility of a more ressoure-efficient setup and
reaching advantages in material conformity and less sample defects.
We have designed, constructed and developed a state-of-the-art Low-
Temperature ALD reactor for high-quality thin films. Our previous
results demonstrate the technical functionality and reproducibility of
known Low-Temperature ALD processes. In addition, our latest re-
sults reveal a never before published SbaTes synthesis which we con-
sider to be a highly promising Room-Temperature ALD process.

DS 20.29 Thu 18:30 P2
Using layered metamaterials in spin - ventil structures as
a basis for artificial neural network — eViapiMIR Boian?,
CATALIN CiMBIR!, and VLADIMIR M Fomin2 — 1Technical University
of Moldova, Institute of Electronic Engineering and Nanotechnologies,
Chisinau, Moldovau — Z2IET, Leibniz IFW Dresden, Dresden, Ger-

many

Elaboration of a superconducting artificial neural network (ANN) the
most promising solution in the design and development of non-von
Neumann architectures. There are two main components of ANN:
the nonlinear switch neuron constituting a spin valve, and the lin-
ear connection element the synapse. This study presents the results
of computer modeling of superconducting spin valves on the base of
Josephson Junction with weak link prepared from artificial magnetic
metamaterials, and of superconducting synapses, based on hybrid lay-
ered structures superconductor /ferromagnet. The proximity effect in a
superlattice formed by superconducting Nb nanolayers and ferromag-
netic Co layers with different thicknesses and coercive fields is analyzed
both theoretically and experimentally. In this sense, they can be ap-
plied as tunable kinetic inductors for the design of ANN synapses.
Metamaterials based on Nb and Co nanolayers are a very promising
class of artificial magnets for superconducting spintronics and quan-
tum computing. The use of artificial neural networks with a radically
reduced consumption of electricity are increasingly appreciated world-
wide.
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From Localised to Delocalised Charge Carriers: An Opti-
cal Investigation on Metal-Insulator Transitions — eTHOMAS
ScaMipT!, Navior BaMraeZ, LiRoN B. MicHAEL?, RicarDO P. M.
S. Loso?, and Marthias Wurtich2 — Peter Griinberg Institute
- JARA-Institute Energy Efficient Information Technology (PGI-10),
Jiilich, Germany — 2I. Institute of Physics (IA), RWTH Aachen Uni-
versity, Germany — 3LPEM, ESPCI Paris, CNRS, PSL University,
75231 Paris, France

Understanding metal-insulator transitions (MITs) has been a central
topic in solid-state physics and materials science for decades. Various
theoretical frameworks describe these transitions in terms of critical
charge carrier densities (Mott MIT) or electron localisation induced
by disorder (Anderson MIT). Typically, electrical conductivity mea-
surements or their temperature-dependent derivative (TCR) are used
to distinguish metallic from insulating behavior.

In this work, we propose an alternative approach based on optical
spectroscopy. Reflectance spectra were recorded over a broad spectral
range using a Fourier-transform infrared (FTIR) spectrometer. The
optical functions were subsequently obtained through modeling of the
measured data. Our analysis focuses on the evolution of the Drude re-
sponse in the optical conductivity, which directly reflects the dynamics
of free charge carriers. The Drude feature, defined by the ratio of the
plasma edge to the scattering rate, provides valuable insight into the
material-specific degree of electron (de)localisation and thus offers an
alternative perspective on MITs and their relation to chemical bonding.
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Investigating the Anisotropy of Optical Phonons in Ultra-
fast Optical Pump-Probe Experiments — eFrLix NouL!, FE-
Lix Horr!, JonaTHAN Frank!, and MartHIAS WuTTic!:? — 11,
Institute of Physics (IA), RWTH Aachen University, Germany —
2Peter Griinberg Institute - JARA-Institute Energy Efficient Infor-
mation Technology (PGI-10), Jiilich, Germany
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Phonons are quantized lattice vibrations closely linked to bond
strength and atomic arrangement. A well-established tool to study
incoherent optical phonons in frequency domain is Raman scattering.
Ultrafast lattice dynamics and coherent phonons, capable of modu-
lating macroscopic physical properties, are of interest to emerging re-
search fields. In ultrafast optical pump-probe experiments, coherent
optical phonons can be excited and directly measured in the time do-
main via transient changes in reflectivity. Due to their pronounced
phononic response, bismuth and tin selenide were used to further ex-
plore the excitation and detection of coherent phonons. A pump po-
larization scheme for our optical pump-probe setup was implemented
and polarization resolved pump-probe and Raman measurements com-
pared. Clear symmetries were observed, highlighting the influence of
the lattice structure. This improves our understanding of coherent
phonon anisotropy in optical pump-probe measurements and enables
modulation of the detected signal by changing the pump polarization.

