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Effect of mist reforming on gallium oxide film formation using mist chemical vapor deposition
AWKET (M)EHEE. XHEZ
Meijo Univ., “Tomoki Iwata, Takayuki Ohta

E-mail: 243427004@ccmailg.meijo-u.ac.jp
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W EIZERAE AT Y O N(Ga0s) B S5,
¥ U T HACHK T HHEIL, KPR ORIEs T
RGa0:MED K 531 & St L Ga:0: D dia A
BB E G 25, £, ¥ VT AL LT
e A% WD & D m Bk ) o
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Fig. 1 XRD patterns of Ga,Os3 films.
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Fig. 2 SEM image of Ga:0s films.
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7a-N201-2 BREESAMELAKELITHES HETFHE (2025 AL REFr/(R &FVFAY)

SR+ CVDEIZE D GO RO L—Y—7 Z—)LIC L H#EM1{E
Crystallization of Mist-CVD Grown Ga:0; Layer by Laser Annealing
1) L —PF =V 27 5,2 LK, 3 HEK
ONRAC !, WEAKWMMA 2, FEIRT 2, B3, MEN S, BEEHES, BPBAS, REFREK!
! Laser Systems Inc.,? Kyushu Inst. Tech.,* Kyoto Univ.

OT. Hiraoka!, Y. Nishizuru?, S. Shinkai2, T. Wakamatsu®, H. Ikeda?, S. Fujita®, K. Tanaka3, Y. Ohno!

Bl U o AR R RE b\ ) 2 L TA U HRFOIRPL Ron & A 7 FFDZ2 2 JE2 B Corr 10D
72 D MW JE L fr 3 E < B D DT, ~ A 7 I ERRE sk, RS U A CTOISHIZmN T
WA, ZOGE, BHRAAA A— RET o7 R A R &R UHERE R EICfERE, 1C
YRR 7 & 25l & AW CRRBE DR SME 2 2 N TERETX 5,

BAL T U 7 BIHTE CIRALRRE L 72 5 DT, L—W—JEIC X 2 RF 22 I YA A s ikic
L0 FERE AR BT AR O R D D, £ 2
TH 77 A T7HEKR mi) EIZIAFCVDETSn R—7' &
N7 ENT 7 AT Y U LEZE 350 CHRPAKH TH 1
pm HERE L £ D BITF v > 7 E LT SiO: M2 £ 240 nm A% R
B U7z, 2% P8R L — —J(LD) TN LR o2k Fig. 1 Photograph of the sample
FWE LT, BEH U 0 ARESY KR vy 7R BBt oonealed by frontsidelaser

irradiation.

&)ﬁlﬂi%ﬂy l/fofl/ \0)‘/ij[]?&75§‘/6% fcil/ \o % : ‘(\‘\ ‘]j- 7 7 /], 7 6 | = Front-side laser irradiation
k ﬁé@ﬂjﬁ U 17 A@Fﬁﬂ&:%%”ﬂﬂ%& L’Cﬁﬁi?ﬂ‘[‘i@&) %) WS]2 H% 5 j #- Back-side laser irradiation T
= o4l !
B LT, %3 |
= |
JEBICITP SR 405 nm D GaN % LD & IV 7z, Fig. 1 OFft 2 !
£ I 1
KOOI EIBIIERL 10 um D E— A% 0.1 mm/s T 1lmm OB~ [, |
r |
HEZ 10 pm By FTI0ARZAX v LIz bDTH D, LD ) 0 b
12345678910 1

1% 280 mW(Area 9)7> 5 650 mW(Area 1)E T 9 BEREAE 2| i Laser irradiation area

_ Fig. 2 Resistance vs. laser power.
12510 mW TOT A hifi(Area 10) T D, HiEHEOEITION  Aren 10 test area:

I~ A 7 B0 GSG 7' — 7 & BRI ICE S CTC 0.1 Area 11: non-irradiated.
Power increases from Area 9 to 1.

~6 GHz TP S /X T A=K %{,E\IJ ) N T ro Eki 5Y A 7 R — After annealing with cap (SiOx/a-Ga:0:/Wsiz/sapphire)

—As depo. with cap (SiOx/a-Ga:0./Wsix/sapphire)

— ZDEOFE L L TRDOTWS, LD HhEETF 52> p-Gas0: (ICSD)
NTEFIME T L2 E03b 5 (Fig. 2), £/, EHAK
T LR 0D XORIEHT Tl B O AR A3 HERR © & 7 (Fig. 3),

[IEIATIEIL, RS ICT EABIROREMEE Y=y b Ml d o
(JPMI00316) U HEFRE = K55 A B EEAR O BA % - 7 20 g

¥ ETH) GREPEHESHRFE) OEEZIFER Lz b Fig 3 XRD patterns before (bluc)
<5, and after (red) annealing. Annealed

] sample shows peaks corresponding
[1] j(g%\ 'ﬂﬁ\ ﬁ%%g*} ED2024-10 (2024) in part to Crystalline B_Ga203'

Intensity (a.u.)

St e,
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VBikIZT& %524 >F n & B-Ga0; (011) B RDE AL
Growth of 2-inch n-type p-Ga203 (011) single-crystal by VB method
)/ RVOYRELTY/AO— OLE BE, A+E Hth, B 4. kO B—.
hiE XE. &)l B, 4K 2F, X BA
Novel Crystal Technology, Inc., °Yuki Ueda, Takuya Igarashi, Kimiyoshi Koshi, Ryoich Sakaguchi,
Taiki Chujo, Ryo Shinagawa, Kohei Sasaki, and Akito Kuramata

E-mail: yu.ueda@novelcrystal.co.jp

ZNETIC, NTA FEMEFEMHVPE)EZE V2 B-Gax0s (011 EARE T E X ¥ v L F(IC
X0 FBHETAEMEO B ERIEBRSE SN TW DL, 2], Ly LR 5| 5E3ED Edge-defined film-fed
growth (EFG)EIX B R CTX 2SO m FALIZHIRA H VD . KOROID)EBRNEI I TV R o
7oo AW TIX, BFG EICHARTHERIMOBHENEHWVEET Y v U~ A(VBEEZHNT, 2
A F B-Ga03 (01 1) ih B ik &7k A 72,

(011)>— Fiffidh & BERE R GaO3 JiUEH A Pt-Rh S Hfic e L, #RFUINED VB S I Tl
BREIT -T2, VB AL EFG LD b EREE MR 20, BRHFIZ R—/S0 b3 L TLE
IGEEN DTz, T T, n B F—/0 FE LTEFG TS AN DRTWD Sn iz, Sn X
D HAEKED/NENSi Z#a R—7 Lz, BNl d 2 4 U FO1D)FERAZER L, R
B E DR 21T > 7o,

I(a), OIZ, ZNFH, VBIEIZE W B LTZ 2 A > F B-Ga,0; (011)ELfSESL &, Z OfEEED
SUERLL 72 2 A > F (01D FEEHR ZR"T, XRD JIED 20-0 AF% v > LV, B L2/ IZ011)ERE
mChDH I LEMR LI, £72. 24 U FHEMREN 5 /50D XRC 022 B & — 7 O -fEigE O
I%. 38 arcsec & RAfF7efbigatEa R Uiz, BREHEEZTAD 72D, Hall WRAEEIT- 72, 2
R Loz, BIRITEEREOEME L HIRT L, &/ T27mQem Th ol

AWFGED—ERIEL. IST O4FN 2-5 2 A-STEP (¥ IR (~ v F 7 7 7 > A, NEDO ([E7
WFFEBHFEIE NHT = 1L — - PEEFIN O PHIEHAE) DZFLER (JPNP22007) DO RG b7,

[1] 7L BFRRR i, 25 85 [l S MBS AR 2, 20p-A22-4, 2024.

[2] K. Goto et al., Appl. Phys. Lett. 120, 102102 (2022).
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Fig. 1. (a) 2-inch n-type B-Ga,O3 (011) single-crystal grown by  Fig. 2. Dependence of resistivity on

Resistivity (mQ-cm)

VB method and (b) 2-inch (011) substrate fabricated from the solidified fraction of melt.

the crystal.
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Ry A1) U TEAMOCVD IZ& % EuiiBR{EH ) O L#EEBE
Epitaxial growth of Eu-doped Ga;0O3 by sputtering-assisted MOCVD
B RBEL !, QIQB?, EERF 3, SLfE KA NT T+ = RY Y —F o Z—4
EEAR V2, AR EE L AT, SAEE, REEA L RN, BB, SRIERM!
Grad. Sch. Eng.!, QIQB?, and Sanken3, The Univ. of Osaka,
Intra-Photonics Research Center, Ritsumeikan Univ.*
°J. Tatebayashi'?, T. Tanaka', R. Masuda,! K. Yonaha,' T. Oshima,' Y. Fujiwara®*, and M. Tane!

