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O 44.1 Tue 14:00 P2
Determining the electrical transmission to the junction of
a scanning tunneling microscope — eGuipo HILLER, GAEL

REECHT, and MANUEL GRUBER — University of Duisburg-Essen

Stochastic resonance spectroscopy has recently been implemented in
STM to probe dynamics at the atomic scale over a wide range of
timescales, down to the picosecond range [1]. A key requirement for
this method is a modulation voltage at the STM junction with an am-
plitude independent of the frequency. This, in turn, demands an ac-
curate characterization and compensation of the frequency-dependent
transmission of the cabling.

Several studies have focused on quantifying such transmissions. In
particular, Paul et al. [2] quantitatively analyzed the radio-frequency
induced broadening of a sharp feature in dI/dV spectra. Building on
this method, we carried out such analysis in the Fourier space and
discuss the associated advantages.

[1] Betz et al., arXiv:2412.12647 (2024) / Hénze et al., Sci. Adv. 7,
no. 33 (2021) [2] Paul et al., Rev. Sci. Instrum. 87, no. 7 (2016)

O 44.2 Tue 14:00 P2
Upgrading an LT-STM with a qPlus-AFM system — eRENE
KnispEL, Parrick HARTL, and MarTHiAs Bobpe — Physikalis-
ches Institut, Experimentelle Physik 2, Julius-Maximilians-Universitat
Wiirzburg, Am Hubland, 97074 Wiirzburg, Germany

The invention of the scanning tunneling microscope (STM) by Binnig
and Rohrer in 1981 enabled direct imaging of atomic-scale structures in
real space [1|. Shortly thereafter, the recognition of tip—sample interac-
tions enabled the development of the atomic force microscope (AFM)
[2]. In 1995, Giessibl achieved true atomic resolution with AFM [3]
by measuring the force gradient-induced resonance frequency shifts of
a silicon cantilever. Quartz-based cantilevers with enhanced stiffness
and sensitivity enabled the development of the so-called gqPlus-AFM
technique, which surpasses STM in spatial resolution and allows STM
measurements to be performed concurrently.

To extend the capabilities of our low-temperature STM, we upgraded
it with a qPlus-AFM system. The Pan-type scanner was redesigned
to enable cantilever excitation and to integrate both differential oscil-
lation signals and the STM tunneling current. A UHV-LT preampli-
fier for the oscillation signals was also build and mounted inside the
liquid-helium shield of the cryostat. The technical implementation and
performance of the upgraded microscope will be demonstrated using
suitable test samples.

[1] G. Binnig et al., Phys. Rev. Lett. 49, 57 (1982).
[2] G. Binnig et al., Phys. Rev. Lett. 56, 930 (1986).
[3] F. J. Giessibl, Science 267, 68 (1995).

O 44.3 Tue 14:00 P2
Multifrequency Tunnelling Spectroscopy — e GLEB NEPLYAKH,
PuiLipp E.J. MaIEr, CAROLINA A. MARQUES, BERK ZENGIN, KEVIN
Hauser, RiAN LicTHART, ALEXANDER LAFLEUR, and FaBian D.
NATTERER — Department of Physics, University of Zurich, Win-
terthurerstrasse 190, CH-8057, Switzerland

Scanning tunnelling spectroscopy (STS) probes the local density of
states by measuring differential conductance as a function of energy.
Traditional ST'S acquires N energy points by sweeping a DC bias with
a small modulation superimposed. This requires N sequential mea-
surements, making it impractical for large mapping tasks.

We have developed Parallel Spectroscopy (PS) to overcome this lim-
itation. PS exploits the nonlinearity in the I(V) curve of the materials:
a single or multitone AC voltage drive generates a set of higher har-
monics that encode the full spectrum. Demodulating N harmonics
within one leakage-free integration window enables the energy depen-
dence to be recovered in a single measurement, providing substantial
speedups.

We compare conventional STS and single- and multi-frequency PS
with respect to signal-to-noise ratio, potential artefacts, and spectral
resolution. Using PS in conjunction with compressive sensing could
allow us to conduct high-resolution studies of many-body effects in
quantum materials.