DS 20.32 Thu 18:30 P2
Optimization of Reactive Ion Etching processes with Opti-
cal Emission Spectroscopy — eDANIEL BREUER, Bicu NGUYEN,

TERESA WEsSELS, and MARKUS KAISER — Helmholtz Nano Facility,
Forschungszentrum Jiilich, Jiilich, Germany

In modern technology, devices on the scale of micro- to nanometers
play an important role. In the fabrication of those devices, the dry
etching process is essential to structure them. Hereby the reactive ion
etching technology has been established due to its very selective and
anisotropic etching. To achieve reproducible results, process control is
crucial. For this purpose, optical emission spectroscopy (OES) is em-
ployed to observe the spectra of the plasma during the process. Here,
OES is used to ensure thorough cleaning of the RIE chamber after
etching by defining the spectra of a clean chamber. Parameters, e.g.
etching gas and time, are investigated with respect to their effect on
chamber cleanliness. Finally, suggestions for a rigorous cleaning pro-
cedure are given. In addition, the endpoint detection is examined on
a Si wafer with 200 nm SiN. Using OES, we aim to stop the plasma
immediately when the SiN is etched through to prevent damage to the
Si. We implement an endpoint detection by observing the characteris-
tic line of the CN molecule, which is a typical product of the chemical
etch reaction. The effects of various system parameters on the plasma,
e.g. coupled power, chamber pressure and gas flow, are studied, as well
as endpoint detection settings. In conclusion, a precise analysis of the
plasma via OES allows us to specifically control the etching process.

DS 20.33 Thu 18:30 P2
Optimizing Erbium Luminescence in Silicon Nitride for In-
tegrated Photonics via Oxygen Codoping and Thermal An-
nealing — eFELIX MaNIal, SOREN LERNER!, JIALE Sun?2, ZHERU
Qru?, Xinru Ji2, ToBias KippENBERG?, and CARSTEN RoNNINGT —
1Friedrich-Schiller Universitéit, Helmholtzweg 3, 07743 Jena, Germany
— 2Ecole Polytechnique Fédérale de Lausanne, Switzerland

Erbium-doped fiber amplifiers revolutionized long-haul optical com-
munications, thereby establishing erbium ions as promising candidates
for amplification in integrated circuits. However, their practical appli-
cation in integrated photonics is currently limited by low luminescence
efficiency. In this study, we utilize ion implantation into ultralow-loss
silicon nitride (SizN4) and investigate the influence of oxygen codoping
and thermal annealing on the formation of Er-O complexes, thereby
modifying the local crystal field of the erbium ions within the host
matrix. Specifically, we examine the effects of varying oxygen doping
concentration and annealing temperature via photoluminescence and
lifetime measurements. These findings provide a critical optimization
strategy for CMOS-compatible erbium-based emitters essential for fu-
ture photonic integration.

DS 20.34 Thu 18:30 P2
Domain Transfer from Simulation to Experimental Neutron
and X-ray Reflectivity Data Using Probabilistic Genera-
tive Models — eJEyHUN RusTamov!, RiTz AcuiLar!, VEDHAS
Panprr!, Nico HorrMmanN?, and JEFFREY KELLING! — Helmholtz-
Zentrum Dresden-Rossendorf, Dresden, Germany — 2Helm & Walter
IT-Solutions, Dresden, Germany

Machine learning (ML) models trained on simulations often fail to
generalize to experimental data in neutron and X-ray reflectivity anal-
ysis. Furthermore, determining thin film parameters from reflectivity
curves is an inherently ambiguous inverse problem. To address this, we
employ conditional normalizing flows (cNFs) with a 8-Variational Au-
toencoder (8-VAE) embedding network to learn the full distribution

of physical parameters instead of single estimates.

To further improve performance on experimental data, we systemat-
ically explore three strategies for bridging the simulation-experiment
domain gap: fine-tuning with labeled experimental data, utilizing gen-
erative models to create realistic synthetic data, and a novel physics-
informed method. The proposed method incorporates a differentiable
forward function based on the kinematic approximation to guide the
generation of sample parameters via physics-informed loss during bidi-
rectional training of cNFs.

