Optimizing the InGaAs/GaAs quantum dots for 1.3 pm emission
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In this contribution we determine experimentally and describe theoretically
fundamental optical properties and electronic structure of GaAs-based QDs emitting
at 1.3 um grown using Metalorganic Chemical Vapour Deposition (MOCVD) technique. To
redshift the QDs emission to telecommunication wavelengths In content of the capping strain
reducing layer (SRL) was tuned to final composition of Ing,GagsAs [1].

Photoreflectance (PR) experiments allowed for determination of 3 optical transitions
in the range of the accompanying wetting layer (WL) and SRL which could not be clearly
resolved in high-excitation photoluminescence (PL). Theoretical calculations within single-
band and single particle kp approach using realistic structural parameters explained observed
transitions as originating from hybrid WL-SRL quantum well in which 1 electron state and 3
holes states are confined. The 2D character of these states were further confirmed in PLE
experiment together with determination of spectral range in which QDs can be efficiently
quasi-resonantly excited to be (835-905) nm. This is crucial for the QD material to be further
used as an active region of an on demand plug & play fiber-coupled single photon source
suitable e.g., for quantum key distribution within local quantum networks.

Optical characterization of the QD material was performed in terms of PL, PR and
photoluminescence excitation spectroscopy (PLE) in which the effective response of the
whole QD ensemble was studied. The QD emission band was as designed centered at 1.3 pm
at low temperature (10 K) with an inhomogeneous broadening of 35 meV. This shows
relatively high homogeneity of investigated structures, comparable to results for state-of-the-
art samples grown in Molecular Beam Epitaxy and ensures many single QD lines in the
vicinity of 1.3 um emission wavelength. High excitation PL study revealed two higher QD
states well-isolated from the ground state with s-p splitting in the range of 67 meV.
Experimental findings are in agreement with theoretical calculations indicating additionally 2
times larger contribution of electron energy (in comparison to the hole state) to this splitting.
QD spectrum was calculated from single particle states determined within 8 band kp model
with realistic structure parameters as well as In composition gradient within the QD and
including influence of the strain distribution (calculated within the continuous elasticity
approach) on the band structure and piezoelectricity up to the second order. Excitonic
complexes were further calculated using configuration-interaction method. Theoretically
obtained excitonic spectrum corresponds well to the results of high excitation PL
measurements.
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