O 44.4 Tue 14:00 P2

Tip-enhanced Raman Microscopy simulation methods —

Location: P2

ePABLO PLANELLES PRENSA, HARSHIT SETHI, ORLANDO SILVEIRA JU-
NIOR, and ApaM FosTER — Konemiehentie 1, 02150 Espoo / P.O. Box
15600, FI-00076 AALTO

Tip-enhanced Raman Microscopy (TERS) has emerged as a promising
technique that overcomes Abbe diffraction limit, which dictates that
for green light around 500 nm the spatial resolution is limited to only
250 nm, which is insufficient for studying nanomaterials. In TERS,
by using a strongly localized plasmonic field produced at the tip apex,
the Raman signal is significantly enhanced, and submolecular resolu-
tion can be achieved.

Similar to Scanning Tunneling and Atomic Force Microscopy tech-
niques, TERS relies on a sharp tip. TERS offers the additional advan-
tage of providing not only topographic information about the sample,
but also chemical.

Despite the rapidly increasing interest in TERS, progress remains
limited by the difficulty of interpreting the resulting experimental im-
ages.

In this context, we aim to contribute by presenting ab-initio sim-
ulation methods and demonstrating how they can be used to greatly
facilitate the interpretation and prediction of TERS images. More-
over, we will study the influence of the substrate on the images, and
how different tip geometries and materials affect resolution and induce
image asymmetry. We will also compare several simulation methods
with different levels of complexity and computational cost.

O 44.5 Tue 14:00 P2
Automatic tip functionalization with CO on Ag(111) using
machine learning — eJOHANNA SCHNORRENBERG, JoNAs HEGGE-
MANN, PauL LauBrock, and PHiLiPp RAHE — Universitat Osnabriick,
Institut fiir Physik, Barbarastrafte 7, 49076 Osnabriick, Germany

Functionalization of scanning probe microscopy tips with CO
molecules enables high-resolution imaging, sub-molecular contrast and
access to charge distributions of adsorbed molecules. [1, 2]

However, the manual functionalization procedure is time-consuming
and limits experimental throughput. To address this, tip functional-
ization can be automated. [3]

Here, we implement a full pipeline for CO tip functionalization on
Ag(111). The process includes localizing a CO molecule during scan-
ning the surface, performing the pick-up of this CO molecule and eval-
uating the resulting tip condition. Tip quality is assessed by imaging
CO molecules on the substrate and classifying the achieved resolution
as ”good” or ”"bad” for a CO-tip using a convolutional neural network
(CNN). The CNN performance is compared to a conventional image
analysis algorithm, in this case a template matching algorithm.

We expect this automated approach to significantly improve the ef-
ficiency of AFM experiments and thereby enabling faster and more
systematic data acquisition on molecular systems.

[1] B. Schulze Lammers et al., Nanoscale, 13, 13617 (2021)

[2] L. Gross et al., Angew. Chemie Int. Ed., 57, 3888 (2018)

[3] B. Alldritt et al., Comp. Phys. Commun., 273, 108258 (2022)

O 44.6 Tue 14:00 P2
Spectral interferometry scanning near-field optical mi-
croscopy; investigating resonant tip-sample near-field inter-
actions — eToM JEHLE, SAM S. NocHowITz, JUANMEI DuAN, and
CurisTOPH LIENAU — Institute of Physics, University of Oldenburg,
26129 Germany

Localized phonon polaritons and plasmon polaritons resonantly en-
hance near-field mediated light matter interactions and are key for
strong coupling between single quantum emitters and nanocavities (1).
Localized polariton resonances with high oscillator strength show tip-
sample distance dependent frequency shifts in scanning probe experi-
ments, requiring spectroscopic analysis at explicit tip-sample distances
(2). Here, we introduce a broadband interferometric scattering-type
SNOM technique (3) to reconstruct spectral amplitude and phase of
visible light scattered from a gold taper. Harmonic sampling with a
fast line camera allows reconstruction of spectra with high tip-sample
distance resolution. Spectral amplitude, phase and the evaluation of
the distance dependence of the near-field interaction allows the re-
trieval of the temporal near-field dynamics with sub-cycle precision.
‘We demonstrate our technique by measuring the tip-sample distance
dependent time dynamics of the near-field at the apex of a resonant



