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HL 46.1 Thu 15:00 A 151
Ultrasensitive, high spectral resolution photocurrent spec-
troscopy of single QDs — eSEBAsTIAN KrREHS!, ALEX WIDHALM!,
AMLAN MUKHERJEED2, BjorN JoNas!, NAND LaL SHARMAL, PETER
KoLLING2, ANDREAs THIEDE?, JENs FOrRsTNER?, DIRK REUTER!,
and ARTUR ZRENNER! — !Physics Department, University of Pader-
born — 2?Department of Electrical Engineering, University of Pader-

born, Paderborn 33098, Germany

Single InGaAs QDs embedded in electric field tunable structures allow
for the realization of new coherent optoelectronic functionalities [1, 2].
In optical experiments on single QD photodiodes the exciton ground
state transition appears as a two-level system with an almost lifetime
limited linewidth of a few peV. The measurement of the ground state
occupancy can be performed quantitatively via photocurrent (PC) de-
tection. Refinements of this method enabled us to improve its sensi-
tivity down to the fA range. Resonant cw laser spectroscopy with high
spectral resolution allows us to investigate the linewidth of QDs at very
low excitation powers and at exceptionally low tunneling rates. Com-
bined with PC detection we are able to demonstrate exciton linewidth
down to 1.62 peV. This result is close to the Fourier transform limit of
the QD linewidth [3]. Ultrasensitive PC measurements at extremely
low tunneling rates may be used in the future to perform the frequency
stabilization of single photon emitters.

Ref:[1] A. Zrenner et al., Nature 418, 612 (2002). [2] S. de Vasconcel-
los et al., Nature Photonics 4, 545 (2010). [3] A.V. Kuhlmann et al.
Nature Physics 9, 570-575 (2013).

HL 46.2 Thu 15:15 A 151
White light coherent 2D-spectroscopy on electrically
pumped semiconductor nanostructures — Mirco KOLARCZIK,
eKEvIN THOMMES, Bastian HERzOG, SopHiA HELMRICH, NINA
OwscHiMIKow, and ULRIKE WoaGoN — Institut fiir Optik und Atom-
are Physik, Technische Universitat Berlin, Germany

InAs/GaAs nanostructures are an established material system for the
fabrication of opto-electronic devices. Coherent and incoherent cou-
pling mechanisms between the subsystems of different dimensionality
(3D, 2D, and 0D) are the backbone of their functionality. We de-
veloped a setup for collinear two-dimensional coherent spectroscopy
based on broadband laser pulses from a fiber laser system to address
the complexity of such active media under operating conditions. We in-
vestigate Stranski-Krastanov grown InAs quantum dots in an InGaAs
quantum well forming the active medium in the waveguide structure
of a semiconductor optical amplifier. This device allows to control the
inversion state of the optical transitions by electrical carrier injection.
We observe the evolution of the homogeneous linewidth of the optical
transitions in the inhomogeneously broadened quantum dot ensemble
under variation of the initial inversion. Additionally, our broadband
laser pulses allow us to observe coherent coupling of the quantum dot
ground state and excited state separated by 70 meV.

HL 46.3 Thu 15:30 A 151
Exciton dynamics in InAs(Sb)/GaAs submonolayer stacks
— eBasTian Herzoc!, Fuap Avrnussein!, BENJAMIN LiNagNaUZ,
Mirco Korarczik!, Sopnia HeLMmricH!, Davib QuanpT?®, UbO
Pour3, ANDRE STRITTMATTER?, OLAF Brox®, MARKkUS WEYERS®,
ULRIKE Woacon!, Karay Ltupce?, and NINnae OwscHIMIKOW! —
Hnstitut fiir Optik und atomare Physik, Technische Universitit Berlin
— 2Institut fiir theoretische Physik, Technische Universitit Berlin
— 3lnstitut fiir Festkorperphysik, Technische Universitit Berlin —
4Institut fiir Experimentelle Physik, Otto-von-Guericke-Universitit
Magdeburg — SFerdinand Braun Institut, Leibniz Institut fiir Héch-

stfrequenztechnik Berlin

The deposition of InAs as a submonolayer (SML) superlattice into a
GaAs matrix creates an electronic potential landscape with hetero-
dimensionally confined charge carriers. While holes are fully trapped
inside the In-rich agglomerations, electrons are freely moving within
an effective two-dimensional reservoir leading to ultrafast carrier relax-
ation time scales and a strong coupling of occupation and absorption
dynamics. The emission lines of these structures are relatively narrow.
Via the doping of antimony (Sb) atoms into these In-agglomerations
the emission linewidth is strongly enhanced. In photoluminescence
experiments, we show that while the recombination dynamics in the

