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Amorphous nanostructures made of bulk insulators may become metallic as the length scale (δ) falls below electron’s localization length (ζ) [1]. In devices that exhibit size-dependent insulator-to-metal transitions, low temperature resistance bears signatures of mesoscopic phenomena [2], suggesting coherent electron transport. Such phenomena were seen in metallic amorphous Si with a 3D conducting network [3]. But amorphous HfO2 and Al2O3 have a much wider band gap, so they have 1D conducting filaments instead of 3D conducting networks. This affords an opportunity to directly observe the Aharonov-Bohm interference [4] in 1D magnetoresistance. Thickness-dependent resistance saturation not seen in mesoscopic metals was also found in their nanostructures. 
Experimental


Sputtered amorphous thin films (10 nm) sandwiched between two electrodes were structured into devices, which had resistances 10-100 G. They were “formed” to obtain metallic filaments by soft dielectric breakdown under a large voltage (~10 V), then tested in three-point configuration at SCM1. 
Results and Discussion


These metallic devices show a resistance minimum ~ 30K, below which R increases with 1/T1/2 before saturating in a thickness-dependent manner. The 1/T1/2 dependence is consistent with 1D diffusion considering the temperature dependence of coherent diffusion distance that eventually reaches the film thickness resulting in the saturation. Oscillatory magnetoresistance of HfO2 (Fig. 1a-b) and Al2O3 (Fig. 2a-b) has similar Aharonov-Bohm oscillatory amplitudes (Fig. 1b, 2b) but differs in three respects. (1) The amplitude is positive in HfO2 but negative in Al2O3. (2) The background cusp-like magnetoresistance at low fields is much stronger in HfO2 (Fig. 1a) than in Al2O3 (Fig. 2a). (3) The period in HfO2 is shorter than in Al2O3.  (1-2) is attributed to a much stronger spin-orbit interaction in HfO2, caused by easier cation reduction during voltage-forming, hence forming a larger loop thus a shorter Aharonov-Bohm period in (3).
Conclusions

By forming sub-10 nm MIM devices, we have observed 1D coherent metallic conduction and Aharonov-Bohm oscillations in insulators for the first time. 
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Fig. 1 (a) Magnetoresistance of voltage-metallized HfO2. Red: fit by weak antilocalization (WAL) / weak localization (WL) theory. (b) Aharonov-Bohm oscillation in (a) with theoretical fit (black).
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Fig. 2 Same as Fig. 1, but for voltage-metallized Al2O3. 








