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The target of this project is for fabricating GaN growth on Al templates, which
can be separated from the sapphire substrate using chemical liftoff techniques, and near UV transparent
conductive films for GaN-based integrated surface emitting devices. The detailed research topics are the
followings; (1) the fabrication of GaN layers grown on Al templates, and (2) the realization of GaN-based
integrated surface emitting devices with transparent conductive films fabricated by molecular precursor
method. In the topic 1, we grew GaN films on pseudo Al substrates by molecular beam epitaxy (MBE) and
investigated the growth mechanisms on the pseudo substrates. The surface cracks can be reduced using a
low-temperature buffer deposition. In the topic 2, we fabricated GalnOx thin films by molecular precursor

method, which is one of the solution techniques using spin coating. These films were also fabricated on a
blue LED structure.




¥ X C—19, F—19,
1. WFIEBHAE 4 M) DAY 5
7Ty "RV« T 4 AT LA (FPD) D
7%« EREIZ, fFEFELWERIH Y | S
TAATVLADRIRDLT, TTAV T 4 A
LA, B EL 72 EIHEEICEREICHTE DT
XNHBH TN D, BANRET 4 A7 LA
DB TIE, E(bEREFIH LI5S
A A4 — RLED) & W% &35 K& etz &
BLTWDS, Ziud, II-V EZEY
DFEALATLAIEHICHE L TWL I L E2E
95, KA LED 7 1 A7 LA OF#IT,
WBEBNFEOE S, BLOKRE AT
WEEER N RETHDH L THDH, D
GaN BRI H A 4 — F& =A% ERGB)
R ICHEHTE L, BAMERAPEESND
ENAI T 4 AT LA~ & RIFRR
WHEENDPBGFISND, ZOBRICHEIESND
NS K= 2 b TEREE - &% E L
Thbd, BUROBRT A A7 1A « XFX LD
TR NNPRBBLE 10 FVEEELEZ D L.
GaN % LED O Hffiz 1> b, B LUV VGA
HA 2 4ET 5 & 8,000 R/VERE L7220 | H
HEOT 4 A7 U —MEBDFEALL L TO
LED CTT A A7 LA BT 25Z 1275
£ 80043 1
TRIFZEFELTDODRN T UAZIZXH LT
EREBAC) T D R TP AZ 1 OHT-Y
DA MIKRBIZEBSNLTWDHE H D
Xolz, EFLIIRAEFZFICH L THLHEDR
ji/i%fébé LEZDHERTE D,
INFETIT, RpREEE L TEARS A
F— FEBILERABATZMELD 2 0[Y. K
Song et al., Phys. Stat. Sol. A 201, 2721
(1995).], —WwkIchlslTh -7, BIfE, Si %
CMOS R7 A RN—FE~EHTBHRED
wFPD ~DJs &2 STHE LA TN D
M. J. McKendry et al., IEEE Photon.
Technol. Lett., 21, 811 (2009).]. Y r+& =% =
A MZOWTIX, RIFROEETH D,
fEBEEAFZ T L LCTo LED 1%, BXIC
sUTHRRAMERS 223, Znid, &2 ToOHM
MO EN DR ERFHEICLVENRL
TWAHHERTH D, ERLFIH T, K8
DOHEMHE - ffEL LED fls & — 5k T
EDLFEOWHNINVETH D, o, F11E
wELCE, ERbEN TR bR
SHEEY HITHERH D, HIE, KA b
fbx2EZ2 5546 . LED O 2 % v L E
Tuv R I EREFHIND EE X
572 S LED 0%k & RGB a2 6H
BH 7 #6IR, B1 Ky MEBIR) & OFL A
AL ZEFOHERESHEHICEWVLTW
5, 2FY., LEDIZ X5 p-FPD O {EDE
FHIE LT, () Fr—EEFEICYLER
b)) 7 A7 XD FEFH %m&m(@
BLOEEN G EEEORENFHE—ICE
bbb,

2. WO B

AWPZETIE, GaN FRir#4t LED £ ki

Z—19 (@

ICE TR MERBNERSND,

)

