MULTIELECTRON PROCESSES IN THE OPTICS OF TWO-DIMENSIONAL EXCITONS 
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We studied modulation-doped CdTe/(Cd0.7Mg0.3)Te quantum well structures with a 2DEG of low and moderate density (from ne<1010 up to ne~1012 cm-2). The structures contained 100 Å single quantum well (SQW) and were 
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-doped in the barriers at 100 Å distance from the QW. A special design of the structures made it possible to control the electron concentration keeping all other parameters constant with high accuracy. 

In this study we compare the Reflectivity and PL spectra taken from the QW in magnetic fields from 0T to 45T at different electron densities. 

In the lightly doped QW structures an exciton and singlet trion lines were observed at low magnetic fields. These lines coincide in Ref and PL spectra. At high magnetic fields (>25T) lines of “dark” and “bright” triplet trion state additionally appear in the spectra. 

Essential difference between Ref and PL spectra is observed at high 2DEG density. In zero magnetic fields in heavily doped structures broad bands related to a Fermi edge singularity appear in the positions of exciton and singlet trion lines. These broad bands are shifted towards higher and lower energies in Ref and PL spectra correspondingly from the exciton and trion lines at low concentration limit. In non-zero magnetic fields these broad bands split into a series of narrow lines that shift linearly towards higher energies with a slope proportional to a half of the electron cyclotron energy (1/2hWc). In high enough magnetic fields the positions of the lines in the PL and Ref spectra coincide. 

It is naturally expect that optical spectra in 2D case are determined by exciton-electron scattering processes when the creation/annihilation of the exciton is accompanied by an excitation of one or several additional electrons from the states under the Fermi surface into the vacant positions above it. When an external magnetic field is applied electron specter becomes discrete and such scattering processes appear as “combined” resonance processes when the creation/annihilation of the exciton is accompanied by the transitions of the additional electrons between the Landau levels. 

The observed PL and Ref spectra were analyzed in the model of the combined exciton-electron processes. This analysis allowed us to distinguish the processes with one, two, etc. additional electrons. 
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