Electronic properties of the quasi-2D electron gas at the polar LaAlO3/SrTiO3 interface
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A high mobility electron gas may develop at the polar interface between the wide bandgap insulators LaAlO3 (LAO) and SrTiO3 (STO). [1] This unexpected result has largely stimulated the research of new physical phenomena emerging at oxide interfaces because it may open novel prospects by combining these interfaces with ferroelectric or magnetic oxides in multifunctional devices. To appreciate the full potential for applications, we have carried out an extensive analysis of the electronic properties of the LAO/STO interface. The combined analysis of the low-temperature quantum transport  [2] together with resistance profile mappings across the interfaces –collected by conducting-tip atomic force microscopy [3] – allowed us a direct determination of the carrier density profiles. We find that, depending on specific growth protocols, the spatial extension of the high-mobility electron gas can be tuned within a huge interval, from hundreds of micrometers into the STO to a few nanometers next to the LAO/STO interface, [3] being the latter the most favorable case for applications. We show that this highly spatially confined carrier distribution is related to the peculiarly strong electric-field dependence of the STO permittivity, which determines the electrical potential profile across the interface. [4] Supported by photoemission spectra experiments, we discuss the observed electronic properties in terms of a multiband carrier system. We will discuss the potentiality of the high-mobility electron gas at LAO/STO interfaces for spintronics applications.
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