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0 63.1 Wed 17:30 P2
Toward a multiprobe- high frequency- spin-polarized scan-
ning tunneling microscope — eJOHANNES FRIEDLEIN, ANDREAS
SONNTAG, JONAS HARM, STEFAN KRAUSE, and ROLAND WIESENDAN-
GER — Institute of Applied Physics, University of Hamburg

Controlling the dynamics of domain walls in nanowires by spin-
polarized currents and magnetic fields is essential for the development
of new spintronic devices [1,2]. Recently, the determination of spin-
relaxation times in the nanosecond regime by means of pump-probe
methods using a spin-polarized scanning tunneling microscope (SP-
STM) has been reported [3].

We propose a multiprobe SP-STM that is optimized for picosecond
time resolution in an external magnetic field and at temperatures
below 2 K. This setup will enable us to investigate ultrafast spin
transport dynamics in magnetic systems down to the atomic scale us-
ing pump-probe methods, e.g. measuring the domain wall propagation
velocity along an atomic chain. Applying voltage pulses shorter than
100 ps to the tunnel junction requires a high bandwidth of at least
10 GHz and a short cabling length. This is in direct contrast to the
low temperature concept of minimizing thermal flux input. We will
present design considerations for simultaneously achieving the desired
high frequency, low temperature and multiprobe properties.

[1] D. A. Allwood et al., Science 309, 1688 (2005)
[2] S. S. P. Parkin et al., Science 320, 190 (2008)
[3] S. Loth et al., Science 329, 1628 (2010)

063.2 Wed 17:30 P2
Manipulating the magnetic properties of a single
atom by controlled hydrogenation — ALEXANDER AKO
KHAJETOORIANS', TOBIAS SCHLENK!, MANUEL STEINBRECHER!,
MARIA VALENTYUK2, BENEDIKT SCHWEFLINGHAUS?, MANUEL DOS
SANTOS D1As3, MOHAMMED BOUHASSOUNE?, SAMIR LOUNIS3, ALEXAN-
DER LICHTENSTEIN?, ¢JENS WIEBE!, and ROLAND WIESENDANGER! —
Hnstitute of Applied Physics, Hamburg University — 2I. Theoretical
Institute of Physics, Hamburg University — 3Peter Griinberg Institut
and Institute for Advanced Simulation, Forschungszentrum Jiilich &

JARA

Utilizing a combination of inelastic scanning tunneling spectroscopy
and first-principles calculations within density functional theory, we
describe how the magnetic properties of a single Fe atom on Pt(111) is
modified by the adsorption of hydrogen. The most prominent effect of
hydrogen adsorption onto a clean Fe atom is to modify the magnetic
anisotropy and thereby the excitation energy. Binding site dependent
studies as a function of the number of adsorbed hydrogen atoms shows
that hydrogenation favors out of plane magnetic anisotropy. For the
case of the hcp adatom, where the clean adatom has an easy plane
anisotropy, full hydrogenation leads to significant Kondo screening.
Magnetic field and temperature dependent studies of the Kondo res-
onance confirm a Kondo temperature of a few Kelvin. We further
illustrate, by tip induced desorption, that we can controllably reverse
the magnetic properties of these Fe hydrogen complexes. These conclu-
sions are corroborated by calculations of hydrogenation-induced mod-
ifications in the relaxation and band structure.

0 63.3 Wed 17:30 P2
Electronic and magnetic properties of Gd3N@Cgy on
Cu(100) — eGELAVIZH AHMADI', CHRISTIAN F HERMANNS!,
MATTHIAS BERNIEN!, ALEX KRUGER!, CHRISTIAN SCHMIDT!, SOREN
T WasserRrROTH!, BENJAMIN W HEINRICH!, MARTIN SCHNEIDERZ,
PiIET W BROUWER?, KATHARINA J FRANKE!, EUGEN WESCHKE®, and
WOLFGANG KucH! — lInstitut fiir Experimentalphysik, Freie Univer-
sitat Berlin, Arnimallee 14, 14195 Berlin, Germany — 2Institut fir
Theoretische Physik and Dahlem Center for Complex Quantum Sys-
tems, Freie Universitat Berlin, Arnimallee 14, 14195 Berlin, Germany
— 3Helmbholtz-Zentrum Berlin fiir Materialien und Energie, Albert-
Einstein-Strafle 15, 12489 Berlin, Germany

Rare earth elements with large magnetic moments have attracted enor-
mous attention in spintronic studies. One promising way to gain a bet-
ter control of their magnetic properties is using a carbon cage to encap-
sulate them. We use scanning tunneling microscopy (STM) and spec-
troscopy (STS) combined with angle-dependent X-ray magnetic circu-

Location: P2

lar dichroism (XMCD) to investigate Gd3sN@Cgg endohedral fullerenes
adsorbed on Cu (100). STM topographs reveal that the molecules ad-
sorb with different orientation with respect to the substrate. Spectra
of the differential conductance show resonances which are linked to the
molecular orbital of the carbon cage. Depending on the orientation of
the fullerene cage the energy position of the molecular orbitals varies.
Furthermore XMCD spectra evidence ferromagnetic coupling of the
magnetic moments of the gadolinium atoms within one cage.

