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Graphene encapsulation



CVD-graphene 

V. Miseikis et al., 2D Mater. 2 (2015) 014006 V. Miseikis et al., 2D Mater. 4 (2017) 021004



High quality CVD-graphene 



Scalable hBN sources

It is possible to improve the 
graphene electrical characteristics, 
using scalable hBN, but we are still
not in pair with exfoliated hBN



• hBN thickness between 10 
and 20 nm

• Either hBN with basal plane 
orientation perpendicular and 
parallel to the substrate have 
been studied

• Sample growth with Boron 
and B4C as solid precursor has 
been tested

• Graphene has been 
successfully transferred on 
hBN growth from Boron and 
B4C precursors, and planar 
orientation either parallel and 
orthogonal to the substrate

PVD - IBAD hBN growth

Claudia Backes et al 2020 2D Mater. 7 022001 
R. To – IBAD growth of hBN rres et al, Carbon 74 ( 2014 ) 374 
– 378

I. Jimenez et al, . Mater. Res., Vol. 27, No. 5, Mar 14, 2012
I. Caretti and I. Jimenez, J. Appl. Phys. 110, 023511 (2011)



hBN roughness - AFM 
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Sample name Substrate Precursors Thickness (nm) Orientation

DE-BN-79 SiO2(300nm)/Si B(vap) + N2
+ 10 Parallel

JA-BCN-011 SiO2(300nm)/Si B4C(vap) + N2
+ 20 Perpendicular

JA-BCN-010 SiO2(300nm)/Si B4C(vap) + N2
+ 10 Parallel



Graphene transfer on hBN:
device fabrication
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Graphene on hBN:
electrical characterization
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Graphene on hBN:
hysteresis in the transfer curve

Fresh transfer 
graphene 

20 weeks in 
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-10 0 10 20 30 40
0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

5500

 From Vg -10 to 40 

 From Vg 40 to -10

R
e

s
is

ta
n

c
e

 (
W

)

Gate (V)

-30 -20 -10 0 10 20 30

0

1000

2000

3000

4000

5000

6000  From Vg -25 to 25

 From Vg 25 to -25

R
e

s
is

ta
n

c
e

 (
W

)

Gate (V)



Exfoliated hBN as dielectric 
for g-FET



Exfoliated hBN as dielectric 
for g-FET
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Exfoliated hBN as dielectric 
for g-FET
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Top gate with 
exfoliated hBN

Bottom gate 
SiO2/hBN
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Conclusion and further 
perspective

• IBAD grown hBN presents roughness in pair with the growth 
substrate

• High quality scalable single crystal graphene has been successfully 
transferred on scalable hBN

• The  scalable graphene/hBN stack has been characterized via 
AFM, Raman spectroscopy and electrically

• Doping of graphene on hBN is comparable with that measured on 
SiO2/Si substrates

• Raman indicate strain reduction for graphene on hBN

• RT mobility of grapheme/hBN is   ̴10 000 cm2/Vs, a factor 1.5 
higher than those measured on SiO2/Si substrate

• RT mobility of 15 000 cm2/Vs has been measured implementing 
an exfoliated hBN top gate.

• Further reduction of the roughness could be achieved with a transfer of 
the hBN film on a pristine substrate

• Characterization of the hBN as dielectric is still under development

• Full-scalable graphene encapsulation, with IBAD-grown hBN
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