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HL 37: Quantum Dots and Wires: Optical Properties IlI

Time: Wednesday 9:30-12:45

HL 37.1 Wed 9:30 HI15
Vanishing Excitonic Fine Structure Splitting in
In(Ga)As/GaAs Quantum Dots Grown on (111) GaAs Sub-
strates — eMuraT OzTURK!, ERIK STOCK!, JAN A. TOFFLINGER!,
T WarmMmiNg!, IrRINA Ostapenko!, SveN RobpT!, ANDREI
ScuLtwal, ALEKSANDR I. ToroPOV?, SERGEJ A. MOSCHENKO?, DiM-
ITRY V. DMmITRIEVZ, VLADIMIR A. HaIsLER?, and DIETER BIMBERG!
— Unstitut fiir Festkérperphysik, Technische Universitét Berlin, Hard-
enbergstrasse 36, 10623 Berlin, Germany — 2Institute of Semiconduc-

tor Physics, Lavrenteva av 13, Novosibirsk 630090, Russia

Non-classical correlated photons are of largest importance for quantum
key distribution. A source of entangled photon pairs can be based
on the biexciton (XX)— exciton (X)— 0 recombination cascade, if
the fine structure splitting (FSS) of the exciton bright states is below
the homogeneous linewidth. Symmetrically shaped In(Ga)As/GaAs
quantum dots (QDs) grown on GaAs (111) substrates are expected to
exhibit zero FSS due to the C3y symmetry of the confinement poten-
tial. Here, we present In(Ga)As/GaAs QDs grown on GaAs (111) sub-
strates with a low spatial density (<10° cm™2). Single photon emission
is proved with a g?(0) < 0.3. Micro-photoluminescence from a num-
ber of single QDs reveals similar luminescence line patterns for several
QDs and therefore allows the assignment to transitions of specific ex-
citonic complexes. Polarization dependent measurements reveal the
FSS down to less than 10 peV, limited by the spectral resolution of
our setup. The nonzero splitting is understood in terms of shape and
strain as symmetry of the QDs. This work is partly funded by the SFB
787.

HL 37.2 Wed 9:45 HI15
Fine Structure Splitting of Neutral Excitons in
GaAs/AlGaAs Quantum Dots — eJoHanNEs D. Prumnor!,
VeasTimiL Krapexb2, Lijuan Wanch3, ANDREI ScHLiwa?, ARr-
MANDO RasTELLI', and OLIvER G. Scumipt! — lInstitute for Inte-
grative Nanosciences, IFW Dresden, Helmholtzstr. 20, D-01069 Dres-
den — 2Institute of Condensed Matter Physics, Masaryk University,
Kotlarska 2, 61137 Brno, Czech Republic — 3Max Planck Institute
for Solid State Research, Heisenbergstr. 1, D-70569 Stuttgart —
4Institut fiir Festkorperphysik, Technische Universitét Berlin, Hard-
enbergstrasse 36, D-10623 Berlin

For the generation of polarization entangled photon pairs using self-
assembled semiconductor quantum dots (QDs) it is important to de-
crease the fine structure splitting (FSS) energy of the neutral exciton to
values lower than the emission linewidth. We study here the behaviour
of the F'SS of strain-free, molecular beam epitaxy grown GaAs/AlGaAs
QDs. We use polarization-dependent photoluminescence spectroscopy
to investigate the F'SS of a large number of QDs. Based on AFM images
of QDs grown under nominally same conditions we demonstrate the
statistic interrelation of QD-shape and FSS. Due to the well known
shape and composition profile of the QDs we are able to reproduce
the experimental results with 8 band kp-simulations using the realistic
structure as input. We also study the polarization of the light emitted
by excitons confined in quantum well thickness fluctuations with not
well defined shape to estimate the possible influence of effects on FSS
other than shape, such as alloy ordering.

