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HL 55: Quantum dots and wires: Preparation and characterization

Time: Friday 9:30-12:45

HL 55.1 Fri9:30 A 151
MOVPE grown InGaAs Metamorphic Buffers for InAs Quan-
tum Dots in the Telecom C-Band — eROBERT S1TTIG, MATTHIAS
PauL, FaBiaN OLBRICH, SUSANNE SCHREIER, JONATAN HOSCHELE,
Jan KETTLER, SIMONE LucA PorraLUPI, MICHAEL JETTER, and PE-
TER MICHLER — Institut fiir Halbleiteroptik und Funktionelle Gren-
zflachen, Center for Integrated Quantum Science and Technology
(IQ5T) and SCoPE, University of Stuttgart, Allmandring 3, 70569
Stuttgart

For the application of semiconductor quantum dots (QDs) as non-
classical light sources in communication networks, single-photon emis-
sion at 1.55 um, corresponding to the glass fiber and atmospheric
transmission window known as the telecom C-band, is vital. While
the desired QD emission is achievable in the InAs/InP-system, the
InP substrate quality and cost as well as the absence of an efficient
binary distributed Bragg reflector structure prevents an application
in the industrial scale. The starting point is our success in showing
single-photon emission at 1.55 um with resolution-limited linewidths
and low fine-structure splitting from InAs QDs grown on an InGaAs
metamorphic buffer (MMB). Nevertheless, the MMB quality can still
be improved for the integration of the QDs in photonic nanostruc-
tures. With the goal to decrease the layer thickness and increase the
interface/surface quality, different MMB-designs are studied via AFM,
photoluminescence spectroscopy and X-ray diffractometry. The influ-
ence of varied grading profiles, annealing steps and total thickness on
the formation of dislocations, lattice relaxation and surface texture is
discussed.

HL 55.2 Fri 9:45 A 151
Transport Measurements on Single CdSe Nanowires during
Cation Exchange — eMAXIMILIAN SCHWARZ, CHRISTIAN STRELOW,
Avucgust DornN, and ALF MEws — Institut fiir Physikalische Chemie,
Universitdt Hamburg, Grindelallee 117, 20146 Hamburg, Germany

Cation Exchange proved to be a powerful tool for designing the compo-
sition of nanoparticles with a given shape. By using the anionic frame-
work of a crystalline nanocrystal, cations can be exchanged topotaxial.
Simple reaction routes can establish systems, which are unattainable
by standard wet chemical synthesis. Here, we used CdSe Nanowires
grown via the solution-liquid-solid (SLS) technique [1]| directly on a
substrate. The purpose was to get an insight into the reaction dy-
namics by monitoring the transport characteristics of single CdSe
Nanowires during cation exchange to Ag2Se. Throughout the exchange
reaction, the change in properties was traced non-invasive via spectro-
scopic and microscopic methods. We gratefully acknowledge financial
support by the DFG via U-4-6-02-DFG-17-08.

[1] A. Dorn et al., Advanced Materials, 2009, 21 (34), pp 3479-3482

HL 55.3 Fri 10:00 A 151
Structural characterization of InGaAs/GaP quantum dots
grown by MOVPE with varying growth interruptions —
eCHRISTOPHER PrROHL!, ANDREA LENz!, GERNOT STRACKE!, UDO
W. Ponr!, ANDRE STRITTMATTER!:2, DIETER BimBERG!, MARIO
Diune!, and HoLcer EiseLE! — !Technische Universitiat Berlin, In-
stitut fiir Festkérperphysik, 10623 Berlin — 20tto-von-Guericke Uni-
versitdt Magdeburg, Institut fiir Exp. Physik, 39106 Magdeburg

The monolithic integration of III-V based nanostructures onto Si is
enabled by using GaP, with its particularly low lattice mismatch to
Si. InGaAs/GaP quantum dots (QDs) are very promising for novel
nanoflash memories. Furthermore, a first light emitting diode grown
on a monolithic GaP/Si substrate was already demonstrated.

In this contribution, cross-sectional scanning tunneling microscopy
(XSTM) was used to structurally analyze InGaAs/GaP QD layers
on the atomic scale, grown by metalorganic vapor-phase epitaxy
(MOVPE). As shown previously, the introduction of a GaAs inter-
layer prior to the InGaAs deposition favors the local concentration of
indium and thereby the formation of indium-rich QDs. The growth
interruption (GRI) after the Ing.5Gag.5As deposition was varied, in-
fluencing the photoluminescence intensity. The XSTM analysis shows
that depending on the duration of the GRI a structural redistribution
of the QD layer occurs. This is characterized by a strong intermixing
of the locally concentrated indium within the layer and leads to the
formation of a laterally more homogeneous quaternary InGaAsP layer.

Location: A 151

This work was supported by the DFG, SFB 787, TP A2 and A4.