5% wFPD BED 7= D EHHH T 5 (1)
FFFEEBICLERRE) 7 AT
ié%% TEE LA (2) 3 K ONTERA B
WEROREIT) Z & Th D,
Ewm . (DFES AL 297 7 A 7 HER
IR L, 20 EiZ GaN ZREEOKE %
ﬁi%&%%ﬁ#é:&&tk$97kﬁ
TMNAERRTHHZ EERTZEEZANET
5. i, QIrERNBEIHEER - L CTBRILY
BHEME K2 A MCRYET 2 FIEZ MG
THZLELAENE LT,

3. WFED Ik
(DIZ2OWTIE, MBI KERIRIZx LT AL
BT o F L T TERZ ENG AL §E
fh_bE~D GaN JERLE 25T 25, AL DRl
@6mcﬁf&ﬁmf%5 e KRR
£ 2N Al e ?f?it5’%/’vﬂ/ﬁkﬁ{£
(MBE) iZ otmﬁ 2119,
(%KOVTM\XHV3~?4V7%%
Wb, WRIEO—ETH D, 7LV h—%
—E (MPM) % & B U CTER L9335 B FB AT O 2 ik
ERREIT D, IERAMTE S EREAE E L
T. MgZnO #fEIS X OY GalnO, i % 542103
52 8Lz, EBDHRERIICHER T
DAL (TFT) ~D BN SN ETH
D AR A b E R BEE) R~ O B 23 A X
NHEMETHLNLTH S,

. WFFERR R

KWFFRLIRNC Al 7> 7 L — bk _EIZ GaN &
JE DRI A O TR Zh L T 5 23 [T. Honda
et al., Phys. Stat. Sol. C 10, 385 (2013). 1],
T 7 T v 7 BNAEL TV, ZOREKZ B
L. ¥R E#E O,

GaN ODfffhEIT. MBE B2 L 01T o7,
Al, Ga &BE/LBLONHEMEIRE LTRF F
TN EAWTRBERE L, ALJEDF
L ZBGIET 5728, (0001) %7 7 A 74
WEZ Al fimEREL, 20%, A—F v

GaN layer with the LT buffer layer

(0002) GaN
{0002) AIN
(0006) Sapphire

GaN layer without the LT buffer layer

Intensity (arb. units)

30 35 40 45
2Theta (degree)

X 1 GaN on Al ® X #rEIHHE S, 20=40°1FiT
D7 Ty 7 LONHT S Al B—7 BERlSh
WD,



U R—ZTC GaN HEIEORKE 21T > 72, GaN &
A Al AESh EICET D & Ga&Jme Al [
RO Z V. GaN fEftixZ R L 25,
ZFDd, Al FHiE 400CRRETEL L, #
MIZ AIN EIEAZ R L=, & D% GaN K %
TERL L TNz, B AL GaN SRS ERL T 5
N, 7T BRAETTWE, FELWVLRHZT
=, FIE L 7 — ZBEEE (KFW) 12
TEEOLFERBE S A OBIRE L=, Tk
B 7Ty 7 EEbNDGENICIE AL BfsS
DFEEL TS ENbholz, T, #
HZEAIZ LD AINFERR A 724 2 RITTEE &
LTHHEENTWARWEEZ -, 2T Al
DOERMEEZ., AIN HEKEZ 400°CRE DOKE
HEFE L GaN D BUE A AT, T DRGSR,
7T w7 OBITKETE 0, S5 505
NULBETHIINETH -T2, £ Z THEIZ, GaN
IR HERS 2 A L GaN SR SUE A2 MiET L=,
COfER, BERICAECD T Ty T L.
FTICHICERZ2F5Z ENTE T,
F7-. BIEEREREIC OV TIL, MgZno
MM MPM I L - TRUYET 2 2 & AARWFZELL
ANCEGET 5 2 E N TE TV, FOHbt
RIKEN K E iR ETH - 72 [T. Honda et
al., Phys. Stat. Sol. C7, 2471 (2010).],
% Z T.6a0, 3 L TN Galn0, fFE T M %2 3 T,
MPM JEIZ L D& EERE R ERTT L, &
72 . Ga,0, B L Galn0, (GIO)IZ. W1EH B
ENTRWVWEBZ WO TEDNEIEIC SN
THREZIT-o 72,

RT Square wave 20Hz 3.50 V 35 mA
Duty cycle 50%  GIO electrode
> i 3.40 eV
‘»
e
D~
2
c
1
o>
oL
O @©
N~
©
£
.
=] f
=z

200 250 3.00 3.50
Photon Energy (eV)

