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Fabrication of semipolar {20-2-1} plane GaN substrate grown from the sidewall of
patterned sapphire substrate

Tadatomo, Kazuyuki
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In this study, we have focused on the research and development of the growth of
free standing large sized semipolar {20-2-1} GaN substrate, which are promising for realizing high
performance optical and power devices. A {20-21} GaN was grown from a c-plane-like sapphire sidewall of
{22-43} patterned sapphire substrates (PSS) by metal-organic vapor phase epitaxy (MOVPE) and hydride
vapor phase epitaxy (HVPE). On the other hand, a {20-2-1} GaN was grown from a nitrided c-plane-like
sapphire sidewall of {22-43} PSS by MOVPE. However, the {20-2-1} GaN was not grown on the PSS with good
reproducibility.

We demonstrated the thick growth of a {20-2-1} GaN on the back surface of {20-21} GaN substrate by HVPE.
We found that the dark spot density in the {20-2-1} GaN layer decreased more rapidly than that in the
{20-21} GaN layer as growth thickness increased.

GaN MOVPE HVPE



InGaN
LED Light Emitting Diodes

LED
InGaN  LED

Droop
LED
c

[1]

3 nm

GaN

20-2-1 In

[1]

2
PSS
Patterned Sapphire Substrate c
c
c c GaN
GaN
{22-43}

c
¢ GaN MOVPE Metal-organic Vapor Phase
Epitaxy 1
GaN
GaN  {20-21}
{22-43} PSS
{20-21}GaN
[2.3]

{22-43}

{20-21} (GaN)

HVPE Hydride Vapor
Phase Epitaxy

GaN
{11-22} {10-11} {20-21} GaN
GaN PSS ¢
GaN
20-21 20-2-1
GaN
1,4 GaN
GaN PSS
GaN
{20-2-1}GaN
{22-43} c
74.64° GaN 20-21 c
75.06° GaN ¢
c
{22-43}PSS ¢
GaN  {20-21}
1
{22-43}PSS
ICP-RIE
Inductive Coupled Plasma-Reactive lon
Etching
c c c
c
c GaN
2  {20-21} A {20-2-1}
B C
{20-2-1}GaN -c¢ GaN
C
_ <
A —
.93
a;
B Na2
- /’
v
-C 2 {20-21}GaN

{20-2-1}GaN



{22-43}PSS {20-2-1}GaN
3 {22-43}PSs ¢
MOVPE -c¢ GaN
3@
HVPE GaN
{20-2-1}GaN
{20-2-1} GaN
{20-2-1} GaN |
i- iy
(@) (b)
3 {20-2-1})GaN
{20-21} GaN
@
{20-21} GaN
4’» {20-21} GaN 5 | (20-21) GaN
¥
_ {20-2-1} GaN
(@) (b) c
4 {20-2-1}GaN
{20-2-1}GaN
4 {20-21}GaN
4 (@)()] {20-2-1}GaN
HVPE 4(c)
{20-2-1}GaN
{22-43} PSS {20-2-1}  GaN
MOVPE
{22-43}PSS
ICP-RIE
6 um 3um 1 pm
PSS c
-¢ GaN MOVPE
5
T/C NH, c
c -c GaN
1000 P R RS
— TIC GaN
NH,
5 {20-2-1} GaN  MOVPE

20 GaN
SEM 6
20 GaN
SEM 6(c) 6(b)
©
GaN 20 6(a)
(b GaN m -c
X XRD X-ray Diffraction
GaN
6(c) (@
-C {10-11}
XRD {20-21}
{20-2-1}

(20-2-1)
(10-10) m

(@ (b)
a, {10-11}
m == °
R
| X
{20-21}
a, €&
(c) (d)
6 (a) MOVPE
Ga SEM  (b)
©
MOVPE GaN (d)
{20-21}GaN 3 -c
m  {10-11}
HVPE
{20-2-1}GaN Ga
{10-11}
{22-43} PSS {20-2-1}  GaN
HVPE
MOVPE {20-2-1}GaN
HVPE
{22-43}PSS
HVPE 1040 GaN
HVPE
-¢c GaN
NH, Ga

HCI



7 7(a)

HVPE SEM
7(b)  KOH 50

50 80

SEM

PSS ¢ -c GaN
GaN
-C GaN
{22-43}PSS MOVPE
HVPE

7 (a) {22-43}PSS

HVPE GaN SEM  (b)
KOH
SEM
{22-43} PSS
{20-21}  GaN {20-2-1}
GaN  HVPE
{20-213GaN {20-2-1}
2 C
{20-213GaN GaN
{22-43}PSS ¢ +c
GaN  MOVPE {20-213GaN
HVPE PSS
{20-213GaN
{20-213GaN
GaN  HVPE

8  {20-21}GaN

HVPE 4
CL:
Cathode-luminescence
[{20-21}GaN] CL 5
x 107 cm?
[{20-2-1}GaN] 8x 10° cm?
{20-2-1}GaN
9 CL
1 [5]
9 1
rﬂ
{20-21}GaN  {20-2-1}GaN
R S @

8 (a){22-43}PSS {20-21}
GaN {20-21}GaN 4 HVPE
cL (b)
{20-2-1}GaN 4 HVPE
cL

10°

oI(20-21) .