HL 55.4 Fri 10:15 A 151
Axial Ga(As,Bi) insertions in GaAs nanowires grown by
molecular beam epitaxy — eMiriam Oriva, Ryan B. Lewis,
GuanaUl Gao, EsPERANZA LuUNA, MANFRED RAMSTEINER, CHIARA
SiNiTo, OLIVER BRANDT, UWE JAHN, and Lutz GEELHAAR — Paul-
Drude-Institut fiir Festkorperelektronik, Hausvogteiplatz 5-7, 10117
Berlin

The Ga(As,Bi) semiconductor alloy is promising for infrared optoelec-
tronics, allowing all bandgaps below that of GaAs to be reached in
principle. Growth of Ga(As,Bi) by molecular beam epitaxy requires
very low growth temperatures (220-330°C) and Ga-rich environments
[R. B. Lewis et al.; Appl. Phys. Lett. 101, 082112 (2012)]. These re-
quirements often result in Ga droplets on the Ga(As,Bi) surface, which
are detrimental for optoelectronic applications. Here we show that the
Ga droplets atop Ga-assisted GaAs nanowires provide an ideal envi-
ronment for the growth of Ga(As,Bi), and we develop a novel growth
procedure to realize axial Ga(As,Bi) insertions in GaAs nanowires.
First, we enrich the Ga droplets with Bi, resulting in a Bi/Ga-volume
ratio of around 8. We then expose these droplets to an Ass flux, precip-
itating a Ga(As,Bi) segment from the liquid droplet. Finally, excess Bi
that did not incorporate into Ga(As,Bi) can be desorbed. We explore
the dependence of the Bi content on the substrate temperature during
growth. Transmission electron microscopy reveals uniform Ga(As,Bi)
segments, with a Bi content of about 17% for segments formed at
300°C. These results open the door to infrared optoelectronic devices
based on GaAs/Ga(As,Bi) axial nanowire heterostructures.

HL 55.5 Fri 10:30 A 151
Self-catalysed MBE-grown III-V nanowire arrays on Si(111)
substrates — ePuJiiTHA PERLA3, DINESH ARUMUGAMD3, Lipia
KiBkaLo!:3, PaTrick ZELLEKENSD3, TorsTEN Riecer!3, THOMAS
ScuiAPERSD3, DETLEV GRUTZMACHER!'23, and MIHAIL IoN LEPsa2:3
— 1Peter Griinberg Institute (PGI-9), Forschungszentrum Jiilich
GmbH, 52425 Jiilich, — 2Peter Griinberg Institute (PGI-10),
Forschungszentrum Jiilich GmbH, 52425 Jiilich — 3JARA - Funda-
mentals of Future Information Technology

ITI-V semiconductor nanowires (NWs) are interesting for studying new
quantum transport phenomena. The selective growth in arrays on Sil-
icon (Si) substrates offer the advantages of growth parameter opti-
mization and easier integration of the processed NW devices. Here we
report on the self-catalysed growth of InAs and GaAs NW arrays by
molecular beam epitaxy (MBE) on Si(111) substrates.

For the growth of the NW arrays,hole patterns have been processed
by e-beam lithography,dry and wet chemical etching on SiO2 on Si(111)
substrates. We have observed that the substrate preparation is critical,
especially for the growth GaAs NWs. For the growth of InAs and GaAs
NW arrays, vapour-solid and vapour-liquid-solid growth modes have
been used respectively. The influence of Te-doping on the morphol-
ogy of InAs NWs was studied as well. The growth results have been
analysed for the yield and morphology of vertical NWs using scanning
electron microscopy. These results further increase the scope for eval-
uation of the Te-doping of the InAs NWs and the growth of advanced
core-shell NW arrays with Sb based shell materials.

HL 55.6 Fri 10:45 A 151
Self-assembled low density In(Ga)As quantum dots — eT1Mmo
LANGER, NANDLAL SHARMA, and DIRk REUTER — Universitéat Pader-
born, Department Physik, Warburger Str. 100, 33098 Paderborn

Self-assembled InAs and In; Gai—5As quantum dots (QDs) were grown
on GaAs (100) substrates by molecular beam epitaxy (MBE). By mod-
ifying the growth conditions, it is possible to control the density. Fur-
thermore, the transition energies can be tuned by using the In-flush-
technique or by ex-situ annealing.

Experiments using a gradient approach resulted in densities from
10® to 1019 cm™2. The ground state transition energy at 4.2K can
be increased from 1.0 to 1.3eV by using the In-flush-technique. Also
by growing In;Gaj_zAs QDs we were able to achieve emission en-
ergies around 1.3eV. The QDs have been analyzed by photolumines-
cence spectroscopy, atomic force microscopy and capacitance-voltage-
spectroscopy. We will also discuss an alternative approach to realize
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low QD densities employing a subcritical InAs deposition and subse-
quent annealing.