E-mail: tatebayashi.jun.eng@osaka-u.ac.jp

[1XCHIT] B - pEE - BRRELZFREENICHE & 9 5 & IR 7 22 EEED
FE o TWAHES, [HREERFOEM 2R ICm L s & F@EAERE L THE— IR
NEHZEDOTWD, BRICPEEREF Ny O 3R EFHIADHES IR T 5B UEN., 800X
A YTy RHOERZELE X — %ﬂ%bt% AP HRE SN TND[1,2], Fxixong
T, EFHEAMEE U TR TRFINEERICER U, AR U772 -8R CHEA CER <
7274 b=y 7RSSR ORI — N E M TAE I L ORI L VIR EZ BRI T 5
Z LTI LTV A[3-5], Al #rie mnEHAR L UCEME AT Y ¥ A (Gax0;) (ZIEH T 5[6], Y
A RNV R 78RR Oy TR OIE, SRR REICIE UTokk 2 e Ry T o
R OB BB E L B — RSB CE 5, AR TIE. & EIREEBIZ T 7= 4
TFERN Ga,05 OFE R HI 2 s L2 Oy - fGERE 2 M Lo T e ®iET 5,

[EBRITIE] AWFZE Tl A3 Z U > 7 HH MOCVD #i& (K(a) % HAVWT Ga0s B L O 1
PRI Gax03 DGR 21T o 1o, 2 XN RT, Fhx BEEICET L T\ % P72 FKm
%A 5 ZnO/AIN 7 > 7 L — bk (ZnO/AIN/GaN/Sapphire F:#i) [7] LI R U A F L4 U 7 A(TMGa)
BXOMELAMGET D LICLD Ga0s ZRIE L7=, FREAENIATH D Eu B Gar05 & Bk S
DI EmOs BEfE X — 7 v " & Ar CEREDIRE T 7 XA~ TA Ny H 1) /7T5 LI XY Gay03
~O Bu WINEIT -T2, Ak, JR %F‘ﬁﬁEﬁfﬁfﬂ%’iﬁﬁﬁ”ﬁ%iﬁﬁfn(ﬁm W2 KA FRmESCWrm
OREEFHL, B L ORI ANRT heh Y — RV Ry AFEIZ KD 21T > 72,

[%%ﬁ%]ﬁ%@@ﬂ%@%ﬁbk?77V*FL%%WGM%%@%@%M@k%%LK
JBJE 7> %%Ed U7z 36 IOV 3R AR S (RMS) D il IR E R 1t &2 o9, i RIRE
% 800°C |2 LT % & Ga)O3 DRE S Lbh o, Z DR EHEIZIRE L & HICHARLTWS, —H,
RMS [T EIRE EH & & B/ S < 2 0 PR EA/RIB LTV D, Eiz, WILAZ FLH]
EMDBANY R vy v 7T X — 138 4.9eV ERHE S5, RIC, # BT HE & L TRGEDLIK
Eu 28T 2k % — 7 v hE AR XU 7 LD GaOs A L= & 2 A, [FH
— ISR I B WD TR Ga 05 fE & bb U TR E R E N HERERE < R TS, T
ANy B Y U TREDOBEFE T 7 A PISICFHFE L TWAH I EE 26D, £z, RED Y — h
VI Ry AT O R, BuJ7 00 EHEE SNSRI — 7 HERBHI STV D

[#8E]  AEIIRTE T B) (No.19H02573, 24K00925) | [E:RIHEMERTZE (No.18H05212) J [HAZ(A)

(N0.23H00185) | TZE2(S) (No.23H05449) |, ¥+ / »HHE K OMA B EHANRELM M 0 B 2 5 72, AHF
FEFATICHT- 0 . W2 - BEERHE O Z3 R L O TS &2 THW 72 KRR R AR I TR Je R = | B i #dE 5
L ORI R R R F—R 2 SR F e e G 5,

[Z%& 3R] [1] P. Michler et al., Science 290 2282 (2000). [2] C. Kurtsiefer et al., Phys. Rev. Lett. 85 290 (2021). [3] M
Ogawa et al., Appl. Phys. Lett. 116, 181102 (2020). [4] T. Iwaya et al., Opt. Exp. 30 29853 (2022). [5] Z. Fang et al., Opt. Cont.
2,2178(2023). [6] Q. Guo et al., Appl. Electron. Mater. 5, 4002 (2023). [7] R. Masuda et al., ICNNQ2025, ICNNQp-12 (2025).
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Figure (a) An image of sputtering-assisted MOCVD, (b) Schematic and (c) cross-sectional SEM image of Ga20s films on
ZnO/AIN/GaN/sapphire substrates. (d) Growth rate and RMS at various temperature from 800 to 850°C. An inset shows
the SEM image of the Ga>O3 surface grown at 850°C. (e) Cathodoluminescent spectrum at 15K of Eu-doped Ga20s film.
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BHTRNBIEORNSATIRIZRAN:
¢ Ho-Ga:0; DERFURH R &
Epitaxial lateral overgrowth of c-plane a-Ga203 using a stripe mask
with ultra-narrow windows
NIMS', FLOSFIA2, OX & #— ', HF #?2
NIMS!, FLOSFIAZ, °Yuichi Oshima' and Takashi Shinohe?
E-mail: OSHIMA.Yuichi@nims.go.jp

[ 8] 0-Gar05 1T/8T — 8Kk & U THEED, RIS O R E VR EORE K
S5O TEAEED 1010 em? F2E & &\, BIAE T R (Epitaxial lateral overgrowth, ELO)
FHE LRGN BEKBTEOOE SN, BEOEMEEIIGOVEEROBRMETHD, v~ A7
W 2 S5 T AU SR EE IR O A 2 D3 2 E RN TE B8, R A S T DI IR ISR
BORENMKEIZ/RD 92, ~A7 FICERELTCLEIBETNLHDH, £ T, AFETIER
g A5 < 95 2 & T2 ORI ORI T,

[EBREEZBR] cHV) 7 74 7T HEKRED-Gay0; 7> 7 L— FREICEFRY V777 4 #HNT
4208 50750 nm, ¥ A ZME 5 um @ SiOy A N T A T A B m T I o TR LT, Tk
B2 T A REAHARTE CTo-Ga0s & FECE S 72, IR HR/ND 50 nm OHE TH-Th,
~ A7 FICEM LW EZEE LT 5 2 &2 <@ RIICa-Ga0s DA N T A TR STz, K
a5 2L TEND Da-Gax03 A b7 A T2 E S, KA T& 7=, Fig. 1IX%
DB SEM4TH 5, HEDZDIZ, @ED 7+ U V7T 7 12K HEME 3 um DA D SEM
%% Fig. 10IRT, TERREICIE, ~ A7 ECIHIBBEENMER TE TW A NREI CIEEBE
DEETHD, —J, &E S50 nm OFRE CIEEMOFBEEZIEFI/NSMA DI ENTE T,
[BH#EE] ABFgto—aix, BARTEENT 23 i3 2 2 R RBEHIF RS HEMER] E (JPJ004596) D SH%
T T-, £7-. CFHE ARIM FH2 (JPMXP1224NM5455) %8 U C, NIMS fsfiin L=+ k%
FIA L7,

Fig. 1. Bird’s-eye-view SEM images of a-Ga20s films grown using the ELO technique with stripe masks having

window widths of (a) 50 nm and (b) 3 um. Threading dislocations are visualized through HCI-gas etching.
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7a-N201-6 BIOEGAMELAKS LB RS BEFHE (2025 BHAZ KREF+Y /(R &F51Y)

Mist CVD JE[Z & % 2-inch a-Cr:03 T2 7 L— b EADa-Ga:0; ER &
Growth of a-GazO;3 Films on 2-inch a-Cr203 Templates by Mist CVD Method
IHRKRE', BARASA LK) OE BE', LA N, H #E’ HE M2
w0 B, BE RE', B BE' AH W' EE FE’ SHF ZE’ O L'
Kogakuin Univ.!, NGK INSULATORS, LTD.?, °R. Iida', K. Yamada', S. Xiao?, K. Murakami’,
Y. Yamaguchi', S. Nishio', T. Onuma’, T. Honda', M. Watanabe?, K. Imai’, T. Yamaguchi'
E-mail: cm25004@g.kogakuin.jp

Hox O N —TEHIRIOIGAHEFEE T, I A MEFEERMAEMist CVD) EIC L 5 a-Ga05 %
FZHB VT, a-Gar05 &R T EE DI a-Cr0s 7 > 7 L— IR WD Z L2 L 0, FEFR(104)5E
FRIEICH T D X BEPFFXRD) 2 v % v 7 1 — 7 (XRO) A B — 7 O EAIHFEWHM)E T 135
arcsec. (HE7E MBI FE: 4 X107 /em?) DIEZ 1572 2 & 2t L7zl Z o Mist CVD 2413, ek
15 mm O FERMNE T DMLY & 7% 288K v b7+ — VIFNERICECE T 5K cdh - 72,
AE T, TOEBEBBEREZOEFIL, Y ETZBLOF Y hU+—VIFEZ KL 52 LT &
v, 2-inch %4 ADa-Cr,03 7 > 7 L — b ElZa-Gax0; ilZE (T 72D THET 5.

