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Functional devices of graphene using isotope engineering
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Graphene is one of the potential candidates for next-generation electronic
devices due to its high electrical mobility, mechanical strength, and flexibility. Here, we
introduced carbon isotope atoms, 13C, into graphene networks during growth using chemical vapor
deposition to investigate their functions of devices with isotope iInterfaces. Introducing isotope
interfaces into graphene may modify the electrical and thermal transport properties, resulting in
the anisotropic electrical and thermal conductivities in the devices. We confirmed the transverse
thermoelectric voltage caused by the anisotropicity of the graphene devices. The thermovoltage is
proportional to the tilt angle of the interfaces and device aspect ratio, indicating that the
induced voltage originates from transverse thermoelectric effect of the device.



2010
van der Waals
13
12 13
1/20
1
2
2
12 13
1
CVD
2
3
12 13
1
CVD Si
CVD 12 13
12 2c-
graphene 12 13 50% 12413C-
graphene
(C) G12+13612 12+13 12
,“\IJIHIH‘[HI‘Ii
N ;
:. -
oL ]
oo _120-graphene ]
_a._ C
‘@ ]
= ]
E 3 212G _graphene =
- | ]
1200 1600 2000 2400 2800

Raman shift [cm"1]



13 40 C AR LN ERRd REARS LEASS RERLY REL RETE)
€)) () 25 ° '2C_graphene
2D ° 123¢_graphene ]
< 2} ]
2
_B1sf
2 E
2C-graphene  **3C-graphene B
0.5:..ul..,.l.‘..|‘...\...‘Hl..‘.l.,..:
~50 -40 -30 20 -10 0 10 20 30
12 2 12+13, 2 V'Vd' \J
C-graphene  805cm</Vs C-graphene  882cm*/Vs g drac
50 ‘A RERR RESLN RELDS REL
406 3
30E 3
50uV/K < 20 3
123c_graphene = 0 3
o Of E
10E 3
20 B
30 Bl b b b b L D
~50 -40 -30 20 -10 0 10 20 30
Vg-vdirac[v]
3
C\VD
15 —— T L L 700 R[50 P
r Heafer voltage 1
[ ° B[V] ]
100 2 12V
i o 20[v] ]
2 1
Z |
.5:‘ | sl L
40 20 0 20 40 60
V V]
]
4
AT | :
|AV|:_E(S/_SL)S”129
AT I d I/d
S S 6
26
3
0 =45°

|=30um @ =45°



=i
[&)]

T T T T ]
% ¢ )
S10F E
8t ]
o ¢
-
Pe\ 1 ECF S ]
—— [} F [ ] L ]
d I-EO:...IA.‘|..,|...|.:
EETT 2Dy, 0 20 40 60 80
I 2Dy Interface tilt angle 6 [deg]
20""I""I""I """"
L @
L @
> 0
S50 . ]
i
o I
=
2O L e ]
£ I ]
5 50 £
L, -
N 2D, Y T s
_2D12+13 I/d
13 560nm/min  460nm/min
400nm
820cm?/Vs 13 1,033cm?/Vs 12

1,088cm?*/Vs

12

13

12



13 4 4

Y. Mochizuki, K. Takei, S. Akita, T. Arie

Transverse thermoelectric voltage in isotopic graphene

19th International Conference on the Science and Application of Nanotubes and Low-dimensional Materials (NT18)

2018

Y. Notani, K. Takei, S. Akita, T. Arie

Thermal transport of 12C/13C graphene phononic crystals

19th International Conference on the Science and Application of Nanotubes and Low-dimensional Materials (NT18)

2018

Y. Mochizuki, K. Takei, S. Akita, T. Arie

Transverse thermoelectric effect of graphene isotopic heterostructures

2018 International Conference on Solid State Devices and Materials (SSDM 2018)

2018

Y. Notani, K. Takei, S. Akita, T. Arie

12C/13C graphene superlattice for phonon modulation

14th International Conference on Atomically Controlled Surfaces, Interfaces and Nanostructures (ACSIN-14)

2018




78

2017

12C/13C

78

2017

2017

2018




Transverse thermoelectric voltage in 12C/13C-graphene heterostructures
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