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From computers and communication terminals to electric vehicles, the
fundamental technologies of modern society are supported by semiconductor integrated circuits. The
technologies in wide rage of applications are highly dependent on Si-based semiconductor materials,
which can be seen from the rapid rise of their demand in recent years. Therefore, performance
improvement of the semiconductor materials has a significant impact on many application areas. We
are investigating physical properties of strained S1/SiGe/Si(110) structure with an aim to improve
the carrier mobility. In fact, significant improvement of the hole mobility has been confirmed in
this structure. In this study, impact of the ion implantation method and growth conditions on
generation process of crystalline defects and surface morphology, which are fundamental for
improvement of the carrier mobility, were investigated.



MOSFET 500 600 cm2/Vs
Si(110) Si/SiGe
Si(110)

Si/SiGe

(001)
(110)

Si/SiGe

Si/SiGe/Si(110)
SiGe
Si
SiGe

SiGe/Si(110)
Si Si(110) SiGe
Si

Si(001)
SiGe /
Si(110)
SiGe Ge

Si/SiGe/Si(110)

Si(110) Ar+ Si/SiGe
X
SiGe Si(110)
X
Si/SiGe/Si(110)
Si(110) Si/SiGe
[_
110] [001]
v CV
Si(110) Ar* 25 kv 1x 1015 cm=
SiGe
600

SiGe



SiGe X
Si(110)

SiGe
Si(110) Si(100)

«— SiGefg —,
«AFVFEANE -~
~— Si(110)E&EAx —

100 nm
SiGe
SiGe
Ge S. Saito et al., Materials Science in
Semiconductor Processing 113, 105042 (2020) Ge 10% AFM
tsice
50 nm [-110]

SiGe

50 nm
TEM X
200 nm [-110] TEM
(110)

Ge X

200 nm



X SiGe
SiGe Ge
Ge Ge Si
68
01 4 T T T T
O Ge=12%
0121 A Ge=23% o I
01 0 N [l Ge=x 32% ]
o 0.08r T
< 0.06 | 1
- (o)
0.04 Graded SiGe 1
0.02 - Ge=22% A Ge=16.3%% T
3 (g/ee =27% ~
0.00 g2 = : e
0 200 400 600 800
Thickness tgig. (nm)
X
Si/SiGe/Si(110)
SiGe PMOSFET
[-110] [001]
Ip Ve Si
SiGe(110) Ve >0V Si
ON/OFF SiGe
Si SiGe Si
107 4F
6F
4_
2 .
—~ —— SiGe(110)
< 6
A 10 sF ti
- 61 —— 20 nm
4+ 40 nm
B 54 nm
2 —— 93 nm
; 136 nm
10 = | I I |
-40 -30 -20 -10 0 10
Vg (V)
Ib-Ve
Si tsi
Si Si 20 nm
[-110] 500 cm2/Vs
Si tsi



K. Arimoto et al., The 8th Asian Conference on Crystal Growth and Crystal Technology

[-110]

(2021)

Hole Mobility (cmz/Vs)

500

400

300

200

100

[110] channel
Si

—— 20 nm

40 nm

54 nm
—— 93 nm

136 nm
— Si(110)
— SiGe(110)

——

1

1 1 1

0 2 4 6 8 10

12 14

Sheet Carrier Density (x10' cm”)

[-110]

Hole Mobility (cm /Vs)

[-110]

[001] channel
500 tg;
~——— 20 nm
400+ 40 nm
54 nm
—— 93 nm
300 136 nm
— Si(110)
200—&8@2(110)
IOO—A
————
0 1 i i i i 1 1 1
0 2 4 6 8 10 12 14

Sheet Carrier Density (xlO12 cm-z)

[001]



6 6 6 0

Keisuke Arimoto, Atsushi Onogawa, Shingo Saito, Yuichi Sano, Daisuke lzumi, Junji Yamanaka, 93

Kosuke 0. Hara, Kiyokazu Nakagawa

Relaxation of strain in Si layers formed on (110)-oriented SiGe/Si heterostructures 2019

ECS Transactions 79-80
DOl

10.1149/09301.0079ecst

Junji Yamanaka, Chiaya Yamamoto, Mai Shirakura, Kosuke O. Hara, Keisuke Arimoto, Kiyokazu 25

Nakagawa, Akimitsu Ishizuka, and Kazuo Ishizuka

Evaluation of Crystal Lattice Rotation around a Stress-Induced Twin in a Step-Graded SiGe / 2019

Si(110) Using STEM Moir&eacute; Observation and its Image Analysis

Microscopy and Microanalysis 242-243
DOl

10.1017/S1431927619001946

Keisuke Arimoto, Naoto Utsuyama, Shohei Mitsui, Kei Satoh, Takane Yamada, Junji Yamanaka, 59

Kosuke 0. Hara, Kentarou Sawano, Kiyokazu Nakagawa

Hole mobility enhancement observed in (110)-oriented strained Si 2020

Jpn. J. Appl. Phys. SGGKO6
DOl

10.7567/1347-4065/ab6591

Shingo Saito, Yuichi Sano, Takane Yamada, Kosuke O. Hara, Junji Yamanaka, Kiyokazu Nakagawa, 113