Bz IZBE L 72 Mist CVD 25i& & iV, H AR A 2418 2-inch a-Cr05 7 7' L — b EiZa-Ga 05
A gz Uz, JRBRAR X, Ga(CsH70,)s, HCL IR FE 23 Z 41241 0.05, 0.09 mol/L 1272 % L 9 (2 HEffiK
TR U7, RESMIE, AR 460°C, FEFE 60 min, %+ U 7 4 A(02) 10.0 L/min, #7RA
A(02) 1.0L/min & L7z, F£7z, bl U THillR® 2-inch a-ALOs Ak B2 & iR L7z,

XRD 0-20/EfEH- LV, 2-inch 0-Cr,03 7 > 7 L— b EiCatit&E 2 H 95 GaOs A= b — L

v MZ, Fe, —RRICRE L TWVWD Z EEMER LTz, X112 2-inch a-Cr0s 7 > 7' L— bk EIZEE L
72o-GayOs D3t U 7Y A MY —JEIZ X 0 15 SN BERE O NG 23, Bl <
260~270 nm DR T > 7= DITKE L, FHEEAITIE EFEHE & e 0% REDIRE Th 7. F
72, FEFR(104)%E Sh 2B 1T 5 XRC EHr v — 27 @ FWHM (%, _EFiEMAIT 146 arcsec., FiftaBEl
T 156 arcsec. L DT MICKE L g2 DD, i’}]*fﬁﬂ%ﬁ% LTz, — 5T, a-ALOs H: Fo-
Ga O3 FED [RMEIE 29504200 arcsec TH 1, a-Ga03 i A2 %175 2-inch a-Cr03 7 > 7 L — k D
NED R S LTz,

RES -
235 3Chik — / \
[1] i SFiEsE, 45 84 ML MBI S ik 2 f
RHTE TATEE, 20p-A302-9 (2023). - !
[2] W ZETY%, 45 72 G B S R AT |
AR TATAE, 16p-Y1311-7 (2025). (A /

[3] D. Shinohara and S. Fujita, Jpn. J. Appl. Phys. 47, 7311 Fig. 1. Film thickness distribution of o-GaxOs

(2008). film grown on 2-inch a-Cr20s template.
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7a-N201-7 BREESAMELAKELITHES HETFHE (2025 AL REFr/(R &FVFAY)

BRI AL ZED Si F—7 0-(AlIGa)0:; BIED /Y KX v v THIE
Bandgap measurement of Si-doped a-(AlGa):0s films with various Al composition
FREE OMNRL #BX B2 Bf
Univ. of Tsukuba, Yuta Okuyama, Hironori Okumura

E-mail: s2520286@u.tsukuba.ac.jp

0-Gax03 & 0-ALOs & DR TH D a-(AlGa)0s 1E, Al FRAZ LT Z & TRV R¥ vy v 7= x
VR —(Eg) % SeV TG 9eV ilr< £ THATE, BEZE8EIME D EHREHE 1 AME & L TR
MATREMED 8 5. BRER A ClE 0-GaxOs IZFFEERA CTh 578, a-ALOs IXEEEBM TH H[1].
L L, BRRHEE AW E, OFETIE, a-(AlGa)0s D4 Al FLARIZ B W CEEERR L L
TROHATND[2,3]. SEOWINGED HROTZIEF N R ¥ v T (Ey) 1 Eg & #7225 AJHENED
HD. XPSHPETH E, 03RO BN D[4, a-(AlGa)Os RE CIETF ¥ — V7 v T ORENRKE .,
AIFFRTIX, Fr—V7 v 7T EREWT 5720, Si K—7 L7z a-(AlGa)Os % FV T XPS &%
WRPEIZ LY Eg 2R, HBIRGH AT 72

9.0 . . . .
~ . . o o~ B Egfrom XPS .
m(1-100) i a-ALO; Ff 12 Si F—7 o- % 8.5 —m—AF M Anhar Uddin Bhuiyan etal.
Ny v o . ~ --@-- Ego from Transmittance ..
(AlGa)0s Hiff il % PAMBE {EIZ > TallE L > 8.0{-*— R?ena Jinno et al.
[@)] ---O-- Hiroshi Ito et al. &

To. BMUIRM O I FHEBATEE L L TR,
Hm3EATchHD. F—7 L7 SiBEF~10"8
em3 THD. a-(AlGa)Os Bt Al RO FH 2
I XRD 2604 % ¥ > &A=, XPS T E, D
BHIZIE 2psn HED AT MvE Wiz, FHil
s, kR 7 e Mo cEraxsE S000T02 o2 06 08 10
[P TRHEEITY, o-(AlGa)0s 34T Al #A Al composition of a-AGO
FRIZI\NTEBSER L A0E LT, (ahv)? -hy O Fig. 1 Bandgap and optical bandgap of o-
BAR & FRAMEIZ L U g 25 LT (AlGa),0s. Experimental and report data [2-4].
RD |2 &> CTHEH L7 ALFHART 0%, 12%, 38%CH 0, FBBRHFEIZL VRO Ep i, T
ZFH 537,547,608V ThoTo. Egp DI, Si K—772 LD 0-(AlGa),0s KOG & L < —&
L7z, XPSHIEIC L VRO E 1%, THEH5.71,5.89,622eV Tho7=. (K ALFEMIZIBNT
EREBI L UTHIN LT By IR LWRERME O, E72, E,DED Ep DEE D H00K
E)ofo. XPS T ENTNEF O XXM ZNEL TEY, M EhsEFBuLiREE
KT T 5. a-GaxOs IXME 7 OIRBEEEE N T RFHI TREWZ9, XPS JIETIET Aok
IO T RVFIN AR MIVDSLS B3 & LTHND. T R EEFHOf B = RV F 21X
0.20-0.25eV Td 572, (847 T omENL & Al 747 Lo DOZEX D REVWEL o7 LBE 2 6
%. [11Y. Zhang et al., JAP 131, 175702 (2022). [2] R. Jinno et al., Sci. Adv. 7, eadb5891 (2021). [3] H

Ito et al., JJAP 51, 100207 (2021). [4] A F M Bhuiyan et al., APL Mater. 9, 101109 (2021).
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Mist CVD ;%12 & 5 1000°C Ll ETD(010) f-Ga,0; DR FERET
Study on Growth of (010) #~Ga;Os; Over 1000°C by Mist CVD Method
IR, B/ AWIYRELTI/aS—" O EBRE' #ak' WOFE'
FIERFRE |, EAALTE? AXMAA? FER' BIEE'

Kogakuin Univ.!, Novel Crystal Technology, Inc.%, °(M1)S. Saito', M. Sugitani', T. Yamaguchi',
S. Abe!, K. Sasaki’, A. Kuramata’, T. Honda' and T. Onuma'

E-mail: cm25037@g.kogakuin.jp

B-Gax03 I, 4.5-4.9 eV DN KX v v 7244 LM, @ik BiEIC X 0 KROREER AR ASED
NHEZ L, WS —F g 28k e LTHIfF S TnA. R U 7 MERIEIZIE HVPE 4
B> MOVPE WAL < v B s, Mist CVD 15 THE, FUEHZ GaCls # 5 2 & ¢, plRiIRE
750°C T 3.2 um/h D EERIES IS STV BB 2 70— 7 T, Ga(CsH702)s JFUEHE FE 2 # il &
52 LT, REIEE 800°C T 7 umh BREOKE L — b 2576 KT, &y b U —n17l
MOVPE FR(ZIBWT, 1000°C Z i 2 5 Sl RIZ K o TR L KB AR R e EICBRESND
ZENEFEENEN L EoER LY, AAFZETIL, 1000°C &8z 2 IREE A T B-Gay0s hkEIC
DWTHRFET L7z,

JFEHZ X Ga(CsH702)s &2 HVY, JRFE 37% HCI % @Bk CHIR LIAB E L THWE, a-ALO; ~
D EAR RS F % BT, Ga(CsH70,)s, HClIREE A £ 24 0.2, 1.2 mol/L & L7=. Sn F—7" (010) -
Gar03 FEb & B RS 1%, 47% HF (2 30 min {2i& L7=. % U 7(02)H At & 7.0 L/min, 7RO
A 0.5 L/min & L, 2.4 MHz OB E EAIRE) 1 2 JHORBHEIR 2 T b S 72, BOBGREE 800, 1050°C
T, BRIEREM A2 N 15,30min & L7zt 2 A, FEEIXENEI3.7,20 um THHo7-.

Fig. 1 (R X 51, B ERICfEW, 00115 | I—== T ! |
A OWA NI BT Fig. 2107 & 5 12, st ||
B HICBEFATH D23, 800°C M TIk, Rodkik
A OHTHI D72 020 LIS OEIYTE— 7 p38lare. o Trem————
SIMS HIELC £ 0, FRIBIRIE % 800°C 75 1050°C  Big | Surface SEM  Fig. 2. XRD  0-20
IZHMEED & C DIRADMR S D Z &M g:lla(%‘iso‘)’%ﬁén;j Og;own gitzgffg)og_fg:;gfmwn
Mo 7. C i, Ga(CsH702); ISR TH Y, AR
OLEFIZEDBREEC K VIRV IALPMZ N EEZE X LND. —TF, EEEEIZK ST 10" cm?
F——D Si OIRADBLONT. YHITREUEHOFEL ZORET L.

