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Diamond is a semiconductor material expected to realize the highest
energy-saving effect as a power device used in various fields. In this study, we obtained the
following three results: (1) development of V-shaped and U-shaped trench structure formation process

using solid solution reaction of carbon for fabrication of vertical diamond MOSFET structure, (2) a
quantitative evaluation of interface state density at Al203/diamond interfaces which cause low
channel mobility in diamond MOSFETs, (3) development of a reduction process of the interface state
density.



2016
Si
Si
Ga203
Baliga
IGBT
MOSFET
ON
C
KOH Si
\V
100 nm
C
Ni C Ni
(2)
Ni C 1000 10
(100) 1
Ni
Ni 100 nm
(100) 55
KOH Si
\V
0.5 mm/h
(2)
3 (100) Ni
35 90

SiC GaN
SiC GaN

FET
MOSFET

2016
MOSFET
ON

ON
MOSFET VMOSFET

Ni C
um Ni
Ni
CO CO: / C

Ni Ni
Ni

Ni
40 pm

{111}

(110)

(100)



{111} Ni C
R Ruooy™> Ry >> Ry

©))
(111)
(111)
p
500 (111)
OH AFM
4 KFM
-V -V n
20 15 n nm /
MIS n
OH
MOS
MOSFET

Diamond(100)

0 130
[um]

1 (100)

& 39 um b ~ 35
=3 = E 259 pm
BT & RépITHED
HAXEIR 3 HAANEL
39 um
18 18
FAVELR QIS —

£2.3mm




5

‘A I{n"or_rr."ca.’{].-' ﬂari # E‘}‘ 14

bunching step

Height [nm] Contact Potential Difference [V]
|
0 200 0 -0.12
-0.12
(vl
I 140nm I 0.06v
0
A A’ B B’
OH (111)

T. Matsumoto, H. Kato, K. Oyama, T. Makino, M. Ogura, D. Takeuchi, T. Inokuma, N.
Tokuda, S. Yamasaki, Scientific Reports, Vol. 6, 2016, 31585.

K. Nakanishi, H. Kuroshima, T. Matsumoto, T. Inokuma, N. Tokuda, Diamond and
Related Materials, Vol. 68, 2016, 127-130.

R. Yoshida, D. Miyata, T. Makino, S. Yamasaki, T. Matsumoto, T. Inokuma, N. Tokuda,
Applied Surface Science, Vol. 458, 2018, 222-225.

N. Tokuda, T. Makino, T. Inokuma, S. Yamasaki, Japanese Journal of Applied Physics,
Vol. 51, 2012, 090107

N. Tokuda, H. Umezawa, K. Yamabe, H. Okushi, S. Yamasaki, Diamond and Related
Materials, Vol. 19, 2010, 288-290.



8 8 3 6

Nagai Masatsugu Yoshida Ryo Yamada Tatsuki Tabakoya Taira Nebel Christoph E. Yamasaki 58

Satoshi Makino Toshiharu Matsumoto Tsubasa Inokuma Takao Tokuda Norio

Conductive-probe atomic force microscopy and Kelvin-probe force microscopy characterization of 2019

OH-terminated diamond (111) surfaces with step-terrace structures

Japanese Journal of Applied Physics S11B08 SI11B08
DOl

10.7567/1347-4065/ablb5c

Matsumoto Tsubasa Kato Hiromitsu Makino Toshiharu Ogura Masahiko Takeuchi Daisuke Yamasaki 114

Satoshi Inokuma Takao Tokuda Norio

Inversion channel mobility and interface state density of diamond MOSFET using N-type body with 2019

various phosphorus concentrations

Applied Physics Letters

242101 242101

DOl
10.1063/1.5100328

Tabakoya Taira Kanada Shohei Wakui Yusuke Takamori Yue Yamada Tatsuki Nagai Masatsugu 216
Kojima Yoshiyasu Ariyada Osamu Yamasaki Satoshi Nebel Christoph E. Matsumoto Tsubasa

Inokuma Takao Tokuda Norio

High- Rate Growth of Single- Crystalline Diamond (100) Films by Hot- Filament Chemical Vapor 2019

Deposition with Tantalum Filaments at 3000?° C

physica status solidi (a)

1900244 1900244

DOl
10.1002/pssa. 201900244

Nagai M. Nakamura Y. Yamada T. Tabakoya T. Matsumoto T. [Inokuma T. Nebel C.E. Makino 103
T. Yamasaki S. Tokuda N.
Formation of U-shaped diamond trenches with vertical {111} sidewalls by anisotropic etching of 2020

diamond (110) surfaces

Diamond and Related Materials

107713 107713

DOl
10.1016/j .diamond.2020.107713




Tokuda Norio 121

Homoepitaxial Diamond Growth by Plasma-Enhanced Chemical Vapor Deposition 2019

Novel Aspects of Diamond 1 29
DOl

10.1007/978-3-030-12469-4_1

Nagai Masatsugu Nakanishi Kazuhiro Takahashi Hiraku Kato Hiromitsu Makino Toshiharu 8

Yamasaki Satoshi Matsumoto Tsubasa Inokuma Takao Tokuda Norio

Anisotropic diamond etching through thermochemical reaction between Ni and diamond in high- 2018

temperature water vapour

Scientific Reports 6687
DOl

10.1038/s41598-018-25193-2

Yoshida Ryo Miyata Daisuke Makino Toshiharu Yamasaki Satoshi Matsumoto Tsubasa Inokuma 458

Takao Tokuda Norio

Formation of atomically flat hydroxyl-terminated diamond (1?1?1) surfaces via water vapor 2018

annealing

Applied Surface Science 222 225
DOl

10.1016/j -apsusc.2018.07.094

Matsumoto Tsubasa Kato Hiromitsu Makino Toshiharu Ogura Masahiko Takeuchi Daisuke Yamasaki 57