Dresden 2026 — O

gold taper coupled to its image. Our results pave the way towards
hyperspectral imaging in the visible with nm spatial resolution and fs
temporal resolution of the reconstructed time dynamics. (1) S. Hu et
al., Nat. Commun. 15, 6835 (2024); (2) H. Wang et al., Nat Commun.
9, 2005 (2018); (3) J. Zhan et al., Nano Lett. 24 (49),15738 (2024)

O 44.7 Tue 14:00 P2
Cryogenic Band Pass Amplifier for measuring Atomic Shot
Noise — eBensaMIN FrOvicH, KEvIN HAUsEr, LEBIN Yu, GLEB
NEPLYAKH, AJLA KARIC, and FaBIAN D. NATTERER — Department
of Physics, University of Zurich, Winterthurerstrasse 190, CH-8057,
Switzerland

Scanning tunneling microscopy provides access to the texture and cor-
relation of charge carriers in quantum materials by listening to their
characteristic shot noise signatures that reveal le and 2e charge quan-
tization effects at the atomic scale. Previous studies introduced a band
pass amplifier with center frequency of 3 MHz based on their in house
made high electron mobility transistor (HEMT) and LC tank circuit to
measure such shot noise. Here we build a similar band pass amplifier
with a center frequency of 17 MHz based on a comercially available
InP HEMT. Another goal is the evaluation of resonating circuits like
the LC tank at cryogenic temperatures. We achieve 26 dB single stage
amplification at liquid nitrogen temperatures. Simulations suggest a
noise figure of < 0.12 dB. Experiments at even lower temperatures
present challenges impacting implementation into the cryostat.

O 44.8 Tue 14:00 P2
all-in-one preparation stage of STM/AFM QPlus sensors for
ultrahigh vacuum — eREZA HABIBIPOUR, JAKOB PELSTER, MARCO
PRATZER, MICHIEL REUL, and MARKUS MORGENSTERN — II. Institute
of Physics B, RWTH Aachen University and JARA-FIT, Germany

QPlus sensors enable the combination of atomic force microscopy
(AFM) and scanning tunneling microscopy (STM) with high reso-
lution. We developed a compact preparation stage for positioning,
glueing, annealing and tip etching of wires with diameters down to
7.5 um and length down to 200 um. The QPlus sensors are based
on a piezoelectric quartz tuning fork with nominal frequency of 32.6
kHz. A tip wire is attached to one prong with the other prong is fixed
to a ceramic block on the ultrahigh-vacuum (UHV) sample holder.
Two tuning-fork contacts connect to the sample plate for AFM os-
cillatory function and for STM current. Sensor preparation utilizes
a long-working-distance optical microscope (76 cm) and micrometer
manipulators for precise glue and wire positioning. A heater is used
to cure the glue. A tungsten-carbide flush cutter trims the wire to
within 0.2 mm of the prong edge. Alternatively, an etching ring is
employed for tip shaping. Afterwards contacts can be checked in-situ
by a Keithley instrument. Q-factors at room temperature and UHV
amount to 16.000. The resulting QPlus sensors will be employed in a
300 mK STM/AFM cryostat mostly for maneuvering towards stacks
of 2D materials by AFM prior to STM measurements.