15 min. break.

HL 55.7 Fri 11:15 A 151
Wet chemical etching of optical microstructures in gallium ar-
senide to enhance the extraction efficiency of InAs quantum
dots — eLENA ENGEL, MARC SARTISON, SASCHA KOLATSCHEK, STE-
FAN HepPP, SIMONE PoRTALUPI, MICHAEL JETTER, and PETER MICH-
LER — Institut fiir Halbleiteroptik und Funktionelle Grenzflichen,
Center for Integrated Quantum Science and Technology (IQST) and
SCoPE, University of Stuttgart, Allmandring 3, 70569 Stuttgart

Semiconductor quantum dots (QDs) have proven to be well-defined,
pure and efficient single-photon sources. They have shown to be
promising candidates for various applications such as quantum com-
munication or quantum computing. One prerequisite for these ap-
plications in free-space or fiber-based quantum information is high
brightness. As the emitters are embedded in a semiconductor envi-
ronment, the extraction efficiency is strongly limited. In contrast to
narrow band cavity quantum electrodynamic systems like micro pil-
lars or photonic crystal cavities, we investigate a broadband approach,
introducing wet chemically etched hemispheric and Gaussian micro
lenses precisely aligned on a single emitter. The QDs are optically
pre-selected, marked via in-situ lithography and formed by a follow-
ing wet chemical etching step. This wet chemical approach results
in a superior surface quality, which enables us to perform quantum
optical experiments on optically resonant excited QDs with enhanced
extraction efficiency. According to FDTD simulations, hemispheric
and Gaussian micro lens geometries also show promising enhancement
factors.

HL 55.8 Fri 11:30 A 151
Epitaxial Growth and Characterization of low-density In-
GaAs Quantum Dots for Single-Photon Emission at 1300 nm
— oJAN GRossg, NICOLE SrRoCKA, ToBias HEINDEL, and STEPHAN
REITZENSTEIN — Technische Universitdt Berlin, Institute for Solid
State Physics, Hardenbergstrafie 36, 10623 Berlin, Germany

Quantum dots are widely known as promising sources for single pho-
tons, which in turn enables a large variety of photonic applications
from quantum cryptography to quantum computing. In(Ga)As/GaAs
quantum dots grown by metal organic chemical vapour deposition
(MOCVD) have been proven to emit single photons over a widely
tuneable spectral range. Moreover they allow for a relatively easy
monolithic integration in photonic cavities using lattice matched Al-
GaAs/GaAs DBR mirrors. Here we tackle the challenge to grow
InGaAs quantum dots for single-photon emission at the telecom O-
Band around 1300 nm. The spectral shift of the quantum dot emission
wavelength is achieved by introducing a strain reducing InGaAs layer
[1] with an indium content of approximately 25 % immediately after
the growth of the quantum dot layer, tailored to yield a dot density
of about 5 x 107 cm~2. We present micro-photoluminescence and
atomic force measurements for the characterization of the quantum
dots. Moreover, we show deterministic device integration and discuss
preliminary results of optical characterization measurements.

[1] Bloch, J. et al. Appl. Phys. Lett. 75, 2199 (1999).

HL 55.9 Fri 11:45 A 151
Investigation of Bi induced three-dimensional InAs nanos-
tructures on GaAs(110) by cross-sectional scanning tun-
nelling microscopy. — eWJATSCHESLAV MARTYANOV!, Ryan B.
Lewis?, HENDRIK JaNsseEN!, CELINA S. ScuuLze!, PascaL Farin',
ANDREA LENZ!, MARIO DAnNE!, LuTz GEELHAAR?, and HOLGER
EiseLE! — !Technische Universitit Berlin, Institut fiir Festkorper-
physik, Hardenbergstr. 36, 10623 Berlin, Germany — 2Paul-Drude-
Institut fir Festkorperelektronik, Hausvogteiplatz 5-7, 10117 Berlin,
Germany

While on GaAs(100) three-dimensional (3D) growth is preferred, on
other low-index GaAs surfaces such as (110) and (111) the deposition
always results in a two-dimensional growth. On the other hand, the
growth of 3D nanostructures like quantum dots on these surfaces is
of interest for high efficiency single photon sources. Latest investi-
gations show that the presence of Bi as a surfactant induces the 3D
growth on GaAs(110) by modifying the surface energy. In this contri-
bution the Bi induced InAs-3D-island within InAs monolayers grown

on GaAs(110) are investigated by cross-sectional scanning tunnelling
microscopy (XSTM). The XSTM images allow the characterisation of
these structures in terms of size, density, and atomic structure depend-
ing on Bi exposure time. In order to explore the influence of Bi, we
compare XSTM images of monolayers deposited without Bi, monolay-
ers grown with simultaneous Bi flux and monolayers exposed Bi flux
for different times after deposition. This work was supported by the
CRC 787, Project A4.

