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O 77.1 Thu 15:00 H42
Formation of a laterally nanostructured cobalt oxide —
eMarTHIAS GUBO, CHRISTINA EBENSPERGER, WOLFGANG MEYER,
Lurz HAMMER, and KrLaus HeiNz — Lehrstuhl fiir Festkorperphysik,
Universitdt Erlangen-Niirnberg, Staudtstr. 7, 91058 Erlangen

In this study the growth of ultrathin cobalt oxide on a monolayer
cobalt and on a monolayer of a Coslr surface alloy - both prepared
on a Ir(100) surface - is investigated by means of low energy elec-
tron diffraction (LEED) and scanning tunnelling microscopy (STM).
The oxide on a monolayer cobalt reveals a c¢(4x2) periodic LEED pat-
tern. Its structure consists of a compressively strained CoO(100) layer
with cobalt vacancies arranged in a c(4x2) periodicity equivalent to a
Co304 stoichiometry of the film. This structure is very different from
the oxide on the bare iridium surface [1]indicating that the internal
structure of this cobalt oxide is strongly coupled to the underlying
species of atoms (cobalt or iridium, resp.). Accordingly, by growing
the oxide on a well ordered CoyIr lateral superlattice - produced via
decoration of the reconstructed Ir(5x1)-H phase [2] - the cobalt oxide
monolayer becomes laterally nanostructured.

So, the oxide’s growth appears to be strongly influenced by the local
binding conditions to the substrate. In case of a laterally nanostruc-
tured substrate the oxide is nanostructured, too.

[1] M. Gubo et al., J. Phys.: Condens. Matter 21 (2009) 474211
2] L. Hammer et al., PRL 91 (2003) 156101

O 77.2 Thu 15:15 HA42
Interface Oxides of Eu on Ni(100) — eJURGEN KLINKHAMMER,
DanieL F. FOrRSTER, CARSTEN Bussg, and THoMAs MicHELY — II.
Physikalisches Institut, 50937 Koéln

Eu-oxides of submonolayer to few layer thickness were grown on
Ni(100) at 350°C through reactive molecular beam epitaxy with Eu
fluxes of 2,04-10™ atoms m~'s~1. The resulting interface oxides are
investigated through low energy electron diffraction (LEED) and scan-
ning tunneling microscopy (STM). As a function of the oxygen chemi-
cal potential at fixed Eu flux a sequence of interface oxide structures is
observed. For the highest oxygen chemical potential polar EuO(111)
starts to grow on Ni(100) with the densepacked [110] EuO direction
aligned to the Ni[(011)]. For medium oxygen chemical potential a
phase of small magic clusters coexists with a complex stripe phase.
The magic clusters are immobile and decay upon heating. Finally
for the lowest oxygen chemical potential applied a 5x5 superstructure
forms, which uses as building blocks small, stable square clusters. It
turned out that the 5x5 superstructure is well suited as interface oxide
for subsequent growth of rather perfect and stoichometric EuO films.
The polar EuO(111) interface oxide decays during subsequent growth
through the formation triangular pyramids bounded by {100} facets
and the film transforms to the nonpolar (100) orientation.

O 77.3 Thu 15:30 H42
Epitaxial growth of ultra-thin ceria films on Si(111) —
eBJORN MENKENs!, JAN INco FLEGE!, SEBASTIAN GEVERSZ, DANIEL
Bruns?, JoacuiM WoLLscHLAGER?, and JENs Farral — lInstitute
of Solid State Physics, University of Bremen, 28359 Bremen, Germany
— 2Physics Department, University of Osnabriick, 49069 Osnabriick,
Germany

Rare-earth oxides are of major interest in fundamental research due
to their intriguing electronic properties, which provide strong poten-
tial for multiple applications. Ceria, e.g., is a prominent compound in
catalytic converters because of its high oxygen storage capacity, which
results from multiple crystallographic phases and their associated ox-
idation states. In this contribution, we present a growth study of
epitaxial ceria films on Si(111) by chemically sensitive x-ray standing
waves (XSW) and grazing-incidence x-ray diffraction (GIXRD).
Under ultrahigh-vacuum conditions only CezO3 can be observed
as shown by XPS. Our results show different phases depending on
the ceria film thickness. The distinction between a hexagonal phase
and the bixbyite (cubic) structure for ultra-thin Ce2Ogz(111) films
on Si(111) was achieved by XSW using Ce3ds/2 and Ols photoelec-
trons as secondary signals and subsequent comparison with calculated
Fourier components. For film thicknesses exceeding a few nanometers,
their crystallinity and surface roughness were investigated by GIXRD
and complemented by x-ray relectivity (XRR) measurements. Fur-

Location: H42

thermore, we will discuss the influence of chlorine on ceria growth on
Si(111), which acts as a passivating agent for the Si(111) surface.

