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Many of the exceptional electronic properties of graphene arise from its linear dispersion relation. 

However, when the Fermi energy approaches the Dirac point, its properties can be dominated by the 

effects of disorder. To date, there are very few studies of disorder in epitaxial graphene grown on SiC 

due to the high level of doping from the substrate. Using extremely low carrier density (~ 10
10 

cm
-2

) 

polymer gated epitaxial graphene we describe the role of disorder in governing the temperature 

dependent magneto-transport. At such low carrier densities we observe a ν = 2 quantum Hall state 

beginning at just 0.6 T, with a maximum critical current at 1.2 T. Due to magnetic field dependent 

charge transfer from the SiC substrate [1,2], the ν = 2 quantum Hall state extends to B > 15 T (Fig. 1a), 

suggesting a substantial increase in carrier density. 

We have studied the effects of disorder in both the low and high field regimes at both low and high 

temperatures. The carrier density derived from the low-field Hall coefficients for a two-carrier system 

shows a quadratic increase as a function of temperature (Fig. 2a), which can be well modelled by 

intrinsic excitation combined with disorder-induced electron-hole puddles [3]. The characteristic strength 

of the potential variation is found to be about 12 meV. In the quantum Hall regime we fit the temperature 

dependence of the longitudinal conductivity with an activated transport model at temperatures which are 

above the variable-range hopping regime (> 20 K). We assume the extended states make up a constant 

fraction of each Landau level, and are evenly distributed over a width of 2Eμ, giving a thermally activated 

conductivity 

,          (1) 

where En and EF are the nth Landau level and the Fermi level respectively. Eμ is found to be 12.3 meV, 

in good agreement with the standard deviation of the potential fluctuations discussed above, suggesting 

that the majority of states in the zeroth Landau level are extended. 

The energy difference between the Fermi level and the mobility edge (Fig 1b) tends towards zero at 

high magnetic fields, consistent with the increasing Rxx and deviation of the Hall resistance from the 

quantized value as shown in the inset of Fig. 1a. These results are important for determining the 

properties of epitaxial graphene at the low carrier densities required in quantum electrical resistance 

standards operating at low magnetic fields [1]. 
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Figure 1: (a) Longitudinal resistance Rxx (blue) and Hall resistance Rxy (red) as a function of magnetic field up to 19 
T at 1.4 K showing the v = 2 quantum Hall state. The inset shows the increasing Rxx and deviation from the 
quantization ΔRxy = Rxy - h/2e

2
 for B > 15 T. (b) Energy difference between the Fermi level EF and the mobility edge 

Eμ = 12.3 meV. 

 

 

Figure 2: (a) Temperature-dependent low-field effective carrier density. The solid line is a fit to the model from Ref. 
3, yielding a potential fluctuation strength of about 12 meV. (b) Temperature dependence of the longitudinal 
resistance at high magnetic fields. Also shown are the fits using Eqn. (1). 


