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Magneto Transport in Three Dimensional Carbon Nanostructures
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Introduction

Harnessing geometric attributes to control transport properties is interesting and has been an effective strategy for designing magnetoresistance systems. By introducing non-conducting spherical or cylindrical inclusions in materials, linear and positive magnetoresistance is predicted due to the distortion of current flow around the voids in the presence of magnetic field. Furthermore, Aharonov-Bohm oscillation is expected due to interference of charge carriers in the periodical nano-hole structure in the magnetic field. Here magneto transport properties of three-dimensional carbon nanostructures with close-packed spherical voids have been investigated up to 18 Tesla.
Experimental


Electrical transport properties were conducted in 18 T SC Magnet (SCM 2) with He3 insert from 250mK to 20 K. A 100µA input current at 17.37 Hz was applied by Lock-in amplifier (Stanford SR830 DSP). The size of sample for transport measurement is approximately 4mm×1.2mm×1mm. Six copper electrodes were bounded on the sample with the conducting carbon paste.
Results and Discussion

      Above 2K, magnetoresistance, MR=[Rxx(B)-Rxx(0)]/Rxx(0), crosses over from quadratic to linear dependence on the magnetic field with increasing magnetic fields. MR is around 50% at 18 T for 2 K. Interestingly, if we take B/T as a new variable parameter, as shown in Fig. 1(a) inset, all MR data collapse on to a single curve, displaying a universal behavior (Kohler’s rule).

Below 2K, MR becomes saturated at high magnetic fields, different from the behavior at high temperatures. And with the decreased temperature, MR becomes smaller, shown in Fig. 1(b). The carrier density decreases with decreasing temperatures; however Hall mobility increases with decreasing temperature down to1K and then decreases below 1K. Mobility plays a significant role in determining MR.
       Quantum Hall effect in three dimensional materials is rare and controversial; however such behavior has been recently reported in highly ordered pyrolytic graphite (HOPG). Fig. 1(d) shows Hall resistance Rxy of our material for a set of temperatures. At low temperatures, Quantum Hall like oscillations can be seen in Rxy.
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Fig.1 (a) MR as a function of magnetic field above 2K. (b) Field dependent MR below 2K. (c) Carrier density (red) and Hall mobility (blue). (d) Hall resistance Rxy as a function of magnetic field.
Conclusions

Above 2K, magnetoresistance (MR) crosses over from quadratic to linear dependence with increasing magnetic field and displays a universal behavior. Below 2K, MR becomes saturated at high magnetic fields. Remarkably, Quantum Hall like oscillations are observed at this low temperature regime in our three dimensional nanostructures.
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