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Quantum Oscillations in Low Carrier Concentration SrTiO3 FETs 
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Introduction 

Quantum size effect of electrons at oxide interfaces may provide novel functionalities for future electronic and spintronic devices, but direct experimental data showing such quantum states are limited. A key issue is how an electric field due to the breaking of inversion symmetry at the interface reconstructs the bulk d-electron bands into two-dimensional (2D) subbands. A further question is the influence on the details of the realized state from the interface-electric-field-induced coupling between the spin and the angular momentum of the electrons, and how an applied electric field might be use to tune this and other device parameters. The oxide field-effect transistor (FET) studied here is unique compared to other artificial structures comprising oxides, in that a strict quantum-mechanical two-dimensionality may be reached; i.e., only a few (and possibly single) quantum wells are populated due to the extraordinarily low carrier density achieved in our high-quality FETs. This in principal facilitates determination of the 2D electron gas state realized in an oxide in the little studied low carrier regime.
Experimental 

Our high mobility FETs are fabricated using commercially purchased STO substrate with metallic electrical contacts deposited using thermal evaporation, and a parylene insulator between the substrate and gold electric field gating top gate. After applying a gate voltage ~2.4 MV/cm induce carriers at the substrate interface by means of electrostatic doping, controlling the carrier concentration by gate electric field. Once in the metallic state we then performed a series of magnetotransport measurements to obtain Rxx and Rxy up to 18 T in SCM1 (down to 20 mK) and in the 35 T DC resistive magnet (down to 300 mK) at NHMFL Tallahassee. 

Results and Discussion


The devices switched on as expected, however we found significantly lower carrier mobility compared to the devices made previously with substrates from the same batch. Due to unforeseen circumstances related to the reproducibility of the quality of the substrates, we had no success in reproducing the quality of data we had previously measured at Stuttgart and during previous visits to the NHMFL. In particular, we also found significant sample degradation with time that we have not seen in our recent devices. 
Conclusions

In order to complete our data set we are now trying to improve both device fabrication as well as handling, and furthermore, get a better handle on the variability of the quality of the substrates used for building the devices. Much progress has already been made towards these goals. Once the outstanding issues related to device quality are corrected, we will be in the position to apply for further magnet time to complete our project sometime in early-to-mid 2016. 
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