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Development of novel materials of atomic layers with Dirac fermions for
realizing the next-generation ultrafast devices
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Toward the realization of ultra-high-speed devices, we have investigated
novel atomic layers with Dirac fermions by focusing on derivatives of the boron monatomic sheet "
borophene™ or graphene. A quasi-crystalline bilayer graphene shows photo-induced transient voltage
and the "twist angle™ between layers seemingly influences the carrier dynamics significantly. In
polymorphs of the HB sheet "borophane (HB)", based on topology, the one with a network of 5,
7-membered rings was found to be Dirac nodal line semimetal. The material realizes a large carrier
concentration and it can be used as an opto-electronic material for the GHz-THz band. The 6-membered

ring borophane exhibits functionalities as a hydrogen transport material and as a chemical sensor.



(5G) loT

GHz-THz

[T. Someya,
IM et al., Phys. Rev. B 95, 165303 (2017).]

( ) ° [ L
[B.Feng, IM etal., Phys. Rev. Lett. 1 1

118, 096401 (2017) ]

o © 06 0 0 0 o ¢

0 0 0 0 0 0 O ¢
>0 0 06 0 0 0 o0 ¢
>0 0 06 06 0 0 0 ¢
e 6 6 0 0 0 0

YEDEBEDTS T T [3E] BoOEBEDOROTIT>
F4SvHI—-> FS4SvoI—>

i)

(CVD) (MBE) CVD MBE



1)
(twisted
angle) 2018
11
JR.Ahn 30 2
S BED MiChi HE
E 2@ 572y 2@ 57y
2 30 o %‘)
rd RErf
s\\ 107 B30
e . RN
* TET
i- 1o I T I \l-ﬁ-g |/| iﬁ@ﬁﬂ:
ul 0 0.4 0 0.4
0~0.4 & SRS A S DB IERFRT (PS)
ps( 102 ) ( )

[T. Suzuki, IM et al., ACS Nano 13, 11981 (2019).]



(HB)

B2H>

57 HB,

(2020)]

4880 (2019). ]

(B2He)

5,783RE! HB

FASVI)—=HIIiREER (Z,=-1)

(HB)

(10*° cm?)

GHz-THz

[N. T. Cuong, IM et al., Phys. Rev. B 101, 195412
(HB)
[R. Kawamura, IM, TK et al., Nature Commun. 10,
[S. Tominaka, IM, TK et al., Chem 6, 406 (2020).]



[lwao Matsuda ed.,
Monatomic Two-Dimensional Layers. Modern

Experimental  Approaches for  Structure,
Properties, and Industrial Use, (Elsevier,
2019)]

2

[I. Matsuda and K. Wu ed., 2D boron:
Boraphene, Borophene, Boronene (Springer,
2021)]

MONATOMIC
TWO-DIMENSIONAL

LAYERS

Modeer Exgatimental Appidaches for
Struciure, Properties: and ndtstiial Lise

Edited by
Iwao Matsu

(

Iwao Matsuda
KehuiWu  Editors

2D Boron:
Boraphene,
Borophene,
Boronene

&) Springer

)

[ ]Monatomic Two-Dimensional Layers

(Elsevier, 2019).

[ 1 2D boron: Borophene, Boraphene,
Boronene (Springer, 2021).



12 12 7 2

Kawamura Reiya Cuong Nguyen Thanh Fujita Takeshi Ishibiki Ryota Hirabayashi Toru Yamaguchi 10

Akira Matsuda Iwao Okada Susumu Kondo Takahiro Miyauchi Masahiro

Photoinduced hydrogen release from hydrogen boride sheets 2019

Nature Communications 4880-1,10
DOl

10.1038/s41467-019-12903-1

Suzuki Takeshi limori Takushi Ahn Sung Joon Zhao Yuhao Watanabe Mari Xu Jiadi Fujisawa 13

Masami Kanai Teruto Ishii Nobuhisa Itatani Jiro Suwa Kento Fukidome Hirokazu Tanaka

Satoru Ahn Joung Real Okazaki Kozo Shin Shik Komori Fumio Matsuda Iwao

Ultrafast Unbalanced Electron Distributions in Quasicrystalline 30° Twisted Bilayer Graphene 2019

ACS Nano

11981 11987

Dol
10.1021/acsnano.9b06091

Cameau M. Yukawa R. Chen C.-H. Huang A. Ito S. Ishibiki R. Horiba K. Obata Y. Kondo 3

T. Kumigashira H. Jeng H.-T. D"angelo M. Matsuda I.

Electronic structure of a monoatomic Cu2Si layer on a Si(111) substrate 2019

Physical Review Materials 044004-1.-5
DOl

10.1103/PhysRevMaterials.3.044004

Tateishi I. Cuong N. T. Moura C. A. S. Cameau M. Ishibiki R. Fujino A. Okada S. Yamamoto 3

A. Araki M. Ito S. Yamamoto S. Niibe M. Tokushima T. Weibel D. E. Kondo T. Ogata M.

Matsuda I.