2 Au EM L GIO BHEER A vz GaN
% MIS Z#I LED @ EL 227 kL. GIO B E
WA B A ORI TG AT,

ZOFER. Ga 2% 60 EA%, In 2% 40 FELY
THHAA T GalnO, T, GaN D3 Riufii%
YT Y 9% 360-370 nm H DOITERSMELIC
BWTHWE 80 LA EA2FEH L, EHLE
10°Qem FBREZFEH L71-, FEBRIZ GaN % MIS
T LED |[ZH# L =B O EE 2 /RT, &8
ERROSG AL, BEMES &, GaN H W
INANEE 2 5 72 O IZSRAMEI D GaN /3 > R fd
TDOFRNDF < 72 D H AT DD, GalnO, i
A TSR AN BE W EMm & L CHW AT,

GaN /N> Rinfhir o775 L 0 Bl ok < 8l
WEINDEHTmoT-, ZHuE, LED ZHEFHE
WA= p-FPD BUEIC K L CH YR85 & 72
NEDHZEERLTND,

5. FREEwmICE
(WFgefR e E . WFZEsy R E R OV HEERF 22 512
=)

CdEsERmSC) (B 10 )

1. T. Onuma, S. Saito, K. Sasaki, K. Goto, T.
Masui, T. Yamaguchi, T. Honda, A.
Kuramata, and M. Higashiwaki,
“Temperature-dependent exciton resonance
energies and their correlation with IR-active
optical phonon modes in B-GayOj3 single
crystals,” Applied Physics Letters 108,
101904 (2016). [DOI: 10.1063/1.4943175]

2. R. Cusc6é, N. Doménech-Amador, T.
Hatakeyama, T. Yamaguchi, T. Honda and
L. Artas, “Lattice dynamics of a
mist-chemical vapor deposition-grown
corundum-like Ga,O; single crystal,”
Journal of Applied Physics 117, 185706
(2015). [DOI: 10.1063/4921060]

3. H. Nagai, S. Mita, 1. Takano, T. Honda and
M. Sato, “Conductive and semi-transparent
Cu thin film fabricated using molecular
precursor solutions,” Materials Letters, vol.
141, pp. 235237 (2015). [DOL:
10.1016/j.matlet.2014.11.056]

4. T. Onuma, Y. Sugiura, T. Yamaguchi, T.
Honda and M. Higashiwaki, “Impacts of
AlOx formation on emission properties of
AIN/ GaN heterostructures,” Applied
Physics Express 8, 052401 (2014). [DOI:
10.7567/APEX.8.052401]

5. Y. Sugiura, T. Honda and M. Higashiwaki,
“Growth of crystallized AlOx on AIN/GaN
heterostructure by in-situ RF-MBE,” Journal
of Crystal Growth 405, 64-67 (2014). [DOI:
10.1016/j.crysgro.2014.07.055]

6. T.Onuma, T. Yasuno, S. Takano, R. Goto, S.
Fujioka, T. Hatakeyama, T. Oda, H. Hara, C.
Mochizuki, H. Nagai, T. Yamaguchi, M.
Sato and T. Honda, “Cathodoluminescence
spectra of Ga—-In—O polycrystalline films
fabricated by molecular precursor method,”
Jpn. J. Appl. Phys. 53, 05FF02 (2014). [DOI:
10.7567/1JAP.53.05FF02]

7. T. Yamaguchi, N. Uematsu, T. Araki, T.
Honda, E. Yoon, Y. Nanishi, “Growth of
thick InGaN films with entire alloy
composition using droplet elimination by
radical-beam irradiation,” Journal of Crystal
Growth 377, 123-126 (2013). [DOI
10.1016/j.jerysgro.2013.05.009.]

8. T. Onuma, T. Yamaguchi and T. Honda,
“Electron-beam incident-angle-resolved
cathodoluminescence studies on bulk ZnO




crystals,” Physica Status Solidi (C) 10, no. 5,
869-872 (2013). [DOI
10.1002/pssc.201200598.]

