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Magnetotransport in Confined Two-Dimensional Electron Liquids in Oxide Heterostructures
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Introduction

We studied magnetotransport in RTiO3/SrTiO3/RTiO3 (R = Gd and Sm) quantum well structures that confine large charge carrier densities (~7x1014 cm-2) introduced by polarization discontinuity at the SrTiO3/RTiO3 interface. In the ultrathin limit, confinement induces quantum phase transitions as the thickness of the SrTiO3 is tuned: for R = Gd, SrTiO3 becomes ferromagnetic at low temperatures.  For R = Sm, SrTiO3 transitions into a non-Fermi liquid state, with a likely spin or charge density wave ground state at low temperatures [1, 2].  Low temperature magnetotransport studies at the NHMFL were used to better understand the electronic system in these quantum wells.
Experimental


Magnetotransport was studied in two different quantum well structures grown by molecular beam epitaxy on (LaAlO3)0.3(Sr2AlTaO6)0.7 single crystals: GdTiO3(4 nm)/SrTiO3(3 u.c.)/GdTiO3(4nm) and SmTiO3(4 nm)/SrTiO3(1 u.c.)/SmTiO3(4nm). Measurements were performed in van der Pauw geometry in the SCM-1 system, at temperatures between 20 mK and 1 K and in magnetic fields up to 18 T. All results shown here are for the in-plane orientation of the magnetic field.
Results and Discussion


For R = Gd, we observed a low field magnetotransport hysteresis corresponding to the coercive field of magnetization in the SrTiO3. We were able to document the saturation of the coercive field in the mK range [Fig. 1(a)]. At high-fields, a crossover from sharp negative to B-linear positive magnetoresistance was identified [Fig. 1(b)]. Follow up studies to address the origin of this linear contribution are underway.

For R = Sm, no hysteretic features were present, indicating a different magnetic ground state. At low temperatures, a crossover between positive and negative magnetoresistance creates a peak-like feature near 1-2 T [Fig. 1(c)]. Our analysis points to the origin of this behavior as a competition between an out-of-plane angle-dependent positive contribution and a monotonous negative contribution.
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Fig. 1 (a) Hysteretic low field magnetoresistance for R = Gd.  The inset shows the low temperature saturation of the magnetization switching threshold. (b) High field magnetoresistance for R = Gd. (c) High field magnetoresistance for R = Sm. The inset shows a zoom into the low field region.
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