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Dynamic micro-plasma excited AlGaN high power DUV light emitter operated at around
10W class power

Aoyagi, Yoshinobu
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Purpose of this research is to realize a micro-plasma-excited deep ultraviolet
light emitting device (MIPE) with large scale and high power operated at short DUV wavelengths. We have
developed a new type MIPE with ignition-ready to realize stable operation of the MIPE emission. We have
succeeded in developing the MIPE with MgO emitter operated at the wavelength region of 190 250nm. Using
these technologies we have developed 20x10cm large size standing free MIPE which is the largest size DUV
light emitter around the world. The power was about 1W at 242nm using MgO emitter. By arranging 8 panels
we can realize 10W class MIPE which can be used for application toward laminar flow type water
purification system and large size curing system

MIPE Si LED AlGaN



1.
AlGaN
LED
210nm
100 %
LED
AlGaN
DUV Micro-Plasma Excited Light
Emitter( DUV-MIPE-LE
MIPE)
AlGaN
LED 1/5
AlGaN
DUV-MIPE-LE MIPE
1)
(2)
170nm 240nm
MIPE
3) MIPE
MIPE
10w MIPE
3.
(1)
AlGaN—MIPE

— MOCVD
AlGaN

AIN

AIN

(2)170nm 240nm
MIPE

250nm AlGaN

AlGaN Al
MIPE

170nm 250nm

MIPE
3) MIPE
MIPE
10cmx 20cm
1)
AIN
AlGaN
AIN
Al
AIN
Al AIN
n-AlGaN
n-AlGaN

AlGaN AlGaN



AIN

Spontaneous Via Hole
_—

n-AlGaN

«——— n-AlGaN
n-AIN
Si substract

AIN

AlGaN

500V

MgO(A/3y 5[, 150nm)
A T A(20~40pm)
(a) BV AT #(0.3mmé)
RIS

®

Smm

g

O —2&iE
Smm,
Fym T Sm
® ©® @ KEAEE

«<—— MgO(800nm)

e e o R

(@)
(b)
MIPE (©
MIPE

(2) 170nm
MIPE

MgO

MIPE

240nm

MgO/ZnO

180nm 250nm

MgO

AlGaN
AIPE and PL Spectrum with a peak at 235 and
Eree 410nm
40000 r
= —MIFE
SR || I
§ 2w J Hi
§100m . ’||||r .-.rll
ﬁ I-I | V |I'p | (
ST L W m_'-’\d__‘-\-\_.|
0100 A0 4060 =]
Warelensth (mm)
MgO—MIPE PL MIPE
235nm
(3) MIPE
MIPE
10cmx 20cm
242nm  1.3W
8 10w

x MIPE



16

43,
(2015) 677-682

2. N. Kurose, Y. Aoyagi, A new
technique to make an insulating AIN
thin film to be conductive by
spontaneous via holes formed by
MOCVD and its application to realize
vertical UVLED on N*Si substrate,
Proceeding of AVS international
conference , p- 256, (2015).

3.N. Kurose, N. lwata, 1. Kamiya, Y.
Aoyagi, Formation of conductive
spontaneous via holes in AIN buffer
layer on n*Si substrate by filling the
vias with n-AlGaN by metal organic
chemical vapor deposition and
application to vertical deep ultraviolet
photo-sensor, AIP ADVANCES ,
4 (2014) 123007/1-7,
DOI[10.1063/1.4905135].

4. N. Kurose, K.Shibano, T. Araki, Y.
Aoyagi, Development of substrate
removal free vertical ultraviolet
light-emitting diode (RefV-LED), AIP
ADVANCES, , 4 (2014)
027122/1-6, DOI[10.1063/1.4867090].

5.

AlGaN
(MIPE) ,
A
134 (2014) 307-314,
DOI[10,1541/ieejfms.134.307].

6. K. Ozeki, N.Kurose, N. Iwata, K. Shibano,
T. Araki, I. Kamiya, and Y. Aoyagi, Novel
vertical AlGaN deep ultra violet photo
detector on n"Si substrate using spontaneous
via hole growth technique, Extended
Abstracts of the 2014 International
Conference on Solid State Devices and
Materials, , (2014) 548-549 .

7. T. Araki, S. Uchimura, J. Sakaguchi, Y.
Nanishi, T. Fujishima, A. Hsu, K. Kim, T.
Palacios, A. Pesquera, A. Centeno andA.
Zurutuza, Radio-frequency plasma-excited
molecular beam epitaxy growth of GaN on
graphene/Si(100) substrates, Applied Physics
Express, , 7(2014), 071001/1-3,
DOIl[org/10.7567/APEX.7.071001].

8. K. Wang, T. Araki, M.Takeuchi, E. Yoon, and
Y. Nanishi, Selective growth of N-polar InN
through an In situ AIN mask on a sapphire
substrate, Appl. Phys. Lett. , 104, (2014)

032108/1-5, DOI[0rg/10.1063.1.4859615] .

