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DS 11: Layer Deposition

Time: Wednesday 9:30-11:45

DS 11.1 Wed 9:30 REC/B214
Photo-Assisted Atomic Layer Deposition — ePauL BuTLErD2,
SimoN WoORrLE!2, PENayu Hul3, MANFRED STEMPLINGER!2, and
IaN D. SHarRPY2 — 1'Walter Schottky Institut, Technische Universitét
Miinchen, 85748, Garching, Germany — 2Physics Department, TUM
School of Natural Science, Technische Universitdt Miinchen, 85748,
Garching, Germany — 2Department of Electrical Engineering, TUM
School of Computation, Information and Technology, Technische Uni-
versitdt Miinchen, 85748, Garching bei Miinchen, Germany

Atomic layer deposition (ALD) is a powerful technique for uniformly
coating complex surfaces with thin films, though achieving lateral con-
trol remains one of its main challenges. This work demonstrates the
implementation of visible-wavelength excitation to assist in the ALD
process, thereby providing an opportunity for selective-area deposition
using beam-shaping. We demonstrate that optical laser excitation can
be used to assist in several ALD processes. An optical laser was used to
selectively photo-assist the deposition of TiO2 on gold as well as mono-
layer MoS2 at low temperatures. The molecular precursors, titanium
isopropoxide (TTIP) and ozone were used for the low-temperature
deposition of TiO2 on gold, while tetrakis(dimethylamido)titanium
(TDMAT) and water were used for the deposition of TiO2 on MoSs.
Photoexcitation is also shown to reduce the nucleation delay when
MeCpPtMes and ozone are used to deposit platinum films on Si and
SiOg surfaces, using. Samples are characterized with spectroscopic
ellipsometry and AFM before and after depositions, with in-situ ellip-
sometry during ALD procedures.

DS 11.2 Wed 9:45 REC/B214
Epitaxial growth of wurtzite Al;_,Hf;N thin films by reac-
tive magnetron sputtering — eVALENTIN WALBRUNND.'2, LAURA
I. WagNERD2, VERENA STREIBEL!:2, MINGYUN Yuan3, and Ian
D. Suarp!2 — Walter Schottky Institute, Technical University of
Munich, Germany — 2Physics Department, TUM School of Natural
Sciences, Germany — 3Paul-Drude-Institut fiir Festkdrperelektronik,
Leibniz-Institut im Forschungsverbund Berlin e.V., Germany

Ternary nitrides such as transition metal (TM) wurtzite Al;_,TM;N
compounds offer great potential for future electromechanical and fer-
roelectric devices. While this class of materials is exemplified by
Al;_;Scy N, alternative TM elements such as Hf, Zr, and Ti remain
largely underexplored, despite predictions of increased piezoelectric re-
sponses and the benefit of reduced reliance on rare earth elements.
In this work, we explore reactive magnetron co-sputtering of wurtzite
aluminum hafnium nitride (Al; —,Hf;N) to achieve epitaxial thin films
suitable for high-frequency surface acoustic wave (SAW) applications.
We tune the Hf content by scaling the power applied to the metallic
Hf and Al targets in an Ar/N2 atmosphere and determine optimized
conditions with Hf cation fractions up to 40 %. X-ray diffraction con-
firms the formation of a wurtzite phase with strong c-axis orientation,
and rocking curve measurements indicate improved crystalline quality,
comparable to sputtered Al;_,;Sc;N. These films demonstrate epitax-
ial wurtzite Al;_;Hf;N as a promising material platform for high-
frequency SAW applications.

DS 11.3 Wed 10:00 REC/B214
Epitaxial growth of hexagonal boron nitride (h-BN) by
thermal laser epitaxy (TLE) — eMarkus A. Bronskil,
Gipeok Kim?, Joio MAaRceELo Lopes', AUDREY GILBERT!, LuTz
GEELHAAR', JocHEN MANNHART?, DARReLL G. ScHLOM®, and
Partrick Vocth? — 1Paul-Drude-Institut fiir Festkorperelektronik,
Leibniz-Institut im Forschungsverbund Berlin e.V., Berlin, Germany
— 2Max-Planck-Institut fiir Festkérperforschung, Stuttgart, Germany

— 3Cornell University, Ithaca, USA

Thermal laser epitaxy (TLE) is a novel thin film synthesis technique
in which the substrate and sources are heated by high-power infrared
lasers. Without heating elements, TLE achieves unprecedentedly high
growth temperatures and pressures, exceeding those of traditional
methods like standard chemical vapor deposition (CVD) or molecular
beam epitaxy (MBE). TLE enables thermal in situ substrate termi-
nation, accelerating surface treatment and avoiding pre-growth con-
tamination. Using TLE, we map an unrivaled growth pressure and
temperature (P-T') parameter space for h-BN growth on Al>O3(0001)
substrates. To optimize substrate termination, the AlyOgz surface is

