Optical anisotropy of QW structures with no-common atom on interfaces
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ZnSe/BeTe is a heterosystem with a type-II band alignment. The fundamental gap for this system refers to spatially indirect transitions. Large conduction (about 2 eV) and valence (about 1 eV) band offsets result in a very small penetration of the carrier wave functions into the neighboring layers. This property makes the optical matrix element for the spatially indirect transition extremely “interface sensitive”. It was shown that photoluminescence (PL) signal due to such transitions at a certain interface is linearly polarized along the interface chemical bonds and the PL linear polarization degree (Plin) may reach a value of 75-80% [1]. This value of Plin can be observed directly in the PL measurements for ZnSe/BeTe type-II band heterostructures with C2v symmetry. In contrast, in the multiple quantum well structures with D2d symmetry the direct and inverted interfaces give the same contribution to PL intensity which are polarized perpendicularly to each other so that linear polarization of emission vanishes. In this case optical matrix elements related to particular interfaces remain hidden. We show that analysis of the magnetic-field-induced circular polarization degree of PL (Pcirc) allows decoding the hidden optical anisotropy. 

The samples under study were ZnSe/BeTe MQW grown on (001) GaAs substrates in a molecular-beam epitaxy (MBE) system using elemental Be and Te effusion cells. Polarized PL in magnetic fields up to 8.5 T applied in Faraday geometry was measured. Heterostructures with C2v and D2d symmetry were fabricated and investigated. 

We found that, in Faraday geometry for the structures with C2v symmetry 
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 is independent of magnetic field values. The circular polarization degree increases with the magnetic field and saturates at the value of about 63%. The latter is in agreement with the full (100%) elliptical polarization of the emission for the spatially indirect PL, described by a condition , [2]. In the nominally symmetrical structures (D2d symmetry) PL spectra are almost unpolarized, while in magnetic field Pcirc appears and saturates on the level of 60% as for the asymmetrical structures. The Pcirc value is used to decode the optical anisotropy of the individual interfaces. It was found to be of 75%, i.e. as large as for the asymmetrical structures.

The possible extensions of the approach on the various physical systems consisting of optically anisotropic subsystems, i.e. anisotropic quantum dots, are discussed.
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