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Development of fundamental crystal growth technology of In-based nitride alloy
semiconductors
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This research was focused on high-In composition In-based nitride
semiconductors, and the development of fundamental crystal growth technologies, including the
fabrication of high-quality crystal and the control of surface band structure, of these materials
was carried out.

The pn-InGaN LED was fabricated utilizing growth technologies we obtained. Based on the problems of
the characteristics of this LED, the growth mechanism of InGaN was further understood by introducing
a novel monitoring technology during growth. The development of the fabrication technology of the

buffer layer for the growth of InGaN, which is universal for entire alloy composition, was
challengingly carried out. The comprehensive studies including physical properties for the InGaN
films with entire alloy compositions we obtained were also carried out.

InGaN MBE



In
LED
LD
InN
1.9eV
0.65eV 2002
In
MOVPE
InGaN In In
InGaN pn In
InxGaixN | nyGal-yN
In
In
35% In
In
MBE
MBE
In
MOVPE
MBE
InN VI
InN
MBE

DERI (Droplet Elimination by
Radical-beam Irradiation)
In

LPE
MBE

InGaN
MOVPE
InGaN

MOVPE

In In 20% InGaN
In InGaN
MBE
InGaN MOVPE
GaN/Sapphire
RF-MBE
InGaN
SPring-8 BL11XU MBE-
XRD
pn-InGaN
DERI InGaN
MBE p-InGaN/

n-InGaN GaN
pn-InGaN XRD

(RSM)
InGaN GaN
In
In InGaN
InGaN In 18 % GaN
InGaN 17 %
GaN
2
LED
500 nm
3 IV LED
InGaN
In 11%

Qy*10000(rly)

8000

7900

7800~

7700

7600

7500

7400-{

7300

7200

5800 ' 5900 ' 6000 ' 6100 6200 6300 6400 6500 ' 6600
Qx*10000(iu)

1 pn-InoisGaos2N  XRD



intensity (arb. units)

L

400 450 500 550 600
‘Wavelength(nm)
2 pn-InoisGao.s2N
250
200
Z 150
£
Z 100 +
%50
0 1
-50 7
- 0 4 8 12
Voltage (V)
3 pn-lnoisGaosN - 1-V
InGaN
DERI
RHEED
4 SPring-8
BL11XU MBE-XRD
GaN InGaN
RSM RSM InGaN
In
In 55% InGaN
140 ( 3nm)
InGaN
InGaN
In InGaN
In
InGaN
InGaN In
In
GaN InGaN
In
GaN InN

1673 [sec] 100 100
H =80 :30 K
= — 1 €
10 33 60 + 1605
2 g Ve
S, Paa.......... ga0} <—, 140 3
TR Inis5% g 1 =
.............. S ] <
20 120%
4 =
08 ] =
0 ‘0 @
0 200 400 600
082 g_els !I 00 Growth time [sec.]
4 GaN InGaN RSM
In
InGaN
InGaN
5 Ga Al

(GaN/AIN) alternating-

source-feeding (ASF)

GaN
ASF
InGaN GaN
ASF
InGaN In

AIN
GaN ASF
InGaN ASF

; compressive

35200 A (a-axis)

g’ua 16 s O e

és'” [ [®:am=t.0nm (1pai) L,

55120 (M i | tensle

% 510 (a-axis)

- 1 2 3 4 & @

Humber of pairs

5 (GaN/AIN)ASF

GaN



InGaN
In InGaN
pn p n
pn
6 In InGaN
X AR-XPS
AEshift 6
In AEshift
In
40 % AEshift
AEshift
AEshitt
AR-XPS In
40 %
0.5¢
@ Gaiiitt
0.25F @ @ NiEtE
=) LX)
E 0 ,,,,,,,,,,,,,,,,,::V,Q\\ I
T Y ®---
<095}
_05 L n
0 20 40 60 80 100
In compostion (%)
6 In InGaN
AR-XPS AEshift
In
In InGaN
In
/
IN203
In.Osz  Sn ITO
7
INn2O3 TFT 7

INn20Os TFT

on-off

IN203
IN203
InN
a-1n203
GaN
In
| W= 1000 um i
107} 10% |
T 1::.’; |
B 10"’5
f R0 (20 i)
107 hie
SI0, (200 nm) 0 nen
0
: .'-:ltl.':?ﬂ. ﬂ' : 2":! ; J-UI =
Vs (V)
7 In203 TFT
InGaN ICP-RIE
In
InGaN
ICP-RIE
8 GaN InN
200°C GaN
InN
100°C
GaN
100°C
9 40°C
In InGaN
8 In
In 40%