O 774 Thu 15:45 H42
MOS diodes with BaO, SrO and Bag 7Srp30 thin films
on Si(001) as a high-k dielectric — eDirRk MULLER-SAJAK!,
ALEXANDR CosceErvZ, HERBERT PFNUR!, and KarL R. Hormann?
— 1Leibniz-Universitit Hannover, Inst. f. Festkorperphysik —
2Leibniz-Universitit Hannover, Bauelemente der Mikro- und Na-
noelektronik

We have grown BaO, SrO and Bag.7Srp.30 films on clean Si(001) in
order to find a new high-k gate oxide. These films are highly hygro-
scopic and have to be sealed completely by the metal gate electrode
in order to perform ex-situ electrical measurements. We show that
complete wetting of a Au layer can be obtained by introducing a thin
layer (0.5-1ML) of Al after the oxide growth.

All three oxides have remarkable electrical properties: Dielectric con-
stants near the values for volume material were obtained. Low leakage
current densities (<1076A /cm? for Bag.7Srg.30) have been measured.
These results are supported by band offsets measured on the unstruc-
tured oxides by XPS and EELS (all above 1eV). Changing the growth
conditions at the interface cause a shift in the band offsets induced
by states at the interface. Growth of crystalline and lattice matched
Bag.7Sr0.30 turns out to be superior to the amorphous layers of BaO
and SrO in terms of defect densities at the interface and of leakage
currents. We observed the lowest density of states at the interface of
6.3-10'%V~1em ™2 by the Terman method and typically two orders of
magnitude lower leakage currents for the crystalline oxide. Structural
and chemical reasons will we discussed.

O 775 Thu 16:00 H42
Substrate-induced structural modulation of a CoO(111) bi-
layer on Ir(100) — eLuTtz HaMMER, CHRISTINA EBENSPERGER,
WOLFGANG MEYER, MATTHIAS GUBO, and KLaus HEiNz — Lehrstuhl
fiir Festkorperphysik, Universitdt Erlangen-Niirnberg, Staudtstr. 7,
91058 Erlangen

Oxidation of a monolayer of cobalt deposited on the unreconstructed
Ir(100) surface leads to the formation of a CoO(111) bilayer [1]. Quan-
titative LEED and STM reveal a cobalt layer next to the substrate
covered by an oxygen layer. Both layers’ hexagonal atomic arrange-
ments are, however, strongly distorted by the quadratic substrate and
form a c¢(10x2) superstructure. The Co layer’s buckling characteris-
tics and atomic bond lengths to Ir atoms are consistent with the hard
sphere radius of metallic Co. The binding of the oxide to the substrate
appears to be characterized by two types of oxygen ions. One type is
close to the expected rocksalt-type stacking with respect to the cobalt
layer whilst the other type oxygen ions reside nearly on top of Ir atoms
with a very short bond length. They are practically coplanar with the
Co layer and so almost form a boron-nitride-type oxide. The bond to
Ir can be interpreted as a local pinning of the oxide to the substrate,
so modulating the entire oxide bilayer.
[1] C. Giovanardi et al., Phys. Rev. B 74 (2006) 125429

O 77.6 Thu 16:15 H42
Comparing the Structure of Line Defects and Step Edges in
the Alumina Film on NiAl(110) — A Dynamic Force and Scan-
ning Tunneling Microscopy Study — eLArs HEINKE, LEONID
LicHTENSTEIN, GEORG HERMANN SiMoN, THOMAS KoNIG, MARKUS
HevpE, and HaNs-JoacHIM FREUND — Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Faradayweg 4-6, 14196 Berlin, Germany

Thin metal oxide films, like aluminum oxide on NiAl(110), are often
used as model systems in catalysis. It was found that line defects like
step edges and anti phase domain boundaries (APDB) are particularly
active sites for catalysis and, therefore, require detailed investigations.
In this context, frequency modulated dynamic force microscopy (FM-
DFM) and scanning tunneling microscopy (STM) are used to deter-
mine the atomic structure of the thin film and its defects in ultra high
vacuum at 5 K [1]. The APDBs are orientated along two different di-
rections, i.e. there exist two possible orientations of the film (domain
A and B). A detailed analysis reveals that the step edges, which are
uniformly distributed on the substrate before the film growth, prefer
orientations along these angles. This suggests that the substrate is
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influenced by the growth of the thin film.
[1] G. H. Simon et al., New J. Phys. 11 (2009), 093009

O 777 Thu 16:30 H42
Synchrotron radiation spectroscopy studies of the ini-
tial interaction between cobalt and titanium dioxide —
eSEBASTIAN MULLER and DIETER ScHMEISSER — BTU Cottbus,
Konrad-Wachsmann-Allee 1, 03046 Cottbus

Small metallic particles deposited on oxide surfaces can serve as het-
erogeneous catalysts, as for example TiOg supported cobalt is a known
Fischer-Tropsch-Catalyst.