HL 37.3 Wed 10:00 H15
Remote pumping of self-assembled InGaAs Quantum Posts
— oF. Knarn!, S. Vouk!, F. J. R. Scutrein!, H. Km2, T. A.
Truona3, J. He3, P. M. PeTrorr3, A. WixrorTH', and H. J.
KRENNER! — !Lehrstuhl fiir Experimentalphysik I, Universitit Augs-
burg, 86159 Augsburg, Germany — 2Physics Department, UC Santa
Barbara, Santa Barbara CA 93106, United States — 3Materials De-
partment, UC Santa Barbara, Santa Barbara CA 93106, United States

Oscillating electric fields in piezoelectric semiconductors such as GaAs
can be induced by using surface acoustic waves (SAW). These fields
modulate the band edges of a quantum well (QW) and thus, spa-
tially separate excitons into electrons and holes, which propagate along
the SAW direction. Therefore, recombination will be suppressed and
the photogenerated charge carriers are transported to a quantum post
(QP) located away from the point of excitation. The carriers relax
into the confined states of the QP where they radiatively recombine.
Using a spatially resolved detection we demonstrate remote pumping
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of individual QPs by the SAW. QPs are ideal candidates for acoustic
charge conveyance driven single photon generation since they combine
the superior optical quality of conventional self-assembled quantum
dots and direct lateral embedding within a wide quantum well.

HL 374 Wed 10:15 H15
Quantum efficiency and oscillator strength of site-controlled

InGaAs quantum dots — eFERDINAND ALBERT!, CHRIS-
1

TIAN SCHNEIDER', S@gREN SToBBE2, SVEN HOFLING!, STEPHAN
REITZENSTEIN!, PETER LopaHL2, Lukas WorscHEcH!, and AL-
FRED FoRcHEL! — !Technische Physik, Universitit Wiirzburg, Am
Hubland, 97074 Wiirzburg, Germany — 2DTU Fotonik, Department
of Photonics Engineering, Technical University of Denmark, Orsteds

Plads 343, DK-2800 Kgs, Lyngby, Denmark

Quantum dots (QDs) are fascinating nanoscopic structures for future
quantum information technology. Even though tremendous progress
has been achieved in understanding their properties and integrating
them into devices like single photon sources, their random position
inhibits a large scale fabrication. Thus a great challenge is the pre-
cise control of their position. Recently several groups succeeded in the
growth of site-controlled quantum dots (SCQDs), but a complete char-
acterization of their intrinsic parameters is still missing. In the present
work we apply a recently developed method of determining the oscilla-
tor strength and the quantum efficiency of QDs on In(Ga)As SCQDs
by means of time resolved spectroscopy on samples with varying thick-
ness of the capping layer [1]. The modification of the local density of
optical states as a function of the distance between the SCQDs and the
GaAs-air interface enables us to extract the radiative and nonradiative
decay rates, from which we calculate a quantum efficiency of 47% and
the oscillator strength of 10 for the excitonic transition in SCQDs.
[1] J. Johansen et al., Phys. Rev. B 77, 073303 (2008)

HL 37.5 Wed 10:30 HI15
Intraband resonances of GaAs/InAs quantum dots detected
via photo induced current changes — eBoRis EICHENBERG!,
Heiko WUNDERLICH!, SABINE DoBMANN! | ALois SEILMEIER!, VADIM
Yu. PaneviN?, Leonid E. VorosievZ, DmiTRy A. Firsov2, and
ALEXANDER A. Tonkikn® — !Physikalisches Institut, Universitit
Bayreuth, 95440 Bayreuth, Deutschland — 2St. Petersburg State
Polytechnic University, St. Petersburg 195251, Russia — 3Ioffe
Physico-Technical Institute, St. Petersburg 194021, Russia

The investigation of intraband (IB) transitions in semiconductor quan-
tum dots (QD) via fourier transform infrared (FTIR) spectroscopy
often suffers from very low absorption signals due to moderate absorp-
tion cross sections and a low dot sheet density. In this contribution
we discuss a photocurrent method, which provides clear signals at the
frequency positions of IB absorption lines. The QD sample is lat-
erally contacted at the processed surface and biased by several 10V.
Current changes due to excitation by intense picosecond mid infrared
laser pulses monitor the IB transitions. Enhanced current signals are
observed at frequencies of both bound to bound and bound to con-
tinuum IB transitions. Data taken at 77K and at 300K on highly
doped GaAs/InAs QD samples, in which up to five QD levels are oc-
cupied, are presented. This technique provides interlevel spectra of
QDs in the mid infrared with a considerably improved signal to noise
ratio compared to FTIR measurements. The experimentally observed
IB transition frequencies nicely agree with those from calculated QD
levels.