Satoshi Imura Masataka Ueda Akihiro Inokuma Takao Tokuda Norio

Direct observation of inversion capacitance in p-type diamond MOS capacitors with an electron 2018

injection layer

Japanese Journal of Applied Physics

04FRO1 04FRO1

DOl
10.7567/JJAP .57 .04FR0O1




29 14 15

M. Nagai, R. Yoshida, T. Yamada, T. Tabakoya, C.E. Nebel, S. Yamasaki, T. Makino, T. Matsumoto, T. Inokuma, N. Tokuda

Conductive-Probe AFM and Kelvin-Probe Force Microscopy Characterization of OH-terminated Diamond (111) Surfaces with Step-
Terrace Structures through Water Vapor Annealing

EM-NANO 2019

2019

K. Sakauchi, T. Tabakya, M. Nagai, C.E. Nebel, T. Matsumoto, T. Inokuma, N. Tokuda

Surface planarization of diamond substrates using carbon solid solution into nickel

EM-NANO 2019

2019

Y. Nakamur, T. Tabakoya, M. Nagai, Y. Katagiri, C.E. Nebel, T. Matsumoto, T. Inokuma, N. Tokuda

Electrical characteristics of Ni/B-doped diamond (111) contact after annealing

EM-NANO 2019

2019

U. Sakurai, T. Matsumoto, M. Nagai, M. Ogura, T. Makino, S. Yamasaki, C.E. Nebel, T. Inokuma, N. Tokuda

Reduction of Interface State Density for Diamond MOS structures by Wet Annealing after Hydrogen Plasma Treatment

EM-NANO 2019

2019




2019

N. Tokuda, T. Matsumoto, T. Inokuma, S. Yamasaki, H. Kato, T. Makino, C.E. Nebel

Advances in inversion channel diamond MOSFETs

SSDM 2019

2019

2019

T. Matsumoto, U. Sakurai, T. Yamakawa, H. Kato, T. Makino, M. Ogura, D. Takeuchi, S. Yamasaki, T. Inokuma, N. Tokuda

Recent progress for inversion channel mobility improvement in diamond MOSFETsSRecent progress for inversion channel mobility
improvement in diamond MOSFETsRecent progress for inversion channel mobility improvement in diamond MOSFETsRecent progress
for inversion channel mobility improvement in diamond MOSFETsRecent progress for inversion channel mobility improvement in
diamond MOSFETs

APWS 2019

2019




N. Tokuda, T. Matsumoto, T. Inokuma, S. Yamasaki, H. Kato, T. Makino, C.E. Nebel

Recent Progress in Inversion Channel Diamond MOSFET

2019 MRS FALL MEETING&EXHBIT

2019

MOS

2020

N. Tokuda, T. Matsumoto, X. Zhang, T. Inokuma, S. Yamasaki, H. Kato, T. Makino, C.E. Nebel, R.J. Nemanich

MOS interface control for inversion channel diamond MOSFET

Hasselt Diamond Workshop 2020

2020

MOSFET

2019 66

2019




314

2019

161

108

2025

2018

2018

2018




MOSFET MOS

MOS
2018
Christoph E. Nebel
MOS 1071 cm -2eV-1
30 (2018 )
2018

M. Nagai, K. Nakanishi, T. Tabakoya, H. Kato, T. Makino, S. Yamasaki, T. Matsumoto, T. Inokuma and N. Tokuda

Non-plasma Anisotropic Diamond Etching with High Rate and Selectivity

ACSIN-14 & ICSPM26

2018

T. Matsumoto, H. Kato, T. Makino, S. Ohmagari, M. Ogura, D. Takeuchi, T. Inokuma, S. Yamasaki and N. Tokuda

Inversion channel MOSFET on lightly impurity doped n-type diamond

ACSIN-14 & ICSPM26

2018




N. Tokuda, R. Yoshida, M. Nagai, T. Tabakoya, S. Yamasaki, T. Makino, T. Matsumoto and T. Inokuma

Conductive-Probe AFM Characterization of Diamond (111) Surfaces with Step-Terrace Structures

ACSIN-14 & ICSPM26

2018

2018

Norio TOKUDA, Ryo YOSHIDA, Masatsugu NAGAI, Taira TABAKOYA, Tsubasa MATSUMOTO, Takao INOKUMA

Conductive-Probe AFM Characterization of Atomically Well-Defined Diamond (111) Surfaces

The 12th International New Diamond and Nano Carbons Conference (NDNC 2018)

2018

n / p+- (100)CVvD pn

78

2017




MOSFET FET

78

2017

Masatsugu Nagai, Taira Tabakoya, Tsubasa Matsumoto, Takao Inokuma, Norio Tokuda

High-Rate and Anisotropic Diamond Etching by Oxidation-Reduction Reaction at NiO/Diamond Interface

The 8th International Symposium on Surface Science

2017

14  PDEA

2017

T. Matsumoto, R. Yoshida, T. Yamamoto, T. Teraji, O. Ariyada, H. Kato, S. Yamasaki, T. Inokuma, N. Tokuda

100 kA/cm2 Schottky-pn diodes on freestanding diamond (100) substrate

Hasselt Diamond Workshop 2018

2018




T. Matsumoto, H. Kato, T. Makino, M. Ogura, D. Daisuke, T. Inokuma, N. Tokuda, S. Yamasaki

Inversion channel diamond MOSFET with lightly phosphorus doped body

Hasselt Diamond Workshop 2018

2018

https://ww.kanazawa-u.ac.jp/rd/56469

(Kato Hiromitsu)

(00415655) (82626)

(Ohmagari Shinya)

(40712211) (82626)