The goal of the presented studies is to investigate the interaction be-
tween cobalt and TiOg2 in the initial step of growth by synchrotron
radiation based spectroscopy.

PES studies of TiO2 supported cobalt show a reduction of the oxide
support, accompanied by an oxidation of the deposited material. The
oxidation is not complete, but metallic cobalt is found already in the
very first step of growth. Uniform decrease of both substrate PES lines
indicate very weak interaction between overlayer and TiOs.

An atomic multiplet calculation including charge transfer and crystal
field effects is applied to simulate the experimental Co 2p XAS and
XPS spectra of the oxidized component. The results allow the iden-
tification of the local coordination as well as the identification of the
oxidation state of cobalt.

O 77.8 Thu 16:45 H42
From chemisorbed oxygen to ultrathin cobalt-oxides on
Ir(100)-(1x1) — eCHRISTINA EBENSPERGER, MaArTHIAS GUBO,
WoLrcaNG MEYER, Lutz HamMMmER, and Kraus HEeiNz — Insti-
tut fiir Festkorperphysik, Friedrich-Alexander-Universitat Erlangen-
Nirnberg, Staudstr. 7, 91058 Erlangen

A single monolayer (ML) of cobalt was deposited on Ir(100)-(1x1) and
exposed to oxygen at elevated temperatures. As function of oxygen
dosage several ordered phases develop, which were studied by means
of STM and quantitative LEED.

At low oxygen coverage of 0.25 ML a (2x2) phase develops with hol-
low site adsorption of chemisorbed oxygen as observed also for other
fcc(100) surfaces (R-factor: R = 0.12). With further exposure to oxy-
gen this phase transforms into two different (3x3) phases, (3x3); and
(3x3)77, which can be instantaneously monitored by the LEED in-
tensities. The (3x3)r structure is a periodic arrangement of isolated
suboxide rings with CogOy4 stoichiometry (R-factor: R = 0.14), while
in the second phase these rings are interconnected by additional oxy-
gen ions (R-factor: R = 0.16). The latter attract the surrounding
cobalt ions and reduce their bonding to the substrate. The stoichiom-
etry thereby changes towards CogOs. With even further exposure to
oxygen a c¢(10x2) phase develops which can be regarded as a heavily
distorted bilayer of bulk CoO.

O 779 Thu 17:00 H42
Mixed interface and charge neutrality in the oxide het-
erostructure DyScO3/SrTiO3 — eKOUROSH RAHMANIZADEH, GUS-
TAV BIHLMAYER, and SBTEFAN BLUGEL — Institut fiir Festkorper-
forschung & Institute for Advanced Simulation, Forschungszentrum
Jiilich, 52425 Jiilich

Oxide interfaces have attracted considerable attention in recent years
due to the emerging novel behavior, which does not exist in the cor-
responding parent bulk compounds, e.g. joining two simple band in-
sulators LaAlO3z and SrTiOs with different polarity can induce new
properties ranging from conductivity to magnetism, even to supercon-
ductivity. The electrostatic potential diverges due to the polar dis-
continuity at the interface. But intermixing at the interface, defects,
or formation of a polarization in the substrate can help to avoid the
divergence of the electrostatic potential.

We carried out density functional theory calculations based on the
full-potential linearized augmented planewave (FLAPW) method as
implemented in the FLEUR code (www.flapw.de) for studying sharp
and intermixed DyScO3/SrTiO3 interfaces. DyScOs3 layers induce the
same polarity as the lanthanum aluminate. Experimental evidence
for intermixing was reported for this system in Ref.[1]. We investi-
gated both scenarios avoiding the polar catastrophe, either by forming
a mixed layer at the interface or by formation of a polarization in the
SrTiO3 substrate.

