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We present epitaxial graphene (EG) growth on SiC substrate using solid-
state decomposition method. The material characteristics are verified using 
Raman while surface topography analysis is done using AFM. Our 
investigation indicates that with the increasing growth temperature on SiC 
substrate, Si face steps become prominent while C-faces wrinkles starts 
invisible  in EG layers due to thicker layer. This indicates step-flow mediated 
growth on Si face while C face has both step flow and C nucleation. Through 
validating step-flow growth on Si face, shows offcut dependency surface 
morphology while graphene quality is intact. 
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INTRODUCTION 
 
Graphene is a two-dimensional (2D) carbon honeycomb 
crystal, the basic building block of other sp

2
 carbon 

nanomaterials, such as nanographite sheets and carbon 
nanotubes, which exhibits unusual electronic, optical and 
sensing properties (Saito et al., 2000; Castro et al., 2009; 
Novoselov et al., 2005; Daas BK et al., 2012; Daas BK et. 
al., 2011; Berger C. et.al., 2004). The charge carriers are 
“massless” Dirac fermions resulting in high electron 
mobility (Novoselov et al., 2005). Additionally, other 
important characteristics such as high crystalline quality, 
high thermal conductivity and stiffness, plasmonics 
characteristics (Daas BK et. al., 2011), room temperature 
quantum hall effect and ballistic transport properties have 
generated enormous interest (Berger C. et.al., 2004). 
Since its discovery, graphene has been produced using 
mechanical exfoliation where graphene layers are peeled 
off layer by layer using scotch tape (Saito et al., 2000; 
Geim and Novoselov, 2007). This technique can provide 
single layer graphene with high structural and electronic 
properties, but is not suitable for large-scale production 

due to poor yield, repeatability, lack of process control 
and small sample size.  

As an alternative, large area epitaxial graphene (EG) 
is grown by thermal decomposition of the polar c-plane of 
4H or 6H SiC in ultra high vacuum or Ar environment at 
high temperatures. In this technique, Si sublimes off from 
the SiC substrate, leaving behind carbon atoms which 
rearrange themselves into a graphene layer (Jahan et. 
al., 2008). The growth mechanism of EG on SiC is still a 
current issue of research because it involves high 
temperatures with three key steps: i) silicon desorption, ii) 
carbon diffusion and iii) island nucleation (Hupalo et al., 
2009). It has been established regarding EG growth in Ar 
environme as well as ultra-high vacuum (UHV) 
environment, While our previous paper (Daas et al., 
2012) justify this issue.  In our previous paper, we show 
detail EG growth mechanism under UHV condition (Daas 
BK et. al., 2011; Daas et al., 2012), compared polar and 
non-polar face growth (Daas et al., 2012) in                          
order to investigate EG growth mechanism. However, still  
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Figure 1. Temperature and pressure profile for EG growth using RF reactor at UHV. 

 
 
 
question needs to be answered regarding temperature 
and SiC substrate off-cut dependency. In this article, we 
primarily document surface morphology investigation 
while varying growth temperature and substrate offcut 
angle to move another step ahead for EG growth 
mechanism under UHV. 
 
 
Experiment 
 
Epitaxial growth of large-area graphene by thermal 
decomposition of commercial <0001> 4H and 6H SiC 
substrates at high temperature and vacuum (Berger C. 
et. al., 2004; Jahan et.al., 2008) produces EG a few 
monolayers (ML) to >50 ML thick, depending on growth 
conditions and substrate. In our experiments, EG was 
grown on commercial, nitrogen doped, 6H-SiC surfaces 
prepared by chemical mechanical polishing (CMP). The 

1cm 1cm samples were degreased using 

Trichloroethylene (TCE), acetone and methanol 
respectively.  They were then rinsed in DI water for three 
minutes. The samples were finally dipped in HF to 
remove native oxide and rinsed with DI water before 
being blown dry. They were then set in a graphite 
crucible in an inductively heater furnace where high 
vacuum was maintained (<10

-6
 Torr) and baked out 

overnight at 1000
o
C. Figure 1 shows the details of 

susceptor environment with growth parameter 
(temperature and pressure) curve. No graphitization 
occurs during 1000

0
C bake out. The temperature was 

then slowly raised to the growth temperature (1200-

1450°C). All growths were performed for 60 minutes 
before cooling to 1000

0
C at a ramp rate of 7~8

0
C/min and 

eventually to room temperature. Slow temperature ramps 
were utilized to minimize thermal stress on the samples 
(Daas BK et. al., 2011; Kevin et al., 2012). We also 
confirmed EG quality through Raman and surface 
topography through AFM while XPS analysis gives us EG 
thickness.  
 