{20-2-1) Y
—Fit1
—Fit2

107

108

[um]
9 {20-21}GaN {20-2-1}GaN CL

{22-43} PSS
GaN X
Spring 8 X
{20-21}GaN/{22-43}PSS
XRD {20-21}GaN
GaN

{20-21}

X [-1014]
[-12-10] GaN

{22-43}PSS ¢ GaN
{20-21}GaN
{20-2-1} HVPE
{20-2-13GaN
{20-2-1}

[1] Y. Y. Zhao et al. Appl. Phys. Lett. 100
(2012) 201108.

[21 , 79 (2010) 59.

[3] K. Yamane et al. Appl. Phys. Express
5 (2012) 095503.

[4] Enya et al. Appl. Phys. Express 2
(2009) 082101.

[5] S- K. Mathis et al. Crystal Growth 231
(2001) pp-371-390.



6

T. Uchiyama, S. Takeuchi, S. Kamada, T.
Arauchi, Y. Hashimoto, K. Yamane, N.
Okada, Y. Imai, S. Kimura, K. Tadatomo,
and A. Sakai, Positional dependence of
defect distribution in semipolar
(20-21) hydride vapor phase
epitaxy-GaN films grown on (22-43)
patterned sapphire substrates, Jpn. J.
Appl. Phys., , Vol. 55 (2016)
O5FA07/1-7.

DOl: 10.7567/JJAP.55.05FA07

Y. Hashimoto, K. Yamane, N. Okada, and
K. Tadatomo, Growth of Semipolar
{20-21} GaN and {20-2-1} GaN for GaN
substrate, Phys Status Solidi B,

, Vol. 253 (2016) pp. 36-45.
DOI: 10.1002/pssh.201552271

S. Takeuchi, T. Uchiyama, T. Arauchi,
Y. Hashimoto, Y. Nakamura, K. Yamane,
N. Okada, K. Tadatomo, and A. Sakai,
Thickness and growth condition
dependence  of crystallinity in
semipolar (20-21) GaN films grown on
(22-43) patterned sapphire substrates,
Phys. Status Solidi B, , Vol . 252
(2015) pp. 1142-1148.

K. Yamane, Y. Hashimoto, H. Furuya, T.
Inagaki, N. Okada, and K. Tadatomo,
Fabrication of free standing {20-21}
GaN substrates by HVPE using Si0, masked
GaN templates, Phys. Status Solidi C,

, Vol. 11 (2014) pp. 401-404.
DOI: 10.1002/pssc.201300484

Y. Hashimoto, M. Koyama, T. Inagaki, K.
Yamane, N. Okada, K. Tadatomo,
Evaluation of Heteroepitaxially Grown
Semipolar {20-21} GaN on Patterned
Sapphire Substrate, Springer, Progress
in Optoelectronic Technologies,

, Vol . 306 of the series Lecture Notes
in Electrical Engineering (2013) pp.
23-30.

DOI: 10.1007978-3-319-05711-8 3

12
K. Tadatomo, Free standing GaN
substrate grown on patterned sapphire
substrate, PolarCoN Summer Seminar

2014, 2015 9 24 , Bensheinm,
Germany.
{20-2-1}GaN , 2015

, 2015 8 1 , .

, HVPE GaN
, 162 94
,2015 7 24

K. Tadatomo, Fabrication of semipolar
free standing GaN Substrate,
German-Japanese-Spanish Joint
Workshop on Frontier Photonics and
Electronic Materials and Devices 2015,

2015 7 13 ,
, HVPE 20-21
GaN 20-2-1 GaN s

2014 9 17 , 2014 75

Y. Hashimoto, Evaluation of
Heteroepitaxially Grown Semipolar
{20-21} GaN on Patterned Sapphire
Substrate, International Symposium on
Optomechatronic Technologies 2013
(1S0T2013), 2013 10 29 , Jeju
Island, Korea.

K. Yamane, Fabrication of freestanding
{20-21} GaN substrates by HVPE and LED
application, 10th International
Conference on Nitride Semiconductors
(ICNS-10), 2013 8 26 , Washington
DC, USA.

http://device.eee._yamaguchi-u.ac. jp/

¢y

TADATOMO Kazuyuki

10379927

@

YAMADA Youichi

00251033

SAKAI Akira

20314031

OKADA Narihito

70510684