AWFZED—HBIE, NEDO DZFEHEH (JPNP22007) DB Z%Z T 7,

[1] T. Onuma et al., Jpn. J. Appl. Phys. 54, 112601 (2015). [2] A. Kuramata et al., Jpn. J. Appl. Phys. 55,

s N 1050°C
|

AN 712 800°C
|
|

[\ 020

'ﬂ'/' '\., Substrate

Log Intensity (arb. units)

1202A2 (2016). [3] K. Nomura et al., J. Cryst. Growth 405, 19 (2014). [4] J. Yoshinaga et al., Appl. Phys.
Express 16, 095504 (2023). [5] H. Nishinaka ef al., Mater. Sci. Semicond. Process. 128, 105732 (2021). [6]
A, JCCG-52, 06a-C03 (2023). [7] K. Ikenaga et al., Jpn. J. Appl. Phys. 62, SF1019 (2023).
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S A b CVD EITL D MgO BEADERE Al HN
High Concentration Al Doping for MgO Films by Mist CVD Method

IZX’, OhE =@mER ', /M IERER, WO EE', &8 B, B EE'
Kogakuin Univ.!, °S. Nakashima', K. Ogawa', T. Yamaguchi', T. Honda', and T. Onuma'
E-mail: cm25053@g.kogakuin.jp

X U®IZ] I E 200 nm LA F O BEZEERAMEIEIRIL, RTEKETCmF v~ T > T 7 EOIRER
VTN ERTH D, RS MgZnO 1T, iR THZEHRARENELND[1]Z End, R
JEHAMELE LTI SN D, EBIREAFF~ORBESEGF IS 2, MgO HFERIZBIT 25 Li
AlTIMZ X 2320 2 =BT 2HiEXH 2 b DOD[2], EEAEIZEBT 2 A HBIRNCEE4 %
WIS M, ML —TCliE, 2 E TIZ AL RS-MgZnO #EED X 2 k CVD E 1T
TE7-[3]. L, L. Al(acac)s DRI ARIRFEE 7S 250°C FLE LK < [4]. _EIRERICIS T B By s i F
720 Al OEAZILIZR & FHREIL 108 em™ BRIEICHE £ - TV o, AFEE TIE, R owE
WERBEZ B2 2 & T, ERE ALIRMMOMRGET 21T o I RISV THE T 5,

[32BR] Mg & Zn ORIBRAIZIZ Mg(CH3COO), + 4H,0 & Zn(CH;COO), « 2H0, Al OREIBR{AIZIZ
Al(acac); & AV 7=, JEBHEIE T O& B A A F/AMEIT 0.09 mol/L & L. Al OffIAZ A
{[A)/(IMg]+[Zn])} % 0.1~13.6 mol% CZAL S W7 IRE %, K L FRO ML A 4:1 TR L
TR IA R L. ARSI & L TRV, BEIREE 720°C, % U 7 H A(0y)ift & 4.0 L/min, #7R
H A(0)fifE 0.5L/min & L7z, JHE% 300-400nm &9 572, ERFEIX 40-60 23 & L7z, #m
BLE T BRSO E A BAMEE(FE-SEM), fildh a2 1% X SREFT(XRD), MgO #fiEt o> Al
DERFHMIZIE 2 RA A L EH &S (SIMS)HIE 2 Hv 7z, SIMS JlE Tk, 1 IRA A U FEIE O %
v, 1 RIEEREIL 6.0kV, FRHFEBIE 18 x 18 um? & L7,

DR & BE] Rk O Al % 13.6 mol% Tl L 7= MgO 50 FE-SEM B4 X 1 1Z/R7,
AUBFR M, mRER AL X DRG0y MIBLO o T, X2 ITIET O Al
WS A b S TR L 72 MgO o> 200 [E13T B — 2 £ D XRD 0-20 PIERERER~T, W T
NOREHZB W TS X BERTHEEIABLI S TR Y . IR AL 13.6 mol% D aEHI I\
TR TH -7, T, AIO & Mg-O DFSEENRR DL TAELLEEZ LD, SIMS
TEOFER, AL 13.6mol% D & & MgO IR ALJREEIE 5.0X 10 em™® & 720 . @RERME
R L=,

(RREE] AR O—EIEL% v 2 [ & OB (25K 08495, 25KJ2089) DB 5 1T 7=,

(& 3CHR] [1] K. Ogawa et al., Jpn. J. Appl. Phys. 63 02SP30 (2024). [2] S. A. Dolgov et al., Phys. Solid
State 53, 1244 (2011). [3] A, & 70 [ AP B SRR S, 15a-E102-8 (2023). [4] M.
Aslam Siddiqi et al., Surf. & Coat. Technol. 201, 9055 (2007).

MgO 200 |

MgO:Al (13.6 mol%) -~ ‘”-.ﬂ__\ﬁ
. Wiy
Eust iy . TN

MgO:Al (1.4 mol%) .~ ! ™

it bl A b ,-’"‘I\‘-. MM\WT’MW”‘
MgO:Al (0.1 mol%) .~ !
Bttt s AT
MgO substrate §

(s bt n

il
VRN

.

Intensity (arb. units)

~,

-

R .
1um T HiHHe S i
422 424 426 428 430 432 434
) . 20 (degree)
Fig. 1. Surfage FE-SEM image of Al-doped Fig. 2. XRD 0-20 patterns near 200 diffraction
MgO film with [Al]/([Mg]+[Zn]) of 13.6 mol%. peaks of Al-doped MgO films.

© 2025%F [CRAYEER 21-010 21.1



7a-N201-10 BIOEGAMELAKS LB RS BEFHE (2025 BHAZ KREF+Y /(R &F51Y)

R EEA LT Ng0 DEFIRE
Electronic Structures of Impurity Doped MgO
BILRIK', IFRK® OKEH &' Bl &5&’
Toyama Pref. Univ. ', Kogakuin Univ.?, °Yuichi Ota', Takeyoshi Onuma®

E-mail: ota.yuichi@pu-toyama.ac.jp

ARG OB~ 7R 7 A(MgO)E Ay X v v 703K 7.7 eV &AL, Zn Z3E A L7= MgZnO
BEaIZE DN Ry v TP =T U RSN TWD . Fx U 7HIEOZOIZIT F—F
YINMETH LN p B LI F—7 12X o TEIAINTWD L OO, n BOEXILEIC
DN TITREN RN ZF T TAMETIE n B F—s_0 & LTHIRF S NS IEE N MgO OX v v 7
YN TR 9 5 2 & B E LRI SRR (DFT)IC R 3 < 35— JRBREHFLIC K » THREE L 72

HEETIL MgO 7Y 64 JFFDA—N—V L EZRM L, AF 4D Mg JiT4% 1 #HEoH
(B,ALGa,In)IZEH#LT 5 Z & TAMM) N — 7 DIRREA AR L7 3R 72— RiX VASP Z ] L, A&c#
FABILBIEUTIE PSCANR] & H57E L T3 REHR Z1T o 72,

Figl(a)B, (b)Al, (c)Ga, (d)In & F—s3> k& LT 1 JFiE# L7z MgO O\ REZRT. Do
Il EIEHE T v o THICHEN BB T 5 2 & DR S 2 R T T B O TIBE 75008
[ U T8 A TFRB)D KD mid-gap (IS VMEEIZEN Z KT D 2 L D00 > 7o KRBT 5
R BEDWEN LT > N —7 OfiE 74 ES(VBM) & JEHEIC S5 & Al 1M b VBM 7 B
NIALEICHEN 2 TR 5 . 2 O R HE T K > THLI S HERNL OB 4 R T O #0E SOl & =
FNAX—ZHIGLTWD EEZLNBLWT O I ETEHED R —& LTIRDE D mTREMEA & .

[BEE] AEFEITF Y/ M OE 2 %2 1F TfThiiz
[1] M. M. Tardio, et al., Phys. Rev. B 66, 134202 (2002). [2] J. W. Furness, et al., J. Phys. Chem. Lett. 11,

8208 (2020). [3]J. B. Mann, et al, J. Am. Chem. Soc. 122, 2780 (2000).

8
(a) B doped (b) Al doped

(d) In doped

E-E; (eV)

Fig 1. Electronic band structures of (a) B, (b) Al, (¢) Ga, and (d) In doped MgO.

The red lines represent impurity related states by doped atoms.
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[8a-N105-7]
ZnGa,0, ZERBIRICE T 21 Y E—X > ADBEKREFMEICED AR v U 7IE O
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Low-temperature deposition of IGZO using high-power impulse magnetron sputtering

BWPKRET ', RKXEEHH? CM2)KE BA' P 5h#h2 HIR #— % XA &2’
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1. IIC®IC
TENT 7 AALT N Y7L - B
b (a-IGZO) 1. LEEAImWER RS
B LBV NBREE RO D T 4 AT
VATFTHE L TR Hns Tzl 54
AT LA OEER b ETe R IGZOD S RL
SEEE I X BB W EOWFER T
ALTW D, cHEbEL AR AR IE A2 F 3 51GZ0
(CAAC-IGZO) 1%, a-IGZOL KR TEBEE
TIRY =7 EfRER"T ZERREINTND
Rl L7y, CAAC-IGZODIERIZ IE—
HIZ450°CLL L O BEIR T = — /L3 WNETH 5
7O KR CREMMEESE 2 7 e A DB NARKR
HHILTWD,
KEHRXINVA~ T R b v ARy X
(HiPIMS) (. fEkDE~ 27 % b v AN
v & (DCMS) X V2fill Em @ g~ o X
< (102~10%cm™®) Z#EMKTDHZ ENTE D,
UKD TR THE =Sy MRLROAT
HAJRASED A A AR DMEE X, EFEA~D
AF AT T v 7 ANRERT B0, 1IGZO
HEOMEREEZR LT Z R MFFTE 5, F
7o, 7LV AdutyFEA310%LL R TH D720, KR
IR AIRE & 72 D,
AWFFETlx. HIPIMS % VW Tt datEIGZO
L D AR BB % 3k 7

2. EBRFE

24 »FDIGZOY — 7 v + (In:Ga:Zn:O =
1:1:1:4) 127V A JEEES00 Hz, 73V ABE9 us
D/SVAEEZEHIN U e, #—5 v B
DODE—JEE X =5y NEREORE) LR
L7 — 7 BENEE 21 kWem? & LT, 7y
v L ERFEDIRG T A DRI A %46 scem, [
FENAFE (02/ (Ar+02) &2%, A/8w 4
JES % 1.5Pa, X —7" > b & BRI O B % 50
mmé& U, BEREM 2300 & L7z, itk K
SUE TEAR F P TA00C DR A T =—/b
Z 605 T o 7,

3. EBER
Fig. 1IZEVEE %t CHIE L 72 FoAR IR D RE R 228

fbzRd, R OfRGE & & HICEMIRE X EH
L. AR T CTd 5305 TOREMIRE T L&
59°CTh o7,

Fig 2IZIGZOVEEDOXRD /N ¥ — 2 % 7" d, 20
= 29°F5 L TR60°fH T IZ A B R LA i |2 el [K]
% Z N EIGZO(220) & IGZO(440) D fiti i &7 —
TR ST, INEOREENG | RIE TR
EeTEIGZOVEIE A BRI CTX 5 Z L 2R CTX 7=,
F7m, RART=— L BXRDARY kL
DEE LR LITR oo Tz,

4. BEIW

[1] T. Kamiya et al., Sci. Technol. Adv. Mater., 11,
044305 (2010).