HL 55.10 Fri 12:00 A 151
Quantum dot-microlenses for single-photon sources operating
at telecom wavelength — eNI1cOLE SRockAl, PAWEL MROWINSKIZ,
Lukasz Duanowski?, ANNA MusiaL?, GRzZEGORzZ SEk2, DaviD
QuaNnDT!, ANDREI STRITTMATTER!'3, SVEN RopT!, and STEPHAN
REITZENSTEIN' — lInstitut fiir Festkdrperphysik, Technische Uni-
versiat Berlin, D-10623 Berlin, Germany — 2Laboratory for Optical
Spectroscopy of nanostructures, Wroclaw University of Science and
Technology, 50-370 Wroclaw, Poland — 3Present address: Institute
of Experimental Physics, Otto von Guericke University Magdeburg,
D-39106 Magdeburg, Germany

Advanced quantum communication applications require single pho-
ton sources featuring i) high photon-extraction efficiency, ii) high flux
rate, iii) high suppression of multi-photon emission and iv) high de-
gree of photon indistinguishability. The concept of monolithic mi-
crolenses aligned to self-assembled semiconductor-quantum-dots has
been proven to be an efficient approach to satisfy all of these four re-
quirements in a single device operating at 900 — 950 nm [1]. We report
on applying this approach to In(Ga)As/GaAs quantum dots emitting
in the telecom O-band. We will sketch a full circuit from theory based
design optimization to fabrication utilizing in situ three-dimensional
electron-beam lithography and results of a final spectroscopic evalua-
tion [2].
References:

[1] M. Gschrey, A.Thoma et al, Nat. Commun., 6, 7662 (2015).

[2] L. Dusanowski, et al, Opt. Express., 25(25), 31122-31129 (2017).

HL 55.11 Fri 12:15 A 151
Macro-mechanics Controls Quantum Mechanics: Mechan-
ically Controllable Quantum Conductance Switching of
an Electrochemically Fabricated Atomic-scale Transistor —
oTorBEN STaIGER'2, FLORIAN WERTz!, FanGQIiNG XiIE!, MAR-
ceL Hrinze!, PuiLipp ScHMIEDER!, CHRISTIAN LUTZWEILER!, and
Tuomas ScHiMMEL!:2 — llnstitute of Applied Physics, Karlsruhe
Institute of Technology, 76131 Karlsruhe, Germany — 2Institute of
Nanotechnology, Karlsruhe Institute of Technology, 76344 Eggenstein-
Leopoldshafen, Germany

We present a silver atomic-scale device fabricated and operated by a
combined technique of electrochemical control (EC) and mechanically
controllable break junction (MCBJ). With this EC-MCBJ technique,
we can perform mechanically controllable bistable quantum conduc-
tance switching of a silver quantum point contact (QPC) in an elec-
trochemical environment at room temperature. In this way, the silver
QPC of the atomic quantum transistor can be controlled both mechan-
ically and electrochemically, and the operating modes can be changed
from electrochemical to mechanical, which expands the possibilities for
controlling QPCs.

HL 55.12 Fri 12:30 A 151
Investigation of Bi induced three-dimensional InAs nanos-
tructures on GaAs(110) by cross-sectional scanning tun-
nelling microscopy. — eWijATSCHESLAV MaRTvAaNov!, Ryan B.
Lewis?, HENDRIK JANsseEN', CELINA S. ScHuLze!, PascaL Farin',
ANDREA LeENz!, Mario DAnne!, Lutz GEELHAAR?, and HOLGER
EiseLe! — 1Technische Universitit Berlin, Institut fiir Festkorper-
physik, Hardenbergstr. 36, 10623 Berlin, Germany — 2Paul-Drude-
Institut fiir Festkorperelektronik, Hausvogteiplatz 5-7, 10117 Berlin,
Germany

While on GaAs(100) three-dimensional (3D) growth of InAs is pre-
ferred, on other low-index GaAs surfaces such as (110) and (111) the
deposition always results in a two-dimensional growth. On the other
hand, the growth of 3D nanostructures like quantum dots on these
surfaces is of interest for high efficiency single photon sources. Recent
investigations show that the presence of Bi as a surfactant induces 3D
growth on GaAs(110) by modifying the surface energy. In this con-
tribution Bi induced InAs 3D islands formed within InAs monolayers
on GaAs(110) are investigated by cross-sectional scanning tunneling
microscopy (XSTM). The XSTM images allow the characterization of
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these structures in terms of size, density, and atomic structure depend-
ing on Bi exposure time. In order to explore the influence of Bi, we
compare XSTM images of InAs monolayers deposited both with and
without the presence of a Bi flux, and InAs monolayers subsequently

exposed to Bi for different durations. This work was supported by the
DFG, SFB 787, Project A4.



