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Abstract 
 
Graphene is a highly promising material for numerous potential applications, ranging from electronics 
and photonics to sensors and composites [1-2]. To exploit these applications at an industrial level 
requires large scale growth of high quality graphene on device compatible substrates. To date, this has 
mainly been achieved via chemical vapour deposition (CVD) [3] and single crystal SiC epitaxial [4] 
growth routes. CVD graphene has been synthesised on various metal substrates such as nickel [5, 6] 
and copper [3], but the need to transfer it to different substrates for device fabrication has so far 
hindered its up-scaling to roll-to-roll production methods. Epitaxially grown graphene has been 
demonstrated to be a viable route for the production of electronic devices, such as field effect 
transistors[7]; however, SiC wafers are expensive and, unless SiC is required in the device, again  
graphene needs to be transferred. Graphene has also been synthesised via the rapid thermal 
processing (RTP) route with Ni Layer atop of single crystal SiC substrate at a temperatures ranging 
from 1100 

o
C [8] down to 750 

o
C [9]. Large area single or few layer graphene were also grown via the 

RTP route using amorphous SiC or carbon films and metal layers deposited by evaporation [10] or 
sputtering [11]. However, in all those growth techniques, transfer of graphene from metal substrate to 
insulator is required for device applications. 
 
Here we show the direct growth of large area graphene on Si/SiO2 substrates from sputtered 
amorphous carbon or SiC films either atop or underneath a Ni layer using in-situ or ex-situ RTP in the 
temperature range from 650 to 1000 

o
C. We have found that for samples with thick Ni layers (>100nm), 

graphene grew on the top surface of the stack, in close contact with the Ni or Ni-silicide and suspended 
in the liquid solution after the etching of the Ni-Silicide in HCl. However, when thinner Ni and carbon 
layers were used, the graphene remained on the original substrate (Si/SiO2) after the Ni-Silicide is 
etched away.  Figure 1 is a summary of the typical properties of the graphene. Raman spectra typical of 
high quality exfoliated monolayer graphene [12] were obtained for samples under optimised conditions. 
A fast cooling rate was found to be essential to the formation of monolayer graphene. Samples with Ni 
atop SiC or carbon produced the best monolayer graphene spectra with ~40% surface area coverage 
as shown by Raman mapping, whereas samples with Ni below SiC or carbon produced poorer quality 
graphene but with 99% coverage. The results present a potential route for the production of large area 
graphene directly on Si/SiO2 insulating wafers, which could be a critical step forward for the integration 
of graphene into modern semiconductor device process flows. Growth mechanism and detailed 
characterisation of graphene by Raman, optical, AFM, and electrical transport measurement will be 
presented at the conference. 
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Figure 1. Summary of properties of graphene. (a) Raman spectra of samples processed with different 
RTP process conditions. (b) Raman mapping of FWHM of the 2D band for a sample area of 
750μmx500μm. (c) AFM image of graphene on Si/SiO2 substrate after etching of Ni-Silicide in HCl, inset 
is a Raman spectrum of the sample. (d) and (e), Camera shots showing distinctive areas with and 
without graphene after RTP. (f) Electrical characteristics of a back-gated graphene field effect transistor, 
inset is an optical microscope picture of the device. 
 