In
InGaN
800
= 700F @ GaN a InN
£ ] N,
s 600
£ 500f - - - e
a 400f '
g
o 300F i
= e
= 200F " o
2
w 100f
0 1 1 1 1
0 50 100 150 200 250
Process temperature (°C)
8 GaN InN
300
Cl/Ar=20/10 secm
. 250F ICP/Bias power=200/80 W
= L. Process press=0.2 Pa
= L Process temp.=40 °C
= 200 ™ . Process time= 30 sec
5
8 150} ———
o T
= 100 f
=2
Y s0f Ga,InN
0 . . . .
0 20 40 60 80 100
InN molar fraction x (%)
9 In InGaN
4

D. Taka, T. Onuma, T. Shibukawa, H.
Nagai, T. Yamaguchi, J.-S. Jang, M.
Sato, T. Honda, “Fabrication of Ag
dispersed ZnO films by molecular
precursor method and application in
GalnN blue LED”, Physica Status
Solidi (a) 214, 1600598/1-5 (2016).

T. Onuma, K. Narutani, S. Fujioka, T.
Yamaguchi, K. Wang, T. Araki, Y.
Nanishi, L. Sang, M. Sumiya, T.
Honda, “Optical properties  of
Gao.s2Inoe.1sN pn homojunction
blue-green light-emitting-diode grown
by radio-frequency plasma-assisted
molecular beam epitaxy”,
Transactions of the Materials
Research Society of Japan 40, 149-152
(2015).

R. Oliva, A. Segura, J. Ibanez, T.

Yamaguchi, Y. Nanishi, L. Artus,
“Pressure dependence of the refractive
index in wurtzite and rocksalt indium
nitride”, Applied Physics Letters 105,
232111/1-3 (2014).

T. Yamaguchi, D. Tajimi, M. Hayashi,
T. Igaki, Y. Sugiura, T. Honda, “Effect
of (GaN/AIN) alternating-source-
feeding buffer layer in GaN growth on
Al203 and silicon by RF-MBE”,
physica status solidi (¢) 11, 1549-1552
(2013).

56

T. Yamaguchi, T. Sasaki, M. Takahasi,
T. Araki, T. Onuma, T. Honda, Y.
Nanishi, “In-situ  monitoring in
RF-MBE growth of In-based nitrides”,
The 15th International Symposium on
Advanced Technology (ISAT-15), 2016

11 10
T. Yamaguchi, T. Kobayashi, K.
Tanuma, H. Nagai, T. Onuma, M. Sato,
T. Honda, “Study on mist CVD growth
of  In203”, 2016  International
Symposium on Novel and Sustainable
Technology (2016ISNST), 2016 10
6 .
S. Aikawa, K. Tanuma, T. Kobayashi,
T. Yamaguchi, T. Onuma, T. Honda,
“Mist-CVD-grown crystalline In20s
thin-film transistors with low off-state
current”, The 18th International
Conference on Crystal Growth and
Epitaxy ICCGE-18),2016 8 11
T. Yamaguchi, T. Sasaki, M. Takahasi,
T. Onuma, T. Honda, Y. Nanishi,
“Strain relaxation analysis using
in-situ X-ray reciprocal space mapping
measurements in RF-MBE growth of
GalnN”, The 18th International
Conference on Crystal Growth and
Epitaxy ICCGE-18),2016 8 9
T. Yamaguchi, T. Honda, T. Onuma, T.
Sasaki, M. Takahasi, T. Araki, Y.
Nanishi, “Epitaxial growth of GalnN
by radio-frequency plasma-assisted
molecular beam epitaxy”, 25
MRS , 20156 12 9

T. Yamaguchi, T. Sasaki, K. Narutani,
M. Sawada, R. Deki, T. Onuma, T.
Honda, M. Takahasi, Y. Nanishi,
“In-situ =~ X-ray reciprocal space
mapping measurements in GalnN
growth on GaN by RF-MBE”, The 31st
North  American Conference on
Molecular Beam Epitaxy (NAMBE
2015),2015 10 7