[2] S. Yamazaki et al., Jpn. J. Appl. Phys., 53,
04ED18 (2014).
100

o0
=
T T

.
(=]
T

Substrate temperature( ‘C)
(=)}
=]
T

0 20 40 60
Time(mimn)
Fig.1 Temporal variation of substrate temperature.

2
[
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S .
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Fig.2 XRD patterns of IGZO thin films.
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Deposition of indium oxide film using high-power impulse magnetron sputtering
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1. IIC®IT

el A > 2T A(n0s)lE, FEITEERD In
D 5s WUEN BRSNS, BERRIFRTH 5 Ss il
HITZEMBRIAN D R E bSO ELI
DB ZITIZ W2, BB T BENE & FEH
T 5, ITE, BBEE In0s 2 AV i%HE
EBE(TCOMHE N 7 > v 2 X (TFT)R D i
IR ENHED SN TN D,
REIHI S VAT X bha vy ANy X
(HiPIMS)IL, @B 7T X~ DERIZE D . A
IRy BRLA- L B T APRA- DA F AR S
N5, ERENni-AF DI ARNT L7290,
BRI 72 A XL X —T T v 7 A OIS
TTT T — g T K D E R EARBI
ke Z & A, R ORI K A B EE N B
T 5, £70. 27UV A duty Hu(2SV A
Iz D ENE) 23/ SV TIRIELRL R & AT RE & 72
Do
AWFFETIEL, HIiPIMS % AW CHEE B ENE
InOx DAKIR B A H 5 L7,

2. ERFBE

3AFD g0z #—47 > hEHWT, BT
VAU T A KM (Bagle XG) EIZ InOy % H#E
LIz, =47y NEBIEL B — 7 BIRBE O
ThHE—IEIEEZ 0.1 kWem?, 7L A g
% 20 us, WA S00Hz & Uiz, WAL 1%
0.5 Pa, 7 /L3 L (Ar) T ANZXET B FRFE(O) T A
T (0/Ar+0) % 1 % & L7z, InOyx alfiFf% .
KREEEZFAT FIZB W TRE 250 C, A&
FREFR Lh OR A T =— VA 21T - 7=,

3. EBRRR
Figure 1 {2 InOx B2 XRD /X% — > Z7Rd,

as-depo PR CIIAESL E— 27 DR SNRD>T203,

RART ==k > T, 20 = 30.5°125 56k
By 7 AN MEEZRT (22RO E—7
DEIRI STz,

Figure 2 |2 InOx fEDFK i SEM % 7~7,
as-depo ECTITRIRD/ NI WiERmABIEE ST
M, ARART == XD | fEERLOY A )
R L,

Van del Pauw {EIZ LD H—LHIENSLT =
— /L1 @D InOx FE(FEE 30 nm) D 7R — VIS BN 13
41.6 cm?Vs, Fx U 7EEIL 3.2X 10" /em?,
HHIERIL 5.0X10° Q-cm TH o7,

HEE
AW D —HRIT KM OBk % 32 1 THT
bz,

BZ R
[1] T. Nomoto et al., NPG Asia Mater. 14, 76
(2022).
[2] Y. Magari et al., Nat. Commun. 13, 1078
(2022).
[3] J. Robertson, Mater. Sci. Eng. R 37, 129
(2002).
— — as-depo
g annealed
=
£
S
> L
g

20 30 40 50 60 70
26 [deg.]

Figure 1 XRD patterns of InOy film.

Figure 2 SEM images of InOx film.
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In203 growth using In20 and H20 source gases:
thermodynamic analysis and experimental evaluation of growth behavior
LEXRET' SiEmE (k) 2 O=Z& #EFE' BRIl EA?

Sophia Univ. !, Gas-Phase Growth Ltd.>  °Rie Togashi!, Masato Ishikawa?
E-mail: r-togashi@sophia.ac.jp

NEHERDE s 7 ANA MESEEFFOHGESERLA T T Ae-In0s)iE. K 3.4 eV DAL
Wiz BT 252 EnD, RO « BT A ASHICHEIT 2T A KA Ry v 758K
B LTHAENRTWD, ZRETIZ, N7 A4 REKMEEMHVPE)EZ V., B-Ga05 (001)FEEHE
KO 7 7 14 7(0001) A _E~DEH c-In03 il & AR CTHIH TIHEBL L T 7203 —J5 | InyOs BF
RO HERICIE, R TR E LT Z v e, X0 @@l 708k B ik

DORRHERRD I TWD, ROFZETIE, JREHTIZ I TRl R Temperature (°C)
&F In & HoO W ADKINZ LD IngO H A Z BRI L, 1000 T 800 0 2

FRREBIZIB W TAER LT InnO A A LBMET 2 H0 H A &
DO LY IO RS EAFHHEME T o A 2_ET 5,
ARFEL, ZHNET B-GaO; EIZEWTHITH D Z L&l
HLTEOWE AERIZN%E IO iR 7 7 A~EB L7, Inn0s
R BE T DB PR 2 FEh L, £ DRERICE DWW TR
B A, R EREITV AR 2R LD THRET D,
03 A2 R SEED A E 5% K OIR R AFME % Fig. 1 1S d,
In,0(g) & H0(g) & R 375 InoOs AR, 1000°C LA E DR P T
WTH KBEDEEZRL, MIERENARRTH D Z &R 1000/T (K"
Tz, WIT, REE TFIZET 5 Inn0(g) & HO() DT & % - Fig. 1 Temperature dependence
IO AR DB ) 2T A 9206 L 7=, Fig. 2 12, ImO HEiE4 of the equilibrium constant (K)

POInZO =1.0 x 107 atm. H,O ﬁ@ﬁ’*ﬁﬁz\ﬁwazo =1.0 x 107 atm. for In2_03 formation reactions.
Ho BEG4YFEPy, =1.0 x 103 atm (2351 5. BREIREK D !

c-Iny0; fitidlh BICHFET 2% W ABO Y pEE~T, 22 -
TPoy, FEEHIE T HoO M BAERSND DDA E Liz, i
Broofs R, AT TIE IngOs LR D BREN T AP0, 13K & 104
850°C F TIE—EMEAMER L. In20(g) +2H20(g) =In203(s) +
2Ha(g) DFUGHHETTT 528, 1000°C LL_ETrxaiss (53fiR)
WEBR L2 =y F U I REITTEZERHLMNE o
720 S BHIZ, InpOs A E DBEE) 113 H0 4657 +P°y,0. ER/S
HH VI HIZKREKFLTBY, Poyoz st 5 2
ETC, LU ERISIZEBW TS IO ik ENRRIEETH D Z &N
Dotz 1072 |
ZID DFRFTAERICES X | Inp0s AREH O S SEE & 3%
MBS L7, BRI, COOIREE Y — o BN I FTRE /
I RO —(RBIRRE D B RS . FEHBICITmME In 4 5 10 : Pl
JBARE L, HO FAZEALT 0 HAZER LT, &k Los AR =i
B ClE, IO HA L O BADKIGICE Y, 7747 208

106

10

Partial pressure (atm

1010

—5.0% 10
—2.0% 10
—1.5X 10

ey S s 5’0.4 —1.0%10°
(0001)JA 112 800 °C LA LD ik T InoOs WRAR &2 HBL - £o2 =
L7z, FEMIEGEETRIC CHET 5, < 0.0 \\\
BE : AT ISPS BHIFEE TP21KI8910 DBk %% 1 T 17 O e )
bz,

) i Fig. 2 Temperature dependence of
ZE WK : [1] R. Togashi et al., Jpn. J. Appl. Phys. 55, 1202B3 cquilibrium  partial pressures  of

(2015) [2] H. Nakahata et Cll., J. Cryst Growth 563, 126111 gaseous Speices and the driving force
(2021). [3] K. Goto et al., Jpn. J. Appl. Phys. 60, 125506 (2021).  for c-In,O3 growth under various input
[4] R. Togashi et al., IWGO-4, Nagano, Japan, Pos 1-15 (2022). H:O partial pressures (P°y, o).
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Ce F—TKFILERIES > Oy LFEIE (1C0:H) D#ER/RMDRE 5 5
Evaluation of fluctuations within the crystal grains
of Ce-doped hydrogenated indium oxide (ICO:H) thin films
ERU, TEX2 OM2)IEk R8> B XR', wH R’
AIST.!, Chiba Univ.?, °’Koya Kudo'?, Chia-Tsong Chen' , Tatsuro Maeda'

