The mobility vs. carrier density trend in wafer-scale epitaxial graphene on SiC, and how it can be defeated
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[bookmark: _GoBack]Graphene’s unique and exceptional properties make it attractive for technological applications in many areas, including high-speed electronics. The establishment of processes for producing high quality, large-scale graphene is necessary for such applications to be enabled.[endnoteRef:1] Large area growth of graphene on the Si-terminated face of hexagonal SiC wafers exhibits manageable growth kinetics – contrary to the C-face – allowing good control over the number of graphene layers. Most importantly, the azimuthal orientation of epi-graphene on the Si-face of a SiC wafer is fixed. Therefore, it is a viable method for producing graphene with uniform coverage and structural coherence at wafer-scale.  [1: Support by DARPA Contracts FA8650-08-C-7838 & HR0011-12-C-0038 is gratefully acknowledged.] 

Graphene was grown on SiC with two methods: i) By combining SiC surface preparation steps in disilane/He with a higher temperature (T=1550 °C) graphenization step in Ar and ii) By H2-etching SiC wafers at T>1500 °C to produce a vicinal, defect-free surface and then annealing that surface at T~1575 °C in Ar atmosphere (P~ 100 mbar). 

After optimizing the process parameters for graphene growth on 4H(0001) SiC with 0.00° miscut, we have measured average Hall mobilities  up to 4900 cm2 V-1 s- 1 at sheet carrier densities N ~ 4x1011 cm-2 after a long exposure to ambient atmosphere. This mobility is higher and the electron density lower than the freshly made devices. The strong n-type character of pristine graphene on SiC (0001) is due to the dangling bonds below the  reconstruction (buffer layer), which act as positively charged traps. The reduction in N by ambient exposure is linked to the oxygen and water adsorbed onto the graphene surface. We can explain the large improvement in mobility with reduced N by taking into account several factors, including long-range Coulomb scattering and short-range scattering. A plot of  vs. N will be introduced as a benchmark of epi-graphene quality. After H2 intercalation, our epi-graphene becomes p-type and exhibits a record combination of high mobility and high hole density (far above the benchmark curve). 
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