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The structure and properties of epitaxial graphene on SiC(0001) and SiC(000 -1) surfaces is reviewed, with an emphasis on results obtained via scanning tunneling microscopy (STM) and spectroscopy (STS).  We use these techniques to gain an atom-resolved view of the influence of defects (natural and artificially-induced) on transport properties.  While scattering from point defects generally degrades the mobility of the material, the electron standing-wave patterns from such scattering can be exploited to measure the momentum-resolved electronic band structure.  

The overall structure of graphene grown on SiC(0001) (the Si-terminated face) and SiC(000 -1) (the C-terminated face) is very different, and sensitive to growth conditions.  Multilayer graphene grown on SiC(000 -1) in an induction furnace has a novel layer stacking where rotational stacking faults occur throughout the multilayer.  Cryogenic (4.3K) tunneling spectroscopy of the magneto-electronic structure of the top graphene layer in C-face multilayer epitaxial graphene shows oscillations in the tunnel differential conductance as a function of magnetic field.  Analogous to Shubnikov – de Haas oscillations (SdHO) in magneto-resistance, These “tunneling magneto-conductance oscillations”  (TMCO) provide a sensitive measure of the k-space area of a constant energy contour where the energy is determined by the tunnel bias (both filled and empty states can be accessed).  The high-resolution band structure E(k) determined from these measurements is perfectly described by a linear Dirac-fermion dispersion with a characteristic velocity of 1.07 x 106 m/s.  The energy resolution of the TMCO method is comparable to photoemission experiments at cryogenic temperatures, but the momentum resolution is several times better.  Unlike SdHO, which are restricted to the Fermi energy, TMCO requires no electrostatic gate to determine E(k), which makes the technique potentially applicable to a wide range of materials.

The stacking faults found throughout multilayer epitaxial graphene have the effect of decoupling the electronic properties of the layers.  We show by direct spectroscopy (tunnel differential conductance versus sample bias) that the Landau levels (quantized cyclotron orbits in a magnetic field) are exactly those predicted for ideal graphene.  These surprising results, and related data from IR transmission, indicate that multilayer epitaxial graphene well-approximates a stack of decoupled graphene sheets.  Consequently, it is an interesting candidate for applications in electronics and electromagnetics.
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