(FxyeR) (Bt 145 1)

T. Honda, T. Yamaguchi, and T. Onuma,
"Technical issues of GalnN growth with
high indium composition for LEDs", The
Collaborative Conference on Crystal Growth
2015 (3CG 2015), C12, Hong Kong, Dec.
14-17 (2015). (Invited)

T. Onuma, S. Saito, K. Sasaki, K. Goto, T.
Masui, T. Yamaguchi, T. Honda, and M.
Higashiwaki, "Valence band structure of
monoclinic gallium oxide studied by
polarized optical measurements", The
Collaborative Conference on Crystal Growth
2015 (3CG 2015), B20, Hong Kong, Dec.
14-17 (2015). (Invited)

Y. Hoshikawa, T. Onuma, T. Yamaguchi,
and T. Honda, "Study of nitridation
conditions of Al layer for GaN growth by
RF-MBE", Materials Research Society, 2015
Fall Meeting & Exhibit, Symposium RR:
Wide-Bandgap  Materials for  Energy
Efficiency—Power Electronics and
Solid-State Lighting, RR9.18, Boston, MA,
USA, Dec. 3, (2015).

K. Tanuma, T. Yamaguchi, T. Onuma, and T.
Honda, "Growth temperature dependence of
Ga,0; and In,O; growth rates in Mist CVD",
Materials Research Society, 2015 Fall
Meeting &  Exhibit, Symposium FF:
Integration of Functional Oxides with
Semiconductors, FF7.29, Boston, MA, USA,
Dec. 2, (2015).

N. Toyomitsu, Y. Harada, J. Wang, L. Sang,
T. Yamaguchi, T. Honda, Y. Nakano, and M.
Sumiya, "Defect characterization in GalnN
on compressive and strain-free GaN
underlying layer", The 6th International
Symposium on Growth of III-Nitrides
(ISGN-6), We-B39, Hamamatsu, Japan, Nov.
11 (2015).

Y. Hoshikawa, S. Osawa, Y. Matsumoto, T.
Onuma, T. Yamaguchi, and T. Honda,
"Impact of nitridation on GaN growth on
(0001)sapphire with an Al layer as a release
layer by RF-MBE", The 6th International
Symposium on Growth of III-Nitrides
(ISGN-6), Tu-A27, Hamamatsu, Japan, Nov.
10 (2015).

T. Onuma, S. Saito, K. Sasaki, K. Goto, T.
Masui, T. Yamaguchi, T. Honda, and M.
Higashiwaki, "Optical Anisotropy in (010)
Plane of fB-Ga,O; Single Crystals", l1st
International Workshop on Gallium Oxide
and Related Materials, 13, Kyoto, Japan, Nov.
6 (2015).

M. Takahashi, T. Hatakeyama, T. Onuma, T.

Yamaguchi, and T. Honda, "Growth of
0-(AlGa)203 by mist CVD and evaluation
of its thermal stability”", Ist International
Workshop on Gallium Oxide and Related
Materials, E16, Kyoto, Japan, Nov. 4 (2015).

9. K. Tanuma, T. Onuma, T. Yamaguchi, and T.
Honda, "Growth temperature dependence of
Ga,0; growth rate by mist CVD", st
International Workshop on Gallium Oxide
and Related Materials, E44, Kyoto, Japan,
Nov. 4 (2015).

10. R. Goto, T. Onuma, T. Yamaguchi, H. Nagai,
M. Sato, and T. Honda, "Fabrication of
p-type NiO thin films by molecular
precursor method", Ist International
Workshop on Gallium Oxide and Related
Materials, E45, Kyoto, Japan, Nov. 4 (2015).

11. T. Yamaguchi, T. Sasaki, K. Narutani, M.
Sawada, R. Deki, T. Onuma, T. Honda, M.
Takahasi, and 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),
We-06, Mayan Riviera, Mexico, October 7
(2015).

12. Y. Hoshikawa, S. Osawa, Y. Matsumoto, T.
Yamaguchi, T. Onuma, T. Honda,
“Aluminum growth on sapphire substrate
with surface nitridation by RF-MBE”,
Conference on LED and its industrial
application ’15 (LEDIA’15), LEDp2-18,
Yokohama, Japan, April 23 (2015).

(X¥EF) Gt o)

(P 3 M PE A )
OiiRPt Gt 0 )

OBf:IRM Gt o)
(Z Dfh)

6. WFITHAREE

(1) Wrgek#E

ANH fi (HONDA, Tohru)
TEEBE RS « Joite T2 - Bz
g E & H - 20251671

(2) WF9e s i

(i %A (YAMAGUCHI, Tomohiro)
T SRR R - St T - R
WroeE %5« 50454517



