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The spin phenomena in semiconductors and their nanostructures attract much attention, prompted both by the fundamental aspects of the role of electron spin in physical processes, and by the possibility of making use of the spin of free carriers in electronic devices. Semiconductor quantum dots (QDs), often referred as artificial atoms, are suitable for the basic device units as they allow easily produce, manipulate and detect spin polarization. 

Here we study the optical orientation of spins of excitons and charge carriers in an ensemble of self-organized CdSe/ZnSe quantum dots (QDs) via photoluminescence (PL). Optical pumping of undoped QD by circularly polarized light results in the spin polarization of excitons while in QDs containing charge carriers spin polarization of trions – a complex of two electrons (holes) and one hole (electron) – come true. Anisotropic part of the electron-hole exchange interaction in low symmetry quantum dots results in the splitting of optically-active exciton states into two linearly polarized dipoles and destroys the spin polarization of excitons. Exchange interaction in the trions (in the ground state) vanishes, because two carriers are in the spin singlet, and spin polarization of the third carrier can occur.

The results on the optical orientation of excitons demonstrate unambiguously that the QD symmetry is lower than D2d. The corresponding QD axes have different directions, defined by shape and strain anisotropies. We have further observed that the degree of optical orientation is small at zero magnetic field, but dramatically increases as the field is increased – an effect somewhat analogous to Van Vleck paramagnetism. Fitting model-based calculations to our experimental results allowed us to determine the value of this anisotropic exchange splitting of the exciton state. The experimental results are interpreted in terms of a cascade model, in which the exciton is initially created in the excited state and emits from the ground state after energy relaxation. This model provides an explanation for the experimentally observed conversion of the linear polarization from one set of axes to another. It was shown that the excited states have a significant influence on the polarization of the ground-state emission, and thus it is possible to measure their short characteristic times. We were able to estimate the lifetime 
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of the exciton in the excited state to be ~1 ps, and the value of the anisotropic exchange splitting 
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 to be  ~0.5 meV.

The high degree of optical orientation of trions has been observed in the nominally undoped CdSe/ZnSe QDs. Trions form by means of binding of optically excited excitons with carriers coming from the residual impurities. We have studied the depolarization of PL of trions in tilted magnetic field and established that the observed polarization is determined by the spin polarization of heavy holes. It was established that the angular dependences of the depolarization curve half width and high-field polarization value are typical for particle with strongly anisotropic g-factor. This is direct evidence that the PL polarization is determined by the spin polarization of heavy holes, and therefore the corresponding PL line is due to the negatively charged trion (two electrons and a hole). 

It has been shown that under quasiresonant excitation in quantum dots, containing carriers, spin polarization of (majority carriers) electrons is possible. The study of magnetic depolarization of PL allowed determining the spin lifetime of holes and electrons. 
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