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Spatially-selective tuning of the electronic properties of self-assembled InAs/InP(001) quantum dots using grown-in defects and ion implantation mediated intermixing
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Self-assembled InAs quantum dots (QDs), grown from the vapor phase in a Stranski-Krastanov mode and buried in an InP matrix, are excellent light emitters in the 1.5 µm range, thus making them excellent candidates for telecommunication applications. The integration of QDs into modern optoelectronic devices such as tunable lasers and superluminescent diodes relies, however, on achieving precise spatial tunability of the QD emission. This can be realized by post-growth band gap tuning via the thermally-induced interdiffusion of atoms at the QD/barrier interface in order to modify the confinement profile and energy levels of the quantum-confined heterostructure. This intermixing process is promoted by the motion of point defects that are either native or intentionally incorporated in specific regions of the sample for spatial selectivity.

We present results on two techniques that can be used to achieve significant (up to ~300 meV) spatially selective tuning of the emission properties of InAs QDs grown in InP by chemical beam epitaxy. First, the deposition of an InP capping layer at a reduced temperature and thus containing a large concentration of point defects greatly stimulates interdiffusion. The onset for measurable blueshift in the emission spectra in these samples containing the so-called grown-in defects (GID) was found to be ~600°C, considerably lower that the 725°C value for samples prepared with InP capping layers grown at standard temperatures. Shifts of 270 meV were obtained after annealing at 750°C for 300 s. In a second set of experiments, P- ions were implanted at low energy in the InP capping layer. The temperature threshold for a detectable shift in emission is in this case reduced to 400°C. Blueshifts increase with annealing temperature and fluence, up to 325 meV. 

Using a combination of photoluminescence and transmission electron microscopy measurements as well as tight-binding calculations, we have devised a procedure that enables us to quantitatively analyze the interdiffusion process. First, our results indicate that, contrary to what is commonly assumed, significant P incorporation (~10 at.%) in the InAs QDs occurs during epitaxial growth mainly due to As/P exchange at the growth surface. Second, the interdiffusion processes mediated by conventional annealing and grown-in defects is moderate and uniform, and can be attributed to the diffusion of P interstitials generated by the capping InP epilayer. In contrast, interdiffusion in ion implanted samples is drastic and inhomogeneous. Using heterostructures containing compressed quantum wells – which are known to trap vacancies while having little effect on the propagation of interstitials – we show that interdiffusion in InAs/InP QD structures subjected to low-energy P implantation is governed by the vacancies produced during the collision cascade. 
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