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HL 104: Quantum Dots and Wires: Optical Properties V (mainly Indiviual Photons)

Time: Friday 11:45-14:00

HL 104.1 Fri 11:45 EW 201
Contactless carrier transport and photon anti-bunching emis-
sion in GaAs-based nanowires using surface acoustic waves
— eALBERTO HERNANDEz-MiNGUEzZ!, MICHAEL MOLLER?, STEF-
FEN BREUER!, CARSTEN PFULLER!, CLAUDIO SOMASCHINI!, SNEZANA
Lazié!, OLivER BRANDT!, ALBERTO GARCIA-CRISTOBALZ, MAURI-
cio M. pE LiMa Jr.?2, ANDREs CANTARERO?, LuTz GEELHAAR',
HenniNg RiecHERT!, and PaurLo V. SanTos! — !Paul-Drude-
Institut fiir Festkdrperelektronik, Berlin, Germany — 2Materials Sci-

ence Institute, University of Valencia, Valencia, Spain

The oscillating piezoelectric field of a surface acoustic wave (SAW) has
proven to be very useful in capturing and transporting photogenerated
charges as well as spin ensembles in 2-D semiconductor heterostruc-
tures. In this contribution we demonstrate that the piezoelectric po-
tential generated by a SAW propagating on a LiNbOg substrate can
transport photoexcited carriers in GaAs-based nanowires (NWs) de-
posited on it, leading to remote exciton recombination in the form of
sub-ns light pulses synchronized with the SAW frequency. This con-
tactless manipulation of carriers by SAWs opens interesting perspec-
tives for NW applications in opto-electronic devices operating at GHz
frequencies. As an example, we demonstrate a high-frequency source
of anti-bunched photons based on the acoustic transport of electrons
and holes photoexcited on one end of the NW and their recombination
in quantum-dot-like centers created by the introduction of In at the
opposite end.

HL 104.2 Fri 12:00 EW 201
Photons on demand from an electrically driven single quan-
tum dot under pulsed excitation — eMaTTHIAS FLORIAN!,
PauL GARTNER!, CHRISTOPHER GIES!, CHRISTIAN KESSLERZ, FABIAN
HaRGART?, MaTTHIAS REISCHLE?, WOLFGANG-MICHAEL ScHULZZ,
Marcus EicHFELDER?, RoBERT RossBacu?, MICHAEL JETTER?, PE-
TER MiIcHLER?, and FRANK JAHNKE! — lInstitut fiir Theoretische
Physik, Universitéit Bremen — 2Institut fiir Halbleiteroptik und Funk-

tionelle Grenzflachen, Universitat Stuttgart

Electrically driven, integrated single-photon sources are key compo-
nents for applications in quantum information. Cavity-enhanced quan-
tum dots (QDs) offer fast relaxation and recombination times, enabling
high repetition rates. Short electrical excitation pulses, on the other
hand, are a challenge. In a collaboration between theory and experi-
ment, we study the influence of electrical excitation-pulse parameters
on the single photon emission from a single QD. On the basis of the
time-integrated photon autocorrelation function, the anti-bunching is
determined. The theoretical description is based on a solution of the
von-Neumann equation, where we consider the single-particle states of
the QD, together with many-body effects introduced by the Coulomb
and light-matter interaction. The electrical pump pulse creates carriers
in the delocalized barrier or WL states, from which we model the cap-
ture into the localized QD states, as well as intraband scattering and
dephasing, via Lindblad terms. The reduction of the anti-bunching
with increasing pulse width is in quantitative agreement with our ex-
periments and defines the operational regime for practical applications.

HL 104.3 Fri 12:15 EW 201
Influence of the excitation pulse width on the purity
of single-photon emission from light emitting diodes —

oFABIAN HARGART!, CHRrIisTIAN KEssLER!, MarTHIAS REISCHLE!,

WOLFGANG-MICHAEL ScuuLz!, MaRcus EicHFELDER!, ROBERT
RossBacH', MicHAEL JETTER!, PaAuL GARTNER?, MATTHIAS
FLoRrIAN2, CHRISTOPHER GiEs?, FRrRaNk JAHNKE?, and PETER

MicHLER! — !Institut fiir Halbleiteroptik und Funktionelle Gren-
zflachen, Universitat Stuttgart, Allmandring 3, 70569 Stuttgart —
2Institut fiir Theoretische Physik, Universitit Bremen, Postfach 330
440, 28334 Bremen

For many applications in quantum computing and quantum cryptogra-
phy single-photons on demand are desirable. Electrically driven semi-
conductor quantum dots are a promising solution due to their tailorable
emission energy and the possible integration in well-known semicon-
ductor devices.