E-mail: k.kudou@aist.go.jp

[1xC®iz]

flbA v VT AR OBHEBMERREYIL, TOBRWVEEMENDG | T4 TIEEEY TFT O Y — A
| KA VBT v RAME2]E L COIHR B STV D, & BT, YERT A 2D
AEHETeH T, 10 nm LoV TOMERE TOYHERFHE R R S RO BN TWHEZATH D, Fhx
T2 E T, EEREEE W'Y 7 A R—7KFEERIEA > 7 A (ICO:H) (ZEH L,
B 120 nm 12BN T 130 cm?/ Vs 28 2 5 W BB ENE 2 R4 RO /ERLC % Zh L TV 5 [EDIT,
IG5 ref]l, LAvL, ICOH % & HICHIELT 2 EBEENSLTHZ L 2MERL TR, TOHEK
DOfEANRETH 5, AL TIL, ZOBBESLOBEREZP LN TLHZE2HME LT, &
THIA A WS (SIM) B X OVER B A E ST (STEM) % VT ICO:H O fE Sk
KOG SRR NS ORI 21T - 72D THAET D,

[ZBRFIE]

ICO:H DL, Ce0:% 1 wt% K—7" L72 Inn0s % — 47 v b &= DC ANy XIEIZX V7o
7o ANy BB D RIS L  BIFE /)% 2.0x1073 Torr, 2N 7 AH /12 20 WIZRRE L K 1.5%.
e 0.3%., 7 /L 32 982%M B DIRA T A% Tz, iR, RN T o 7 INEVEEE & VT,
ERFHEF T 250°C, 30 O CHEMRRLEZIT-> 72, ZD%, Hall HIEZEEIC XLV EX
Witk % | £ EERA AU HMEE (SIM) B L OEEEEEHEMEE (STEM) % VW ChEdbhz
ﬁggﬁiﬁ%ﬁoto .

=] 140 | °

Hall JUEORER, &R 250 CORMMERIL L | % Nr20C
ICOH IZHWWT, B 20 nm (HE S BEBIEN K& @ 120
Bl 5 2 L AR S U= (Fig 1), SIM 21T & 2 fdk - < 100}
DBZE T, ROV A XZFAREH L LoD, R § o]
20 nm TI&, 120 nm O TIEBM S 727 T dhiko
BN HEL L TR Y | FEARRIN OfE it & £ A2 /RE LT % 60 |

[®]
s

W5, P STEM B TH RIS E R8BIl S L7 Z a0t

LB (Fig. 2 £, B AHRO NS % [EE LR i
BN D ETR D7 1E (a 43, b A, ¢ ) CEF BT XIE & R
L7oitR(Fig. 2 AX), EAKBILZ—HTLHHDAR Y 0 (') 2'0 4'0 6'0 8'0 1(')0 1;0
N DIEDBBLNT, FEFTKEOEFAFTADT I 2 L— )

Va L EFToTn b DA, 56 FERRE DRSO E OFFEE Thickness (nm)
MWLM T, ZOREENE . 1ICO-H Dz Fig.l. Dependence of carrier mobility on
S BBIEOHILIE, FREINICET 5o film thickness.

%(édélil:é%’(’UTﬁﬁELﬁi*’C“&bé EEZOLND, .

BEE

AMFFEIL. IST BRBEAYRIEHFFEHERESZE Jodmi) 0 —
N =2 — b7 VEINBIJE (ALCA-Next) JPMJAN23E4
B L JSPS BHifFE JP24K17328 DXAEH 2T T\ &
T, T, EEALWE A WEE & E LR ENS KRFED
P2 P HE I R L BT E T,

(2% ‘
[1] W.-S. Cheong et al., Thin Solid Films, vol. 517, pp.
4094-4099, Feb. 2009.

[2] Mengwei Si et al., ACS Nano, vol. 14, pp. 11542—-11547,
Aug. 2020.

n
o
T

Fig.2. BF-STEM image and electron
diffraction patterns from various positions.
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B#E IGZO-TFTs DA YV U RIGIZHRT B2 7 ILH ) KER{EWMD FZmEhE

Effect of Alkali Hydroxide Addition on Ozone Reactivity of Solution-processed IGZO-TFTs

BrfK, CD3)ES

==
AR,

&+ BB AHF B

National Defense Academy, “Hiroharu Sasajima, Takaaki Morimoto, and Keisuke Ishii

E-mail: ed23010@nda.ac.jp

R In-Ga-Zn-O(IGZO) i k7 o P A X (TFT)D R LA
VEETR(ID)AS, R 1ppm OA Y L (ONZ L VDTS L
ZRIAL, #EkDE LV THRERL ST- v — X INEE HW 7
VMETHBEE ety v o E K A S CTERIAEECTH D
Tl E Foa Il L CE AL 2o RiEER B
OH DB ENED E DB LTV A, —J
CORE | UV OEEELIZIE, IO 5S> ZnO E~D 7 /v
71V LSRN RE &N ) HEN 2 STV HB4, £Z
TARMFETIE, TOMFEEZLT V) KB TH S

NaOH. KOH OFINT X 5 m&E b 23 A7,

In, Ga, Zn D& MHRE %2 2- A P =& /) — L |Z
0.1 mol/L AR SH7-, In: Ga: Zn=6: 1: 3 DR THE L7~

IGZO HiERMAZE R 2 NaOH, KOH A1k % 1-15 mol%iE& L7-,
B % SiO BARR LA & p B Si Kok EIZ 2000 rpm T 15

WA a—k Lz, 300 °COKRy hFL—h ET1H
MIBERR L=, 2Dk, Al EAEAE LA NLT—K - by
Targy NUO TFT Z{ER L=, V—RAZHEH L, 7F—
M, FLAVEEZ AOVICEEL, FREEZHERF LI
F. O3 &FE - ERBOKLGE TR OKEHTT Ip ORHIZE
{b% 900 FLRIMIE L7,

7 — U IR GEIE CHEIE L7 OH JEBE L 7L
71 VKT g & ORRER 1 IZRT, WTIORIK
HERAE 1-9 mol% Tlx OH JENHEENT 25—, 11 mol%LA
TR Uiz, M 2121, 7 mol%? NaOH FRINGRE L R
TIEREHZ 6 L, 60~300 FPORBICIEE 1 ppm O O & 2%
ST In ORFMZE L Z 7R3, BRI Ip1E 05 2%
B B A0EIZED L, RESIEE L 0 B IR VIRE &
AT, S BIZHIBRIEWEIRIL, 0 OHEHE., WIEELD b
IIMEEITHOT EHEDICEET S Z é:‘(%é X 3 2~
TRONEME Alp1X, O3 2% - FFERBETICBIT S 1 5HO b
IR (1K 31 AR D Alpg, Aln) 75 AID = —log(Alpg/Alps) &
Lf%m Tz, WINE 9 mol%Lh F Tt Alp & OH AEjRE

EIZFERI L. 7 U KER(E NG X 0 BOSTEPEDS [A)
L?‘é PR ST, IREHE R X OEIE R DU
TIXY HBEERT D,

ZE Rk

] H. Sasajima, et. al., Appl. Phys. A 130, 826 (1)-(14) (2024).

1 22T M, 55 71 BIGF2(R), 24a-61A-4 (2024).

] M. A. Basyooni, et. al., Sci. Rep. 7, 41716 (2017).

1 A. Rossi, et. al., ACS Appl Mater Interfaces 15, 33732-33743 (2023).
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Fig. 1 Intensity of the IR absorption

band due to OH groups as a function of

addition amount of alkali hydroxide.

; O5in (1 ppm) V\éithout 0,
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Fig. 2 Time decay curve of on-current
without ozone (black line), with ozone
at a concentration of 1 ppm exposure
measured for sample doped with 7% of
NaOH (red line), and Non-added

sample (blue line). (T —
LS ;I'\,‘ HIv
4 gm* ,,\rs_:a.m,‘,
3 | KOH .-20:0 él“ﬁn (_:rr}mél) 180
-7 00,
3 2 .8 Q 8 R o
% N

1 NaOH O*O“‘O

01 3 5 7 9 11 13 15

Addition amount (mol%)
Fig. 3 Effect of addition amount on
reaction activity Alp calculated by the
equation Alp = -log(Alpe/Alps.)). Inset:
definition of /pg; and /pa, which are the
decrease in on-current with and without
ozone exposure 60 s after the intro-
duction of ozone.
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FETE In203(100) b EI2& D TFT HREVH—D CO: BREEL
Improvement of CO; sensitivity of TF'T gas sensors
based on increasing the polar In,03(100) ratio
THBEX!, MK OMNEEE B—#', = &2 L0 F5' M Eh!
Kogakuin Univ.!, Chonnam National Univ.%, °Yuichiro Ebisawa', JinHyeok Cha?,
Tomohiro Yamaguchi!, Shinya Aikawa'

E-mail: aikawa@cc.kogakuin.ac.jp

CO, WADE=H Y U X HFEAIFICB W TEEREZE ZH > TnD. ORIk
LT GBS, LaL, ZOLFNTRE Y br—ARRETH L0,
HEEORIUECE A MER EOBENRD D, —F, WML K2 2 MulcER Do E L
T, B N T > DR Z(TFT) A A =R STV D, In0s SRHERITIEVE 22 £ i
AL TS0, SR TEHERTRER R NO W At o =R EIES N TV DH[1]. F g9l
72 COx I, MANER DB B HFEMIRY CaO R° La0; 72 & A FEKBIZIRINT A 2 LT, &b7
BRI CE D Bex DAFFE S V—7Tid, In0;3 & CaO & D = A3 22 K D Inp03(100)
HDMEIERE L, COREEN M E L= & 2ME Lz[2]. iR E Ch 5 Inn0s(100) M I X FEMmRIE R
[ & ERFHNCEZ KRG T NEL WAL, EF T v 7 LTEL. ZomitEEmic, Ko1
EROEERE WD CO MR ET D E, T v TEFVNKEE S, BREIENPRKRELRDZLET, &
VUV TNAEREE D, L LA HAMERE S COy R M) FICFE LI BRSO
TV, FATHIETIE CaIRAICE 2R bEBEDN D72 TH 5. £ 2 TARIFE T Ing0s D7
TR LT InpOs & COLEE L OBMRZH OMNCTHZ L2 I ET 5.

