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HL 94: Quantum wires and nanocrystals: Optical properties

Time: Friday 9:30-11:00

HL 94.1 Fri 9:30 H13
GaN nanowires as opto-chemical sensors — eJENs WALLys!,
SArRA LippERT!, FLORIAN FuUrTMAYR!:2, SEBASTIAN KosLowskil,
JOrG SCcHORMANNY, JOrRG TEUBERT!, and MARTIN ErckHorr! — 1.
Physikalisches Institut, Justus-Liebig-Universitit Gieffen, Germany —

2Walter Schotky Institut, Technische Universitit Miinchen, Germany

GaN nanowires (NWs) grown by plasma-assisted molecular beam epi-
taxy (PAMBE) feature a low density of structural defects and a high
surface to volume ratio. Their electrochemical stability and strong lu-
minescence at room temperature make them promising candidates for
opto-chemical sensor applications.

In this contribution we examine Si-, Ge-, and Mg-doped GaN NW
ensembles with different doping concentrations in contact with an elec-
trolyte by photoluminescence (PL) spectroscopy and investigate the
PL changes related to variations in the chemical environment. With
a three electrode setup the potential at the NW electrode can be pre-
cisely controlled to optimize the signal response for specific sensing
applications e.g. detection of small pH variations caused by biological
systems.

The influences of doping with shallow donors (Si or Ge) or acceptors
(Mg) on the response characteristics are discussed in terms of achiev-
able sensitivity, detection energy, and measurement stability. The re-
sults will be discussed using a qualitative model for the PL response
taking non-radiative surface recombination and charge transfer from
the NWs to the electrolyte into account.

HL 94.2 Fri 9:45 HI13
Optical properties and gas sensing capabilities of Ge
and Si doped GaN nanowires — ePascAL BECKER!, SvENJA
vaAN HEeeswuk!, PascarL HiLLe!, Jorc ScHORMANN!, JORG
TEUBERT?, SANGAM CHATTERJEEZ, ALEXEJ CHERNIKOV!, and MAR-
TIN E1ckHOFF! — 11.Physikalisches Institut, Justus-Liebig-Universitit

Gieflen — 2Philipps-Universitit Marburg, Fachbereich Physik

We report on the optical properties and the optical gas response of Si-
and Ge-doped self-assembled GaN nanowires (NWs) grown by plasma-
assisted molecular beam epitaxy. GaN:Si and GaN:Ge NWs were
grown on n-type Si(111) substrates with typical lengths of approx.
1.5 pm.

The NW ensembles were analyzed by temperature dependent and
time resolved photoluminescence (PL) spectroscopy and the influence
of Ge- and Si-doping was compared to undoped NW samples. Their
emission properties are influenced by the doping concentration possibly
by variation of the surface band bending (SBB).

Furthermore, the presence of oxidizing gases leads to a significant
decrease of the PL-intensity. The doping concentration significantly in-
fluences this PL-quenching which will be interpreted in terms of SBB-
variations.

HL 94.3 Fri 10:00 H13
Optical characterization of In(Ga)As/In(As)P nanowires
with micro photoluminescence and absorption spectroscopy
— eMicHAEL M. BoORMANN, JuLiaAN TREU, MENGYU LiaNG, Si-
MON HERTENBERGER, STEFANIE MORKOTTER, CHRISTIAN (GRASSE,
STEPHAN SPRENGEL, MAX BICHLER, MARKUS-CHRISTIAN AMANN,
JonaTHAN J. FINLEY, GERHARD ABSTREITER, and GREGOR
KoBLMULLER — Walter Schottky Institut and Physik Department,
TU Miinchen, Garching, Germany

In this work we present the optical properties of high-In content
In(Ga)As nanowires (NW) and InAs/InAsP core-shell NWs grown by
molecular beam epitaxy (MBE) and hybrid MBE-metal-organic vapor
phase epitaxy on Si substrates. The emission characteristics of these
NWs are measured either directly in free-standing geometry or after
transfer in horizontal geometry by a specific micro photoluminescence
(uPL) setup designed for the infrared spectral range. Both tempera-
ture and power-dependent measurements are performed highlighting
the dynamics of the PL peak energy and intensities. The InGaAs
NWs show a characteristic transition in PL peak energy with increas-
ing Ga content and also with dominant wurtzite crystal phase [1]. In
addition, we elucidate the effect of the InAsP shell thickness onto the
intensity and near-band edge emission of InAs NWs. Furthermore, we
present absorption measurements of homogeneous InGaAs NW arrays
obtained with a UV /VIS/NIR setup. [1] S. Hertenberger, et al., Appl.