Present-day pulse generators feature pulse widths only down to sev-
eral 10 ps which is comparatively long to ordinary laser pulses. There-
fore we determine the influence of the electrical excitation pulses on the
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purity of single-photon emission from InP/GalnP quantum dots. For
rising widths we observe an increasing g(2) (0) - value and on account of
this we assume an increasing probability of further excitations during
one single cycle. Using autocorrelation measurements with high tem-
poral resolution we can distinguish the background contribution from
re-excitation processes on the non-vanishing g(2) (0)-value. Theoretical
investigations are in a good agreement with the experimental results.

HL 104.4 Fri 12:30 EW 201
Triggered indistinguishable photons from site-controlled
In(Ga)As quantum dots — eMarkUs MULLER!, Kraus D. Jons?,
Paora ATkiNson23, MarTaias HeLpmarer!, Sven M. Urricu!,
OLIvER G. ScumipT3, and PETER MicHLER! — Institut fiir Halbleit-
eroptik und Funktionelle Grenzflichen and Research Center SCoPE,
University of Stuttgart, Allmandring 3, 70569 Stuttgart, Germany —
2Institut des Nanosciences de Paris, UPMC, CNRS UMR 7588, 4 Place
Jussieu, 75252 Paris Cedex 05, France — S3Institute for Integrative
Nanosciences, IWF Dresden, Helmholtzstrafte 20, 01069 Dresden, Ger-

many

Self-assembled quantum dots (QDs) as solid-state single-photon
sources are promising candidates for quantum information applica-
tions with particular respect to the generation of indistinguishable
photons. For integration into emitter devices, individual control of
the QD position is desirable. We investigate samples which consist of
two vertically stacked layers of In(Ga)As QDs, where the local strain
fields of the lower “seed” dot layers (SQDs) act as nucleation sites for
QDs on top. The SQDs are grown on a pre-patterned GaAs substrate
with a 12.5 x 12.5 um? grid of small pits. Micro-photoluminescence
maps of QD and SQD layers verify their mutual correlation of po-
sition. High-resolution photoluminescence reveals ultra-narrow single
QD emission linewidths of ~ 10 peV. Under quasi-resonant p-shell exci-
tation we observe nearly background-free single-photon emission with
g(2)(0) = 0.02 and demonstrate the generation of triggered indistin-
guishable photon pairs with a high visibility up to 61%.

HL 104.5 Fri 12:45 EW 201
Two-photon emission from single GaN quantum dots —
eCGoRrpON CALLSEN', Jurl BRUNNMEIER!, ANDREI ScHLiwal, Jo-
HANNES SETTKE', CHRISTIAN KINDEL!, ERIK STOCK!, ALEXANDER
DrEISMANNY, SarosHl Kako?, YASUHIKO ARAKAWAZ, and AXEL
HorrMANN! — lInstitut fiir Festkdrperphysik, Technische Univer-
sitéit Berlin, Germany — 2Institute of Industrial Science, University of
Tokyo, Japan
Recent reports on single photon emission of MOCVD grown GaN quan-
tum dots embedded in an AIN matrix at elevated temperatures (>
200 K) resulted rising interest in such quantum dots with large ex-
citon binding energy, oscillator strength and band-offset. Simultane-
ous observation of excitonic and biexcitonic emission in uPL-spectra
allows direct determination of the strain state and size of the quan-
tum dot. As characteristic for wurzite GaN/AIN quantum dots the
biexciton binding energy varies between +3 meV and -11 meV. This
transition of the biexciton binding energy from the binding to the
antibinding case facilitates a spectral window in which the techno-
logically desirable colour-coincidence of the exciton and the biexciton
can be observed. We analyse the exciton-biexciton cascade in single
GaN quantum dots which yields the observation of the emission of a
photon couple in a narrow (< 2 ns) time interval as demonstrated by
photon-correlation measurements based on a Hanbury-Brown & Twiss
setup. In detail analysis of the bunching signal of the autocorrelation
experiments allows us to deduce the temporal evolution of the cascade
process depending on temperature and excitation density variation.

HL 104.6 Fri 13:00 EW 201
Single photon emission from site-controlled InP quan-
tum dots — VasiLiy BAUMANN, eCHRISTIAN SCHNEIDER, FLORIAN
StumPF, STEFAN KREMLING, Lukas WORSCHECH, ALFRED FORCHEL,
SveN HoOrLing, and MARTIN KamP — Wilhelm Conrad Rontgen
Center for Complex Material Systems, Technische Physik, Universitét
Wiirzburg
Single semiconductor quantum dots (QDs) turned out to be promising

candidates to realize building blocks in the prospering research field
of quantum information. Pronounced effects of light matter interac-
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tion between a single QD and an optical microcavity mode have been
demonstrated and already exploited to fabricate single photon sources
of high efficiency. A main obstacle towards the scalable fabrication
of such devices is the self assembled growth method commonly ap-
plied to grow high quality quantum dots on GaAs substrates. Here,
we discuss recent progress in the realization of well ordered arrays of
InP quantum dots emitting in the visible spectral range. The QDs
are ordered on nanohole lattices with pitches up to 1.25 ym. The
large periods allow us to address overgrown single QDs via spatially
resolved microphotoluminescence. While the average single QD emis-
sion linewidth amounts to 550 peV, their bright emission features close
to the detection maximum of highly efficient single photon detectors
allows to carry out photon correlation measurments in an Hanbury
Brown and Twiss configuration. We could extract a g() (7=0) value
as small as 0.13, clearly demonstrating the single photon emission from
such a QD.