Our approach distinctly leverages unlabeled experimental reflection
data to address cNF performance challenges on real-world reflectivity
measurements. Additionally, this methodology can be broadly applied
to other inverse problems with similar domain-transfer challenges.

DS 20.35 Thu 18:30 P2
A Kramers-Kronig Consistent, Parameter Free, Probabilis-
tic Dielectric Function Model — eNoaH STIEHM!'2, STEFAN
Kriscnok!, RUDIGER ScHMIDT-GRUND!, and JANA DE WILIES? —
ITechnische Physik I, TU Ilmenau, Germany — 2Mathematics of Data

Science, TU Ilmenau, Germany

Utilizing a Bayesian probabilistic modeling approach to approximate
the full posterior probability density p(6 | y) of a model’s parameters 6
given data y can provide greater insight into the model’s performance
and parameter uncertainties than point estimates provided by classic,
deterministic optimization algorithms.

Here we present a parameter free dielectric function model, that
might be used in a Bayesian modeling context as a substitute for the
well known B-spline models. Our approach is based on Gaussian pro-
cesses (GP), which are a flexible class of random functions, that enable
numerical sampling in an efficient manner. We utilize a GP to model
the time-domain response function x(t — ¢’) as a latent function, from
which the dielectric function e(w) is constructed via a discrete Fourier
transform. The resulting dielectric function is therefor Kramers-Kronig
consistent by construction. We implement approximate and exact (de-
pending on available compute resources) sampling strategies to include
our model in different Bayesian modeling frameworks which utilize ei-
ther Markov Chain Monte Carlo (MCMC) or particle filter methods.
We demonstrate our model’s performance in scenarios with significant
uncertainties: a sample with a concentration gradient of a AgAl alloy,
and pump-probe transient ellipsometry data.

DS 20.36 Thu 18:30 P2
Tunability of optoelectronic properties of the alpha-phase
MoO3 thin films — eZuHiHUA YoNG, LARS STEINKOPF, MARIN
Rusu, and THomAs UnoLD — Helmholtz-Zentrum Berlin fiir Materi-
alien und Energie, Hahn-Meitner-Platz 1, 14109 Berlin, Germany

Alpha-phase MoO3 is widely used as a large bandgap hole transport
layer (HTL) in solar cells due to its high work function, good hole
conductivity and stability. For an appropriate energy level alignment
with the active layer, the optoelectronic parameters of the MoO3 lay-
ers must be fine tuned. In this work, we fabricate uniform as well as
combinatorially synthesised MoO3 films via Pulsed Laser Deposition
on fused silica substrates in the temperature range of 350¥4800C. The
film thicknesses were targeted at approximately 15 nm, as usually ap-
plied for HTLs, and confirmed by X-Ray Reflectivity measurements.
All films were found to be polycrystalline and contained only the a-
phase with an orthorhombic crystal structure (Pbnm space group), as
observed by X-Ray Diffraction and Raman Spectroscopy. Electronic
properties of the MoO3 films were investigated by combining Kelvin
probe (KP) measurements and photoelectron yield spectroscopy (PYS)
under inert N2 atmosphere at ambient pressure. We show by means of
KP-PYS studies that the ionisation energy and work function of the
films can be fine tuned between 5.72 to 6.10 €V and 5.72 to 6.00 eV,
respectively, by varying the deposition temperature. That results in
a fine variation of the valence band maximum with respect to Fermi
level. The degenerate state of the films is observed for deposition tem-
peratures equal or higher than 425°C.

DS 20.37 Thu 18:30 P2
Heterodyne detection of the second harmonic signal in THz
pump - optical probe experiments — eSERGEI OVCHARENKO,
ALEXEY MELNIKOV, and GEORG WOLTERSDORF — Institut fiir

Physik, Martin-Luther-Universitdt Halle, 06120 Halle (Saale), Ger-
many

Broadband Terahertz (THz) radiation is a widely used for resonant
excitation of magnon modes or spin waves in magnetic materials. Fur-
thermore, studying the THz emission from ferromagnetic (FM) materi-
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als allows us to investigate elementary processes in ultrafast spintronic.
However, experimental investigation of such effects requires broadband
THz detection: the commonly used sampling in electro-optical crys-
tals is limited by phonon absorption, Zeeman-torque sampling requires
accurate determination of the magneto-optical constants of a specific
FM sample. An alternative approach is the detection of the THz field-
induced second harmonic (TFISH) signal, based on third-order non-
linearity x(3) in ambient air gases. Heterodyne detection, interference
between the TFISH and SH light from a reference source, allows re-
trieval of the full THz pulse profile. The SH heterodyning technique
is also applicable to extract weak SH signals, related to THz-induced
magnetization dynamics in thin films. Our work reveals a phase mod-
ulation effect in the heterodyne TFISH signal: the air gap between
TFISH and reference SH sources alters the detected THz pulse shape
and spectrum through propagation effect in presence of the THz field.
Using the developed instrument, we performed test experiments on
heterodyne SH detection of THz-induced magnetization dynamics.