HL 37.6 Wed 10:45 HI15
Dependence of spectral diffusion on excitation mechanisms
in InGaAs/GaAs quantum dots — eIriNa OsTaPENKO!, JAN
AmarU TOFrFLINGER!, Murar OztUrk!, Erik Stock!, SVEN
Robpt!, T WarmING!, Paora ATkiNson?3, OLIVER G. ScHMIDTZ,
and DiETER BimMBERG! — !Institut fiir Festkorperphysik, TU Berlin,
Hardenbergstr. 36, 10623 Berlin, Germany — 2Institute for Integra-
tive Nanosciences, IFW Dresden, Helmholtzstrasse 20, 01069 Dresden
— 3Max-Planck-Institut fiir Festkérperforschung, Heisenbergstr. 1,
70569 Stuttgart, Germany
The discrete energy levels and sharp luminescence lines of self or-

ganized quantum dots (QDs) allow the development of new nano-
photonic devices such as emitters of entangled or single photons. Fluc-
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tuating fields in the sample may cause a spectral diffusion (jitter) of
the lines: their energetic positions shift and the intensities vary. If the
characteristic jitter timescale is smaller than the integration time of a
given application, the luminescence line is inhomogeneously broadened
which might hinder the use of single QD-based devises. Therefore the
understanding of the intrinsic mechanisms of jitter is essential for the
realization of such devices. Here we compare the spectral diffusion
of the same QDs under optical and, what is more substantial for real
applications, electrical excitation conditions in electro-, cathode- and
micro-photoluminescence experiments. The key element is an electri-
cally driven device with a low density of QDs and the possibility to
probe the same QD with different excitation methods.

15 Min. Coffee Break

HL 37.7 Wed 11:15 HI15
Single As-grown Al,Gaj;_,As Nanowires Probed by Raman
Spectroscopy — eBeNijamIN Buick!, Eucen Spriser!:2, PaoLa
PrETE®, PAsQuAaLE Paiano?, NicoLa LoverciNe?, and WoLFcANG
RicHTER! — ! Universita di Roma Tor Vergata, Rome, Italy — 2ISAS
Department Berlin, Berlin, Germany — 3IMM-CNR di Lecce, Lecce,

Ttaly — “CNISM di Lecce and Universita del Salento, Lecce, Italy

II1-V compounds nanowires (NWs) are of central interest due to their
innovative physical properties and potential applications in electronic
and photo-electronic devices. Freestanding AlGaAs NWs were grown
by MOVPE by the Vapor Liquid Solid method along the (111) direc-
tion on GaAs(111) substrates.

Raman measurements were performed on single as-grown NWs with
a scanning confocal micro-Raman spectrometer. Rayleigh imaging,
was applied to locate individual NWs and define their position for Ra-
man measurements.

The spectra of the AlGaAs NWs exhibit two-mode behavior: GaAs-
and AlAs-like modes which were exploited to determine the stoichiom-
etry. Its dependence on the growth temperature was determined. The
Raman spectra show two sets of GaAs- and AlAs-like modes indi-
cating regions with different stoichiometries within a single NW. The
composition gradient oft the NWs can be understood as the uninten-
tional formation of a core-shell structure. Furthermore, the presence
of coupled plasmon-LO phonon peaks in the spectra was related to
(unintentional) doping of the NWs.

