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It became recognized over the last ten years that formation of positively or negatively charged three-particle excitonic complexes (trions) is one of the factors that determine the shape of photoluminescence (PL) spectra in semiconductor quantum wells (QWs) at low temperatures. Formation of trions is efficient when excess of charge carriers of either sign appears in the QW. In undoped structures, this may take place due to preferred capture of electrons or holes into the QWs under above-barrier photoexcitation. In the reported study, we examine changes in the "molecular composition" of the exciton(trion system upon a continuous variation of the excitation photon energy over a range including the barrier-layer band gap energy Egb, i.e., under a transition from intrawell to above-barrier photoexcitation.

We studied low-temperature (T = 1.7(20 K) PL, PL excitation (PLE), and resonance Rayleigh scattering (RRS) spectra of shallow-QW GaAs/AlxGa1-xAs (x = 0.05) structures. The PLE spectra exhibit a number of broad bands in the above-barrier energy range, which alternate "in opposite phases" in the spectra of neutral excitons and trions (i.e., an increase in the exciton luminescence intensity is accompanied by a decrease in the luminescence intensity of trions) [1]. We argue that this observation owes to the variation of the rates of electron and hole capture into the QWs as a function of the initial charge-carrier energy in the barriers, which results in accumulation of excess electrons or holes in the QWs.

It was established that additional illumination of the sample by a He-Ne laser (whose photon energy far exceeds Egb) affects strongly the shape of the PL spectra [1]. Under intrawell (near-resonance) excitation, the additional illumination leads to a shift in the exciton(trion equilibrium so that detectable amount of the latter species appears. At the same time, upon excitation into certain barrier states with energies in the vicinity of Egb, additional illumination shifts the equilibrium in the opposite direction [1]. Furthermore, we observed that, under excitation tuned directly into the energy region of the heavy-hole excitonic transitions, additional illumination results in a strong modulation of the RRS intensity [2]. We relate this fact to a redistribution of the oscillator strength between the excitons and trions caused by accumulation of excess charge carriers in the QWs. Observation of the RRS by trions became possible under these conditions.

Most lucid information on the exciton(trion dynamics can be obtained from the behavior of the RRS and near-resonantly excited PL spectra upon varying the additional-illumination photon energy ((. Intrawell additional illumination has little effect on the PL spectra (only the exciton line is present in this case). Under above-barrier additional illumination, the trion PL line flares up when (( falls within the previously mentioned bands corresponding to the efficient formation of trions; the RRS photomodulation is largest in this case, as well.

This study was supported by the Russian Foundation for Basic Research (project no. 05-02-17328).

References

[1] N.N. Sibeldin, M.L. Skorikov, V.A. Tsvetkov. Nanotechnology 12, 591 (2001).

[2] N.N. Sibeldin, M.L. Skorikov, V.A. Tsvetkov. JETP Letters 76, 628 (2002).