DS 20.38 Thu 18:30 P2
In;Tes as a Covalent Spacer in GeSbTe-based Phase Change
Superlattices — eLucas BotHe!, MaximMiLian BucaTal, and
MatTtHias WuTTiG!2 — !Peter Griinberg Institute - JARA-Institute
Energy Efficient Information Technology (PGI-10), FZJ, Jiilich, Ger-
many — 21. Institute of Physics (IA), RWTH Aachen University, Ger-

many

Superlattices (SL) containing GeSbTe are promising material systems
to overcome typical shortcomings of Phase Change Materials (PCM)
by reducing the reset current by an order of magnitude. The reason
for the increased energy-efficiency of SLs remains unclear. Typically,
two metavalent materials, e.g. GeSbaTes and SbaTes, are used in su-
perlattices to achieve superior switching performance. It is debated
that SbaTes plays a major role in achieving this performance increase.
In this work however, SboTes is exchanged with InaTes, replacing a
metavalent with a covalent sesqui-chalcogenide to investigate its influ-
ence on the switching performance. In a first step, this work presents
the growth of GeSbaTes/InaTes-SLs via MBE. XRD, RHEED, SEM
and EDX were employed to characterize the samples. Pronounced
Laue Fringes and clearly visible SL satellite peaks in the XRD-scans
demonstrate the excellent sample quality and allow for exact character-
ization of the achieved SL-stacking. RHEED data allows the character-
ization of the coupling between GeSbaTes and IngTes, which appears
to be weak but not strictly of van-der-Waals character. As a next step
the samples will be optically switched with a laser set up to compare
the switching characteristics to those of GeSbaTes/SbaTes-SLs.

DS 20.39 Thu 18:30 P2
Electrical switching dynamics of Ge-Sb-Te alloys for
phase-change memories — e ALEXANDER KIEHN! and MATTHIAS
Wurticl2 — 1Peter Griinberg Institute - JARA-Institute Energy
Efficient Information Technology (PGI-10), Jiilich, Germany — 2I.
Institute of Physics (IA), RWTH Aachen University, Germany

Off-stoichiometric Ge-Sb-Te alloys are promising candidates for next-
generation phase-change memory (PCM) due to their nonvolatile na-
ture, temperature stability, and fast switching speeds. These prop-
erties make them ideal for in-memory computing or applications in
data storage, where fast, energy-efficient and reliable memory is cru-
cial. However, in order to integrate PCM into standard semiconductor
devices, it is necessary to reduce the switching voltage and current.
This is greatly influenced by the composition of the sputtered Ge-
Sb-Te layer, as well as the contact electrode material. Using CMOS-
compatible fabrication processes, chips were manufactured based on a
confined cell PCM design with new TaN contacts. Based on the elec-
trical switching results, trends in thermal stability and the resulting
voltage requirements are shown for different alloys. Further analysis
also shows the SET and RESET speed as well as endurance of the
devices.

DS 20.40 Thu 18:30 P2
Optimizing Crystallization Kinetics and Reducing Stochas-
ticity of the Phase-Change Materials Sb2Se3 and Ge2SeTe
through Controlled Crystalline Interface Growth — eRamonN
PrEIFFER, RAMON ScHMIDMEIER, LAURA GUNDERMANN, and
MarTHiAs WutTic — 1. Institute of Physics (IA), RWTH Aachen
University, Germany

Chalcogenide phase-change material (PCM) alloys such as Antimony
Triselenide (Sb2Se3) and Germanium Selenide Telluride (Ge2SeTe) can
be switched repeatedly with low optical losses, making them interest-

ing contestants for integrated photonic circuits. However, by switching
from the predominately investigated as-deposited phase these materi-
als are characterized by a relatively slow crystallization speed and high
stochasticity. To address these shortcomings, we investigate methods
such as the recrystallization from differently melt-quenched phases and
a crystalline ring. The later approach, allows for controlled growth
from a crystalline interface. An increase of crystallisation speed and
decrease of stochasticity is verified by a pump probe setup and through
Electron Backscatter Diffraction (EBSD) measurements respectively.

