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O 18.1 Mon 16:00 WIL C307
Deconstructing silicon: can surface reconstructions emerge
from global geometry screening? — eCHiARA PaNoseTTI!,
MaxIMILIAN BAUugr!, MarT ProBERT?, and KARSTEN REUTER! —
I Technische Universitdt Miinchen, Germany — 2University of York,
GB

The Si(111) — (7 X 7) reconstruction is arguably the most complicated
surface superstructure known to date. The details of its currently ac-
cepted geometry, described by the so-called Dimer-Adatom-Stacking
fault (DAS) model, are the result of a 25-year long joint effort of
experiments and theory. Attempting to solve such a complicated
problem—with a known solution—by means of unbiased global struc-
ture optimization is therefore a suitable testbed for the performance of
corresponding computational algorithms. We here specifically assess
the performance of Genetic Algorithms (GA) and the Basin Hopping
(BH) approach, where the generation of trial structures for canonical
and grand canonical screening is applied to the surface layer in pe-
riodic boundary conditions and where different strategies are pursued
to enhance the production of chemically sensible candidate geometries.
Results suggests that robustness, success and speed of convergence of
the employed approaches are strongly influenced by how much the trial
moves tend to preserve favourable bonding patterns once they appear.

O 18.2 Mon 16:15 WIL C307
Patterning of ultra sharp dopant profiles in silicon —
Smmon CoorL'2, FeEperico Mazzoral, Hagen Kremwm?®, Gina
PescuiL?, Yuran Niv?, Arex Zuaxkarov?, ANDREw Evans?,
TuoMAS ScHMIDT?, MICHELLE StmMons®, eJiLL M1wa®, and JusTin
WELLs! — INTNU, Trondheim, Norway — 2Aberystwyth Univer-
sity, Aberystwyth, UK — 3Fritz Haber Institute, Berlin, Germany —
4MAX IV Laboratory, Lund, Sweden — 5UNSW, Sydney, Australia

— 6Aarhus University, Aarhus, Denmark

We present a method for patterning a buried two-dimensional electron
gas (2DEG) in silicon. The buried 2DEG forms from placing an ultra
sharp and dense profile of phosphorus dopants beneath the silicon sur-
face; a so-called Si:P d-layer. The composition and structure of these
Si:P d-layers have been studied down to the atomic limit by secondary
ion mass spectrometry and scanning tunnelling microscopy. Both angle
resolved photoemission spectroscopy and theoretical calculations have
shown that these Si:P d-layers host a 2DEG with properties desirable
for atomic scale quantum electronic devices. Here, we provide a new
method for patterning such buried 2DEGs using low kinetic energy
electron beam lithography. Using a combination of microscopic and
spectroscopic techniques, we demonstrate the formation of patterned
features with dopant concentrations sufficient to create 2DEG states.

O 18.3 Mon 16:30 WIL C307
Surface Structure of MOVPE-prepared GaP(111)B — ePETER
KLEINSCHMIDT!, PiNco MuTomBo?2, OLEKSANDR ROMANYUKZ,
MARCEL HiMMERLICH?, THERESA BEerrHoLD®, XIN WEN!, AN-
DREAS NAGELEIN', MaTTHIAS STEIDL!, AGNIESZKA PAszuk!, OLIVER
SuppLIE!, STEFAN KRriscHok®, and THomas HANNAPPEL! —
IPhotovoltaics Group, Institute of Physics, Technische Universitét Il-
menau, 98684 Ilmenau, Germany — 2Institute of Physics, Academy of
Sciences of the Czech Republic, Cukrovarnicka 10, 162 00 Prague 6,
Czech Republic — 3Technical Physics I, Institute of Physics and IMN

MacroNano, Technische Universitit [lmenau, 98684 Ilmenau, Germany

We have characterized the structure of MOVPE-prepared GaP(111)B
surfaces by STM, XPS and ab intio DFT. After deoxidation under
tertiarybutylphosphine and subsequent annealing in Ha, STM images
show flat terraces with an atomic surface structure which is congru-
ent with the underlying lattice, but only locally exhibits ordered re-
gions of (2 x 2), ¢(4 x 2) and (v/3 x V/3) reconstruction. We identify
the protrusions in the images as dangling bonds of an otherwise H-
terminated phosphorus face. The DFT calculations predict a (2 x 2)-
3H and c(4 x 2)-3H reconstruction under H-rich conditions, while the
(\/g X \/g)-ZH reconstruction is less favorable. Preparation without
annealing in H leads to a P-rich surface with an additional adlayer of
trimers.

