Formation of the negatively charged exciton complexes in InAs quantum dots.
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A comprehensive study of the micro-photoluminescence ((-PL) of a single (SQD) and multi (MQDs) quantum dots of InAs is presented. The QDs were developed on top of a layer of an InAs wetting layer (WL) grown between two GaAs barriers (a detailed description of the sample growth procedure and of the experimental setup can be found elsewhere [1]). 

     It has been successfully demonstrated that tuning of the laser excitation energy (h(ex) above the band gap energy of GaAs (EgGaAs) results in gradual changes of the SQD (-PL spectra, which allows monitoring of the neutral (X), singly (X-) or doubly (X--) negatively charged exciton complexes. The observed phenomenon is ascribed to nonequal populations of electrons and holes in the SQD, which is determined by the excess energies of the photogenerated carriers [1]. 


A threshold energy (h(th) for the optical charging of the SQD with excess electrons was found in the energy range between band gap of the WL (EWL) and EgGaAs.[2] This finding is explained in terms of the existence of charged acceptors in the GaAs barriers.

     An additional infra-red (IR) laser (which excites non-compensated free holes in the GaAs [3]) with h(IR below the SQD ground state transition energy has been demonstrated to essentially modify the (-PL spectra of the SQD by varying the excitation energy h(ex of the principal laser. For h(th < h(ex < EgGaAs, the (-PL spectrum of the SQD transforms from a predominant X-- line to the X line and simultaneously increasing the PL intensity by 5 times. At the same time, for EWL < h(ex < h(th, a decrease of the PL intensity by ( 20 times is registered [3]. The latter phenomenon is assumed to stem from compensation by excess holes of the internal electric field in the direction of the plane of the sample. The essential role of the electric field on the PL intensity of the SQD [4] and the MQD was demonstrated in experiments with an external lateral electric field applied across the structure.
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