Location: A 151

Sbh-doped SML stacks is altogether slowed down compared to undoped
SMLs, general SML-specific features like lateral mobility of carriers
and large amplitude-phase coupling are maintained.

HL 46.4 Thu 15:45 A 151
Nonlinear modulation of PbS/CdS quantum dots observed
by sideband pump-probe technique — eMirco KoLARczIK!,
CurisTIAN ULBRICH!, PIETER GEIREGATZ, YUNPENG ZHUZ, LAXMI

KisHORE SacAR2?, AksHay SiNncu3, BasTiaN Herzoc!, ALEXAN-
DER W. ACHTSTEIN

1 XiaoQin L3, DriEs vAN THOURHOUT?Z,
ZEGER HENs?, NINA OwscHimikow!, and ULRIKE WocaoN! —
ITechnische Universitidt Berlin, Germany — 2Ghent University, Bel-
gium — 3University of Texas, Austin, Texas, United States

Optimizing active materials for GBit/s and Tbit/s rates in optical
telecommunications demands a characterization of the material on
ultrafast timescales. Colloidal PbS/CdS quantum dots (QDs) are a
promising system for nanophotonic applications in the near infrared.
For characterization purposes, spin-coating of quantum dots onto sil-
icon nitride waveguides is an easy way to integrate nanocrystals into
optical fiber networks. However, the overlap of the QDs and the waveg-
uide mode is comparatively small, posing challenges to ultrafast spec-
troscopy. Douple-chop pump-probe setups provide high sensitivity,
but usually lack the phase-sensitivity of heterodyne detection setups.
Our hybrid setup provides both: Two parallel lock-in units detect the
main heterodyne band and a pump-dependent sideband. Analog sig-
nal pre-conditioning allows for the detection of amplitude modulations
in the range of 10~ and corresponding phase-shifts of few arcseconds.
While the ground state lifetime of PbS/CdS QDs is on the microsecond
timescale, we observe fast sub-nanosecond modulation due to Auger
effects and biexciton decay for high laser repetition rates (75 MHz).

HL 46.5 Thu 16:00 A 151
The Influence of the Individual Particles on the Ensem-
ble Quantum Yield of Elongated CdSe/CdS Core/Shell
Nanoparticles — eALEXANDRA Hinscu!, CHRISTIAN STRELOW!,
Togias Kipp!, CHRISTIAN WURTHZ, DANIEL GEISSLERZ, UTE RESCH-
GENGER?, and ALF Mgews! — !Universitit Hamburg, Grindelallee
117, 20146 Hamburg, Deutschland — ?Bundesanstalt fiir Material-
forschung und -priifung, Richard-Willstatter-Strae 11, 12489 Berlin,
Deutschland

Colloidal semiconductor nanoparticles with a spherical core and an
elongated shell form bright emitters with a high absorption cross sec-
tion. They show great potential for a multitude of opto-electronic ap-
plications such as LEDs or photovoltaic cells and can be used as gain
material or as markers for bio imaging. For most of these applications
high fluorescence quantum yields are a figure of merit for the emitter
quality. Our previous work showed that the ensemble quantum yields
depend strongly on the shell size and the excitation wavelength [1]. In
this work we investigate how the ensemble quantum yield is affected
by the properties of the individual particles. In particular, we prove
the role of non-emitting particles as well as the role of blinking. Us-
ing a combination of AFM and spatially resolved photoluminescence
spectroscopy we measured hundreds of individual CdSe/CdS dot/rod
particles of different shell lengths exciting with two different excitation
wavelengths for shell or core excitation, respectively.

[1] D. Geikler, C. Wiirth, C. Wolter, H. Weller, U. Resch-Genger,
Physical Chemistry Chemical Physics 2017, 19, 12509-12516.