9. M.—Y. Xie, N. Ben Sedrine, S. Schoche, T.
Hofmann, M. Schubert, L. Hong, B. Monemar,
X. Wang, A. Yoshikawa, K. Wang, T. Araki, Y.
Nanishi, and V. Darakchieva, Effect of Mg
doping on the structural and free-charge
carrier properties of InN thin films, J. Appl.
Phys. , 115, (2014)163504/1-10,
DOI[org/10.1063/1.4871975].

10. N. Kurose and Y. Aoyagi, Development of
removal free vertical deep ultraviolet light
emitting diode (Ref-V-DUVLED) using
AlGaN semiconductors on n'Si (111)
substrate, Extended Abstract of MRS,

, Boston, USA (2013).

11. Y. Aoyagi and N. Kurose, A 2-inch,
large-size deep ultraviolet light-emitting device
using dynamically controlled
micro-plasma-excited AlGaN, Applied Physics
Letters, , 102, (2013)
041114,DOl[org/10.1063/1.4789977].

12. M. Imura, S. Tsuda, Y. Yamashita, H.
Yoshikawa, Y. Koide, K. Kobayashi, T.
Yamaguchi, T. Araki, Impact of Mg
concentration on energy-band-depth profile of
Mg-doped InN epilayers analyzed by hard
X-ray photoelectron spectroscopy, Appl. Phys.
Lett. , 103, (2013) 162110/1-3,
DOI[org/10.1063/1.4826094].

13. K. Wang, T. Araki, K. M. Yu, T. Katsuki, M.
A. Mayer, E. Alarcon-Llado, J. W. Ager, III,
W. Walukiewicz, P-type InGaN across the
entire alloy composition range, Appl. Phys.
Lett., , 102, (2013) 102111/1-4,
DOI[org/10.1063/1.4795718].

14. T. Yamaguchi, T. Araki, Growth of thick
InGaN films with entire alloy
composition using droplet elimination by
radical-beam irradiation, Journal of Crystal
Growth, , 377, (2013) 123-126,
DOI[10.1016/j.jerysgro.2013.05.009].

15.J. Sakaguchi, T. Araki, T. Fujishima, Y.
Nanishi, Thickness Dependence of
structural and  electrical  properties
of thin InN grown by radio
frequency plasma assisted molecular beam
epitaxy, Jpn. J. Appl. Phys., , 52
(2013) 08JD06/1-3,
DOI[org/10.7567/JJAP.52.08JD06].

16.Y. Chen, T. Araki, J. Palisaitis, P. O. A.
Persson, and Y. Nanishi, Nucleation of single
GaN nanorods with diameters smaller than 35
nm by molecular beam epitaxy, Appl. Phys.
Lett., , 103, (2013) 203108/1-5,
DOI[org/10.1063/1.4830044].

10



1.Y. Aoyagi, N. Kurose and S. Inoue,
Fabrication of nonlinear photonic crystal and
its application to UV laser, International
Display Workshop 2015,  Shiga, Japan
(Dec. 2015, 10). [Invited Talk]

2.N.Kurose, Y. Aoyagi, A New Technique to
Make an Insulating AIN Thin Film to be
Conductive by Spontaneous Via Holes
formed by MOCVD and its Application to
realize Vertical UV LED on n'Si Substrate,
AVS 62th Inter. Symp. & Exhibi., San Jose,
USA, (Oct, 2015, 22).

3.N. Kurose and Y. Aoyagi,

Development of new type vertical deep ultra
violet light emitting device (RefV-LED),
The 21st International Display
Workshop (IDW ’14), Niigata, Japan (Dec.,
2014, 4). [Invited Talk].

4. K. Ozeki, N. Kurose, N. Iwata, K. Shibano, T.
Araki, I Kamiva. and Y. Aoyagi, Novel vertical
AlGaN deep ultra violet photo-detector on
n+Si substrate using spontaneous via holes
growth technique, Solid State Device and
Materials 2014, Tsukuba, Japan, (Sept., 2014,
10).

5. N. Kurose, Y. Aoyagi, Formation of high
conductive n-AIN using spontaneous via
holes and development of
substrate-removal-free vertical DUV LED
(RefV-LED), 5th International Symposium
on Growth of III-Nitrides, Atlanta, U.S.A,
(May, 2014, 20).

6. N. Kurose, K. Shibano, T. Araki, Y. Aoyagi,
Development of removal free vertical deep
ultraviolet light emitting diode
(Ref-V-DUVLED) using AlGaN nitride
semiconductors on Si'(111) substrate, the
2013 MRS Spring Meeting, Boston, USA,
(Dec., 2013, 5).

7. N. Kurose, Micro-plasma excited DUV light
emitter (MIPE) using AlGaN quantum wells:
development and application, Laserion 2013,
Munich, Germany (July, 2013, 5). [I nvited
Talk].

__Si LED(Ref-V DUV LED)
@)
61
2014/3/19
s LED
74
2013/9/18

(MIPE)

74
2013/9/19
o
2013-128015
25 6 18
2013-241850
25 11 22
2014-51186
26 3 14
LED
Ref-V DUV LED
2014/03/17
1)
AOYAGI Yoshinobu
70087469
7))

KUROSE Noriko

50520540

KAMIYA Itaru



10374018
KAMIKO Noyuki
70251345
ARAKI Tsutomu

20312126




