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Its unique electronic properties make graphene grown on isolated substrate an appealing candidate 

for novel non-silicon-based electronics. Graphene synthesis on the surface of  -silicon carbide ( -

SiC) in argon atmosphere at high pressure [1] is probably the best method developed so far for 

graphene fabrication on isolated substrates. Nevertheless, this method does not meet the 

requirements of industrial mass production because of the limited size and high costs of bulk -SiC 

wafers. If graphene layers could be fabricated on the surface of thin SiC films grown on low cost 

large-diameter Si(001) wafers (SiC virtual substrates), the industrial impact would be enormous. 

Moreover, graphene synthesized on commercially available cubic-SiC(001)/Si(001) wafers could be 

easily adapted for graphene-based electronic technologies and directly patterned using industrial Si 

lithographic processes. 

Recently graphene layers were fabricated on commercially available cubic-SiC(001) thin films 

preliminary grown on standard Si(001) wafers of large-diameter  used in micro-electronic 

technology [2-5]. During the synthesis, we applied a direct current to sample to heat it up to about 

1350 °C, which causes the Si-atom sublimation followed by SiC surface layer graphitization during 

such high-temperature annealing. The carbon-carbon bonds at this temperature and 0.8x10
-11

 mbar 

vacuum conditions undergo reconstruction to sp
2
 hybridization of carbon bonds, which corresponds 

to graphene. After this procedure we ex-situ have moved our sample to another experimental 

stations for -LEED, ARPES, STM, PEEM, LEEM measurements, which proved existence and 

quality of a synthesized graphene layers on the SiC/Si wafer. LEEM and STM data prove the wafer-

scale continuity and uniform thickness of the graphene overlayer on SiC(001). LEEM, STM and 

ARPES studies reveal that the graphene overlayer on SiC(001) consists of only a few monolayers 

with physical properties of quasi-freestanding graphene.  

Figure 1: ARPES characterization of graphene grown on cubic-SiC(001). (a) Effective surface Brillouin 

zone as seen in ARPES due to superposition of signals from the four domains. The four domains are marked 

by letters A, B, A′, B′. (b) and (c) Dispersion of -band in graphene measured by ARPES along directions 1 

and 2 as denoted in (a). 

 



Atomically resolved STM and -LEED data show that the top graphene layer consists of 

nanometer-sized domains with four different lattice orientations connected through the <110>-

directed boundaries. ARPES studies reveal the typical electron spectrum of graphene with the Dirac 

points close to the Fermi level. Thus, the use of technologically relevant SiC(001)/Si(001) wafers 

for graphene fabrication represents a realistic way of bridging the gap between the outstanding 

properties of graphene and their applications. 

Figure 2 (a) 20 μm LEEM micrograph, recorded with an electron energy of 3.4 eV, proving the uniform 

thickness of the graphene synthesized on SiC(001)/Si(001) wafers. (b) and (c) Dark Field LEEM images 

from different diffraction spots (shown in panels (e) and (f)) demonstrating the contrast reversal on 

micrometer scale graphene areas with two rotated domain families. (d)–(f) -LEED patterns from the 

surface areas shown in panels (a)–(c). The sampling areas are 5 μm (a) and 1.5 μm (b), (c), E = 52 eV. (g) 

-PES C 1s core level spectra taken from the same sample at different photon energies. The sampling area 

is 10 μm. (h) Electron reflectivity spectra recorded for the different surface regions 1, 2 and 3 as labelled in 

panel (b), where the number of dips in the spectra identifies regions 1–3 as trilayer graphene. 
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