DS 20.41 Thu 18:30 P2
Hard X-Ray Momentum Microscope Measurements of
SrCoO,; Thin Films at Beamline P22 — eVoLkMAR KOLLER,
Sourav CHOWDHURY, SERGII CHERNOV, ANDREI GLOSKOVSKII, and
CHRISTOPH SCHLUETER — Photon Science | DESY Hamburg

Emerging memory devices are a possibility to reduce electricity expen-
diture in the future compared to established complementary metal-
oxide-semiconductors CMOS. For instance the Mottronic is based on
a topotactic phase transition TPT associated with a metal-insulator
transition MIT, instead of a manipulation of charges like in semicon-
ductors. This might allow a further miniaturization of devices.

Here we show the Hard X-Ray Momentum Microscope HarMoMic
at the beamline P22 of the PETRA III synchrotron at DESY as tool to
monitor the electronic and crystalline structure of materials showing a
TPT. Based on Hard X-ray Photoelectron Spectroscopy HAXPES the
HarMoMic probes angle resolved the bulk electronic structure of sin-
gle crystalline samples. Thus, the electronic band structure and X-ray
photoelectron diffraction patterns XPD can be measured. From the
XPD patterns the crystalline structure of a material can be determined
by comparing it to simulations (Kikuchi Diffraction patterns).

As model system we show measurements of SrCoO,(001) thin films
grown via PLD on Nb-doped SrTiO3(001). Upon the application of
an electric bias it is electrochemically oxidized from SrCoO2 5 (Brown-
Millerite, insulator, antiferromagnetic) to SrCoO3_s (Perovskite-like,
metallic, ferromagnetic) undergoing a TPT.
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Intercalation of thin Fe-films at the Graphene/SiC Inter-
face — eNiELs Roscu!'2, Fapian GouLer!2, Rico EHrLERDZ, Su-
saNNE WorLrrh2, Orav Herwwic!2, and THomas SEYLLERD:2
ITechnische Universitdt Chemnitz, Institut fiir Physik, 09126 Chem-
nitz — 2Forschungszentrum fiir Materialien, Architekturen und Inte-
gration von Nanomembranen, 09126 Chemnitz

The intercalation of graphene on silicon carbide (SiC) with different
materials is an extensively studied field of research. The intercalation
of metals into the graphene/SiC interface offers a route to tune the
structural, electronic and magnetic properties of the system [1,2].

In the present study, we demonstrate the successful intercalation of
iron (Fe) between graphene and SiC. 4H-SiC(0001) substrates were
used to prepare the buffer layer (BL) precursor by polymer assisted
sublimation growth (PASG) [3]. Intercalation was carried out under
ultra-high vacuum (UHV) conditions by depositing 2 nm Fe atop the
BL precursor at 300 °C, followed by an annealing at 750 °C for 30 min.

The successful intercalation of iron at the BL/SiC interface was con-
firmed by photoelectron spectroscopy and electron diffraction. Mag-
netic characterization via superconducting quantum interference de-
vice magnetometer (SQUID) revealed that the intercalated Fe layer
exhibits ferromagnetic behavior.

[1] A. A. Rybkina et al., Phys. Rev. B 104 (2021) 155423.
[2] N. Briggs et al., Nanoscale 11 (2019) 15440. 4.
[3] M. Kruskopf et al., 2D Mater. 3 (2016) 041002.
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High-Fermi velocity massless carriers in a triangular mono-
layer of Sb — Bineg Livl2, eKiLiaNn Strauss!:2, PHILIPP
Eck?3, Jonas ERHARDT!2, Tim WAGNER!2, PuiLiPP KEssLERDZ,
Cepric ScHmITT! 2, Lukas GeHriG!2, STEFAN ENzNERZ3, MAR-
TIN Kampl2, JorG ScHAFER!:2, GlorciO SANGIOVANNIZ3, SIMON
MosEer!2, and RaLpa CrLaEssEN'? — !Physikalisches Institut, Uni-
versitdt Wiirzburg, D-97074 Wiirzburg, Germany — 2Wiirzburg-
Dresden Cluster of Excellence ct.qmat, Universitat Wiirzburg, D-97074
Wiirzburg, Germany — 3Institut fiir Theoretische Physik und Astro-
physik, Universitdt Wiirzburg, D-97074 Wiirzburg, Germany

Two-dimensional (2D) quantum materials with high Fermi velocities
are key candidates for ballistic transport and high-speed electronics.
However, few 2D systems have the potential to demonstrate Fermi ve-