0 63.4 Wed 17:30 P2
Tunneling anisotropic magnetoresistance at the single
atom limit — eJOHANNES SCHONEBERG!, Nicoras NEELZ, SILKE
SCHRODER3, PAOLO FERRIANIS, JORG KROGER?, RICHARD BERNDT!,
and STEFAN HEINZE? — 1IEAP der Christian-Albrechts-Universitit zu
Kiel, D-24098 Kiel, Germany — 2Institut fiir Physik, Technische Uni-
versitit Ilmenau, D-98693 Ilmenau, Germany — SITAP der Christian-
Albrechts-Universitat zu Kiel, D-24098 Kiel, Germany

The spin orbit coupling (SOC) links the magnetic moment of electrons
to the crystal lattice. In a scanning tunneling microscope, this enables
the study of magnetic characteristics without the need for spin polar-
ized tips. A prominent example is the second monolayer Fe/W(110)
where nonmagnetic tips served to observe the domain walls at low
bias in maps of the differential conductance. The observed contrast is
due to different mixing of the states dominating the tunneling current
caused by the changing orientation of the spin quantization axis. We
use this surface to examine the SOC induced change in the differential
conductance at the single atom limit. To this end atoms adsorbed
on domains as well as domain walls are investigated. The different
magnetic environments lead to variations in the conductance. This
difference is quantified by means of the tunneling anisotropic magne-
toresistance (TAMR).

0 63.5 Wed 17:30 P2
Spin-dependent scanning probe images of antiferromagnetic
NiO(001) surfaces: A first-principles approach — eMIHAIL
GRANOVSKILJ, ANDREAS SCHRON, and FRIEDHELM BECHSTEDT — In-
stitut fiir Festkorpertheorie und -optik, Friedrich-Schiller-Universitat
Jena, Max-Wien-Platz 1, 07743 Jena, Germany

We present an accurate ab-initio description of the magnetic exchange
force microscopy (MExFM). As a prototypical system the antiferro-
magnetic NiO(001) surface probed with a Fe tip is investigated.’

The tip-surface interaction is described on two levels. Short-range
chemical and exchange forces between the tip apex and surface atoms
are described in the framework of spin-polarized density functional the-
ory (DFT) while long-range van-der-Waals forces are considered within
a mesoscopic tip model. Exchange and correlation (XC) are treated
within the local density approximation (LDA). For the Ni atoms in
the NiO surface and the Fe atoms of the tip apex, an additional on-
site Coulomb interaction U acting on the transition-metal 3d shells is
included (LDA+U).

In order to understand the tip-surface interaction, we investigate the
changes in the electronic structure of tip and surface versus distance.
The resulting frequency shifts and MExFM images are presented and
compared with recent experimental data.

L M. Granovskij et al., Phys. Rev. B 88, 184416 (2013)

0 63.6 Wed 17:30 P2
Ab-initio Calculation of the Vibrational Spectra of Single
Molecules — oFELIX SCHWARZ!'2, YONGFENG WANG?#, RICHARD
BERNDT?, ERICH RUNGE!, WERNER A. HOFER2, and JORG KROGER!
— lInstitut fiir Physik, Technische Universitit Ilmenau, D-98693 Il-
menau — 2Stephenson Institute for Renewable Energy, University of
Liverpool, Liverpool L69 3BX, United Kingdom — 3Institut fiir Exper-
imentelle und Angewandte Physik, Christian-Albrechts-Universitéat zu
Kiel, D-24098 Kiel — #Department of Electronics, Peking University,
Beijing 100871, China
Inelastic electron tunnelling spectroscopy with a scanning tunnelling
microscope is an important tool for the chemical analysis of single
molecules on surfaces. However, the amplitude of vibrational signa-
tures in spectra of the differential conductance (dI/dV) is difficult to
predict. Here, an ab-initio method to quantify contributions of molecu-
lar vibrations to dI/dV spectra following Lorente [1] is presented. The
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applicability of the method for fairly large molecules is demonstrated
for tin-phthalocyanine on Ag(111). Calculated and experimental data
are in good agreement. The experimentally observed satellite peaks
around the lowest unoccupied molecular orbital are assigned to vi-
brational resonances. In addition, non-local effects of the electron-
vibration coupling are presented.

[1] N. Lorente, Appl. Phys. A 78, 799 (2004)

0 63.7 Wed 17:30 P2
Proposal for tracing the local ionization dynamics of adsorbed
molecules by photo-assisted scanning tunneling microscopy
— eMICHAEL SCHULER and JAMAL BERAKDAR — Martin-Luther Uni-
versity Halle-Wittenberg, Institute for Physics, Karl-Heinrich-von-
Fritsch-Strafle 3, 06120 Halle, Germany

For tracing the spatiotemporal evolution of electronic systems we sug-
gest and analyze theoretically a setup that exploits the excellent spatial
resolution based on scanning tunneling microscopy techniques com-
bined with the temporal resolution of femtosecond pump-probe pho-
toelectron spectroscopy. As an example we consider the laser-induced,
local vibrational dynamics of a surface-adsorbed molecule. The pho-
toelectrons released by a laser pulse can be collected by the scanning
tip and utilized to access the spatio-temporal dynamics. Our proof-of-
principle calculations are based on the solution of the time-dependent
Schrodinger equation supported by the ab initio computation of the
matrix elements determining the dynamics.

0O 63.8 Wed 17:30 P2
Capacitively guided tip-to-tip positioning for multiprobe
spin-polarized scanning tunneling microscopy — ¢JONAS HARM,
JOHANNES FRIEDLEIN, ANDREAS SONNTAG, STEFAN KRAUSE, and
ROLAND WIESENDANGER — Institute of Applied Physics, University
of Hamburg, Hamburg, Germany

To investigate magnetic transport properties on the atomic scale, we
currently set up a multiprobe spin-polarized scanning tunneling mi-
croscope (SP-STM), that is designed for high-frequency applications
in a magnetic field of 3T at temperatures below 2K in ultra-high
vacuum. One of the challenges in such a system is the positioning
of two tunneling tips at a distance of only a few nanometers. The
external magnetic field excludes the use of a scanning electron mi-
croscope for positioning the tips within a common scan frame [1].
We present a novel tip-to-tip approach, extending known tip-to-tip
tunneling methods [2,3] by utilizing distance dependence of the capac-
itance between two tips, allowing a fast and safe approach. Since the
minimum distance between the tips is limited by their tip radii and
opening angles, we adapted tip preparation techniques [4], thereby
enabling future transport measurements at tip-to-tip distances in the
range of 10 — 20 nm.