Location: H13

Phys. Lett. 101, 043116 (2012).

HL 94.4 Fri 10:15 H13
Single core-shell GaAs/AlGaAs nanowires: a close look
by near-field optical spectroscopy — ®ALEXANDER SENICHEV',
Vapim Tavavaev!h2, Jora ScuiLLing?, GEorRGE CIRLIN®®5 | and
PeTErR WERNER! — IMax-Planck-Institut, Halle, Germany —
2Martin-Luther-Universitat, ZIK ”SiLi-nano”, Halle, Germany — 3A.
F. Toffe Physico-Technical Institute, St. Petersburg, Russia — 4St. Pe-
tersburg Physics and Technology Center for Research and Education,
St. Petersburg, Russia — ®Institute for Analytical Instrumentation,
St. Petersburg, Russia

We report on the growth and the study of optical properties
of self-catalyzed GaAs/AlGaAs core-shell nanowires (NW). These
GaAs/AlGaAs NWs were generated by molecular beam epitaxy. The
presence of zincblende (ZB) and wurtzite (WZ) crystal phases in NW
is discussed. We investigate a homogeneity of photoluminescence (PL)
intensity along a NW and the appearing of features in PL spectra, cor-
responding to the exciton emission from ZB and WZ structure, with a
high spatial resolution (< 200 nm). For this purpose a low-temperature
near-field scanning optical microscope operating at a temperature 10
K inside a high vacuum chamber was applied. Selecting of specific NW
allow us to get PL and transmission electron microscopy measurements
of the same single NW. Preliminary measurements showed inhomoge-
neous PL intensity distribution along NW and presence of additional
spectral line in vicinity of NW apex. For statistical analysis, other
NWs from the same growth series are under investigation.

HL 94.5 Fri 10:30 H13

Acousto-electric control of  exciton dynamics in
GaAs/AlGaAs core-shell nanowires containing a single ra-
dial GaAs quantum well — eMarTHIAS WEISs!, Jore KinzeL!,
DaniEL Ruporpu?, Max BicHLER?, GREGOR KOBLMULLER?, GER-
HARD ABSTREITERZ, JONATHAN FINLEY2, AcHIM WixrForrH!, and
HuserT KRENNER! — !Lehrstuhl fiir Experimentalphysik 1 / Uni-
versitét Augsburg, 86159 Augsburg,Germany — 2Walter Schottky

Institut / TU Miinchen, 85748 Garching, Germany

Radio frequency (RF) surface acoustic waves (SAW) represent a ver-
satile tool to control and manipulate charge and spin excitations in
semiconductor quantum structures. Here, we analyze the influence of
the dynamic electric field induced by a SAW on the optical emission
of single semiconductor nanowires. The investigated NWs consist of a
GaAs core and an AlGaAs shell containing a single 5nm wide radial
GaAs quantum well (QW). The optical emission is studied by conven-
tional, low-temperature micro-photoluminescence (u-PL) spectroscopy
in combination with a stroboscopic excitation. For both, the GaAs core
and the radial QW, at high SAW power, we observe clear signatures of
acousto-electric exciton dissociation and conveyance of electrons and
holes. However, in an intermediate range of SAW amplitudes, we ob-
serve fingerprints of quantum dot (QD)-like emission centers within the
narrow QW. These QD manifest themselves by several sharp spectral
lines which exhibit dynamic spectral shifts. Moreover, we observe in-
tensity oscillations being connected to the local acoustic phase, which
was previously observed by embedded, planar QD structures.

HL 94.6 Fri 10:45 H13
Band structure and photoluminescence on silicon nanocrys-
tals — eProkoP HaraLa and PaveL JELINEK — Institute of Physics ,
Academy of Sciences of the Czech Republic, Cukrovarnicka 10, Prague,
16253, Czech Republic

Since the first observation of photoluminescence in silicon nanocrystals
(SiNCs) there is a debate whether the band structure theory is appro-
priate to make any statements about this kind of systems. While trans-
lational symmetry - the fundamental assumption of Bloch theorem -
is violated, the only rigorous treatment would be considering SiNC as
a molecule with molecular orbitals (MOs) instead of bands. On the
other hand, in literature it is common practice to use band structure
arguments, such as ”(in-)direct band gap” to rationalize optical prop-
erties of NCs. We analyze band structure of up to 3nm SiNCs using
Fourier transform of MOs obtained from DFT calculations. By this
method we can rationalize effects of surface passivation (-OH, -CHO,
-H, -CH3) and size (1.5-3nm) on optical properties of SiNCs.