HL 37.8 Wed 11:30 HI15
Tunable exciton g-factor in height and composition engi-
neered quantum dots — eVase Jovanov!, Frorian Krorz!,
EmiLy Crarx!, DanieL RuporpH!, JoranNEs Kierig!, Paur M.
KoEeNraAD?, Max BicHLER!, MARTIN S. BranDpT!, GERHARD
ABsTREITER!, and JonaTHAN J. FiNnLEY! — !Walter Schottky In-
stitut, TU Miinchen, Am Coulombwall 3, 85748 Garching, Germany
— 2Eindhoven University of Technology, P.O. Box 513, 5600 MB Eind-

hoven, The Netherlands

We present experimental and theoretical investigations of the influence
of static electric and magnetic fields on the exciton g-factor (gez,zz) of
self-assembled InGaAs-GaAs quantum dots. The use of a novel growth
procedure allows us to precisely control the dot height (h=2-6 nm) by
partially capping the dots with GaAs before introducing a growth inter-
ruption and annealing step to remove Indium from the growth surface
("In-flush" method). By performing single quantum dot photolumi-
nescence and photocurrent absorption measurements with magnetic
fields up to 15T applied parallel to the quantum dot growth axis we
show that the ges,.- can be tuned from 0.4 to -0.4 by applying static
electric fields<70kV /cm. Microscopically, the effect is caused by push-
ing the electron and hole components of the exciton wavefunction into
different regions of the dot, with differing local In-Ga composition.
For the tallest dots (h=6nm) we find that |ges,~-| is also influenced by
the static magnetic field. Our experimental findings are in good qual-
itative agreement with detailed 3D eight-band k-p calculations that
incorporates the magnetic field in a fully gauge invariant manner.

HL 379 Wed 11:45 H15
Electrically controllable g-factor of single quantum dots and
quantum dot molecules — e¢THOMAS EISSFELLER, TILL ANDLAUER,
and PETER VocL — Walter Schottky Institut, TU Miinchen, 85748
Garching

We predict the exciton g-tensor of single self-assembled InAs/GaAs
quantum dots and molecules of vertically coupled quantum dot pairs
in an external magnetic and electric field. The calculations are car-

ried out in terms of a detailed 3D electronic structure theory that
includes strain, piezoelectric charges and an eight-band k.p envelope
function model. The magnetic field is incorporated in a manifestly
gauge-invariant manner. For zero effective electric field, we find a
linear dependence of the exciton g-factor on the exciton energy for
single quantum dots. Importantly, we predict a giant bias controlled
exciton g-factor tunability for certain quantum dot shapes and compo-
sitions. This is in excellent agreement with recent experiments. Sec-
ondly, we present quantitative theoretical results for the bias controlled
anisotropic exciton g-tensor of vertically coupled quantum dot pairs.
We find a giant g-factor tunability for vertical magnetic fields and
a very pronounced g-tensor anisotropy for horizontal magnetic fields.
This g-tensor tunability is more robust for quantum dot molecules
than for single quantum dots. These results indicate that quantum
dot molecules are promising candidates for the realization of g-factor
engineered qubit gates.

HL 37.10 Wed 12:00 H15
Exciton mediated dynamic nuclear polarzation in an indi-
vidual self-assembled quantum dot — FroriaN KroTz, VAsSE
Jovanov, eJoHAaNNEs KieriG, EMiLy C. CLARK, DANIEL RUDOLPH,
Dowminik Heiss, Max BicHLER, GERHARD ABSTREITER, MARTIN S.
BranDT, and JoNATHAN J. FINLEY — Walter Schottky Institut, Am
Coulombwall 3, 85748 Garching, Germany