O 44.9 Tue 14:00 P2
Iron Implantation from a Ferrocene Ion Source — eURrs Boi-
soN, Ajua Kari¢, BERK ZENGIN, LEBIN YU, and FABIAN D. Nat-
TERER — Department of Physics, University of Zurich, Winterthur-
erstrasse 190, CH-8057, Switzerland

The scattering of electrons on defects in low dimensional materials pro-
vides insight into the electronic structure using quasiparticle interfer-
ence or tunneling spectroscopy. Since natural defects are mostly spin
averaging and obscure magnetic textures, using magnetic impurities
would allow a richer inspection of the underlying magnetic properties.
At present, magnetic impurities are difficult to produce because chem-
ically active defects are required to chemisorb magnetic atoms, such
as hydrogen. We use metal ions in a volatile molecule that can eas-
ily and directly be delivered to ion sources commonly used for sample
cleaning. Using a conventional sputtering source and heated ferrocene
(vapor pressure of 1773 Pa at 400 K), we implant ferrocene molecules
between 100 and 3000 eV and use different vapor pressures to inves-
tigate the ion implantation efficiency and possible defect generation.
We test the optimal dose as a function of these parameters using ion
current measurements and mass deposition on a quartz crystal mi-
crobalance. To verify successful implantation, we use scanning tun-
neling microscopy on graphene and superconducting layers. Magnetic
defects should exhibit signatures related to Yu-Shiba-Rusinov states,
confirming the conservation of their spin upon implantation.

O 44.10 Tue 14:00 P2

Tuesday
Development of a Low-Temperature Scanning Probe Micro-
scope — oTINGWEN Miao — Tsung-Dao Lee Institute, Shanghai,
China

We independently designed and constructed a low-temperature
ultrahigh-vacuum scanning probe microscope (SPM) system which is
equipped with a single-axis 9T magnetic field and can be cooled down
to 400mK. The system integrates the functionalities of atomic force mi-
croscopy (AFM) and scanning tunneling microscopy (STM) into the
scanning head, enabling in-situ measurements of both electrical signals
and force signals. The cooling curve, current noise, non-contact AFM
and STM imaging and I(V) spectroscopy are characterized to verify
that the system achieve the fundamental SPM capabilities. Subse-
quent magnetic field test and low-temperature test will be performed
to confirm that the system can achieve all designed performance.

O 44.11 Tue 14:00 P2
Correlative AFM-SEM-EDS microscopy on nanoparticles
and -wires — CHRIs ScHWALB!, eLukas STUHN!, Hajo FRERICHS!,
SEBASTIAN SEIBERT!, DARrsHIT Jancip!, MarioN WoLrr!, KERIM

ARAT2, HAMED ALEMANSUR2, AFSHIN ALIPOUR?, ANDREAS AMANNZ,

Luis MonTEs2, JosT DiEDERICHS?, JEFF GARDINER?, WILL NEILSZ,
and STEFANO SpacNa? — lQuantum Design Microscopy GmbH,

Pfungstadt, Germany — 2Quantum Design Int., San Diego, USA

Correlative AFM-SEM-EDS microscopy enables multimodal nanoscale
analysis but is often hindered by complex sample transfers and the
lack of a joined coordinate system. Our approach integrates these
techniques to allow simultaneous acquisition of topographical, me-
chanical, electrical, SEM and EDS data from the same region of
interest[1]. We illustrate the advantages of such in-situ correla-
tive measurements through several case studies, including hard-to-
access structures such as bone lacunae, individual nanowires on 5
nm TEM grids, and nanoparticles relevant for multimodal charac-
terization workflows[2]. In addition, we present first results on in-
dividual ZnO nanowires for energy-harvesting concepts, where SEM
enables rapid localization and AFM provides mechanical and elec-
trical characterization[3,4]. Overall, the presented in-situ correla-
tive strategy, the FusionScope, expands the analytical capabilities
for nanoscale inspection and process control across a wide range of
materials and devices. [1] https://doi.org/10.1093/mictod/qaad083 [2]

https://doi.org/10.1093 /mam/ozae044.233 [3] https://doi.org/10.3390/mil608

4] https://doi.org/10.1002/adfm.202310110

O 44.12 Tue 14:00 P2
Distance dependent of local work function on Pb/Si(111) is-

lands — eAjay Kumar?, THoMas SpiTH!, BEN LOTTENBURGERZ,

ZEINEB BEN Tanrous3, DANIEL RoTHHARDT?'4, PAuL P. SCHMIDTZ,
ManveL Scuurze?, RaLr MerzLer?, Kurr Buscu®, Gino
WEeGNER?®, and REcINA HOFFMANN-VOGEL? — !Institute of Physics
and Astronomy, University of Potsdam, Karl-Liebknecht-Str. 24-25,
14476, Potsdam, Germany — 2Physikalisches Institute, Karlsruhe In-
stitute of Technology (KIT), 76131 Karlsruhe, Germany — 3Humboldt
University of Berlin, 12489 Berlin, Germany — *Swiss Federal Lab-
oratories for Materials Science and Technology, CH-8600 Diibendorf,