15 min. break.

HL 46.6 Thu 16:30 A 151

Frequency Feedback for Two-photon Interference from Sep-

arate Quantum Dots — eMIcHAEL Zopr!, ToBias MACHAZ,

Roserr KEeIiL!, Epuarpo URrUNUELA2, YAN CHEN!, WOLFGANG

Arr?, LoTHAR RaTrscuBacHER?, FEr Ding!»3, DIETER MESCHEDEZ,
and OLIVER G. ScuMipT!*# — lInstitute for Integrative Nanosciences,
IFW Dresden, Helmholtzstrafte 20, 01069 Dresden, Germany —
2Institut fiir Angewandte Physik, Universitit Bonn, Wegelerstrafe
8, 53115 Bonn, Germany — S3Institut fiir Festkorperphysik, Leibniz
Universitat Hannover, Appelstrafie 2, 30167 Hannover, Germany —
4Merge Technologies for Multifunctional Lightweight Structures, Tech-
nische Universitat Chemnitz, 09107 Chemnitz, Germany
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We employ frequency feedback to stabilize the single-photon emis-
sion of two separate, strain-tunable quantum dots to an atomic stan-
dard. Their transmission through a single rubidium-based Faraday
filter serves as an error signal for frequency stabilization to less than
1.5 % of the emission linewidth. The long-term stability is demon-
strated by two-photon interference between two quantum dots. The
observed visibility of Vieek = (41 £ 5) % agrees with theoretical pre-
dictions. Our approach facilitates the way towards quantum networks
with indistinguishable photons from different emitters.

HL 46.7 Thu 16:45 A 151
Quantum dots for silicon photonics: A new approach of tele-
com light for sensing applications — eNorBERT WiTz, FABIAN
OLBRICH, SAscHA KOLATSCHEK, SIMONE Luca PoRrALUPI, MICHAEL
JETTER, and PETER MICHLER — Institut fiir Halbleiteroptik und funk-
tionelle Grenzflaichen (IHFG), Research Centers SCoPE and IQST,
University of Stuttgart, Allmandring 3, 70569 Stuttgart, Germany

Almost 100 years after the formulation of quantum mechanics, physi-
cists face the challenge of finding possible utilizations of the theory.
Beside the most prominent applications, quantum-cryptography and
quantum-computing, a different class has emerged in the recent years,
which employs quantum mechanical states for sensing. As shown in
theory and first experiments, quantum sensing can beat the classical
counterpart in terms of sensitivity and facilitate precise measurements
of various physical quantities beyond the shot noise limit. The highly
developed silicon platform, which has been utilised extensively for clas-
sical sensing on biological and chemical systems is also a promising
candidate for quantum sensing. Therefore, non-classical light from
semiconductor quantum dots grown by metal organic vapour phase
epitaxy (MOVPE) with emission wavelength in the telecom bands will
be sent by direct fiber-chip coupling to a photonic integrated circuit,
implemented on the silicon platform. Single photons from a quantum
dot will be funneled into different waveguide-based structures, with
the perspective of realizing quantum sensing on chip.

HL 46.8 Thu 17:00 A 151
Pure single-photon emission from InGaAs QDs in a tunable
fiber-based external mirror microcavity — eTHomas HErzoGg!,
MAaRc SarTison!, Sascua KovarscHek!, STEFAN HEPP!, ALEXAN-
DER BoMMER?, CHRIsTOPH PAULY?, FRANK MUCKLICH?, CHRISTOPH
BecueRr?, SiMoNE Luca PortaLupi!, MicHAEL JETTER!, and PE-
TER MicHLER! — lInstitut fiir Halbleiteroptik und Funktionelle
Grenzflachen, Center for Integrated Quantum Science and Technol-
ogy (IQST) and SCoPE, University of Stuttgart, Allmandring 3,
70569 Stuttgart — 2Universitit des Saarlandes, Fachrichtung 7.2 (Ex-
perimentalphysik), Campus E2.6, 66123 Saarbriicken, Germany —
3Lehrstuhl fiir Funktionswerkstoffe, Materialwissenschaft und Werk-
stofftechnik, 66123 Saarbriicken Germany