[1] T. Nakayama et al., Adv. Mater. 24, 1675 (2012)

[2] A. Matsui et al., Rev. Sci. Instrum. 78, 106107 (2007)
[3] H. Grube et al., Rev. Sci. Instrum. 72, 4388 (2001)
[4] Y. Khan et al., Rev. Sci. Instrum. 83, 063708 (2012)

0639 Wed 17:30 P2
Application of Bardeen’s tunneling formula for the calcu-
lation of STM data — eSTEFFEN SEILER!, ROMAN KOVACIKZ,
and BERND MEYER!' — !Interdisciplinary Center for Molecular Ma-
terials and Computer-Chemistry-Center, FAU Erlangen-Niirnberg —
2Peter Griinberg Institute and Institute for Advanced Simulation,
Forschungszentrum Jiilich

The tunneling current in scanning tunneling microscopy (STM) is de-
termined by a convolution of the electronic structure of the tip and
the substrate. However, in the most commonly used method for cal-
culating STM data, the Tersoff-Hamann approximation [1], all specific
details of the tip electronic structure are neglected. One step beyond
this simplification is Bardeen’s perturbation approach [2], in which the
tip electronic structure is explicitly taken into account.

Both methods have been implemented in our STM simulation pro-
gram [3]. The code was recently largely extended and modified, most
importantly by including multiple k-points and fractional occupation
numbers for a proper treatment of metallic systems. The program
was tested for various oxidized Cu surface structures and tip models.
Different benchmark tests were carried out, all confirming the correct
functionality of the program and giving some interesting insights into
the electronic structure of CuO; monolayers on a Cu(111) substrate.

[1] J. Tersoff, D. Hamann, Phys. Rev. B 31, 805 (1985).

(2] J. Bardeen, Phys. Rev. Lett. 6, 57 (1961).
[3] R. Kovacik, B. Meyer, D. Marx, Angew. Chem. IE, 46, 4894
(2007).

0 63.10 Wed 17:30 P2
Detecting the topographic, chemical and magnetic contrast
at surfaces with nanometer spatial resolution — eDANILO AN-
DREA ZANIN, MEHMET ERBUDAK, LORENZO G. DE PiETRO, HUGO
CABRERA, ANDREAS FOGNINI, THOMAS MICHLMAYR, YVES M. ACRE-
MANN, ALESSANDRO VINDIGNI, DANILO PEScCIA, and URS RAMSPERGER
— ETH Zurich, Switzerland

For many decades the development and investigation of magnetic
nanostructured materials has been motivated by the quest for novel
paradigms for magnetostorage and spintronics. The possibility of re-
solving magnetic-textures in real space with increasing spatial reso-
lution has, indeed, always opened novel applicative and fundamental
perspectives. Scanning-Electron-Microscopy with Polarization Analy-
sis (SEMPA), e.g., made it possible to directly observe the re-entrant
transitions of magnetic-domain patterns in thin films of Fe on Cu(001).
Inspired by the Russel Young topografiner we redesigned the SEMPA
setup, by replacing the primary electron beam source and the probing
method. We dubbed this new technique Near Field-Emission Scan-
ning Electron Microscopy (NFESEM). Currently, NFESEM technique
is capable to resolve the topography of metals and semiconductors with
nanometer lateral resolution and detect the entire spectrum of SE in-
duced by a low-energy primary electron beam. We report on promising
results of single-energy surface imaging, which confirm the technical
feasibility of electron spectroscopy and magnetic-domain mapping with
a nanometer spatial resolution.

0O 63.11 Wed 17:30 P2
Construction of a multiscale and multitype scanning probe
microscope — oBORIS GROSS, HANNA FEDDERWITZ, HENDRIK
STRATER, and NIKLAS NILIUS — Carl-von-Ossietzky Universitat, Old-
enburg, Deutschland

Little is known about the optical and electronic phenomena that con-
trol the functionality of thin-film solar cells on a mesoscopic length
scale ranging from tens of nm up to a few um. In fact, conventional
techniques to characterize dielectric surfaces average over macroscopic
sample areas and are therefore unsuitable to probe local effects. In
contrast, SPM approaches capable of atomic resolution are still too
complex and challenging to use them for a quick sample characteriza-
tion. The gap between both techniques might still hold important in-
formation on the functionality of electronic and photovoltaic devices, in
particular if not only morphological but also spectroscopic techniques
are available for characterization. In this poster, we present the design
for a versatile scanning probe microscope that combines the capabil-
ities of AFM and STM with local photo-luminescence spectroscopy.
The microscope’s key parameters are: Multi-scaling capabilities with
image sizes from 10nm to 500 um, various feedback modes to enable
AFM and STM operation, use of different probe tips as nearfield sen-
sor for local reflection and transmission studies and variable pressure
and temperature ranges between 103 — 10~% mbar and 77 — 300 K.

0O 63.12 Wed 17:30 P2
Construction of a low-temperature STM for luminescence
spectroscopy — eHANNA FEDDERWITZ, BORIS GROSS, HENDRIK
STRATER, and NIKLAS NILIUS — Carl von Ossietzky Universitiat Old-
enburg

Luminescence spectroscopy stimulated by electrons of an STM tip has
recently been used to analyze the nature of point defects in ZnO films
(1). The approach enabled a spectral identification of O and Zn va-
cancies with 100nm spatial resolution. These limits were given by the
need to produce a finite number of electron-hole-pairs in the oxide band
gap via impact of energetic tip-electrons. The required electron energy
was determined to be 100eV, too high to map the optical response with
true nm resolution and without damaging the oxide surface.