Location: REC/B214

nitridized to form an AIN adlayer at T' ~ 1800°C under an NH3
atmosphere with a pressure of P = 10~3 mbar. This termination pro-
cess is followed by h-BN growth at 1600 °C to 2000 °C with NHs pres-
sures ranging from 10~ % mbar to 10~ ! mbar. We demonstrate epitaxial
h-BN growth under unprecedented P-T conditions, characterized by
Reflection high-energy electron diffraction, Fourier transform infrared
spectroscopy, Raman spectroscopy and atomic force microscopy.

DS 11.4 Wed 10:15 REC/B214
Local growth of GaAs on Si(001) and Si(001)4.5° by Laser-
assisted MOVPE — eCHRISTIAN BRUCKMANN, JURGEN BLASING,
ARMIN DADGAR, and ANDRE STRITTMATTER — Institute of Physics,
Otto-von-Guericke-University Magdeburg, Germany

The demand for increasingly performant, energy-efficient semiconduc-
tor devices is driving the research on how to combine III/V- with
Si-based components in the most efficient way possible. While the
monolithic integration on the Si substrate offers advantages compared
to hybrid integration schemes, the heteroepitaxy of III/V-compound
semiconductors is challenging due to different material properties. The
Laser-assisted MOVPE enables an additive fabrication of semiconduc-
tor devices allowing cost-efficient low-volume production of special de-
vice structures. Key part is a high-power laser diode used for local
heating of the substrate surface leading to local growth. GaAs islands
were grown on Si(100) as well as Si(100) 4.5 © substrates using a two-
step growth approach which consists of a low-temperature nucleation
layer followed by a high-temperature buffer layer. Optimization of the
growth parameters and characterization with AFM and XRD shows
qualitative trends similar to conventional MOVPE. For an island with
a diameter of 260 nm and a height of 230 nm a XRD FWHM of 0.47 °
(w-Scan, GaAs(004)) was obtained. Increasing the layer thickness to 3
pm yields a FWHM of 0.26 © at optimum. Roughness measurements
in the island center lead to RMS values of 4.0 nm (5 x 5 um?).

15 min. break

DS 11.5 Wed 10:45 REC/B214
Interface formation in ALD-based SnO3/CeO, heterostruc-

tures — eDomMminic GurrMann!, Rubpr TscHamMmeR!, CAR-

Los MoraLes!, MaLcorzata Kot?, MicHAL Mazur?2, DAMIAN

Woucieszak?, PaurLina Kapuscik?, WIKTORIA KOLODZINSKAZ,
Jarostaw DomaraDpzki?, and JaN Inco FLEGe! — 1 Applied Physics
and Semiconductor Spectroscopy, BTU Cottbus-Senftenberg, Cottbus
03046, Germany — 2Faculty of Electronics, Photonics and Microsys-

tems, WUST, 50-372 Wroclaw, Poland

The electrical resistance of SnOz ultrathin films (< 20 nm) made by
atomic layer deposition (ALD) strongly depends on thickness, due to
intrinsic film defects at interfaces arising from changes in the ALD re-
action mechanism during the first cycles and from the film/substrate
interaction. Modifying interface properties in SnO2/CeO, heterostruc-
tures can enhance Hz sensing performance. We studied the initial
growth of SnO2 by ALD on CeO, substrates prepared by either elec-
tron beam evaporation (EBE) or ALD. Employing the commercial
precursor tetrakis(dimethylamino)tin (TDMASn) and ozone (O3) as
well as in vacuo and near-ambient-pressure X-ray photoelectron spec-
troscopy, we examined how substrate preparation affects the SnOq
nucleation behavior in the first cycles. SnOg growth on EBE-CeO, in-
deed starts with the first precursor cycle, whereas ALD-CeQO, requires
an additional conditioning step. Connecting these findings to surface
chemistry, distinct Cls and N1s signatures attributed to TDMASn ad-
sorption indicate a slow C/N buildup, consistent with previous reports
on ALD-grown SnO3z on Si, SiO2, and Al2Os.