[1] M. Luysberg et al., Acta Materialia 57, 3192 (2009)

O 77.10 Thu 17:15 H42
The surface termination of MnzO04(001) films on Ag(001)
— MicHAEL HutH, eKLAUS MEINEL, ROMAN SHANTYR, SEBASTIAN

PoLziN, KONRAD GILLMEISTER, HENNING NEDDERMEYER, and WoOLF
WIDDRA — Institute of Physics, Martin-Luther-Universitiat Halle-
Wittenberg, Germany

Spinel-like Mn304(001) films can be imagined as an alternating stack-
ing of (2x1)-like Mn2Oy4 and (2x2)-like Mn spinel sublayers (SL). Ac-
cording theory [1], the MnyOy4 layer is favored for termination. In our
investigations, Mn3zQO4 films have been grown on Ag(001) and analyzed
by means of STM and SPA-LEED. The films grow with the lattice vec-
tors of the Mn304(001) structure aligned along the [110]-like directions
of the Ag(001) substrate. This specific film orientation implies an al-
most vanishing misfit which explains the brilliancy of the LEED spots.
In the submonolayer stage, Mnz Oy islands are formed displaying either
(2x1) or (2x2) surface termination depending on local thickness. For
ultrathin continuous films, a (2x1) termination is resolved. However,
for film thickness > 12 spinel SL, SPA-LEED yields a (2x2) pattern.
STM shows that the films are nevertheless terminated by a MnoOy
layer. But it is now composed not only by (2x1) domains but also
by domains where the Mn ions form a c¢(2x2) pattern. The combi-
nation of both structures explains the observed (2x2) LEED pattern.
The spreading of this more symmetric structure implies a decrease of
density of (2x1) domain boundaries and a corresponding decrease of
domain boundary energy.
[1] V. Bayer et al., Phys. Rev. B76 (2007) 165428

O 77.11 Thu 17:30 H42
Epitaxial Europiumoxide on Ni(100) with Single Crystal
Quality — eDANIEL F. FORSTER, JURGEN KLINKHAMMER, CARSTEN
Busse, Zuiwer Hu, L. Hao Tieng, and THoMAs MicHELY — II.
Physikalisches Institut, Univ. zu Koln, Ziilpicher Str. 77, 50937 Koln

EuO is one of the rare ferromagnetic semiconductors. Showing a va-
riety of outstanding electronic properties it is e.g. an ideal candidate
for spintronic systems. Growth on metal substrates gives rise to addi-
tional effects e.g. due to image charge screening or Schottky barriers.
Hence the electronic structure is expected to have a different thick-
ness dependence compared to oxide substrates. The initial growth of
EuO films on Ni(100) strongly depends on the flux ratio Eu/O and the
growth temperature. We use reactive molecular beam epitaxy (MBE)
with a flux ratio Eu/O = 3/2 to grow stoichiometric EuO(100). For
two monolayer thick films grown at 450°C in-situ scanning tunnel-
ing microscopy (STM) shows films with large monatomic flat terraces
and few defects. The EuO grows quasi-pseudomorphically, hence the
EuO is in-plane compressed by 3.1%. Low energy electron diffraction
(LEED) measurements show the relaxation of the surface lattice con-
stant close to the bulk value within the first 40 monolayers. 100 nm
thick films grown at 320°C and annealed at 600°C have a RMS rough-
ness of only 0.5 nm. The step edges are roundly shaped due to the
annealing process and the LEED shows spots as sharp as for a single
crystal. Ex-situ X-ray adsorption spectroscopy (XAS) was performed
after capping with a 4 nm thick Al film. No signs of Eut or oxygen
vacancies were found, thus the EuO film is stoichiometric.

O 7712 Thu 17:45 HA42
Title: Simulation of deposition and growth of Xe-crystals
via the low-temperature atom beam deposition method —
eNicorLa Toto, CHRISTIAN SCHOEN, and MARTIN JANSEN — Max
Planck Institute for Solid State Research - Heisenbergstrasse, 1 - 70569
Stuttgart - Germany

‘We model the deposition of Xe-atoms on a sapphire substrate and the
subsequent growth of ordered Xe-phases via the low-temperature atom
beam deposition method. This chemical synthesis method (D. Fischer
and M. Jansen, J. Am. Chem. Soc. 41, 1755 (2002)) is a successful
new way to synthesize metastable solid compounds. The modeling pro-
cedure consists of several steps, where we use empirical potentials to
model the interactions within the substrate, the Xe-Xe-interactions in
the gas phase and the solid, and the interactions between the Xe-atoms
and the substrate. In a first step, we established that under the ex-
perimental conditions, no Xe-clusters form in the gas phase, and thus
the deposition could be described by the adsorption of single Xe-atoms
on the substrate at low temperatures. Next, we simulate the Xe de-
position process and we study the growth mode depending on various
synthesis parameters such as the deposition rate and the temperature
of the substrate. Finally, the deposited Xe-layers are annealed, and
the structure of the resulting compound is analyzed. We studied the
establishment of locally ordered regions as a function of time, both
during the deposition and the annealing. We observed that the final
configuration is always crystalline, although defects such as stacking
faults and dislocations are likely to form.