Dresden 2026 — DS

Thursday

locities exceeding that of graphene, remaining at the level of prediction.
Here, we report the successful synthesis of a triangular monolayer of an-
timony (Sb) on the wide-gap semiconductor SiC. Using combined angle
resolved photoemission spectroscopy (ARPES) and scanning tunnel-
ing microscopy (STM) in combination with density functional theory
(DFT), we reveal orbital filtering that isolates broad-bandwidth, mass-
less px and py states, yielding a compensated Fermi surface with an
ultrahigh Fermi velocity surpassing that of pristine graphene. Linear
dichroism in ARPES measurements confirm the orbital polarization
of these high-velocity bands. This makes the triangular antimonene
a compelling platform for next-generation quantum and high-speed
electronic technologies.
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Interfacial electronic structure of molecular adsorbates on
WS2 and doped MoSe2 — ¢CAROLIN SABRINA SCHULE, MICHAEL
LAMMERHOFER, JoscHUA BUEBLE, Louisa AbpLung, and HEeiko
PEIsErT — Institut fiir Physikalische und Theoretische Chemie Uni-
versitat Tiibingen, Germany

MoSe2 and WS2 are layered transition metal dichalcogenides
(TMDCs) and promising alternative to conventional semiconductor
materials. We studied interface properties of different molecules on
MoSe2 and WS2. In the case of MoSe2 also p- and n-doped sub-
strates were studied. Comparably weakly interacting phthalocyanines
(CoPc, MnPc, CoPcF16) were compared to strong electron acceptors
(HATCN, C60). It is known that opotoelectronic properties of TMDCs
such as MoS2 can be tuned by transition metal phthalocyanines (TM-
PCs), depending strongly on the central metal atom of the phthalo-
cyanine,[1], the mechanism, however, is not completely understood.
Generally, for TMDCs two different interaction channels are possible:
Interaction via the central metal atom and the macrocycle. It is shown
that the different ionisation potential of the molecules affect the size
of interface dipoles, as well as a band bending in the bulk substrates.
However, the role of interface states is not negligible. Also, the dop-
ing level of MoSe2 have an influence on the strength of the interac-
tion, although no integer charge transfer might be expected. [1] DOI:
10.1021 /jacs.1c07795

DS 20.45 Thu 18:30 P2
Wannier-orbital Transient Polaron Localisation for electron
and spin transport in organic semiconductors — eNISARG
TRrIVEDI, MAXIMILIAN F.X. DORFNER, MICHEL PANHANS, and FRANK
ORrRTMANN — TUM School of Natural Sciences and Atomistic Mod-
eling Center, Munich Data Science Institute, Technische Universitit
Miinchen

Transport in organic semiconductors is governed by a complex inter-
play between comparable energy scales of electronic coupling, thermal
disorder, and electron-vibration interactions, making it difficult to de-
scribe within a unified framework. Building on the hybrid Transient
Polaron Localization (TPL) model proposed by Hutsch et al. (npj
Comput. Mater. 8, 228, 2022), we introduce an efficient extension
using Wannier orbitals as a localized and orthonormal basis, enabling
accurate treatment of charge transport in extended pi -conjugated sys-
tems which also allows us to generalise the framework for spin trans-
port.
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A Dual Time-Scale KMC-MD Approach for Simulating Self-
Assembly Kinetics of Polyalanine a-Helix Monolayers — eBo-
Yue Zenc!, Hapis GuopraTi SAEINI', SiBYLLE GeEMMING!, and
JerFrEY KELLINGD2 — 1Technische Universitat Chemnitz, Chemnitz,
Germany — 2Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Ger-

many

Polyalanine a-helices show strong potential for spintronic applications
because of their spin-filtering ability through the Chiral-Induced Spin
Selectivity (CISS) effect. To build enhanced spin-filters and under-
stand CISS, it is important to gain better control of molecular mono-
layer self-assembly. This requires large scale kinetic simulations which
cover the long time scales of layer formation and annealing. The kinet-
ics of polyalanine molecules anchored to metal substrates is governed
by two separate time regimes: slow diffusion on the surface and fast
relaxation of the organic ensemble.