To overcome these limitations, we have developed a new scanning
tunneling microscope suitable for low-temperature luminescence mea-
surements. The setup is based on the beetle design, but uses a ta-
pered and metal-coated optical fiber as sensor tip. The microscope
is surrounded by a parabolic mirror for efficient photon collection.
Our setup enables an all-optical characterization of sample surfaces, in
which photons are either injected into or collected from the tip-sample
junction via the fiber tip. The tip-sample distance is controlled by the
STM-feedback loop, which also allows us to probe the sample topogra-
phy with atomic resolution. The target application for our new setup
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is photoluminescence spectroscopy on thin dielectric films as used in
photocatalysis.
(1) Stavale, Nilius, Freund, J. Phys. Chem. Lett. 4, 3972 (2013)

0 63.13 Wed 17:30 P2
Fabrication of gold nanocone near-field scanning optical mi-
croscopy probes — eOMAR TANIRAH, DIETER P. KERN, and MONIKA
FLEISCHER — Institute for Applied Physics, Eberhard Karls University
Tibingen, Auf der Morgenstelle 10, 72076 Tiibingen, Germany

Near-field scanning optical microscopy (NSOM) is an excellent method
in its ability to probe the morphology of samples at the same time as
their local optical properties, and can be integrated with tip-enhanced
Raman spectroscopy. Hence, simultaneous investigatons of the mor-
phology, physical and chemical properties on the nanometer scale can
be obtained. The NSOM probe has an important role in enhancing
the performance of the NSOM measurements. One such approach is
the fabrication of probes based on plasmonic nanostructures. They ex-
hibit localized surface plasmon resonances, and enable a resolution far
beyond the diffraction limit. Gold nanocones are interesting plasmonic
nanostructures for this purpose, since the near-field of the plasmons is
strongly localized around the nanocone tip of radius smaller than 10
nm. We report here the fabrication process of gold nanocones as novel
NSOM probes on both cantilevers and optical fibres [1, 2]. The fabri-
cation process is achieved by wet etching, focused gallium ion beam,
sputtering, electron beam evaporation, and electron beam induced de-
position. Finally, a gold nanocone is formed after etching the samples
in an argon-ion milling machine. The samples are characterized using
scanning electron microscopy. The fabrication process and resulting
probes will be shown. [1] M. Fleischer, Nanotechnol. Rev.1 (2012)
313. [2] M. Fleischer et al., ACS Nano 5 (2011) 2570.

0O 63.14 Wed 17:30 P2
Wavelet analysis of inelastic electron tunneling spectra —
oMATTHIAS STOCKER and BERNDT KOSLOWSKI — Universitdt Ulm,
89081 Ulm, Germany

Experiments of inelastic electron tunneling spectroscopy (IETS) are
carried out typically at the absolute noise limit. Furthermore, the in-
terpretation of such spectra - being just the second derivative of the
tunneling current - is greatly hampered by contributions which do not
originate from vibrational transitions. As a consequence, data evalua-
tion occupies a central point in IETS. We developed an analysis tool
which employs continuous wavelet transform on the basis of the Mex-
ican hat mother function. The Mexican hat function is essentially the
second derivative of a Gaussian peak and thus a peak function similar
to the Gaussian peaks expected for vibrational transitions in IETS.
This wavelet analysis helps very much in localizing and judging vibra-
tional transitions. We introduce the new analysis and compare it to
formerly developed techniques.

0 63.15 Wed 17:30 P2
Dynamic Friction Force Microscopy on antimony nanopar-
ticles — eTHOMAS GODDENHENRICH, FELIX MERTENS, and ANDRE
SCHIRMEISEN — Institut fiir Angewandte Physik, Justus-Liebig-
Universitat Gieflen, D-35392 Gieflen

Dynamic Friction Force Microscopy is a valuable scanning probe tech-
nique for detection of friction properties. The nonlinear interaction
between tip and sample induces a sensitive signal containing the fric-
tion information for different tip-sample contacts. The third harmonic
lock-in detection on antimony nanoparticles clearly reveals the sig-
nal contrast dependence on the modulation amplitude and frequency.
Therefore the detection of frictional information of the sample system
requires a modulation frequency spectrum to receive the basic infor-
mation of the damped system between tip and sample, namely the
qualitiy factor Q and optimal excitation frequency.

0 63.16 Wed 17:30 P2
Measuring near field mediated absolute heat fluxes with
the Near Field Scanning Thermal Microscope (NSThM) —
e KONSTANTIN KLOPPSTECH, NILS KONNE, AcHIM KITTEL, LuDwWIG
WOoRBES, and DAvVID HELLMANN — EHF, Fak. V, Inst. f. Physik,
CvO Universitat Oldenburg

Experimental analysis of near-field heat transfer on the nanoscale by
means of absolute fluxes is based on accurate knowledge of our ther-
mocouple sensors thermal resistance. This sensor combines a standard
scanning tunneling microscope tip with a coaxial thermocouple, con-
sisting of a thin Pt-wire coated with a 200 nm layer of Au. We present

measurements and a wide analysis for our in situ method for measuring
the sensors thermal features. Therefore one needs a defined and metro-
logical accessible heat reservoir. That for our sample is held in UHV
conditions and consists of a 5 um thin and 3-10 mm long tungsten
wire which is glued to an electrically insolated copper block. The thin
wire is heated with high frequency AC currents and can be described
with the 1D heat diffusion equation. The wire is cooled additionally by
approaching the thermocouple tip to its middle. From the decrease in
heating we determine the heat flux through the thermocouple tip which
then can be attributed to the additionally measured thermopower of
the tip sensor. To achieve highest precision we have analyzed our sys-
tem and present besides measurements the major metrological aspects
that must be considered. This enables us to locally probe the near field
mediated heat fluxes on the nanoscale by means of absolute values.

