Excitons in individual semimagnetic quantum dots
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Access to individual quantum dot (QD) spectroscopy of self-assembled QDs realized nearly a decade ago has lead to a qualitative breakthrough in fundamental studies of these objects. Various electron-hole complexes (excitons, biexcitons, trions) have been thoroughly characterized in non-magnetic QDs both in AIIBVI and AIIIBV nonmagnetic QD structures [1]. Meanwhile, the reports on individual semimagnetic quantum dots are quite rare and have been limited up to date to ground state excitons only [2-4]. In this work we report on magnetophotoluminescence (PL) spectra of individual CdSe/ZnSe/ZnMnSe semimagnetic quantum dots. 

 PL spectra of investigated CdSe/ZnSe/ZnMnSe QDs in magnetic field in Faraday geometry (normal to the QD plane) have displayed three remarkably different types of emission spectra. In magnetic field PL spectra of the first type consist of individual + - polarized line corresponding to recombination of electron and hole in their QD ground spin states [3,4]. The line intensity grows with applying magnetic field due to suppression of non-radiative Auger recombination through Mn ion states. This behavior is typical for neutral exciton (X) emission. With increasing ZnSe barrier width the Auger recombination becomes less effective, which results in an increasing lifetime of exciton in excited J state and appearance of the - polarized component in the PL spectrum.

        PL spectra of the second type show an unpolarized singlet line. In magnetic field the line splits into  and components of Zeeman doublet in Faraday geometry and into 4 linearly polarized components in Voigt geometry, displaying the behavior characteristic to an exciton captured by a negatively charged QD. 

 
PL spectra of the third type show a doublet structure at B=0. In magnetic field the components transform  into + and polarized components of similar intensity, indicating presence of electron and hole in various spin states. These spectra can be attributed to an exciton  emission from doubly charged QDs. The high intensity of -line in charged dots indicates a rather long heavy-hole spin relaxation time due to its strong localization in nonmagnetic CdSe/ZnSe region. On the contrary to neutral exciton, emission intensity from charged QDs stays nearly constant with magnetic field that is in agreement with different selection rules of Auger recombination with Mn in neutral and charged QDs.

        Finally, magnetic field dependence of individual semimagnetic QD PL linewidth is discussed in connection to statistical magnetic fluctuations in the QD environment. 
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