I, 03(100) [ Z iz S 5720, RFE 7 R hr A X ) U 7 EHAWTYEEOBMRICEH L
7o, WEEEL T 5 EERE T APREREOKKREICEEE 5 2, Sl g8 MET[3]. =
U2 LD, n0s(100)ERENHFFTX 215 TH D, Y L7z Si02200 nm 7 X Si A _EIZ In,05
AR U7z, ERTOEE 1.0x 103 B8 L TUN3.0x 104 Pa lCi#E L, FMEES 1.5Pa, RF &/ 50

W, Ar/Oy fb 25% CRHEZE L, 20 nm AR
L. = =
Fig. | [ EALZ THRELZ In0s 5 8 g
DRI XRD /8% — > %Y. HEE 8 waﬂ”W%
B < LRSI, WD InOs(100)I7 5 1o ol
MR CT& /2. Fig 2 ICRARDECRIE & A
> N = e I  3x10- Pa

L 72 In;O5 TET O Nﬁ ¥ £ 00 CO, FRIH BT P \341041 Fig. 1 XRD patterns of In203
FTCO TFT fE%4 <7, F£7z, Table 1 thin films deposited with
12 Tn203(100) & Tn:Os(111) i D — 2 ] 302 6 (dea) * 4 different back pressures.

eg.
BREELE, Ny B E OV CO, FHA T TR
j( P ]//f :/é'é’{}ilﬁ’fﬁ, %ﬁ”b%ﬁ‘%%ﬁb 107 - N, 3x10%Pa 107 N 1x10%Pa
7o CO, EEZRT. b XD, 2 oo <
I03(100) I ASTERL Lod WIS FESRMF T 2 0 0" L o
T, AT UL RAORIKE CO, & E £
A EAHETE. EXT UV AOH g £
KRiZREWAEDOWMEZRLTEY, °° ’\\\Q s
KEIZIBIT D Inn03(100) 1 O FIH H3HY i |
jJD [/ f: Z k Q: E —a— é . l-/ f: Zﬁ > /C J: - (;z:ta volt:ge Vs (\?’g ® - G:tue volt:ge Vg (2\:') "

D REREBIMENHNEL, CO, mEE(L Fig. 2 TFT characteristics under No and CO» atmospheres: a)

- N N ig. characteristics under N2 an » atmospheres: (a
(LDRMoTZEBEADIND. back pressure of 3.0 x 107* Pa, and (b) 1.0 x 1073 Pa.
Referencesm Table 1 Various parameters according to the back pressure
[1] M. T. Vijjapu, et al., Sens. Actuators, B, 221, before deposition.

1-8 (2021). . Back pressure (100)/(111) [p max Ib,max CO,

[2] A. Nodera, et al., Mater. Sci. Eng. B, 299, (Pa) ratio under N, (A) under CO, (A) sensitivity
117024 (2024). 3.0 x 104 0.6 1.3 x 107 24 x 107 1.8
1.0 x 103 1.0 6.8 x 1078 4.1 x 107 6.0

[3] T. Koida, et al., J. Appl. Phys., 107, 5-6 (2010).
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InGa0, ZWRHFEICE T 51 Y E—F D ADREKFEEIZE TS
SR v ) 7 B0 Fi

Evaluation of photoexcited carrier conduction based on the temperature
dependence of impedance in ZnGa204 polycrystalline thin films
REBHMX!, FEXBRRI? M) m#E 6h' RIFE M2, /MR R, PER R
A ME?2 BHF B!
Tokyo Denki Univ.!, Chiba Univ.2, “Reiya Kase!, Tomoki litsuka!, Yuya Oguma!,

Takashi Kosone!, Kazunuki Yamamoto?, Satoshi Ishii' E-mail: s.ishii@mail.dendai.ac.jp

[1ZU®IZ]  ZnGa,0s (BLF, ZGO) 1%, 48eVUULEDTA RNV REY v 72 HT5H 2
EMD, V=T =TT A4 ¥ (EE :250~280nm) ERIGE LT S A~DIG A
FFINTWD. FxlTKEEGR ZGO 7/ R HAER U7 RIS B W TR A v B —H
X%:?ﬁl E L, VERIKED 7 = — /R AN HE AR K OVRL SR O f A 1E 22 1 L ClRE RS SR 1T
RIETHBLZRHF L TE 2. AT, A B —& 0 ZOEERFVECE B L, SRS
FRHTIC & 0 BRIPLOEE R 2 EH T 5 2 & TRENES v U 7 OEE5EE 2358 L7z,

[SEBR L AER] 1 U®IT, 200°C, 10 KEfECKREVE R L72 ZGO 7/ ki 1% S A o X —IC
BAL, AREROBHRICAE Y a— kL, HWT, BRF 2 L THERERKFTI
B[ 7 =—/1 (500~800°C) §5Z L C, EX 5um D ZGO #EAERLZ. 4 v —4
VO AREE, FHIEEEICVER LT Au B A S, BEZEH (~102Pa) TIRZEIME (254
nm) ZHUH LR35, 90~450K OWRFEHFIPH CTHM L7z, MIESRMIE, IRiE 0.5V, JEHE
FPH 1~5 MHz & L7=. ZOfER, Fig. 1 IR T X918, 450 K2 DDA v —4
> A Cole-Cole 7’1 MIZBWT, MILDHLEIT 500~700 °CTILT =—/WRED LA
PENED L7223, 800°C CIEFH O L7, $£7=, Figl O AR L% fREKET L%
HAWTT7 4 o7 4 U ITRITEITV, Sy LRI OBEBSEIUZRIERE Z & IZH ML, Fig
201271y h LIz, ZOFE, 500~700°CTT =—/L L= T, MEEENRDT5 &
ol oz e OSKE R OIRBUE SN L7228, 800°CT =— /L TIEIE & A EIEIFE LR -T2. 20D

g o 2 NAZ N T T T 10" . . T
LR KA D Z 0 H Cop  Cop  @450K R
ThHLAMRINT e T[] 10ty [ Tara)]
N Reuik Rae c | -

B, #EHE KRR T T arer 2l

SNV = c
Hopping 4= 23 XA N 800 "¢ 2
RBM, KEBTHF Y WOl &

. e e S500°C oo 10

U7 HELDBHE RO iiﬂ“""“*'\ poo e 3

SN N 0 L T L 4“- .,,ﬁ 106 -------------------
Hopping =8 2340l < 41, 0 200 41 ex10° 100 200 300 400 500

Z'(QY) Temperature (K)
REARFENBNIZL < Fig. 1 Cole-Cole plots of ZGO thin Fig. 2 Temperature dependence of
films under UV irradiation at 450 K.  electrical resistance for each annealing

ol EBEZIOLND. . temperature.

B8 - ABIEO—HIE, ISPS BHIFH 23K07116 K OB PE SRS IFIE R O BIAk &5 U 72 & 0
<.
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In203:H DF v v THIREBEOEEHRE L
BRFSVORAEZFREEDERI
Direct observation of the density of in-gap states of In.O3:H and
the origin of instability in thin film transistor II
SFH, BAIHK? LXEFHS
OFOhiE MAER', Bh BEZS, BAEH' AH #WES @R B!
IMS!, Kochi Univ. Tech.?, RIES - Hokkaido Univ.?

OPORyotaro Nakazawa!, Yusaku Magari® 3, Keisuke Fukutani', Hiromichi Ohta®, Satoshi Kera!

