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Graphene has been the subject of intense research due to its novel two-dimensional electronic properties 

caused by linearly dispersing electronic bands [1]. Graphene grown epitaxially on SiC has shown promise 

in device applications due to the large-area and atomically uniform materials that can be produced [2]. 

Because graphene is conducting, graphene-based electronics will require a form having a semiconducting 

band gap in order to produce switchable devices.  Recently, atomic hydrogen attached to graphene has 

been experimentally shown to create a band-gap in graphene [3]. On the SiC(0001) surface of SiC (the 

“Si-face”) where single-layer graphene can be produced, it has been shown that hydrogen can also reduce 

the interaction of the substrate with the graphene [4]. On the SiC(000-1) surface of SiC (the “C-face”), 

however, graphene grows in multiple layers that have been shown to be non-interacting [5]. At present, 

there is little structural information available for hydrogenated graphene on the Si-face and there has been 

no research into what happens when multilayer graphene on the C-face is exposed to atomic hydrogen.   

X-ray reflectivity and Raman scattering studies performed at the University of Missouri have shown that 

atomic hydrogenation of graphene on C-face 4-H SiC leads to structural changes at the buried interface 

between graphene/SiC [6]. Hydrogenation causes the effective number of graphene layers detected by 

Raman scattering to be reduced while causing the density of defects to increase.  Grazing-angle x-ray 

reflectivity reveals a substantial roughening of the buried interface between the SiC/Graphene on the order 

of several nanometers while extended-range x-ray reflectivity shows no layer expansion of the multilayer 

graphene film. The results of these studies, however, were not able to determine the nature of the structural 

changes at the buried interface and, therefore, cross-sectional high-resolution transmission election 

microscopy (HRTEM) was employed.  

4-H SiC/Graphene samples were prepared epitaxially by the method described in Hass et al. [5]. Samples 

were treated with atomic hydrogen by cracking 5 mTorr of hydrogen gas over a hot (2200K) filament. 

Cross sectional TEM samples were prepared by a lift-out method using a FEI Scios DualBeam FIB-SEM 

microscope. Samples were then transferred to a FEI Tecnai F30 Twin 300kV TEM for HRTEM, electron 

energy loss spectroscopy (EELS), and scanning transmission electron microscopy (STEM) measurements. 

HRTEM images are shown in Fig. 1 (a,b) for the same sample before and after atomic hydrogen exposure, 

respectively.   

Cross sectional TEM revealed that a new interfacial region appears at the buried interface upon 

hydrogenation, as can be seen in Fig. 1b. This new interfacial region, which is corrugated but otherwise 

amorphous, appears to extend into the graphene layers. STEM, EELS were used to determine chemical 

composition of the various layers, which reveals that the interface and graphene layers were comprised 

solely of carbon. The Si appears to be contained only in the crystalline SiC region of the substrate.  The 

diagram in Fig. 2 schematically illustrates the formation of the new interface caused by hydrogen 

exposure.  These new results clarify the composition of the structural changes at the buried interface and 

work is ongoing in order to understand the structure of the modified interfacial region.  
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Figure 1. HRTEM images (a) prior to and (b) after atomic hydrogen exposure. A white line is added in 

(b) to show the interfacial layer. 

Figure 2.  Schematic diagram illustrating the changes that occur (a) prior to and (b) after atomic hydrogen 

exposure.  The new interfacial region in (b) appears to derive from the carbon layer at the interface.  
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