Keisuke Arimoto

Strain relaxation process and evolution of crystalline morphologies during the growths of SiGe 2020

on Si(110) by solid-source molecular beam epitaxy

Materials Science in Semiconductor Processing 105042

DOl
10.1016/j .mssp.2020.105042




Daichi Namiuchi, Atsushi Onogawa, Taisuke Fujisawa, Yuichi Sano, Daisuke lzumi, Junji Yamanaka,
Kosuke 0. Hara, Kentarou Sawano, Kiyokazu Nakagawa, Keisuke Arimoto

113

Hole mobility in Strained Si/Relaxed SiGe/Si(110) hetero structures studied by gated Hall 2020
measurements
Materials Science in Semiconductor Processing 105052
DOl
10.1016/j .mssp.2020.105052
Arimoto Keisuke Onogawa Atsushi Saito Shingo Yamada Takane Sato Kei Utsuyama Naoto Sano 33
Yuichi lzumi Daisuke Yamanaka Junji Hara Kosuke O Sawano Kentarou Nakagawa Kiyokazu
Stability of strain in Si layers formed on SiGe/Si(110) heterostructures 2018
Semiconductor Science and Technology 124016 124016

DOl
10.1088/1361-6641/aaeb10

17 0 8
Si(110) SiGe
80
2019
Si/  SiGe/Si(110) p-MOSFET Si
80

2019




Si/  SiGe/Si(110) Hal I

80

2019

Keisuke Arimoto, Atsushi Onogawa, Shingo Saito, Yuichi Sano, Daisuke lzumi, Junji Yamanaka, Kosuke 0. Hara, Kiyokazu
Nakagawa

Relaxation of strain in Si layers formed on (110)-oriented SiGe/Si heterostructures

2nd Joint ISTDM / ICSI 2019 Conference

2019

Junji Yamanaka, Chiaya Yamamoto, Mai Shirakura, Kosuke O. Hara, Keisuke Arimoto, Kiyokazu Nakagawa, Akimitsu Ishizuka, and
Kazuo Ishizuka

Evaluation of Crystal Lattice Rotation around a Stress-Induced Twin in a Step-Graded SiGe / Si(110) Using STEM Moir&eacute;
Observation and its Image Analysis

Microscopy & Microanalysis 2019 Meeting

2019

Keisuke Arimoto, Naoto Utsuyama, Shohei Mitsui, Kei Satoh, Takane Yamada, Junji Yamanaka, Kosuke 0. Hara, Kentarou Sawano,
Kiyokazu Nakagawa

Hole Mobility Enhancement Observed in (110)-Oriented Strained Si

2019 International Conference on Solid State Devices and Materials

2019




Daichi Namiuchi, Atsushi Onogawa, Keisuke Arimoto, Yuichi Sano, Daisuke lzumi, Junji Yamanaka, Kosuke O Hara, Kentarou
Sawano, Kiyokazu Nakagawa

Hole Mobility in Strained Si/Relaxed SiGe/Si(110) Hetero Structures Studied by Gated Hall Measurements

8th International Symposium on Control of Semiconductor Interfaces (1SCSI-8)

2019

Shingo Saito, Yuichi Sano, Kosuke. 0. Hara, Junji Yamanaka, Keisuke Arimoto, Kiyokazu Nakagawa

Critical Thickness of SiGe on Si(110) Substrate

8th International Symposium on Control of Semiconductor Interfaces (1SCSI-8)

2019

SiGe/Si(110) STEM

74

2018

Keisuke Arimoto, Takane Yamada, Kei Sato, Naoto Utsuyama, Atsushi Onogawa, Junji Yamanaka, Kosuke O. Hara, Kiyokazu Nakagawa

Stability of strain in Si layers formed on SiGe/Si(110) heterostructures

Joint ISTDM/ICSI 2018

2018




Junji Yamanaka, Chiaya Yamamoto, Mai Shirakura, Kei Sato, Takane Yamada, Kosuke O. Hara, Keisuke Arimoto, Kiyokazu Nakagawa,
Akimitsu Ishizuka, and Kazuo Ishizuka

STEM Moiré&eacute; Observation of the Compositionally Step-Graded SiGe Thin Film and its Image Analysis

19th International Microscopy Congress (IMC19)

2018

Junji Yamanaka, Mai Shirakura, Chiaya Yamamoto, Kei Sato, Takane Yamada, Kosuke O. Hara, Keisuke Arimoto, Kiyokazu Nakagawa,
Akimitsu Ishizuka, Kazuo Ishizuka

Feasibility Study to Evaluate Lattice-Space Changing of a Step-Graded SiGe / Si (110) Using STEM Moir&eacute;

The 3rd Int"l Conference on Metal Materials and Engineering (MME 2018)

2018

Si(110) SiGe

79

2018

SiGe/Si (110)

79

2018




Si/

SiGe/Si (110)

Hall

79

2018

(110) Si

66

2019

Si(110)

SiGe

TEM

43

2019

https://www. inorg.yamanashi.ac.jp/research/12




(Yamanaka Junji)

(20293441) (13501)
(Sawano Kentarou)
(90409376) (32678)