To address these challenges, we present a dual time-scale simula-
tion approach for 2D self-assembly that combines kinetic Monte Carlo
(KMC) for slow diffusion with molecular dynamics (MD) for rapid re-
laxation. We demonstrate a parallel implementation based on the Al-
paka abstraction layer to achieve performance portability across CPUs

and GPUs. This proof of concept paves the way for large-scale sim-
ulations of mono-layer self-assembly in support of future spintronic
applications.
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Modeling intermolecular interactions and ordered packing
in self-assembled monolayers of polyalanine a-helices —
Hapis GuobpraTi SarINI', THi Ncoc Ha NcuvEN!, CHRISTOPH
TrGENKAMP!, SiBYyLLE CemmING!, JerFFREY KeLLINGZ, and
oFLORIAN GUNTHER® — !Technische Universitit Chemnitz, Chem-
nitz, Germany — 2Helmholtz-Zentrum Dresden-Rossendorf, Dresden,

Germany — 3Sédo Paulo State University, Rio Claro, Brazil

Polypeptide molecules are attracting attention as promising candidates
for electronic spin-filters due to the phenomenon of chiral-induced spin
selectivity (CISS). This motivates substantial research to characterize
the structural and electrical properties of self-assembled monolayers
(SAMs) of peptide helices, for example, polyalanine (PA) a-helices. In
this work, we aim to characterize the intermolecular interactions gov-
erning PA-SAM film formation. We developed an empirical potential
that models the interaction between two isolated helices, derived us-
ing the density functional-based tight-binding (DFTB) method. This
potential allowed us to simulate the most energetically favorable ar-
rangements in SAM films via a Monte Carlo approach employing sim-
ulated annealing and the Metropolis algorithm. Statistical analysis
of the relative positioning of adjacent molecules enabled us to clas-
sify the degree of frustration in the films. For enantiopure systems, a
frustration-free arrangement was found, yielding a perfect hexagonal
lattice. For mixtures of chiralities, the results showed parallel-aligned
domains of differently handed helices. Both findings are in excellent
agreement with experimental works.
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Spin-Dependent Transport of CISS in Polyalanine on GMR-
like Au/Co/Au Interfaces — eANDREAS CorpIER!, THI Ncoc
Ha Nguven!, Huu Tuoar Nco!, Jurian Kocu!, Lecn THOMAS
Baczewski?, and CHRIsSTOPH TEGENKAMP! — lTechnische Univer-
sitéit Chemnitz — 2Polish Academy of Sciences, Warszawa,

Chiral molecules enable the investigation of spin-selective transport in
a GMR-like Au/Co/Au geometry. We studied 16-mer L-polyalanine
adsorbed on such multilayers by LT-UHV-STM and STS. Topography
reveals interdigitated molecular arrangements with an intermolecular
spacing of ~3 nm and reduced long-range order compared to ambient
conditions. STS yields a HOMO-LUMO gap of ~1.8 €V and an asym-
metry of the electronic states, consistent with shifts induced by the
intrinsic molecular dipole under the junction electric field. The I-V
characteristics show a clear dependence on the Co magnetization ori-
entation, evidencing CISS-driven, spin-dependent transport through
the PA layer and allowing an extraction of the molecular CISS-MR.

In magnetic-field-dependent feedback measurements, the tip stabi-
lizes at distinct equilibrium positions depending on the prior Co mag-
netization direction, producing a robust Az signal that vanishes on
Au/Co/Au reference samples. Using a quantitative model accounting
for all resistive elements of the GMR-like stack we relate the mea-
sured Az to the spin-dependent transmission through the molecules.
In combination with forthcoming electronic-structure input, this es-
tablishes the experimental foundation for a consistent determination
of the CISS-induced magnetoresistance in chiral molecules.
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Evolution of voids in molybdenum disilicide during electromi-
gration experiments — eJuLiA BALDAUF, DENNIS MITRENGA, T1M
Fink, and PHiLipp KELLNER — CiS Forschungsinstitut fiir Mikrosen-
sorik GmbH, Erfurt, Germany

Molybdenum disilicide (MoSi2) is used in macroscopic and microscopic
heating devices.

The widespread use of MoSi2 is caused by its melting point of 2030°C
and its combability with CMOS processes. Because of the high melt-
ing point MoSi2 has been considered immune to electromigration phe-
nomena. In reality electromigration is one of the main causes of chip
failure for microheaters employing MoSi2 at temperatures of 600°C up
to 900°C.

Artificially generated voids were made by using a gallium based fo-
cused ion beam, are approximately circular in shape and located near
the center of a line under test made of MoSi2. We employed a laser
scanning microscopy technique to observe changes of the shape of ar-
tificially generated voids. Slight changes in the shape of the voids and
the formation of hillocks on the rim of the voids have been observed.
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Because of the low volume of the migrated material the chemical anal-
ysis remains challenging.