DS 11.6 Wed 11:00 REC/B214
Enhancing the antiferroelectric response of AgNbOj3 thin
films — eSREELAKSHMI PRASANNA, JULIETTE CARDOLETTI, PHILIPP
KowMmissiNskry, THORSTEN SCHNEIDER, and LAMBERT ALFF — Insti-
tute of Materials Science, TU Darmstadt, Darmstadt, Germany

Dielectric capacitors are widely utilized in numerous advanced high
power electronic systems due to their distinctive features of high-power
density, ultrafast charge/discharge capability, long storage lifetime,
etc. Among them, antiferroelectrics have attracted extensive atten-
tion for energy storage applications because of their double hysteresis
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loop and zero remnant polarization. Within this class of materials
AgNbOgz-based lead-free perovskites are promising candidates due to
their environmentally friendly nature and strong intrinsic antiferroelec-
tric response. In this work, we have grown AgNbOs3 thin films using
pulsed laser deposition and examined their structural properties using
X-ray diffraction and SEM. The presence of metallic Ag particles on
the AgNbOs3 surface with a size ranging from nanometres to microme-
tres indicates excessive Ag creating conductive pathways and severely
compromise the electrical performance, suppressing the antiferroelec-
tric behaviour. We demonstrate a post-annealing and post-deposition
treatment to remove excessive Ag in grain boundaries and as well as
on the surface, while preserving the AgNbOg3 phase.This procedure re-
duces the leakage current significantly and enables the access to the
antiferroelectric properties of AgNbOgs. This simple and effective way
to enhance the performance of AgNbOgs thin films opens the way to
their application in eco-friendly energy storage devices.

DS 11.7 Wed 11:15 REC/B214
Low-Temperature Atomic Layer Deposition of Rutile Tita-
nium Dioxide Buffer Layers for Thermochromic Windows
— oJAN LEITHAUSER, WAAFA AL NacHwATI, PHILIP KLEMENT,
SANGAM CHATTERJEE, and MARTIN BECKER — I. Physikalisches In-
stitut, Justus-Liebig-Universitiat Gieften, Heinrich-Buff-Ring 16, 35392
Gieflen, Germany

Vanadium dioxide (VOgz) exhibits a reversible semiconductor-metal
transition (SMT) at approx. 68°C and enables thermochromic smart
windows that modulate solar heat gain. To achieve high solar modula-
tion (Ty01) at industrially compatible temperatures, a smooth, chemi-
cally stable rutile TiO2 buffer layer is required. Here, we demonstrate
that atomic layer deposition (ALD) of TiO2 at 200 °C, followed by low-
temperature annealing, results in dominant rutile at 220 °C, provided
the TiO2 thickness is at leat 30 nm; thinner layers (10 nm) crystal-
lize as anatase. Integrating such ALD-grown rutile buffers into VOg

[| TiO2 || Glass structures allow for optimal VOg growth windows at
400 - 450 °C and yields a Ty, comparable to that of high-temperature
sputtered rutile buffers. The ALD approach maintains nanometer-
scale roughness. This low-temperature route to rutile TiO2 represents
an advancement for scalable, energy-efficient thermochromic coatings
compatible with temperature-sensitive substrates.

DS 11.8 Wed 11:30 REC/B214
Interface induced ferromagnetism and Superconductivity in
epitaxially engineered thin films — eMosTtara MaRrzoukh?2,
AnupaM SiNGHZ, Icor MAZINCHENKO?, MALLI TanGi?, SERGEY
OsTaNIN?, YouNcHYUK Kim2, Iuya KosTANOVSKIZ, ARTHUR ERNSTZ,
MaTtHEW GILBERT?, and STUART ParkiN? — !Current Address: In-
stitute for Topological Insulators, University of Wuerzburg, 97074
Wiirzburg, Germany — 2Max-Planck institute of Microstructure
Physics, 06120 Halle (Saale), Germany

Two-dimensional electron gases (2DEGs) at oxide interfaces offer sev-
eral advantages that are not typically found in semiconductor-based
2DEGs. One key advantage is their high sheet carrier density, which
is essential for achieving the high current densities required in power
and memory applications.

In this talk, I will present the emergent phenomena at oxide inter-
faces we grew using state-of-the-art molecular beam epitaxy (MBE),
with a primary focus on the two-dimensional electron gases formed
at KTaO-based interfaces. We observe the development of ferromag-
netism in the KTa03(110)/LaTiO3 and KTa03(111)/LaTiO3 2DEGs.
Remarkably, these ferromagnetic 2DEGs retain high electron mobili-
ties, reaching approximately 250 cm2/V.s at 2 K and 20 cm2/V.s at
300 K. The presence of ferromagnetism is confirmed through anoma-
lous Hall effect hysteresis loops, butterfly-shaped magnetoresistance
hysteresis loops (down to 1.7 K), out-of-plane magnetization hysteresis
loops, and x-ray magnetic circular dichroism (XMCD) measurements
at 2 K.