O 63.17 Wed 17:30 P2
Single molecule heat transport — eNiLs KONNE, KONSTANTIN
KroppsTECH, LUDWIG WORBES, DAVID HELLMANN, and ACHIM KITTEL
— EHF, Fak. V, Physik, Carl von Ossietzky Universitdt Oldenburg

The heat transport and dissipation in molecular junctions is a topic
of high interest [1] and scientific value. To overcome the experimen-
tal challenges of contacting a single molecule and detecting the heat
transport we are using our self-developed near field scanning thermal
microscope (NSThM) which consists of a STM with a nanoscale build
in thermocouple in the tip. This allows us, to measure simultane-
ously the electrical I(t) and heat Q(t) current as a function of time
and temperature under ultra high vacuum conditions. Analogous to
the determination of the electrical transport through a molecule we are
using the so called I(t)-Method, introduced by W. Haiss et al [2] which
reveals the spontaneous formation of metal - molecule - metal junctions
leading to an on-and-off switching process of a single molecule. This
will be used to identify the heat transport through a single molecule.
First results are presented for octanedithiol as a typical linear switching
molecule. [1] Woochul Lee et al, Nature 498, 209 (2013). [2] Wolfgang
Haiss et al, Phys. Chem. Chem. Phys. 6, 4330-4337 (2004)

0O 63.18 Wed 17:30 P2
Electronic pump-probe experiments in STM using THz-
pulses — oSTEFFEN ROLF-PIssarRczyk!2, JacoB BurGess!:?,
DEUNG-JANG Cnorb2, SuicHAO YAN'2) and SEBASTIAN Lorn!2 —
IMax-Planck Institute for the Structure and Dynamics of Matter,
22761 Hamburg — 2Max-Planck Institute for Solid State Research,
70569 Stuttgart, Germany

Fast dynamics at picosecond timescales are full of interesting phenom-
ena such as depinning of charge density waves, molecular vibrations or
spin precession on surfaces. The challenge is to observe those effects
on this timescale with atomic or nanometer spatial resolution. For this
propose we combine a scanning tunneling microscope (STM) with ps
THz-laser pulses. This technique couples directly to the STM tip with
THz radiation instead of exciting the sample with optical pulses. This
technique enables control of the electric field at the tunnel junction
with the THz pulses independent to the nature of the sample. This
generality allows exciting and probing a various number of systems.
The experimental setup is similar to all-electronic pump-probe meth-
ods but without limitations imposed by the electrical bandwidth of
wires. Progress on the new instrument is described and first measure-
ments will be presented.

0 63.19 Wed 17:30 P2
Laser induced Time Resolved Scanning Tunneling Mi-
croscopy — ePHILIPP KLOTH, CHRISTIAN WERNER, KAREN TEICH-
MANN, and MARTIN WENDEROTH — IV. physik. Institut, Universitat
Gottingen, Friedrich-Hund-Platz 1, 37077 Gottingen

We present a detailed description of a combined setup of a pulsed
laser source and a Scanning Tunneling Microscope (STM) in Ultra
High Vacuum. The most demanding issue of light excitation in STM
is the handling of thermal effects. For time resolved operation this
challenge results in a transformation of standard pump-probe pulses
into complex laser pulse patterns. Triggered by the groundbreaking
results of Shigekawa [1] our intention was to develop a setup with a
stronger focus on the flexibility.

We generate pulsed laser light in a pure electronic way. A diode laser
in combination with a high-bandwidth electro-optical modulator pro-
duces light excitation from continuous-wave mode to single nanosecond
pulses. The voltage pulses are supplied by a commercial function gen-
erator. This allows to adapt the pulse pattern exactly to the timescale
needed in the experiment.
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Results on the GaAs(110) surface show a huge impact on the spec-
troscopic properties due to the light excitation. Electron-hole pair
generation is not only affecting the always present charge region in
the sample but also opens new tunnel channels resulting in extra cur-
rent. Time resolved studies allow to probe these processes individually
revealing characteristic decay constants in the nanosecond regime.

[1]Terada et al., Nature Photonics, 4(12), 12 2010.

0 63.20 Wed 17:30 P2
Design of a variable temperature scanning tunneling
microscope — oSEBASTIAN SCHIMMEL'2, CHRISTIAN SALAZAR!,
MARTHA SCHEFFLER!, RONNY SCHLEGEL!, DANNY BAUMANN!, TOR-
BEN HANKE!, BERND BUCHNER!3, and CHRISTIAN HEss!3 — 1IFW
Dresden, Institute for Solid State Research, P.O. Box 270116, D-01171
Dresden, Germany — 2Westsichsische Hochschule Zwickau — 3 Center
for Transport and Devices of Emergent Materials, TU Dresden, 01069
Dresden, Germany

We present the design of a variable-temperature scanning tunneling
microscope (STM) in ultra-high vacuum (UHV) conditions and oper-
ating temperatures between room temperature and 15 K. Our UHV
system comprises a separated STM and preparation chamber which is
equipped with all required devices for organic molecular beam epitaxy
and spin-polarized scanning tunneling microscopy.