Cavity QED is extensively used in many solid-state systems in order
to improve the quantum-emitter performances and accessing interest-
ing physical regimes. It is essential that the cavity mode matches the
emitter wavelength perfectly. In this work, we present an open fiber-
based Fabry-Pérot cavity with a finesse of 140 coupled to single-photon
emission by In(Ga)As quantum dots. We are able to match every emit-
ter inside the cavity spatially and spectrally by precisely tuning the
cavity in subnanometric resolution. Additionally, by using state-of-the-
art photolithography we are able to deterministically relocate selected

emitters. This allows comparing their behavior in resonance to the
cavity and without any cavity effects. We find Purcell enhancement
up to a factor of 4.5, while still having single-photon emission with a
second-order correlation function limited only by the detector noise.

HL 46.9 Thu 17:15 A 151
Back-Focal-Plane Imaging on ZnO-Nanowires — eCHRISTIAN
ZierLow!, RoBERT RODER!, MaxiMiLIAN Zapr!, ROBERT
BuscHLINGER?, ULr PgscurrL?, and CARsSTEN RonNING! —
Hnstitute of Solid State Physics, Friedrich-Schiller-Universitit Jena,
Max-Wien-Platz 1, 07743 Jena, Germany — 2Institute for Solid State
Theory and -Optics, Friedrich-Schiller-Universitdat Jena, Max-Wien-
Platz 1, 07743 Jena, Germany

Semiconductor nanowires (NW) are one of the smallest lasing sources
and thus gained a lot of attention in order to achieve the required future
miniaturization of optoelectronic devices. Light-matter interaction in
NWs and their angular emission distribution are determined by the op-
erating transverse laser mode and thus to the polarization of the prop-
agating light. Since single ZnO N'Ws provide gain material combined
with a Fabry-Pérot-Cavity, coherent laser emission can be achieved by
optical pumping. The laser emission is most pronounced at the end-
facets such that both interfere similar to Young*s double-slit experi-
ment. The emerging pattern is used to characterize the transverse NW
lasing modes via Fourier optics in angular-resolved Microphotolumines-
cence. In addition to this back-focal-plane imaging, the Stokes param-
eters for individual modes can be determined giving an insight into the
field distribution in the NW. These results are compared to measure-
ments performed in head-on geometry [NanoLett.2016, 16, 2878-2884|
that measure the field distribution of the emission emerging out of one
end-facet in direction of the NW axis. Combining both techniques
provides a broader understanding of transversal mode properties

HL 46.10 Thu 17:30 A 151
Deterministic implementation of a bright, on-demand single-
photon source with near-unity indistinguishability via quan-
tum dot imaging — eSTEFAN GERHARDT!, Yu-Mine HE?, JiN
Liv345  SepasTiaN Mater!, Monika EMMERLING', MARCELO
Davango?, KARTIK SRINIVASAN®, CHRISTIAN SCHNEIDER!, and SVEN
HorLing? 26 — ITechnische Physik, Physikalisches Institut and Wil-
helm Conrad Rontgen-Research Center for Complex Material Systems,
Universitit Wiirzburg, Am Hubland, 97074 Wiirzburg — 2University
of Science and Technology of China, Hefei, Anhui 230026, China —
3Center for Nanoscale Science and Technology, National Institute of
Standards and Technology, Gaithersburg, Maryland 20899, USA —
4Maryland NanoCenter, University of Maryland, College Park, Mary-
land 20742, USA — 5School of Physics, Sun-Yat Sen University,
Guangzhou 510275, China — SSUPA, School of Physics and Astron-
omy, University of St Andrews, St Andrews, KY16 9SS, United King-
dom

We report on the observation of bright emission of single photons gener-
ated via pulsed, resonance fluorescence conditions from a quantum dot
deterministically centered in a micropillar cavity device via nanoscale
quantum dot imaging. The brightness of the QD fluorescence is greatly
enhanced on resonance with the fundamental mode of the pillar, lead-
ing to an extraction efficiency of v = (49 £+ 4) % for a single photon
emission as pure as g(2)(0) = 0.015 %+ 0.009 with a two-photon wave
packet overlap up to v = (94 £ 3) %.