 
RESULT AND DISCUSSION 
 
a) Growth temperature dependency 
 
At this point we investigate the effect of growth 
temperature while growth time remains fixed to 1 hour, 
samples were placed both face up and face down 
orientation. Detail experimental explanation is the same 
as our previous paper (Daas et al., 2012).So the other 
parameters affecting growth condition remain same for all 
the case. Figure 2(a) shows the AFM surface morphology 
of EG grown on 6H-SiC Si-face which has an offcut angle 
of 2

0
. It is to be noted that at 1200

0
C no EG was grown, 

confirmed through Raman analysis while other it has EG 
evidence while growth temperature>1200

0
C. At 1200

0
C 

there is minimal steps (no EG grown) are seen while 
steps becomes more prominent with increasing growth 
temperature (EG evidence), indicating growth is step flow 
mediated  (supported  by  (Joseph et al.,2010))  and  with  
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Figure 2(a). EG surface morphology using AFM grown 
on various temperature of 6H-SiC Si face  that has 2

0
 

off-cut angle. 
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Figure 2(b). EG surface morphology using 
AFM grown on various temperature  of 6H-
SiC C face showing wrinkles evidence.. 

 

 
 
 

  

 
 
Figure 3. AFM surface morphology of EG grown on 
different off cut angle on Si face of 6H-SiC. 

  
 
 
 
increasing growth temperature EG is being thicker as 
confirmed through XPS analysis. Si face EG thickness 
variation is ~1ML while temperature varies from 1200

0
C 

to 1450
0
C. In this document we only focus on the surface 

morphology but do not comment regarding EG growth 
mechanism.  

Figure 2 (b) shows EG grown on 6H-SiC substrate C 
face while C face was placed as face down position in the 
susceptor. Raman characterization was done to confirm 
graphene on these samples. It is also visible from the 
carbon face AFM images that growth are defects 

mediated whereas wrinkles are formed as silicon 
sublimes off from the defects positions. At 1200

0
C it is 

visible while increasing growth temperature, creates 
thicker layer and wrinkles are less visible, confirmed 
defect mediated growth, supported by ref (Hupalo et al., 
2009). Through several experiments we confirmed that 
on Si face at 1350

0
C shows good Raman 

characterization with disorder ratio (Id/Ig)0.005 while for 
C face it is at 1400

0
C. We attribute this temperature as 

the high quality EG growth condition for our case, based 
on Raman analysis. For more  investigation  of  substrate  
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offcut dependency we use 1350

0
C as the growth 

temperature for Si face. 
 
 
b) Substrate off-cut dependency 
 
Difference in growth mechanism between silicon and 
carbon face initiates us to grow graphene on SiC 
substrates of varying off-cuts. The following Figure-3 
shows the AFM surface morphology of EG on silicon face 
with growth temperature 1350

0
C when substrate off cut 

angle was 0.1, 2,4 and 8
0
.  On Si face EG growth 

mechanism occurs through C nucleation and steps 
merging with each other. So for the lower offcut angle EG 
steps are visible due to wider step size of SiC while 
higher off cut angle shows zig-zag feacture due to steps 
merging with each other as they are close to each other. 
At lower off-cut angles, we find no wrinkles while steps 
become wavy and wrinkles are visible at higher off cut 
angle, confirming growth is more likely to enhance 
through defects at higher off cut angles. Raman 
characterization performed on these substrates confirms 
graphene quality while no significant difference in 
material Varity was observed.  
 
 
CONCLUSION 
 
Through this study of surface morphology analysis,                 
we find that Si face EG growth is likely  to  be  step  flow  
 

 
 
 
 
mediated at lower offcut angle while it is both defect and 
stepflow mediated at higher offcut angle. C-face EG 
growth most likely tends to be through defect and 
stepflow mediated. However, this observation is based on 
surface topography analysis while more investigation is 
required to explicitly document this hypothesis. 
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