0 63.21 Wed 17:30 P2
A combined LT-STM/FIM for tip specific tunnelling experi-
ments — eBEN WORTMANN, MATTHIAS MULLER, and ROLF MOLLER
— Faculty of Physics, Center for Nanointegration Duisburg-Essen,
University of Duisburg-Essen, 47048 Duisburg, Germany

We present details on a homebuilt, compact, low temperature scan-
ning tunnelling microscope that allows in situ field ion microscopy of
a cooled tunnelling tip inside the STM. The tip can be characterised
without transfer to a different position in the UHV system, so that
the probability for the modification of the tip can be strongly reduced.
Ideally the tip remains unchanged. The geometry of the microscope
resembles a cylinder with a height of 13 cm and a diameter of 4 cm.
The STM is screwed directly onto a commercially available continuous
flow cryostat which allows cooling to about 5-7 K. The very compact
design minimises helium consumption to about 1 litre/hour. Insula-
tion from vibration is provided by a combination of springs and eddy
current damping. Shutters at the bottom of the microscope can be
opened to expose the tip to a channel plate or closed to assure lower
temperatures and minimal thermal drift while tunnelling. A combi-
nation of two piezos is used to move a magnetically attached slider
holding the tip. The slider can be easily exchanged in vacuum. The
performance of the STM setup has already been shown for an almost
identical system [1]. [1] (H. Karacuban, M. Lange, J. Schaffert, O.
Weingart, Th. Wagner and R. Méller, Surf. Sci. Lett., 603, Issue 5,
L39 (2009).

0 63.22 Wed 17:30 P2
z-resolution of 5 nm in a scanning electron microscope using
a nanofinger — eMARTIN GROB!, EvA MAYNICKEZ, IvO BURKART?,
MARCUS LIEBMANN!, VOLKER KLOCKE?, and MARKUS MORGENSTERN!
— 1. Inst. Phys. B, RWTH Aachen University, 52074 Aachen —
2Klocke Nanotechnik, 52076 Aachen

Scanning electron microscopy (SEM) is a common technique for in-
vestigating surfaces on the nanometer scale. One main disadvantage
is the low vertical resolution compared to the lateral resolution which
can only be achieved by proper focussing. To overcome this limitation
we implemented a small scanhead which operates the same way as an
atomic force microscope (AFM) in the dynamic mode. With this addi-
tional sensor in the SEM we can reach a vertical resolution better than
5nm. With this tool, a direct in-situ control mechanism is given, e.g.
structures grown by electron beam induced deposition (EBID) can be
characterized under vacuum conditions. In addition, this scanner can
provide coordinates on a surface for the navigation of other tools such
as contacting tips.

0 63.23 Wed 17:30 P2
STM investigations of iron thin films on W (110) — eCHRISTIAN
SALAZAR!, MARTHA SCHEFFLER!, TIM KUHNE!, DANNY BAUMANN!,
BERND BUCHNER!2, and CHRISTIAN HESS12 — Institute for Solid State
Research, IFW Dresden, Germany — 2Center for Transport and De-
vices of Emergent Materials, TU Dresden, 01069 Dresden, Germany

We have investigated the growth and the magnetic structure of iron

thin films on a W(110) single crystal by scanning tunneling microscopy.
We found that the growing conditions such as temperature and evap-
oration rate influence the growth of the nanostructures, so that, we
observe the formation of islands, large patches with and without dislo-
cation lines and nanowires. The magnetic properties were studied via
spin-polarized scanning tunneling microscopy using different magnetic
probes: iron coated tungsten tips, chromium coated tungsten tips and
chromium bulk tips. Our data reveal in some cases magnetic domains
in the first atomic layer of iron, indicative of in-plane magnetization
and in other cases magnetic domains in the second atomic layer of iron,
indicative of out-of-plane magnetization.

0O 63.24 Wed 17:30 P2
Kelvin Probe Force Microscopy on the submolecular scale —
oFLORIAN ALBRECHT!, MARTIN FLEISCHMANN?, MANFRED SCHEERZ,
and JascHa Repp! — lInstitute of Experimental and Applied Physics,
University of Regensburg, 93053 Regensburg, Germany — 2Institute
of Inorganic Chemistry, University of Regensburg, 93053 Regensburg,
Germany

Kelvin Probe Force Microscopy (KPFM) has been shown to be a pow-
erful tool to detect the distribution of charges within a single molecule
(1].

We performed KPFM measurements on two derivates of cyclic
trimeric ortho-phenylene mercury (TPM) molecules in a low tempera-
tures combined scanning tunneling and atomic force microscope with
functionalized tips.

Whereas one of the derivates has hydrogen atoms bonded to the
phenyl rings the other molecule is perfluorinated. For the latter the
KPFM signal shows clear signatures of the polar fluorine carbon bonds.
In addition, the fluorine influences the electron density also at the cen-
ter of the molecule. The charge redistribution within the molecule was
made responsible for the weak attraction of electron rich ligands at its
center [2]. This charge redistribution is visualized in KPFM maps.

[1] F. Mohn, L. Gross, N. Moll, and G. Meyer, Nature Nanotechnol-
ogy, 7, 227, (2012)

[2] M. R. Haneline, and F. P. Gabbai, Inorg. Chem., 44, 6248, (2005)

0O 63.25 Wed 17:30 P2
Investigation of 1,6,7,12-tetraazaperylene molecules on an in-
sulating film by means of LT-STM — eNEMANJA Koci¢!, PETER
WEIDERER!, STEPHAN KELLER?, SHI-X1A LIu2, SILVI0O DECURTINSZ,
and Jascua Repp! — lInstitute of Experimental and Applied
Physics, University of Regensburg, 93053 Regensburg, Germany —
2Departement fiir Chemie und Biochemie, Universitit Bern, Switzer-
land

