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Chemical  vapor  deposition  of  graphene
Hot-wall  CVD  furnace

CVD  protocol:  temperature  and  gas  flow  profile
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Working  principle  &  challenges

3

Main  challenges  

Nucleation,  growth  &  coalescence  of  graphene  domains/single  crystals

0.5  mm

H2
CH4 H2

1. High  structural  quality

2. Control  over  the  number  of  layers

3. Physical  integrity

4. Planar  aspect
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Structural  quality  of  graphene
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Challenge:  controlling  the  shape,  size  and  orientation  of  domains
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Key  parameters:
Graphene  growth  conditions  
(P,  T,  PCH4,  H2-to-CH4 ratio)
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Structural  quality:  Graphene  growth  conditions
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Identical  Cu  
annealing  
conditions  

Systematic  study  on  thin  Cu  films

Pressure-controlled  
CVD

[B.  Huet &  J.-P.  Raskin,
Chemistry  of  Materials,  
2017]



Structural  quality:  Cu  annealing  conditions
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Systematic  study:  Cu  foil  in-situ  thermal  treatment  
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Factors  determining  the  density  of  nuclei:  
1. Cu  oxide  layer=passivation?
2. Passivation  of  active  sites?
3. Surface  smoothing?
4. Restructuration  of  Cu  surface?
5. Reduction  of  carbon  content  in  Cu?

[B.  Huet &  J.-P.  Raskin ,Carbon,  2018]



Structural  quality:  Cu  annealing  conditions
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Major  mechanism:  Cu  substrate  decarburization  
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Structural  quality:  mm-size  domains
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Cu  foils
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Thin Cu  films

[B.  Huet &  J.-P.  Raskin ,Carbon,  2018]

[B.  Huet &  J.-P.  Raskin,  Chemistry  of  Materials,  2017]
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Number  of  layers
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Cu  foil  in-situ  thermal  treatments:  transferred  graphene
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[B.  Huet &  J.-P.  Raskin ,Carbon,  2018]



Number  of  layers  
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Graphene

Cu

H2 CH4
Quartz  
support

Quartz  support

Cu  foil

Graphene

Compact  multi-layer  regions

1mm 500 µm 100 µm

500 µm
500 µm

a) b)

Cu  sample  edge

Cu  sample  center Top  surface Bottom  surface

[B.  Huet &  J.-P.  Raskin ,Carbon,  2018]



Number  of  layers  
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Branch-like  multi-layer  regions

Þ Random  occurrence
Þ Only  observed  when  annealed  in  Ar  or  Ar/O2 atmosphere
Þ Probably  a  surface-diffusion  controlled  and  first  layer  graphene-assisted  phenomenon
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[B.  Huet &  J.-P.  Raskin ,Carbon,  2018]
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Planarity:  Cu  foils  vs.  Cu  films
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Comparison  Cu  foils:  polished  vs.  unpolished
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[B.  Huet &  J.-P.  Raskin,  to  be  submitted]



Planarity:  Cu  foils  vs.  Cu  films
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Comparison:  Cu  foils  vs.  polycrystalline Cu  films
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Planarity of  Cu  films:  poly  vs.  epi
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Comparison Cu  films:  polycrystalline vs.  epitaxial
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Facile  and  direct  fabrication  of  on-chip  structures
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Epi  Cu  film

Sapphire

20  µm20  µm

Using  Cu  film  as  a  sacrificial  layer
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1. High  quality  graphene  can  be  produced  on  different  Cu  substrates

2. Oxygen  is  key  to  reduce  the  nucleation  site  density

3. Graphene  thickness  depends  on  the  CVD  protocol  and  the  Cu  configuration

4. Surface  morphology  of  commonly  used  Cu  foils  is  limited

5. Flat,  smooth  and  rigid  substrates  offer  new  possibilities  for  fabrication

6. Still  room  for  discoveries  and  progresses  in  graphene  production

16

Conclusions
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