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Quantum Oscillations in a Two Dimensional Electron Gas at the LaTiO3/SrTiO3 Interface
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Introduction 
[image: image2.png]Emergent metallic behavior at the interface of two insulators has led to the discovery of a new class of two dimensional electron gas systems based on complex oxides. Emergent metallicity was originally observed at the interface of the Mott insulator LaTiO3 and band insulator SrTiO3 and has been explained in terms of charge redistribution at the interface combined with lattice relaxation [1,2]. However, our studies of magnetoresistance at the LaTiO3/SrTiO3 interface revealed anisotropic magnetoresistance, weak anti-localization and quantum oscillation behavior (including a Berry’s phase of ) consistent with a large Rashba splitting. Strong Rashba spin splitting due to symmetry breaking has been found in materials such as bulk BiTeI and HgTe quantum wells but not in many oxides. Magnetotransport measurements in high magnetic fields at LANL have enabled us to discover s second set of quantum oscillations that is consistent with a Rashba spin-split Fermi surface at the LaTiO3/SrTiO3 interface.
Experimental  

We performed magnetotransport measurements in pulsed magnetic fields of up to 60T at the National High Magnetic Field Laboratory at LANL to probe the presence of a second set of quantum oscillations corresponding to outer Fermi surface of our Rashba system. Rashba spin splitting results in two Fermi pockets – the outer surface of which may be probed at high magnetic fields.  
Results and Discussion


Quantum oscillations are observed in both the longitudinal magnetoresistance and Hall resistance data for ultra-thin (3-4 unit cell thick) LaTiO3 films on SrTiO3 substrates up to 4T. Through studies of the thickness dependence of the conductivity of LaTiO3 thin films on SrTiO3, we have shown that metallic conductivity is observed in the bulk of the film for film thicknesses greater than 5 unit cells but is confined to the interface when the LaTiO3 is 4 unit cells or less [3]. In the ultrathin regime (4 unit cells thick), we observe two sets of quantum oscillations in the longitudinal magnetoresistance. One set of oscillations are only observed up to 4 Tesla due to reaching the quantum limit. The second set of oscillations are shown in Figure 1 with a frequency of about 37T. Using the Lifshitz-Koshevitz equation to deduce the effective mass from the temperature dependence of the amplitude of the oscillations, we obtain an effective mass of 1.2me. From the effective masses and oscillation frequencies of the two sets of quantum oscillations, we are able to estimate a Rashba constant of  = 1.6*10-11 eV-m that is larger than any oxide system to date. 
Conclusions

High field magnetotrasnport measurements have enabled us to confirm the presence of an outer Fermi surface in the LaTiO3/SrTiO3 interface system in addition to an inner Fermi surface. Together with large anisotropic magnetoresistance and weak anti-localization, the two sets of oscillations strongly suggest that the LaTiO3/SrTiO3 interface is a strongly Rashba spin-split system with an estimated Rashba constant of  = 1.6*10-11 eV-m.
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Figure 1. Shubnikov-de Haas oscillations from 0.6-4K are observed in the longitudinal resistance at high fields. The data shown here was taken at Los Alamos National Lab.












