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Hexagon

Due to spatial confinement in all 3 dimensions,
the energy states of an electron trapped inside a
nano-crystal called Quantum Dot (QD) are discrete, .
in strong analogy to discrete energy states in atoms. (
We are able today to address and manipulate the v
guantum state of a single electron, in particular his | AFM images of GaAs quantum dots
spin state, confined in the dot in optical spectroscopy | gown on (111)A substrates reveal the
experiments [1]. triagonal symmetry of the dots, with

InAs QDs in a GaAs matrix represent a mode| | shapes varying from irregular hexagons to
system for strain driven QD formation (Stransky- | duilateral —triangles depending on
Krastanov growth mode) using Molecular Beam Epitaxy (MBE). Although technical progress
has been impressive, this growth method has its limits: First, not all technical useful QD /
barrier material combinations with different lattice constants can be grown. Second, growth
along the crystallographic axis like 111 for symmetric quantum emitters is not possible.
These problems can be overcome by an alternative growth method : In this talk we present
work on GaAs QDs grown by droplet epitaxy in an MBE machine at the NIMS, Tsukuba by
the group that invented this growth technique [2].

We demonstrate charge tuning in strain free GaAs/AlGaAs QDs grown on a
GaAs(111)A substrate [3]. Application of a bias voltage allows the controlled charging of the
QDs from -3|e| to +2|e|. The resulting changes in QD emission energy and exciton fine-
structure are recorded in micro-photoluminescence experiments at T=4K. We investigate
optical pumping of the electron and also nuclear spins of the Ga and As atoms that form the
dot in this system with a strong hyperfine interaction [1] and fascinating magneto-optical
properties [4-6].

We also show that these symmetric 111 grown QDs can be used as efficient sources
of highly entangled photons [7]. The emitted photons reveal a fidelity to the Bell state as high
as 86 % without postselection. We show a violation of Bell’s inequality by more than five
times the standard deviation, a prerequisite to test a quantum cryptography channel for
eavesdropping. The remaining decoherence channels of the photon source are ascribed to
random charge and nuclear spin fluctuations in and near the dot.
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