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Observation of electron orbitals and electromagnetic wave response in single
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We demonstrated the quantum confinement of a single relativistic-particle in
graphene nanostructures under a uniform magnetic field, and analyzed the carrier trajectories in the
graphene nanodevices. In addition, we attempted to develope the high quality graphene samples to use the
quantum properties in graphene. We fabricated the device structure that an encapsulated hexagonal boron
nitride (hBN)/graphene/hBN heterostructures with one-dimensional edge contacts. The results of quantum
transport measurement exhibited that the high carrier-mobility with quasi-ballistic transport regime in
our device and the good alignment of graphene and hBN crystal orientation are realized.

hBN



sp?

2005

0

(K.S. Novoselov et al., Nature 438,
197 (2005) ) ,

, (H.B.
Heersche et al., Nature 446, 56 (2007))
(N. Tombros et al., Nature 448,

571 (2007))

(S.
Moriyama et al., Nano Lett. 9, 2891 (2009).)

, 200,000
cm?/Vs ,

1,000 - 10,000 cm?/Vs

(hexagonal Boron Nitride: hBN)

0.3 K — 2 K), (7.5 T)

, hBN

hBN
um

, hBN

, C. R. Dean et al., Nature Nanotechnology
5, 722 (2010).
hBN

(PMMA) ,
hBN

hBN/PMMA

hBN/PMMA
, hBN

hBN , hBN
/hBN
/hBN hBN
, hBN
hBN/ /hBN
hBN
hBN

5K-300K,
6T



E)
, Klein

7B>BC

(S. Moriyama et al., Appl. Phys. Lett. 104,

053108 (2014).)

1 hBN/
/hBN
, 5K
21V ,
hBN
150,000 cm?/Vs
, 2
, ( Tpm,
um) ]
6T
3 3(a) Prx
. 3(b)
hBN

um
2.5

, hBN
0.7 0.8

, , 11 nm 2
5K
, 150,000
— 250,000 cm*/Vs ,
2
160 K , )
50,000 cm?/Vs
hBN ,
Metal electrode hBN
Graphene

1: hBN/

/hBN

P [KC2]

vy V]
2 5K, 0T
( 1 um, 2.5
pum) Vg =
ov
, Vg=-21V
hBN



BIT]

BIT]

, 70 GHz

1

1. S. Moriyvama, Y. Morita, E. Watanabe,

and D. Tsuya:
states in graphene”,

“Field-induced confined
Applied Physics

Letters, 104, 053108 (4 pages) (2014), DOI:
10.1063/1.4864074.

", 2016

2016 63

10

/hBN
", 2016

63

63
, 3/19-3/22,

: * TFET

, 3/19-3/22, 2016.

, 3/19-3/22, 2016.

4. S. Moriyama,

T. Mori, K. Ono:

“Quantum-dot transport in silicon-based
tunnel field-effect transistors”, MANA
International Symposium 2016, Tsukuba,
Japan, 9-11, March, 2016.

5. K. Komatsu, E. Watanabe, D. Tsuya, K.
Watanabe, T. Taniguchi, and S. Moriyama:
“Fabrication and transport characteristics
of hexagonal boron nitride(hBN)/ graphene

/hBN heterostructures”,

MANA

International Symposium 2016, Tsukuba,
Japan, 9-11, March, 2016.

6. K. Komatsu, E. Watanabe, D. Tsuya, K.
Watanabe, T. Taniguchi, and S. Moriyama:

“Quantum transport

hBN heterostructures
dimensional edge contacts”, ISANN2015,
International Symposium on Advanced
Nanodevices and Nanotechnology, Hawaii,
USA, Nobember 29-December 4, 2015.

in hBN/graphene/

with one-

7. S. Moriyama, Y. Morita, E. Watanabe, D.
Tsuya: “Field-induced confinement and

quantum

transport

graphene”,

PacSurf2014, Pacific Rim Symposium on
Surfaces, Coatings and Interfaces, Hawaii,

USA, 7-11, December, 2014.

8. S. Moriyama, M. Yoshihira, Y. Morita, H.



Guerin, Y. Ochi, H. Kura, T. Ogawa, T. Sato,
and H. Maki: “Electron transport in
ultra-thin gold nanowires as quantum
dots”, ISANN2013, International
Symposium on Advanced Nanodevices and
Nanotechnology, Kauai, USA, 8-13,
December, 2013.

9. S. Moriyama, Y. Morita, E. Watanabe, D.
Tsuya (Keynote Lecture): “Electron
transport through field-induced quantum
dots in graphene”, TNT2013, 14th Edition
of the “Trends in NanoTechnology”
International Conference, Seville, Spain,
9-13, September, 2013.

10. S. Moriyama, T. Hashimoto, Y. Morita,
K. Masuda, N. Miki, and H. Maki:
“Superconducting fluctuations and phase
slips in NbN nanowires on suspended
carbon nanotubes”, QFS2013,
International Symposium on Quantum
Fluids and Solids, Matsue, Shimane,
Japan, August 1-6, 2013.

@
MORIYAMA, Satoshi

MANA
00415324