In recent years, metal-organic hybrid structures have received con-
siderable attention because of their tunable electronic and magnetic
properties. A promising strategy to obtain thermally and chemically
stable structures through covalent bonding of suitable precursors di-
rectly on the substrate is the concept of on-surface synthesis. So far,
successful demonstrations of on-surface synthesis have been limited
to metallic substrates, however, a useful molecular electronic device
would require its construction on an insulating surface. To this end,
we performed low temperature scanning tunneling microscopy (LT-
STM) on the 1,6,7,12-tetraazaperylene molecule (TAPE), which is a
highly symmetric, planar, bi-facial bridging ligand with a large ex-
tended w-system. As such, TAPE is an attractive bridging ligand for
the formation of new multimetallic systems of regularly spaced spin
centers. Molecular self-assembly is investigated on an ultrathin insu-
lating film that provides efficient electronic decoupling from the metal
substrate, allowing detailed characterization of the molecular orbitals.
When thermally activated at 300 K, individual metal atoms and TAPE
molecules form metal-molecular complexes.

O 63.26 Wed 17:30 P2
Versatile and compact UHV-System for Scanning Tunneling,
Scanning Force and Transport Measurements exhibiting an
operation time of 10 days below 7' = 400 mK and at B = +14 T
— oJAN RAPHAEL BINDEL, MIKE PEZZOTTA, STEFAN BECKER, MARCUS
LiEBMANN, and MARKUS MORGENSTERN — II. Institute of Physics B,
RWTH Aachen, Germany

We use a UHV cryostat which hosts a fully UHV compatible Hes cryo-
stat with charcoal pump. The Hes is condensed in mechanical contact
with a 1K pot, but decoupled afterwards providing low mechanical
noise. The base temperature is 380 mK with a hold time greater than
10 days. Optical access enables in-situ tip and sample exchange and
evaporation into the cooled microscope at 4.2 K. The home-built mi-



Wednesday

croscope allows conventional scanning tunneling microscopy and spec-
troscopy, non-contact atomic force microscopy via a qPlus sensor and
magnetotransport measurements of the samples using five contacts at
the same sample position, where scanning tunneling microscopy is per-
formed. An zy table allows positioning of the tip with respect to the
sample over 2x2mm?. For sample preparation and analysis, a three
chamber ultrahigh vacuum system with a base pressure of 10~8 Pa has
been built including low-energy electron diffraction (LEED), Auger
electron spectroscopy, sputtering, annealing and evaporation. The
whole system has a total height of only 2.60 m. STM images are pre-
sented with noise level in z-direction below 2 pm, lateral drift below
40 pm/h obtained at currents down to 500 fA.

0 63.27 Wed 17:30 P2
Shot noise measurements at atomic contacts — eANDREAS
BURTZLAFF, ALEXANDER WEISMANN, and RICHARD BERNDT — IEAP,
Christian-Albrechts-Universitat zu Kiel, D-24098 Kiel, Germany

Transport in atomic contacts is commonly characterized by measur-
ing the conductance, which is the sum of the contributions of a set of
quantum states, the so called transport channels. From the conduc-
tance alone, those contributions cannot be disentangled. By measuring
the current dependent noise of an atomic contact it is possible to gain
information on the number of channels contributing to the transport
process and their transmission probabilities. Previously this approach
has been successfully applied to semiconductor heterostructures as well
as molecules and atomic contacts in MCBJ experiments. We perform
such noise measurements using an STM at 4K and under UHV condi-
tions. Preliminary results for single atom contacts will be shown.

0 63.28 Wed 17:30 P2
Solid State Sample Environment at the European XFEL —
oCARSTEN DEITER, OLEKSIY DRACHENKO, and JOACHIM SCHULZ —
European X-Ray Free-Electron Laser Facility GmbH, Notkestr. 85,
22607 Hamburg, Germany

Free-electron lasers offer a variety of unique properties for spectroscopy
and imaging. The combination of high peak brilliance and a high rep-
etition rate opens a window to experiments that have not been feasible
so far but also introduces challenges in sample preparation and refresh-
ment, especially for solid state samples.

We present a concept and first prototype of a 10Hz sample changer
opening the opportunity to expose every bunch train of the XFEL
with its 2700 pulses to a new and virgin sample location, combined
with temperature control, magnetic fields and optical pump lasers.

0 63.29 Wed 17:30 P2
A quantum yield measurement setup for the charge com-
pensation for the LISA Pathfinder space mission — eINDRO
Biswas!, MaTHIAS SCHULZE!, GERALD HECHENBLAIKNERZ?, TOBIAS
ZIEGLER?, NIcO BRANDT?, PATRICK BERGNER?, FELIX ERFURTH?, and
MARKUS PFEIL? — 1Deutsches Luft- und Raumfahrtzentrum e.V.,
Pfaffenwaldring 38-40, 70569 Stuttgart — 2Astrium Satellites GmbH,
88039 Friedrichshafen — 3TWT GmbH Science & Innovation, Ern-
sthaldenstrafle 17, 70569 Stuttgart

The evolved Laser Interferometry Space Antenna (eLISA) is an inter-
national fundamental research project with the aim of the detection of
gravitational waves by monitoring the distance between two test bod-
ies in space. The LISA pathfinder mission will perform experiments
in a small scale with lower precision and identify upcoming challenges
for the future mission. A contactless minimally invasive discharge sys-
tem based on the photoemission process is necessary in order to avoid
electrostatic forces on the test bodies. For the development the pho-
toemission quantum yields of possible coatings were determined and
uprising methodical issues were evaluated. An experimental setup was
designed in a high vacuum chamber for the recording of the energy
distribution of electrons emitted by UV radiation. The differences be-
tween the ideal spherical and a cylindrical setup with a possibility for
quick sample exchange are explained.