Switzerland — 5Max-Born-Institute, 12489 Berlin, Germany

A quantitative description of the measured local contact potential dif-
ference (LCPD) as a function of tip-sample separation is essential for a
deeper understanding of Kelvin probe force microscopy (KPFM), since
it permits a more complete characterization of the sample’s electronic
properties and of the forces acting on the probe. We employ Pb is-
lands on the Si(111)-7*7 reconstruction as a model system of metallic
islands on a semiconducting substrate. Using a frequency-modulation
scanning force microscope, we have performed frequency-shift bias-
approach measurements at 115 K on these Pb islands and have studied
the variation of the LCPD with tip-sample distance.

O 44.13 Tue 14:00 P2
Nonlinearity mapping using adaptive control schemes in
scanning force microscopy — eLukas BoTTcHER!, HANNES
WaLLNER?, NikLas Kruse?, FrRanziska Dorn', WoLFraM JUST?,
INnco Barke!, JENs STARKE?, and Syivia SPELLER! — lInstitute of
Physics, Universitit Rostock, Germany — 2Institute of Mathematics,

Universitat Rostock, Germany

When probing surfaces by scanning force microscopy methods using
oscillating cantilevers, bistabilities may occur [1,2]. This is a result of
nonlinearities arising due to tip-sample interactions. In this work we
focus on the attractive regime. Using an adaptive control scheme we
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track branches of unstable periodic orbits of the oscillating cantilever,
arising between the two stable states [3]. Combining this with a topog-
raphy scan of a polymer blend surface we explore spatial changes of
the unstable branch. Parameters, such as the frequency width of the
bistable region or the slope at the unstable branch can serve as non-
linearity parameters and respective maps can be acquired. The aim is
to connect such nonlinearity maps to material-related properties such
as density and elasticity.

[1] Gleyzes, P. et al.: Bistable behavior of a vibrating tip near a solid
surface. Appl. Phys. Lett. 58, 2989 (1991) [2] Misra, S. al.: Event-
driven feedback tracking and control483 of tapping-mode atomic force
microscopy. Royal Society of London Proceedings484 Series A 464,
2113*2133 (2008) [3] Bottcher, L. et al.: Exposing hidden periodic
orbits in scanning force microscopy. Commun Phys 8, 57 (2025)

O 44.14 Tue 14:00 P2
Realizing Spin-Polarized Scanning Tunneling Microscopy for
an Atomic-Scale Study — eLEoN Bosunca, FELix OTTO, JONAS
BRANDHOFF, MAXIMILIAN SCHAAL, CHRISTIAN HABERLAND, LORENZ
BriLL, and TorsTEN FriTz — Institute of Solid State Physics,
Friedrich Schiller University Jena, Helmholtzweg 5, 07743 Jena, Ger-
many

Spin-polarized scanning tunneling microscopy and spectroscopy (SP-
STM/STS) is a powerful tool for investigating spin structures with
real-space resolution down to the atomic scale. By combining a spin-
sensitive tip with controlled magnetic fields at cryogenic temperatures,
SP-STM/STS enables the study of phenomena such as Kondo reso-
nances, spin excitations, organic radicals, and magnetism. Realizing
SP-STM/STS requires, beyond standard low-temperature STM sta-
bility, a magnetically sensitive tip and a precisely tunable external
magnetic field. In this work, we fabricate Ni tips by electrochemical
etching and verify their apex geometry via SEM to ensure high quality.
This is achieved using a home-built etching setup that enables a repro-
ducible process with consistent results. Testing of the fabricated tips is
carried out using an STM at cryogenic temperatures, which, together
with a perpendicular magnetic field of up to 3 T, allows controlled
magnetization of the tip. To assess the magnetic sensitivity and spa-
tial resolution of the Ni tips, we employ Co bilayer islands on Cu(111),
whose well-defined magnetic structure provides an ideal benchmark for
validating tip polarization and imaging performance.

