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 Oxygen rich copper is important for nucleation of graphene on copper foil during growth.

 With increasing growth time, nucleating sites reduce and the size of graphene hexagons increases. 

  Annealing time of copper before growth is important for surface rearrangment of the foil which influences the nucleating sites.

 Increasing the concentration of methane in the CVD furnace during growth increases the size of single crystalline graphene areas.

 The decompostion of methane greatly depends on the temperature. At higher temperature more graphene tends to deposti on the copper surface. Also, the rate of 
growth is faster giving large areas of graphene. 

  The cleaning of copper surface is crucial for nucleation of graphene. 
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Chemical reaction: Steps:
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 Cleaning of copper foil
 Annealing of the copper foil
 G CVDrowth of graphene by 

Control Over the Graphene!
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Nucleating sites decrease with annealing time
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Higher temperature increases rate of methane 
decompostion giving more nucleating sites
and growth.

Desired quantity and quality of 
graphene can be obtained by 
controlling the parameters!
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Scanning Electron Microscopy pictures 
of the structures seen around graphene 
grown on copper foil. Energy-dispersive
X-ray analysis was performed from 
which it is suspeced that the bright 
structures  are SiO . 2 According to Jung ,[2]

the SiO  particles from the quartz tube2

used in the  chamber act as a seed CVD
for the formation of the bulk sp  s- .2 CA

 Moir  é pattern arising from a rotation angle 
of 9.6°.

 Twist angles up to 10° are expected to
influence the electronic band structures.

 Emergence of van Hove singularities as a 
consequence of the twist in reciprocal 
space and coupling between the 
displaced Dirac cones.

Adapted from [1]

CVD furnace during growth at 1050°C.

 P PMMAolymers like  (poly-methymethacrylate)[3], polystyrene, polycarbonate are 
used to transfer  grown graphene from copper foils to desired substartes.CVD

After growth on copper foil.

After transfer on Si substrate.

Twisted bilayer graphene is a material of great interest due to its electronic structure 
varying with small twist angles. Selective growth of single crystalline areas is one of 
the main challenges in graphene research. This contribution reports reliable growth of 
mono and twisted bi-layered graphene structures based on chemical vapour 
deposition ( ). The quality of layered graphene grown by decomposition of CVD
methane on copper can be altered by changing the flow rates of gases, degree of 
dilution of the precursor methane, pretreatment of catalyst surface, temperature and 
time of growth. Annealing conditions play an important role in providing the 
nucleating sites for growth of hexagonal graphene. Combination of methane flow rate 
and time governs the dimensions of the grown layers.

Oxygen deficient copper Oxygen rich copper

FeCl  cleans copper surface better which reduces 3

the nucleating sites giving more area for growth of 
individual graphene hexagons.

Cleaning with lHC

     100     µm

Cleaning with FeCl3

     100     µm

Increase in size of single crystalline graphene

                                            Nucleating sites reduce with growth time                                         
Copper foil facing methane flow.

    Back side of copper foil.

Copper foil 
facing methane.

Back side of 
copper foil.

Graphene area
increases with
increasing methane 
concentration
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Twisted Bilayer Graphene 

Conclusions

Transfer of  grown grapheneCVD

The multiple nucleating sites reduce with oxygen in copper increasing single crystalline graphene.
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