Semimetallicity of free-standing hydrogenated monolayer boron from MgB2 2019

Physical Review Materials 024004-1,-8

DOl
10.1103/PhysRevMaterials.3.024004




Feng Baojie Zhou Hui Feng Ya Liu Hang He Shaolong Matsuda Iwao Chen Lan Schwier Eike 122

F. Shimada Kenya Meng Sheng Wu Kehui

Superstructure-Induced Splitting of Dirac Cones in Silicene 2019

Physical Review Letters 196801-1,6
DOl

10.1103/PhysRevLett.122.196801

Tominaka Satoshi Ishibiki Ryota Fujino Asahi Kawakami Kohsaku Ohara Koji Masuda Takuya 6

Matsuda Iwao Hosono Hideo Kondo Takahiro

Geometrical Frustration of B-H Bonds in Layered Hydrogen Borides Accessible by Soft Chemistry 2020

Chem 406 418
DOl

10.1016/j .chempr.2019.11.006

Cuong N. T. Tateishi I. Cameau M. Niibe M. Umezawa N. Slater B. Yubuta K. Kondo T. 101

Ogata M. Okada S. Matsuda I.

Topological Dirac nodal loops in nonsymmorphic hydrogenated monolayer boron 2020

Physical Review B 195412-1,11
DOl

10.1103/PhysRevB.101.195412

Liu Ro-Ya Lin Meng-Kai Chen Peng Suzuki Takeshi Clark Pip C. J. Lewis Nathan K. Cacho 100

Cephise Springate Emma Chang Chia-Seng Okazaki Kozo Flavell Wendy Matsuda Iwao Chiang

Tai-Chang

Symmetry-breaking and spin-blockage effects on carrier dynamics in single-layer tungsten 2019

diselenide

Physical Review B 214309-1,6

DOl
10.1103/PhysRevB.100.214309




Tateishi I. Cuong N. T. Moura C. A. S. Cameau M. Ishibiki R. Fujino A. Okada S. Yamamoto 3

A. Araki M. Ito S. Yamamoto S. Niibe M. Tokushima T. Weibel D. E. Kondo T. Ogata M.

Matsuda I.

Semimetallicity of free-standing hydrogenated monolayer boron from MgB2 2019

Physical Review Materials 024004-1,-8
DOl

10.1103/PhysRevMaterials.3.024004

Cameau M. Yukawa R. Chen C.-H. Huang A. Ito S. Ishibiki R. Horiba K. Obata Y. Kondo 3

T. Kumigashira H. Jeng H.-T. D"angelo M. Matsuda I.

Electronic structure of a monoatomic Cu2Si layer on a Si(111) substrate 2019

Physical Review Materials 044004-1,-5
DOl

10.1103/PhysRevMaterials.3.044004

Feng Baojie Zhou Hui Feng Ya Liu Hang He Shaolong Matsuda Iwao Chen Lan Schwier Eike 122

F. Shimada Kenya Meng Sheng Wu Kehui

Superstructure-Induced Splitting of Dirac Cones in Silicene 2019

Physical Review Letters 196801-1,-6
DOl

10.1103/PhysRevLett.122.196801

Ang Artoni Kevin R. Fukatsu Yuichiro Kimura Koji Yamamoto Yuta Yonezawa Takahiro Nitta 59

Hirokazu Fleurence Antoine Yamamoto Susumu Matsuda Ilwao Yamada-Takamura Yukiko Hayashi

Kouichi

Time-resolved X-ray photoelectron diffraction using an angle-resolved time-of-flight electron 2020

analyzer

Japanese Journal of Applied Physics

100902 100902

DOl
10.35848/1347-4065/abb57e




11 11 7

Chronology of photoexcited carriers in atomic layers

2019

2019

Evolutions of the Dirac Fermions in Monatomic Layers

Graphene Flagship EU-Japan 2019

2019

Evolutions of the Dirac Fermions in Monatomic Layers

The 11th annual Recent Progress in Graphene and Two-dimensional Materials Research Conference (RPGR2019)

2019




148

2018

Two-dimensional Dirac nodal line fermions in a monatomic layer

Tsinghua-UTokyo Joint Symposium 2018

2018

Dirac A -Cones in X 3 Borophene

Materials Science & Technology 2018 (Columbus, Ohio, USA)

2018

Discovery of Dirac Monolayers and Elucidation of Functionalities by Advanced Soft X-ray Spectroscopy

American Vacuum Society International Symposium & Exhibition

2018




2019

74

2019

Topological Dirac nodal loops in nonsymmorphic hydrogenated monolayer boron

The 7th International Workshop on 2D Materials(on-line)

2021

2
Iwao Matsuda 2018
Elsevier 232

Monatomic Two-Dimensional Layers: Properties, Fabrication and Industrial Applications




Iwao Matsuda

2021

Springer

171

2D boron: Boraphene, Borophene, Boronene

https://imatsuda. issp.u-tokyo.ac.jp/
HP

https://ww. issp.u-tokyo.ac. jp/maincontents/organization/labs/i

https://imatsuda. issp.u-tokyo.ac.jp/

._Mmatsuda_group.html

(Kondo Takahiro)

(70373305) (12102)
(Tominaka Satoshi)
(90468869) (82108)




Chinese Academy of Sciences

Sorbonne Universite

Sungkyunkwan University




