Spin injection into GaIn(N)As-based quantum dots and wells
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Within the context of a possible future spin-based quantum information processing we study electrical spin injection from semi-magnetic n-type ZnMnSe into III-V p-i-n diodes with InGaAs/GaAs quantum dots or wells in the optically active region. As shown recently, InGaAs is a very suitable choice for long-lasting spin storage.[1] The structures investigated were grown by molecular-beam epitaxy and structurally analyzed using quantitative transmission electron microscopy. The latter proved the III-V/II-VI interface of our devices to be of good quality and in particular allowed us to estimate the size, density and composition profile of the quantum dots for different growth conditions. For the actual injection experiments the samples are mounted in a magneto-cryostat (T = 4-300 K, B = 0-14 T). Analysis of the circular polarization degree (CPD) of the electro-luminescence provides direct access to the spin polarization of the injected carriers. We investigate the CPD as a function of magnetic field, temperature, and current density, as well as for different quantum dot sizes (i.e. emission wavelengths) and distances between the dots and the spin aligner layer (see, e.g., [2]). It is found that the CPD shows a strong spectral dependence: On the short wavelength end of the luminescence spectrum, values of up to 70% are observed, indicating a high spin injection efficiency. However, with increasing emission wavelength the CPD drops and becomes virtually zero at the low-energy tail of the luminescence. To study this effect in more detail, we have recently started to investigate electrical spin injection into single quantum dots using micro-luminescence measurements with high spatial and spectral resolution. This enables us not only to address the Zeeman-split + and - emission lines of individual dots in the ensemble. It is also an important prerequisite for future spin manipulation experiments. 
A promising alternative to InGaAs quantum dots for spin storage are localized states induced by the incorporation of nitrogen into the active region. First results for such nitrogen-containing structures will be presented in the talk. 
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