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1. About graphene growth…

- CVD grapheneg p

- CVD graphene without grain boundaries 

2. About bilayer graphene …

Tailoring a twist in bilayer- Tailoring a twist in bilayer

- TEM + Raman technique  

C li d li ?- Coupling or decoupling?



First graphene growth on Ni



First graphene growth on Cu



1L
Graphene grown on Cu

Over 90% of the films is one-layer graphene

2L 3L

C. C. Lu, et al., Langmuir, 27, 13748 (2011).



Polycrystalline structure

P. Y. Huang et al., Nature 2011



Tuning the CVD on Cu

Control the layer number: y

LPCVD

Self-limiting growth

Control the grain size: 

APCVD with low C feedstock

High temperature



Single-crystal graphene on Cu (SEM)



Single-crystal graphene on Cu (OM)
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Growth: 3min40sec
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Transport properties 

Half-integer quantum Hall effect for single layer
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Transport properties 

Extra-high mobility compared with other CVD graphene !

mobility = 8000 cm2/Vs

10000
 

4
 

mobility = 8000 cm2/Vs

on/off ratio = 12

7500

m
2 /
Vs
)

Ref 4

This work

3

4

2500

5000

  
ob

ili
ty
 (c
m

Ref.2Ref.3

Ref.1 (B)

Ref.1 (C)

Ref.4

2  

R 
(k
Ω
)

0 0 0 8 1 6 250 500
0

2500

M
o

Ref.1 (A)

80 40 0 40 80
0

1

0.0 0.8 1.6 250 500
 Grain size (μm)

-80 -40 0 40 80
VBG (V)



Raman + TEM

Single domain 
h

Raman TEM

graphene

Cu foil Transfer SiO2/Si Gold markers Transfer

10 10 10 μm10 μm 10 μm 10 μm



Graphene transfer by PC

Graphene on Cu foil
A E

PC cleaning

PC coating

B

Cu etching
C

Transfer
D

Transfer

SiO2/Si



Graphene transfer by PC

HR‐TEM (done in AIST)

2 nm2 nm



Graphene transfer by PMMA

Annealing 

Always a thin (1-2 nm) layer of PMMA residue on graphene !
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Y. C. Lin, et al., ACS nano, 5, 2362 (2011).



Graphene transfer by PMMA

Y. C. Lin, et al., ACS nano, 5, 2362 (2011)



Mobility reduction due to annealing

TEM images of graphene annealing at 200 oC

Y. C. Lin, et al., Nano Lett., 12, 414 (2012)



Mobility reduction due to annealing

TEM images of graphene annealing at 250 oC

Y. C. Lin, et al., Nano Lett., 12, 414 (2012)



Raman + TEM

Raman TEM

20 μm



 

Angle-dependent Raman spectra
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Angle-dependent Raman spectra
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Angle dependent Raman spectra
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Angle-dependent Raman spectra

New Raman feature: R mode 
1. non-dispersive
2 intervalley double resonance
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2. intervalley double resonance
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Angle-dependent Raman spectra
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Supercell of twisted bilayer

(n,m)=(3,4)   K type: n-m=3i±1 (n,m)=(5,2)   Γ type: n-m=3i

a1a2

Ra1Ra2 Ra1
Ra2

9.43° 27.79°

a1a2

4a24Ra1
5a25Ra1

3a13Ra2
2a12Ra2



Supercell of twisted bilayer
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Supercell of twisted bilayer
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Coupling or decoupling?
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G peak enhancement due to the 
low-energy singularity 

C li d li ?Coupling or decoupling?



Thank you!y




