Graphene Synthesis on C-face and Si-face 4H-SiC
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The emergence of graphene as a serious candidate material for high-frequency and digital electronic applications has stimulated intense research on this material.  Three major technical hurdles must be surmounted before graphene devices can become commercially viable.  These include synthesis of low-defect, uniformly-thick graphene on a suitable substrate, the ability to induce a finite bandgap, and fabrication of dielectric layers compatible with graphene device technology.  All are daunting obstacles, but steady progress continues to be realized in all three areas.  


This presentation will examine the synthesis of graphene by sublimation of silicon carbide (SiC) in a chemical vapor deposition (CVD) environment.  The presentation will begin with a brief overview of sublimation in a ultra-high vacuum (UHV) environment, followed by an explanation of how a CVD environment can be applied to form graphene.  Characteristics of graphene on the C-face and Si-face of 4H-SiC will then be presented.  On the C-face, continuous layers are achieved at temperatures around 1475-1500oC, depending on hold time. Below this temperature, scanning probe microscopy (SPM) provides evidence that sublimation is initiated from step edges and from defect sites on 4H-SiC terraces.  Above 1475oC, numerous artifacts appear in continuous graphene layers, including wrinkles and ridges.  The formation of wrinkles and ridges is shown to result from a difference in the coefficients of thermal expansion for SiC and graphene.  Wrinkles exist in thin graphene layers formed at temperatures close to 1500oC. At higher temperatures, wrinkles are not present, presumeably due to the increased mechanical stiffness of thicker graphene layers.


On the Si-face, self-limited graphene layers are observed to have a finger structure, with continuous layers forming at about 1500oC.  Graphene fingers are seen to initially form along high-symmetry crystallographic planes in SiC.  Comparisons between graphene formed on Si-face SiC and step-free SiC mesas reveal very similar graphene morphology, indicating that surface steps are not essential for Si sublimation for the SiC surface.


Additional topics to be presented are the procedures for achieving graphene on step-free SiC surfaces, preliminary graphene synthesis experiments on silicon substrates, and device characteristics that have exhibited electron mobilities exceeding 5000 cm2/Vs in graphene on SiC. 