O 44.15 Tue 14:00 P2
Low latency, galvanically isolated data transfer architec-
ture for distributed low-level precision measurements —
Ton1 Markovi¢, SHANE O’NEILL, AITZIBER HERRERO, DAVID ZUR-
BRIGGEN, DANIEL UEHLI, and e ALESSANDRO P1opa — SPECS Zurich
GmbH, Technoparkstrasse 1, 8005 Zurich

Many recent achievements in the field of quantum devices, spintronics,
novel materials and surface science, have been possible thanks to the
ability to cool samples to temperatures significantly below 1 Kelvin and
to the use of state of the art measurement electronics. Requirements
for signal resolution, precision and quality increase significantly at low
temperatures, while the growing complexity of experiments and higher
measurement throughput require a growing number of signals, larger

bandwidths, and push the cost of measurement electronics upwards.

Here we present a data transfer architecture that enables a low-
latency, synchronous transfer of raw DAC and ADC data from multi-
ple signal generation and acquisition interfaces to a central processing
core. The architecture allows transfer of very high-resolution data with
microsecond resolution, high resolution data with nanosecond resolu-
tion or a combination thereof. The use of off-the-shelf optical fiber
cables for data transfer allows for decentralized measurements, simul-
taneous experiments on different experimental set-ups, as well as gal-
vanic isolation between the processing core and the signal interfaces.
The architecture can handle hundreds of signals, all synchronous and
with no multiplexing. We also discuss state of the art signal interfaces
and typical applications for this novel architecture.

O 44.16 Tue 14:00 P2
Development of low noise cryogenic circuitry for shot noise
measurements in STM — eANNE-CATHERINE OETER, SOUM-
YARANJAN JHANKAR, CHRISTIAN AsT, and Kraus KeErNn — Max
Planck Institut for Solid State Research

Tunneling currents of electrons are subject to shot noise. Measuring
shot noise in a scanning tunneling microscope (STM) can give more
insight into the tunneling dynamics and the properties of the tunneling
charges. Our goal is to measure shot noise at low tunneling currents
simultaneously with the dc tunneling current. To this end, we are de-
veloping a low-noise cryogenic pre-amplification circuit. It is made up
of a tank oscillator circuit, to filter and amplify the white noise signal
at a frequency beyond flicker noise, as well as a HEMT based cryo-
genic amplification circuit. We will discuss how we want to improve
the shot noise circuitry already used in the literature, for example, how
to enhance the quality factor of the inductances used to filter the ac
signal.

O 44.17 Tue 14:00 P2
Realization of laser-assisted UHV sample surface prepara-
tion for STM — e¢CLARA MARIE NIEDER, SOUMYARANJAN JHANKAR,
Davip Sousa, and CHRISTIAN AsT — Max Planck Institute for Solid
State Research

Scanning tunneling microscopy (STM) enables the study of the elec-
tronic properties of superconductors such as vanadium. To achieve
reliable STM measurements, the preparation of clean and well-defined
metal surfaces under ultra-high vacuum (UHV) conditions is essential.
This requirement becomes particularly demanding for reactive tran-
sition metals, where surface oxides can form even under high-quality
UHYV conditions. In this work, we present a laser-assisted UHV sam-
ple preparation approach to obtain clean vanadium surfaces. For this
method, we utilize a diode laser directed at the front surface of the
sample to achieve high temperatures. To prevent mechanical or elec-
trical complications inside the UHV chamber, we place all optical and
diagnostic components, including pyrometric temperature monitoring,
outside the chamber. This enables a controlled and localized high-
temperature annealing for oxide removal. Therefore the method rep-
resents a promising way to reproducibly prepare reactive and super-
conducting surfaces for subsequent STM measurements.



