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Universal Conductance Fluctuations in Sb Quantum Wires
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Quantum confined Sb is an elemental topological insulator (TI). Unique amongst TI materials, the elemental nature avoids undesirable doping due to alloy fluctuations and vacancies, nevertheless sample growth is challenging as the bulk states of semi-metallic Sb are only suppressed for quantum wells ~2nm. To date the Murphy/Santos collaboration has developed a low temperature molecular beam epitaxy method for growing high quality Sb quantum wells on lattice matched [111] GaSb substrates. Previous NHMFL experiments focused on weak anti-localization in tilted fields and high field magneto-transport. The results [1] were consistent with 2D transport and a transition from surface conduction to trivial insulator as the film thickness is reduced below three bilayers in good agreement with theoretical calculations. More recently, we have concentrated on transport in lithographically fabricated Sb nanowires. 
Experimental 

Sb nanowires (nominally 90nm wide by 2 microns long) are fabricated via e-beam lithography from a quantum confined Sb layers (~2nm) grown via molecular beam epitaxy on GaSb[111] capped with 20nm of GaSb. The wires display aperiodic, but highly reproducible resistance fluctuations which are evidence of quantum coherence associated with randomly distributed impurities and defects within the 1d channel (i.e. universal conductance fluctuations). The temperature dependence of the fluctuations can be used to determine the microscopic physics which influences the quantum coherence. The temperature dependence (T-3/4 above 1K) as shown in Fig. 1 is that expected for a quasi-1D channel where the channel width (L) exceeds the phase coherence length (L() and the thermal diffusion length LT, where LT=(Dh/2(kBT) such that L> L(>> LT. In contrast, the temperature dependence of the phases coherence length (L() a 2D Hall bar fabricated from the same wafer and measured in series with the nanowire shows T-1/2 as expected for decoherence dominated by electron-electron scattering in 2D.
Results and Discussion

While the temperature dependences are as predicted for the 1D and 2D devices, what is remarkable is the common point of saturation for the temperature dependence. These transport measurements were performed in series (i.e. the current was common to both devices), such that the current densities differed by >100x due to the different device widths.  Indeed, the greater scatter in the significantly wider Hall bar L( is a result of the low signal to noise ratio for these low drive currents. Since Joule heating can be ruled out, the saturation appears to be intrinsic to the sample. 


The inexplicable saturation of the phase coherence length has been a long-standing problem in 2D and 1D systems.  Unintentional magnetic impurities may be responsible for decoherence via spin flip scattering, thus next step is to study the saturation in high fields, where the spin-flip scattering can be suppressed. 
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Fig.1 Standard deviation of the conductance fluctuation amplitude vs. temperature. The data follow T-3/4 saturating at temperatures below 1K.