HL 104.7 Fri 13:15 EW 201
Growth and Analysis of Quantum Dots with highly reduced
Fine Structure Splitting — eJuLiAN TREU, ALEXANDER HUGGEN-
BERGER, CHRISTIAN SCHNEIDER, ALFRED FORCHEL, SVEN HOFLING,
and MARTIN Kamp — Technische Physik, Universitdt Wiirzburg, Am
Hubland, 97074 Wiirzburg, Germany

Quantum key distribution for secure communication requires efficient
sources of single or entangled photons. A possible source for entangled
photons is the biexciton-exciton cascade in semiconductor quantum
dots (QDs). In this case, the fine structure splitting (FSS) has to be
less than the homogenous linewidth. For InGaAs/GaAs QDs grown
on common (100) substrates it can be shown that piezoelectric fields
reduce the symmetry and often a reduction of the F'SS by post-growth
annealing or the application of an electric/magnetic field is required.
Therefore, QDs with an inherently vanishing FSS are highly desirable.

We have investigated the growth of self organized, low density quan-
tum dots (QDs) on high index substrates like (111) GaAs where such a
reduction of symmetry is not existent. Microphotoluminescence spec-
troscopy (uPL) measurements reveal single QD lines in the range 850-
900nm and linewidths below 100pueV. The measured FSS <10ueV is
limited by the resolution of our setup.

HL 104.8 Fri 13:30 EW 201

Quantum key distribution using electrically triggered quan-
tum dot - micropillar single photon sources — eToBIAS

1, MARTIN

MaRkuUs Rau2, CHRISTIAN SCHNEIDER!,
SEBASTIAN NAUERTHZ23, MaTTHIAS LERMER!, HEN-
1

23 STeEPHAN REITZENSTEIN'®, ALFRED FORCHEL!,
1

HEINDEL?,
FuRrsT?:3,
NING WEIER
SveN HorLING!, HARALD WEINFURTER?%, and MARTIN Kamp
ITechnische Physik and Wilhelm Conrad Rontgen Research Cen-
ter for Complex Material Systems, Universitat Wiirzburg, Am Hub-
land, 97074 Wiirzburg, Germany — 2Fakultat fiir Physik, Ludwig-
Maximilians-Universitit, 80799 Munich, Germany — 3qutools GmbH,
80539 Munich, Germany — “Max-Planck-Institut fiir Quantenoptik,
85748 Garching, Germany — °Present address: Institut fiir Festkor-
perphysik, Technische Universitdt Berlin, 10623 Berlin, Germany

In 1984, Bennett and Brassard proposed a secret key-distribution pro-
tocol (BB84) that uses the quantum mechanical properties of single
photons to avoid the possibility of eavesdropping on an encoded mes-
sage. So far, most quantum key distribution (QKD) experiments have
been performed with strongly attenuated lasers due to the lack of
efficient single photon sources. First experiments utilizing optically
pumped solid state based single photon sources affirmed the great po-
tential of QKD but still suffered from the drawbacks of this excitation
scheme. In this work we report on a QKD experiment using electri-
cally triggered quantum dot - micropillar single photon sources. These
optimized devices generate sifted key rates of up to 35.4 kBits/s at a
quantum bit error rate of 3.8 % and g(2)(0)-values down to 0.148.

HL 104.9 Fri 13:45 EW 201
Semiconductor theory for higher order photon auto-
correlation functions of quantum dot microcavity lasers —
eHEINRICH A. M. LEYMANN, ALEXANDER FOERSTER, and JAN WIER-
siG — Otto-von-Guericke-Universitat Magdeburg

Semiconductor quantum dots (QDs) are of considerable interest due
to their potential for device applications such as lasers [1] and non-
classical light sources, as well as fundamental studies. We present a
theory for the higher order photon auto-correlation functions g(g)(O),
g (0) based on an equation of motion technique. Starting from the
semiconductor model described in [2] we present a general method to
expand this theory to higher orders. The coherence properties of light
emitted by QD based microcavity lasers are discussed. Also the conver-
gence of the cluster expansion technique is investigated. Furthermore,
photon anti-bunching for high fidelity cavity lasers near the threshold
is discussed.

[1] J. Wiersig et al. , Nature (London) 460 245 (2009)

[2] C. Gies et al., Phys. Rew A 75 013803 (2007).