0 63.30 Wed 17:30 P2
The new multipurpose ARPES end-station on the SGM3
beamline at ASTRID2 — eMarco Biancur!, Joun E. Vap
ANDERSEN!, HENRIK KJELDSEN2, NykorAa JoNEs':2, S@REN V.
HorrMANN'2 and PuiLip HOFMANN!-3 — IDepartment of Physics
and Astronomy, Aarhus University, Denmark. — 2Center for Storage
Ring Facilities, Aarhus University, Danmark. — 3Interdisciplinary
Nanoscience Center (iNANO), Aarhus University, Denmark.

A new multipurpose end-station for electronic, geometrical and chem-
ical characterisation has been built on the renewed SGM3 beamline
at the synchrotron radiation source ASTRID2 in Aarhus (DK). The
beamline covers photon energies from 14 to 150 eV. The system is
particularly well suited for electronic structure studies along arbitrary
direction in k), Fermi surface mapping, bulk bands mapping and tem-
perature dependent measurements.

The end-station allows ARPES multichannel detection with a com-
bined energy resolution better than 7 meV and angular resolution bet-
ter than 0.1° with a 4 degree of freedom manipulator at 200-1300
K, or 5 degree of freedom manipulator at 70-800 K, or 6 degree of
freedom manipulator at 25-500 K; sample preparation (sputtering, an-
nealing 180-2300 K, chemical treatment, cleaving); STM measurement;
Auger spectroscopy and epitaxial/ MBE growth of thin films followed
by RHEED. The poster describes the light source and the many op-
portunities of the end-station.

0 63.31 Wed 17:30 P2
New PEEM and NEXAFS/EXAFS experiments at the syn-
chrotron source DELTA: Ready for user — o¢CHRISTOPH KEUT-
NER, ULF BERGES, DOMINIQUE HANDSCHAK, and CARSTEN WESTPHAL
— DELTA /Experimentelle Physik I, TU Dortmund, Maria-Goeppert-
Mayer-Strafie 2, 44221 Dortmund, Germany

We report on the setups of two new experiments at the PGM undu-
lator beamline 11 (30 eV - 1000eV) of Dortmund’s synchrotron source
DELTA.

The first experiment is a photoemission electron microscope
(PEEM), which uses electrons emitted from an illuminated sample
to generate a spatially resolved image of its surface. PEEM can be
used for spatially resolved x-ray absorption spectroscopy (XAS) by
scanning the photon energy and recording individual images within
the sequence. Here, a Staib PEEM 350-20 with a spatial resolu-
tion of up to 220nm is used. In combination with our self-developed
S.P.A.M.M. software it enables a fully automatized data acquisition
(image-squences and beamline flux) for XAS. The experimenter just
has to specify basic parameters - e.g. energy range and step width.

The second setup is an extension to the existing XPS/XPD-machine.
By using our NEMeSUS software it is now possible to preform near-
edge x-ray absorption fine structure (NEXAFS) and extended X-ray
absorption fine structure (EXAFS) by using the total electron yield
(TEY). Hence, a combination of highly surface sensitive XPS/XPD
with deeper reaching NEXAFS/EXAFS-techniques in the identical ge-
ometric setup can be realized.

0O 63.32 Wed 17:30 P2
Spin-resolved core-level photoemission spectroscopy of W
and TaS; — eT1M HAASE, ARNDT QUER, ERIK KROGER, LARS OLOFF,
MaTTHIAS KALLANE, LuTz KiPP, and KA1 ROSSNAGEL — Institute of
Experimental and Applied Physics, University of Kiel, 24098 Kiel, Ger-
many

Electron spin polarization shows up in a number of effects at solid
surfaces, most prominently via the spin-momentum locking in Rashba
systems and topological insulators, but also of course via the exchange
splitting in itinerant ferromagnets. All these effects may be used to
validate spin detection schemes in photoemission spectroscopy. Here,
however, to characterize a commercial 3D Mott detector, we have used
an effect first described by Cherepkov [1,2], i.e., the spin specific pho-
toemission from the core levels of nonmagnetic materials due to exci-
tation with circularly polarized light. Employing the variable polar-
ization soft X-ray beamline P04 of PETRA III (DESY), we have per-
formed electron-spin- and photon-polarization-dependent 4f core-level
photoemission spectroscopy of W and TaSz. The results are inter-
preted in the context of free atom theory and possible deviations from
the theory are discussed. The results are finally used to determine the
Sherman function of the detector.

[1] N. A. Cherepkov, Phys. Lett. 40A, 119 (1972).

[2] N. A. Cherepkov, Soviet Physics JETP 38, 463 (1974).

0O 63.33 Wed 17:30 P2
3D nanofabrication of subsurface structures inside photosen-
sitive glass with fs laser — eT0BIAS MILDE!, ULRIKE BROKMANN?Z,
EppA RADLEIN?, and KLAUS LIEFEITH! — !Department of Biomate-
rials, Institute for Bioprocessing and Analytical Measurement Tech-
niques Heiligenstadt — 2Group of Inorganic-Nonmetallic Materials,
Department of Mechanical Engineering, Technische Universitat Ilme-
nau

The development of miniaturized structures on or below the surface of



Wednesday

glass is an issue of present research. Femtosecond-laser-radiation com-
bined with the two photon process is a promising approach to push
the written structures towards the nanometer scale. Here we used the
photosensitive glass FS21 with its three step photoform process (irra-
diation, annealing, HF-etching). For the irradiation we used a TiSa

oscillator only. These structures and steps are developed to realize a
distinct miniaturization of glass components and to improve biocom-
patibility for specific cells. These structured glass are interesting for
microfluidic and lab-on-a-chip devices.



