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Magneto Transport in Monolayer Graphene with Hexagonal Antidot Arrays
Wang, L. (U South Carolina, Physics); Yin, M. (Benedict College, Physics) and Datta, T. (U South Carolina, Physics)
Introduction

Graphene, as one of the most promising candidates to replace silicon in semiconductor industry, has no band gap. One strategy of band gap engineering is to modify geometry, such as by introducing the antidot lattice structure in the graphene. Furthermore, profound fundamental physics phenomena can also be associated with geometric or structural change of materials. Quantum effects such as weak localization and Shubnikov-de Haas oscillation are important and effective tools for elucidating scattering process and information about Fermi surface, effective mass, electron dephasing and relaxation times. Here magneto transport properties of graphene with antidots have been investigated up to 31 Tesla.
Experimental


Antidots with different size are patterned by Electron Beam Lithography (EBL) in monolayer Graphene followed by Reactive Iron Etching using O2. Six pads are defined by the second-step lithography; subsequently Ti/Au (8nm/60nm) contacts are deposited on the sample by E-gun evaporation. Magneto transport properties were conducted in 31 Tesla, 50 mm Bore Magnet (Cell 9). A 1 µA input current at 17.37 Hz was applied by Lock-in amplifier (Stanford SR830 DSP).

Results and Discussion

      Fig. 1(a) shows the SEM image of Graphene with antidots. The grey region is graphene, while the graphene in the white region is etched away. The longitudinal resistance Rxx as a function of applied magnetic field B up to 31 T at a set of temperatures is shown in Fig. 1(b). With increased magnetic field, Shubnikov de-Haas (SdH) oscillations appear. The peak of oscillation is pronounced at low temperatures and damped with increasing temperature. This effect of temperature is more apparent in ΔRxx after subtracting the background from Rxx, (Fig. 1(c)). SdH oscillations are a periodic function of 1/B. The effective mass is extracted from the temperature dependence of the SdH amplitude at a constant magnetic field, m*=0.0786me. The quantum lifetime is 0.016 ps, which is much smaller than transport lifetime. Indicating small angle scattering is dominant.
      At low magnetic fields Rxx decreases with increasing field, showing negative magnetoresistance or positive magnetoconductivity. This is due to weak localization. The phase breaking rate is linearly proportional to temperature; this linearity is attributed to inelastic electron-electron scattering. Temperature dependent resistance shows that the band gap introduced by 50nm-radius antidots arrays is around 10 meV.
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Fig.1 (a)SEM image of monolayer graphene with antidots. (b) Field dependence of resistance at a set of temperatures. (c)Shubnikov-de Haas oscillation after subtracting the background. (d) Weak localization at low magnetic fields.
Conclusions

Shubnikov-de Haas oscillations at high magnetic fields and weak localization at low fields are observed in graphene with hexagonal antidots arrays. From SdH oscillation, the effective mass of electron is extracted as 0.0786me; the quantum scattering time  is smaller than transport time from Hall measurement, indicating small angle scattering dominates. Due to weak localization, the resistance decreases with increasing magnetic field at low fields. The phase breaking is due to electron-electron scattering. Temperature dependent resistance shows that the band gap introduced by 50nm-radius antidots arrays is around 10 meV.
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