T. Yamaguchi, K. Tanuma, H. Nagai, T.



Onuma, T. Honda, M. Sato, “Growth of
group-III oxides by mist chemical
vapor deposition and discussion on
their growth mechanisms”, The 22nd
International SPACC (The Society of
Pure and Applied Coordination
Chemistry) Symposium (SPACC22),
2015 8 14

T. Yamaguchi, T. Araki, T. Onuma, T.
Honda, Y. Nanishi, “Growth
mechanisms of InN and its alloys
using droplet elimination by radical
beam irradiation”, EMN droplet, 2015

5 9 .
T. Yamaguchi, T. Araki, T. Onuma, T.
Honda, Y. Nanishi, “Growth and
doping of In-based nitride
semiconductors using DERI method”,
The 2015 Materials Challenges in
Alternative and Renewable Energy
Conference (MCARE 2015), 2015 2
25 .

T. Yamaguchi, T. Araki, T. Onuma, T.
Honda, Y. Nanishi, “Progress in
InGaN growth by RF-MBE and
development to  optical device
fabrication”, SPIE Photonic West,
2015 2 9

T. Yamaguchi, T. Araki, T. Onuma, T.
Honda, Y. Nanishi, “RF-MBE growth
of InGaN alloys and fabrication of
optical device structures”, The
Collaborative Conference on Crystal
Growth (3CG), 2014 11 5

T. Yamaguchi, T. Hatakeyama, K.
Tanuma, M. Sugimoto, H. Nagai, T.
Onuma, M. Sato, T. Honda, “Mist
chemical vapor deposition growth of
group-IIl oxides and 1its growth
mechanism”, The 21st International
SPACC (The Society of Pure and
Applied  Coordination = Chemistry)
Symposium (SPACC21), 2014 11 1

T. Yamaguchi, T. Araki, T. Onuma, T.
Honda, Y. Nanishi, “Growth of InGaN
alloys wusing DERI method and
fabrication of LED structures”, Energy
Materials Nanotechnology open access
week (EMN open access week), 2014

9 24

T. Onuma, K. Narutani, S. Fujioka, T.
Yamaguchi, K. Wang, T. Araki, Y.
Nanishi, L. Sang, M. Sumiya, T.
Honda, “Optical properties of GalnN
p-n homojunction blue-green
light-emitting-diodes”, International
Union of Materials Research Societies,
International Conference in Asia 2014

(IUMRS-ICA 2014), 2014 8 25

T. Yamaguchi, K. Narutani, T. Onuma,
T. Araki, T. Honda, Y. Nanishi,
“‘RF-MBE growth of GalnN films
using DERI method and fabrication of
homojunction-type LED structures”,
The 6th International Symposium on
Functional Materials (ISFM 2014),
2014 8 7 .
T. Yamaguchi, T. Onuma, H. Nagai, C.
Mochizuki, M. Sato, T. Honda, T. Araki,
Y. Nanishi, “RF-MBE growth of
group-III nitrides and mist CVD
growth of group-III oxides”, Third
International Conference on Materials
Energy and Environments (ICMEE
2014),2014 7 3
T. Yamaguchi, K. Tanuma, T.
Hatakeyama, T. Onuma, T. Honda,
“Mist chemical vapor deposition
growth of Ga203, In20s and their
alloys”, The 41st International
Symposium on Compound
Semiconductor (ISCS2014), 2014 5
12 .
Y. Nanishi, T. Yamaguchi, T. Araki, E.
Yoon, “DERI  method; possible
approach to green, red and IR light
emitters based on nitride
semiconductors”, SPIE Photonics West
2014,2014 2 4 .
T. Yamaguchi, K. Wang, T. Honda, E.
Yoon, T. Araki, Y. Nanishi, “Growth of
InN and related alloys using DERI
method  toward  fabrication  of
optoelectronics devices”, The 2nd
International Conference on Advanced
Electromaterials ICAE2013), 2013
11 13
T. Yamaguchi, K. Wang, T. Honda, E.
Yoon, T. Araki, Y. Nanishi, “RF-MBE
growth of InGaN ternary alloys:
Advantage of DERI method”, The 16th
Canadian Semiconductor Science and
Technology Conference (CSSTC2013),
2013 8 15

36

http://www.ns.kogakuin.ac.jp/~ct13354/

YAMAGUCHI Tomohiro



