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Highly reliable GaN power device fabricated using supercritical water
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The reaction mechanism of high pressure steam treatment was studied from the

physical property evaluation at the Si02 / GaN interface. As a result, it was revealed that in the
Si02 film, oxygen atoms in the film were replaced by oxygen atoms in the high-temperature
high-pressure steam by HPWVA, and distortion of the Si-O-Si bond was relieved. It is believed that
these reactions reduce traps due to oxygen vacancy compensation and distortion. At the Si02 / GaN
interface, it was shown that the oxygen atoms in the high temperature and high pressure water vapor
reached the interface may inactivate the interface defect by compensating for the nitrogen vacancies
and Ga non-bonding hand. In high pressure conditions such as high pressure steam treatment, the
diffusion rate is higher than that of other heat treatments, so high pressure steam treatment is
effective for reforming oxygen vacancies at the insulating film / semiconductor interface at low
temperatures.

MOS



GaN 3

GaN MOS

Vapor Annealing, HPWVA)

(GaN) S
10

SiOx/GaN MOS
(High Pressure Water

SiOz/n-GaN MOS HPWVA (Interface
state density, Dit)
HPWVA HPWVA
HPWVA
HPWVA
4 um n-GaN (0001)
GaN HCI TEOS
02 CvD Si0, (100 nm) 300
400
0.5 MPa, 30 min  HPWVA
50° C
HPWVA (As-depo.) Si0;
(SIVS) (FT-IR) (TDS)  Si0./GaN X
(XPS)
Si0,/Si SIMS 1 Si0;
C\VD
HPWVA (*H*%0) 100 nm
180 800 nm 180 HPWVA
HPWVA %9 %0 As-depo
160 160 180
60% 180 Si0;



4X106——T—

counts/s)

R

3% 108

160 (As-depo.)

2% 108 i
60 (HPWVA)+180(HPWVA) /3

180 (HPWVA) -/ i

=
X
=
Q

)]

Secondary lon Intensity

0 200 400 600 800
Depth (nm)
1 SIO DR S M7 1 7 7 A Sl

FT-IR 2 HPWVA
Si-O-Si
SO, Si-O-Si 1087 cm?
HPWVA SiO; SiO;
HPWVA S-O-S
Thlermall l sli-o.sli
. . c:é;;;o, 4 4~ Stretching
o (TO) .
< | si-o-si
~— Stretching\
8 - (LO) As-depo.
% HPWVA
_e L Si-0-Si _|
o) Bending
a |
0
< L

600°C

SO,

1400 1200 1000 800
Wavenumber (cm'1)

2 SiOL IED.
FRAMEIRIL 227 | L

(W2 18 TDS 3 m/z 18
HPWVA

Si-OH Si-OH

H.0

HPWVA
HPWVA



T T T -T T

m/z 18

<« Absorbed water

i Bound water (-OH) ]

I | B
i \ As-depo. 1
] e .

r GaN Sub.
]

| 1 ] L 1 L

0 200 400 600 800 1000
Temprature (°C)
B3 FEEERIZBIT 5.
Si0, I DA A~ 7 T L

Intensity (a.u.)

XPS As-depo. HPWVA SiO./GaN
HPWVA SiO./GaN
Ga

3

Mary Clare, Joel T. Asubar, Zenji Yatabe, Melanie Y. David, Mutsunori Uenuma,
Hirokuni Tokuda, Y ukiharu Uraoka, Masaaki Kuzuhara, and Masahiko Tani, “On
the presence of Ga20 sub-oxide in high-pressure water vapor annealed AlGaN
surface by combined XPS and first-principle methods”, Applied Surface Science,
Volume 481, p.1120-1126, 2019. DOI: 10.1016/japsusc.2019.03.196.

. Yuta Fujimoto, Mutsunori Uenuma, Tsubasa Nakamura, Masaaki Furukawa,
Yasuaki Ishikawa, and Yukiharu Uraoka “Physical and electrical properties of
ALD-AI>03/GaN MOS capacitor annealed with high pressure water vapor”,
Japanese Journal of Applied Physics 58, 40902-1 6 (2019).
https://doi.org/10.7567/1347-4065/ab09a2.

Mutsunori Uenuma, Kiyoshi Takahashi, Sho Sonehara, Yuta Tominaga, Yuta
Fujimoto, Yasuaki Ishikawa, and Y ukiharu Uraoka, “Influence of carbon impurity
and oxygen vacancies in Al>Os film on Al2Os/GaN MOS capacitor characteristics,
AIP ADVANCES 8, 05103-1 6 (2018). https://doi.org/10.1063/1.5041501.

10

. Yuta Fujimoto, Mutsunori Uenuma, Yasuaki Ishikawa, and Yukiharu Uraoka,
“Analyses of Electronic and Atomic Structures of Insulator/GaN Interface by




10.

Photoelectron Diffraction and Spectroscopy”, International Workshop on Nitride
Semiconductors 2018, TuP-CR-13, Kanazawa, Nov.13, 2018.

Masaaki Furukawa, Mutsunori Uenuma, Y asuaki Ishikawa, and Y ukiharu Uraoka,”
Improvement of SiIO./GaN Interface Characteristics by High Pressure Water V apor
Annealing, International Workshop on Nitride Semiconductors 2018, MoP-CR-24,
Kanazawa, Nov.12, 2018.

. Juan Paolo Bermundo, Mutsunori Uenuma, Yasuaki Ishikawa, and Y ukiharu

Uraoka, “Analysis of Mg-implanted GaN films after rapid activation via excimer
laser annealing”, International Workshop on Nitride Semiconductors 2018, CR8-4,
Kanazawa, Nov.13, 2018.

Lin Tengda, Mutsunori Uenuma, Yasuaki Ishikawa, and Yukiharu Uraoka”
Leakage reduction of SiIO./GaN MOS structure by high pressure water vapor
annealing”, International Workshop on Nitride Semiconductors 2018, ThP-CR-23,
Kanazawa, Nov.15, 2018.

. Tsubasa Nakamura, Mutsunori Uenuma, Y asuaki Ishikawa, and Y ukiharu Uraoka,”

Effects of Anneding Time in High Pressure Water Vapor Annealing for
ALD-AI>03/GaN MOS”, International Workshop on Nitride Semiconductors 2018,
TuP-ED-1, Kanazawa, Nov.13, 2018.

Mutsunori Uenuma, Yasuaki Ishikawa, and Yukiharu Uraoka, ”Effects of
ALD-Precursor on Al203/GaN MOS Characteristics”, International Workshop on
Nitride Semiconductors 2018, TuP-ED-1, Kanazawa, Nov.13, 2018.

“ Si02/GaN GaN
2019 66 9a-M121-3 2019 3
Lin Tenda, “ Trapping reduction of Si02/GaN MOS
structure by high pressure water vapor annealing” 2019 66
11p-PB3-1 2019 3
“ ALD-AI,0s/GaN MOS
" 2018 79 18p-PA6-17
2019 3
GaOx
Si02/GaN " 2018 79
18p-PA6-21 2018 9

http://mswebs.naist. jp/LABs/uraoka/PUBLIC/top/top.html

o

Yasuaki Ishikawa



8 70581130

Mutsunori Uenuma

8 20549092

Mami Fujii

8 30731913