We present investigations of dynamic nuclear polarization (DNP) in
a single self-assembled InGaAs/GaAs quantum dot subject to an ex-
ternal magnetic field (Bo) and electric field parallel to Bg. Resonant
excitation of the neutral exciton (X°) is shown to lead to a buildup of
nuclear spin orientation due to tunneling escape of photoexcited car-
riers that serves to recycle dark states formed by hyperfine-mediated
electron-nuclear spin flip-flop processes. DNP was achieved by tuning
one Zeeman level of X0 into resonance with a single frequency laser
to optically pump spin-polarized carriers. We estimated the resulting
Overhauser field By by locating both Zeeman branches relative to a
measurement where DNP was inhibited. The saturation value of By
depends on whether sweeps are performed from low to high electric
fields or vice versa, Bp and the timescale over which the sweeps are
performed. By is always found to be oriented parallel to By with mag-
nitude By ~ 3 — 5 T. In addition, we also performed time resolved
measurements of the nuclear spin orientation dynamics and found By
to increase over timescales ranging from a few seconds to several min-
utes depending on the excitation intensity, electric field and detuning
from resonance.

HL 37.11 Wed 12:15 HI15
Magnetic field controlled interaction strength of a strongly
coupled quantum dot-micropillar system — eSTEFFEN MUNCH,
STEPHAN REITZENSTEIN, PHILIPP FRANECK, ANDREAS LOFFLER,
SvEN HOFLING, Lukas WorscHECH, and ALFRED FORCHEL —
Technische Physik, Universitat Wiirzburg, Am Hubland, D-97074
Wiirzburg, Germany

So far most experimental studies of strong coupling in QD-microcavity
systems have relied on temperature tuning or electro-optical resonance
tuning based on the quantum confined Stark effect. In this work we
demonstrate that an external magnetic field provides a further degree
of freedom to fully explore the potential of coherently coupled QD-
microcavity system. We investigated magneto-optical resonance tun-
ing of a laterally extended Ing 3Gap.7As QD embedded in the active
layer of a micropillar cavity with a Q-Factor of 11000 which corre-
sponds to a cavity mode linewidth of vo=120 peV. Strong coupling
with a QD exciton was observed at zero magnetic field exhibiting a
Vacuum Rabi splitting (VRS) of 105 peV. Magnetic field dependent
studies show that the VRS and the associated coupling strength g
decrease when magnetic confinement becomes significant above 3 T.
This effect is explained in terms of a magnetic field dependent oscillator
strength of the extended QDs. In this sense the magnetic field not only
acts as a tuning parameter but also opens a way of in situ modifying
the coupling strength of the interacting system. In a further approach
we demonstrated spin-selective strong coupling by tuning Zeeman-split
exciton lines sequentially through the cavity resonance.

HL 37.12 Wed 12:30 HI15
Excited state spectroscopy of single lateral InGaAs
quantum dot molecules — eMarTHiAs HEeLDMAIER!, CLAUs
HERMANNSTADTER!, Marcus Witzany!, JiE PENG2, GABRIEL
ArmMANDO RasTiELLI], OLIVER G.

BesTerR?, LiJjuaN Wana3,

ScumipT?, and PETER MicHLER! — !Institut fiir Halbleiteroptik und
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Funktionelle Grenzflachen, Allmandring 3, 70569 Stuttgart, Germany
— 2Max-Planck-Institut fiir Festkorperforschung, Heisenbergstrae
1, 70569 Stuttgart, Germany — °Institut fiir Integrative Nanowis-
senschaften IFW Dresden, Helmholtzstrafe 20, 01069 Dresden, Ger-

many

The investigated structures contain self-assembled laterally coupled
InGaAs quantum dots embedded in a planar microcavity, which are
grown using a combination of metal-organic vapor phase and molecular
beam epitaxy. The individual quantum dot molecules (QDMs) consist
of two single dots that are coupled along the [1-10] crystal direction

via electron tunneling. The coupling strength and the ground and ex-
cited state energies of the QDMs can be manipulated by applying a
lateral electric field. A change in the relative intensities of the excitonic
emission lines is observed in the photoluminesence (PL) spectra. PL
excitation measurements were conducted using a wide-range tunable
Ti:Sapphire laser to obtain information about excited states confined
in the QDM. The results of these measurements are compared with
the energies of the single-particle and correlated exciton states in the
system obtained by an empirical pseudo-potential calculations using a
random composition of the QDMs.