Machine learning is used to determine the effective ion charges used
in Finite-Element-Methode-simulations of a digital twin. The digital
twin will be used in conjunction with the experimental data to evaluate
the effective ion charge determined by employing the machine learning
algorithm.

DS 20.50 Thu 18:30 P2
Towards Study of Charge Transport Mechanisms Across
Grain Boundaries in Organic Monolayer Films via Near-Field
Photocurrent Spectroscopy — eJiaN X1a0, FRaANCEscA FALORsI,
Lukas RENN, and THoMAs WEITZ — Georg-August-University Got-
tingen, Gottingen, Germany
Organic semiconductors, particularly emerging organic thin films
(OTFs) comprising one to several molecular layers, enable diverse
nanoscale (opto-)electronic devices. Device performance critically de-
pends on the crystalline order within OTFs, where grain boundaries
(GBs) between dissimilarly oriented domains are widely recognized
as limiting factors for charge transport. While previous studies have
identified two GB types, barriers and valleys, distinguished by whether
their lowest unoccupied molecular orbitals (LUMOs) lie above or below
those of bulk grains, the detailed transport mechanisms across these
interfaces remain poorly understood.

We will report our current efforts to develop scanning near-field op-
tical microscopy (SNOM) to investigate excited photocurrents across
GBs in organic monolayer films under illumination with photon en-
ergies comparable to the energy differences between GBs and bulk
grains. Our approach aims to elucidate charge transport pathways
across GBs and their contribution to macroscopic current formation.
We further examine how GB type and the magnitude of interfacial en-
ergy differences influence transport mechanisms. These insights may
inform charge transport studies across barriers in other optoelectronic
material systems.
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Superconducting diode effect in in epitaxial thin films
of elemental superconductors — eSHANSHAN Guo!, NIKOLAI
PEsHCHERENKO!, CHaNaiiaNnc Y1!, Nine Maol, Hepa Zuancl,
Heiko Rerra?, WALTER ScHNELLE!, EDoUARD LEsNE!, KORNELIUS
NieLscH?, YaNG ZuaNGS3, and CrLaupia FELser! — !Max-Planck-

Institute fiir Chemische Physik fester Stoffe, Dresden, Germany —

2Leibnitz IFW Dresden, Dresden, Germany — 3Department of Physics
and Astronomy, University of Tennessee, Knoxville, USA

The superconducting diode effect allows for nonreciprocal, dissipation-
less electronic transport. It has the potential to enhance transfer cur-
rent efficiency compared to the traditional semiconducting equivalent
and hence have a significant impact on the design of future electronic
devices. While the field is fast evolving, there are still many unan-
swered questions about the underlying mechanisms and origin of the
phenomenon. Here we investigate the superconducting diode effect in
epitaxial thin films of elemental superconductors (V, Nb and Ta). We
probe its supercurrent nonreciprocity as a function of magnetic field
and temperature and discuss the role spin-orbital-coupling strength
plays in the superconducting diode effect in a combined simple ma-
terial/device structure. Our work should stimulate the refinement of
theoretical models and enable a deeper understanding of the supercur-
rent rectification effect.
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Cavity-modified electron mobility in monolayer black phos-
phorus from first principles — eQinvaN Y1}, I-TE Lul, and AN-
ceL Rusio!? — 'Max Planck Institute for the Structure and Dy-
namics of Matter, Center for Free-Electron Laser Science, Luruper
Chaussee 149, 22761 Hamburg, Germany — 2Initiative for Computa-
tional Catalysis, The Flatiron Institute, Simons Foundation, New York
City, NY 10010, United States of America

Cavity materials engineering offers a new route to control material
properties through quantum fluctuations, without requiring external
driving fields such as laser pulses. However, theoretical studies of
cavity-modified transport in realistic materials are still lacking. In
this work, we perform an ab initio study of monolayer black phospho-
rus coupled to cavity photons using quantum electrodynamical density
functional theory (QEDFT), which includes an additional electron-
photon exchange potential in the Kohn-Sham Hamiltonian. Our re-
sults show that cavity photons can modify the electron-phonon inter-
action of black phosphorus and decrease the phonon-limited scattering
rate, leading to an increase in electron mobility by about 10% for a re-
alistic coupling ratio of mode strength to bare photon frequency of 0.1,
which is the upper limit of a realistic device. These results demonstrate
that cavity materials engineering can modify the materials transport,
highlighting its promise as a practical, non-intrusive approach for tun-
ing material properties.