0O 184 Mon 16:45 WIL C307
In situ surface control of AIP on GaP(100) substrate during

Location: WIL C307

processing in MOCVD ambient — eMAaNALI NANDY, AGNIESZKA
Paszuk, Anja DoBricH, OLIVER SUPPLIE, PETER KLEINSCHMIDT,
and THoMAs HANNAPPEL — TU Ilmenau, Gustav-Kirchhoff-Strafse 5
(Meitnerbau) 98693 Ilmenau

Epitaxial growth of III-V materials on Si substrate can be beneficial
for cost-effective devices in optoelectronic applications. However the
nucleation of ITI-V materials like AlxGal-xP material grown on Si(100)
substrate could serve as a buffer layer for other III-V materials, due
to small lattice mismatch between the Si and AlxGal-xP(from 0.36%-
0.37% for x=0 to 1)[2]. Here,first we focus on the growth of AIP buffers
on GaP(100) substrate. After deoxidation of GaP(100) substrates at
630°C under H2 ambient, we have grown GaP buffer layer prior to
growth of AIP epilayer. The growth temperature was kept at 600°C
and the reactor pressure was constant at 100 mbar throughout the pro-
cess. The whole process was monitored in-situ by reflection anisotropy
spectroscopy (RAS). The RAS signal taken at 300°C from the AP sur-
face shows a clear, distinguishable intense peak at 3.62 eV; probably
corresponds to a Phosphorus-rich AIP(100) surface and in addition,
we observe a continuous change in the RAS line shape with increas-
ing temperature without phosphorus stabilization. Above 720°C we
observe a second clear distinguishable RA-signal which may be corre-
sponds to a Al-rich surface. [1] H. Kawanami, Solar Energy Materials
& Solar Cells 66, 479 (2001) [2] H. Kroemer, J. Cryst. Growth, 81,193
(1987)

O 18.5 Mon 17:00 WIL C307
The structure of single-crystalline ZnO surfaces — eJENS
NIEDERHAUSEN" 2, ANTONI FRrRANCO-CARELLAS®, SiMON ERKER?,
MARTIN OrHZELT?, THORSTEN ScHuLTz!, PATRICK AMSALEM!,
Parpeep K. THAKUR®?, KaTHARINA Brocu®, Davib Duncan?®,
ANTON Zvkov!, STEFaN Kowarik!, TiEN-LIN LEE®, ALEXANDER
GERLACH?, OLIVER T. Hormann?, FRANK ScHREIBER®, and NOR-
BERT Kocub2 — lInstitut fiir Physik, Humboldt-Universitit, Berlin,
Germany — 2Helmholtz-Zentrum Berlin fiir Materialien und Energie,
Berlin, Germany — 3Institut fiir Angewandte Physik, Universitit
Tiibingen, Tiibingen, Germany — “Institut fiir Festkérperphysik, TU
Graz, Graz, Austria — ®Diamond Light Source, Oxfordshire, UK —
SFritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany

The electronic and catalytic properties of metal oxide surfaces are con-
trolled by their atomistic details. For ZnO, ab-initio calculations pre-
dict rich phase diagrams, with the resulting structures varying sig-
nificantly in terms of surface reconstruction, adsorbate species, and
surface relaxation. A clear experimental identification of a predicted
surface structure as well as the identification of thus far disregarded
chemical species and structural effects arising from the surface prepa-
ration procedure are significantly assisted by the X-ray standing waves
(XSW) technique that yields structural information with chemical sen-
sitivity. We employed XSW to monitor how Art sputtering deterio-
rates the surface crystallinity and show that this effect can be largely
reversed by annealing. By variation of temperature and HoO partial
pressure we determined surface structures for selected phase diagram
points.

0 18.6 Mon 17:15 WIL C307
Atomic scale STM and nc-AFM study of the Hematite (012)
surface — eZDENEK JAKUB!, FLORIAN KRAUSHOFER!, MAGDALENA
BicuLEr?, JAN Huwval, MARTIN SETVIN', MicHAEL Scumip!, UL-
RIKE DieBoLD!, PETER BLaHAZ, and GARETH. S. PARKINSON! —
Hnstitute of Applied Physics, TU Wien, Austria — 2Institute of Ma-

terials Chemistry, TU Wien, Austria

For its abundance, low cost, stability and environmental benignity,
hematite (a-Fe203) is a promising material for utilization in a wide
range of fields, including as a photoanode for photoelectrochemical
water splitting [1]. Although (012) is known to be one of the most
stable surfaces of hematite, the atomic-scale structure remains un-
known. Here we present the first-ever atomic-scale scanning tunnel-
ing microscopy (STM) and non-contact atomic force microscopy (nc-
AFM) study of the surface. Our data suggests that a bulk termination
model for the oxidized (1x1) surface is plausible, but images of the
reduced (2x1) surface are inconsistent with any of the previously pro-
posed structural models. Based on the experimental data we propose a
new model for the (2x1), whose plausibility is supported by our DFT
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calculations. We also present the results of H20 adsorption studies [2] Henderson, M.A. et al.. Surface Science, 417, 66-81 (1998).
on the (2x1) surface and discuss the data in the context of previously
published results [2].

[1] Parkinson, G.S., Surface Science Reports, 71, 272-365 (2016).