E-mail: nakazawa@ims.ac.jp

XFERHER, BRERRT 5T 4 A7 LA FERAED B TR PELRBT N, ZATH DY,
TARATLAMRERZNEZHE T 2HEE N 7 v 2% (TFT) OYEREICRTE L T\ 3, iEZHEEY)
FERITIESE InGaZnOy (a-IGZO) % Y] D IZ TFT O F ¥ A VJE~DICHRED S, & Y b
IKFE F— 7% A 10205 (InOs:H) IIEBERBHIE (~100 cm? Vs 2 G322 L biEHZE
HTWB[1]e 7. IpOs:H FE - AR b7 == V&I X » CEFERERE S BRI 2 L,
Ioic, EBRABREDA L AT TFT FrESALENT 2 E L Fi 0, PEEOEXYIMS TFT D
Z b L2FLDORFEE LT, BN RBETELZ ANV FF Yy 7OMUNRETIRE (Fv v 7N
HEAT) PRREINTWE, LT A0, Fr v TNEM BN X BMBES TR Z ORfifid
ForicHEA TR, TE TEFBICYIEERD ¥ v v TR OFHIE & L T FICHE X it
T/t (HAXPES) 23 & LT & 7o, R EF 1 LART, HAXPES O = 4 v ¥ —HllE 2% a-1GZO
RHLE . ¥r v THNENZBRIM X2 2 L % EIA L CTEA[2], % CRIFFE I, 2K
Mz 2O FEHHBITEPEL R 2K AL ¥ —EREEINNE T2 HS-UPS) I
03 H OAREWN X v v TNIREEEO AL F i RE LT, 61, KRFR L 2T
icé”*t#¢/7mﬁua%mt”*t#&/7W&u%nwfﬂﬁ@@tﬁ%@ﬂtto

InOxH F-50 2L —F —HERE R S, K5 300 19

8 |n203.
FECHRR 7 == I 7, [ 13K 5 v ¥ —HS-UPS ( Ay 10 HSUPS

, .
=%AW)ﬁ¥*v7%ﬁ®wm%%%%zt#%f%51% 10 (hv=8.4eV)

In-gap states

(26 EE 77 E¥ (Evem) % 0 eV & LT AL F—T
@D\7lw:EMm&)%%m@mtto—hmﬁummv
=212 eV) ®° XBABETDIE (hv = 1253 eV) TIHHIEHKIC
X IRy TN ER S NS C e L, g 1O

S o I N . . - R V=S > 10 —_— r v e

F V¥ —HS-UPS OF M RENT, /2, ZONFHEF Qgﬁ%&ﬁﬁgﬂ

PRI “wi 10 T T T T
w IR 1) :a’% = — LD -] I [ I [ [
Yy TR O EREC KT = S RRIEPN 10 Evey 1.0 -20 -3.0

Intensity (cps)
<y

— Initial
— After UPS (hv=21.2 eV) T

TEHZERbro7z, BHIZHFEYX v v 7HNHEM D2 Binding Energy (eV)
TFT FfE & OR#EIC O W THRIEDEW 2 5O Tikin T %, Figure 1 The density of in-gap

. states of a In,Os:H thin film
[171Y. Magari et al., Nat. Commun., 13, 1078 (2022) determined by high-sensitivity

[2] R. Nakazawa et al., J. Appl. Phys., 135, 085301 (2024) ultraviolet photoemission
spectroscopy (hv=8.4 eV)
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FEFEBHEECHRELE-2&8 In0; 8L Ga B In0; F v RIL
BERAMRIFS VPR AICBHABERVRBEENOXRERICET IER

Discussion on dominant factors of field-effect mobility in atomic later deposited

polycrystalline In,O3 and Ga-doped In>O3 channel field effect transistors

FREMK ' HEHEEX’ HARE® OBE SR, EH Hth’ EM B8’ B HE&°
B B, # ERC, Ex ek’ AR M2’ HE 1T
NAIST ', Science Tokyo 2, Idemitsu Kosan Co., Ltd.? “Takanori Takahashi', Takuya Hoshii’,
Yuki Tsuruma®, Misa Sunagawa3, Shigekazu Tomai’, Jongho Park?®, Hiroki Tamamoto’,
Kuniyuki Kakushima®, and Yukiharu Uraoka'
E-mail: t.takahashi@ms.naist.jp

[IZUDIZ] 0 REHERBR Y - EARITERE R ONE R A £ VIR 2R HE -~ DIt
DI TV A2 BE, InnOs <0 Ga i In,0; (IGO)B! 2 F v X /VICHW=ER DR N7 o~
yx&(Hﬂ)ﬂ%@1mmﬁNy®%ié%wﬁﬁ%%%%ﬁwmm“6ﬂ$iém1wé L2
U, wre 137 % RV ORIEFECHFEER T ot A, F ¥ FOVREEIZBIRF L THEY | ur DX
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Fig.1 (a) Schematic of device structure of the IGO-FETs. (b) Normalized transfer characteristics with
calculated urr of IGO-FETs varying channel thickness. (c) Calculated channel resistivity :7ch as a function
of overdrive voltage based on transfer length method for ure; estimation.
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Investigation on channel thickness and annealing condition on
PBS and NBS instability in AlOx-passivated ultrathin InOx FETs
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'National Institute of Advanced Industrial Science and Technology (AIST)
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1. Introduction

ALD-based ultrathin InOx channels have received
much attention for BEOL transistors to realize
monolithic 3D integration [1]. However, the amount of
subgap state strongly affects the current and instability
behavior of InOy FETs [2]. To understand the impact
of intrinsic subgap state on electrical characteristics,
we have investigated the PBS and NBS instability of
AlOx-passivated InOx FETs with and without
annealing down to channel thickness (Tcn) of 1.8-nm.
2. Experiment

The heavily doped Si substrate with a 20-nm-

thick SiO; layer was cleaned using a standard wet
process. Then, the ultrathin InOx channel and AlOy
passivation layer were sequentially deposited by
PEALD at 200 °C. After the active area definition,
some samples were annealed in N> or O, ambient at
300°C. To form the S/D contact, the AlOx layer was
selectively etched, and 50-nm-thick Ni pads were
formed by a lift-off process. Finally, Al was
deposited at the back side of Si substrate to form a
better bottom-gate control. Note that the constant
positive and negative bias stress (PBS and NBS)
was applied to investigate the device reliability.
3. Results and Discussion

Fig. 1 shows the Vy, shift of pristine AlOx-passivated
InOy FETs with different Tcy under PBS and NBS for
1 hour. It has been reported that PBS instability
behavior of InOx FETs highly depends on the Tep,
attributed to the larger influence from the interface trap
and a higher amount of band tail state within the
ultrathin InOyx channel [3]. As a result, the monotonic
positive Vy, shift is generally observed during PBS
analysis. In the case of NBS analysis, 1¢-V, curves will
negatively shift as applying negative stress and
gradually shift positively for a long-term NBS. Since
the minority carrier of hole is much lower in InOx
channels, the negative Vy shift at the initial stage
might be due to the electron de-trapping and the V,
ionization [4]. The abnormal positive Vg shift as
further applying negative stress can be explained by
the acceptor-like defect generation near the conduction
band edge due to the negative-U defect properties [5].
The 1.8-nm InOy channels suffer from severe defect
generation, leading to a larger positive Vi, shift

F (a) V\.I/O annealing

Black: 1.8nm
Red: 2.2nm PBS
[ Blue: 2.6nm (+10V)

AVy, (V)
N_O=_2NWhOON

} NBS
(-10v)
100 1000

Stress time (sec)
Fig.1: PBS and NBS instability results of AlO-passivated InO;
FETs with channel thicknesses of 1.8 nm, 2.2 nm, and 2.6 nm. Note

that solid and hollow symbols represent the Vy, result under a
constant PBS and NBS, respectively.

compared to devices with a thicker channel thickness.
Furthermore, the degradation in overdrive current is
also observed in 1.8-nm InOx FETs after long-term
NBS, which will be discussed during the presentation.

Fig. 2(a) shows the PBS and NBS results on Vy, shift
of AlOx-passivated 2.6-nm InOx FETs with N, or O
annealing at 300°C. As we previously reported that
excess oxygen will transfer to deep level state when
applying positive stress [3], leading to a larger positive
Vi shift for InOx FETs with O, annealing [6]. On the
other hand, the negligible V¢, shift under NBS might
be attributable to the suppression of negative-U defect
by O annealing. In the N, annealing case, electron
releasing from the ionized oxygen vacancies results in
the negative Vi shift, though a severe oxygen disorder
causes acceptor-like defect generation near conduction
band edge, leading to a positive Vi, shift. As a result,
the subthreshold characteristics and the overdrive
current are degraded in the device with N, annealing
(Fig. 2(b)), whereas the one with O, annealing shows
no degradation in electrical properties (Fig.2(c)).
4. Conclusions

The impact of channel thickness and annealing
condition on PBS and NBS instability in ultrathin InOy
FETs has been investigated. For 2.6-nm InOx FETs, O,
annealing greatly improves NBS stability as compared
to the one with N, annealing. On the other hand, N,
annealing provides better PBS stability attributed to

lower amount of excess oxygen within InOx channels.
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AlO,/SiCATOEEICHITHTERIEEREL A T it & RERERNT
Nonvolatile Resistive Switching Memory Characteristics and Interfacial Structure of
AlO,/SiC Heterojunctions
REXSGEL, O ¥, K X KT BX8
Tokyo Univ. of Sci., “Yumeng Zheng, Tomohiro Baba, Kentaro Kinoshita
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Figure (a) Device structure. (b) I-V characteristics. (c) Cycle dependency of the /-V characteristics. (d) The retention properties
with a reading voltage at 0.2 V. (d) 1000 cycles of set and reset by pulse at a reading voltage of 0.2 V.
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SXAMCVDITEVWTEMAEX AlOX HIE% 350°C THRTE #1151
Mechanism of high-quality AlOx thin film formation at 350°C in mist CVD I
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SAMCVDITEVWTEMREL AlOx HE% 350°C TR TE 2HE1
Mechanism of high-quality AlOx thin film formation at 350°C in mist CVD II
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Fabrication of Oxide Semiconductor Thin Films by Mist-CVD and Improvement of
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ENUSSUUSUUPUUSUPRPOPI SO SURSURUTIS OOt SOUN VORI SO =
H H-W oxidization conditions
107 |
3 H Sputter deposition
as deposited f H Srate ot
N o | 10
202 290 288 286 284 -10 5 0 5 10 15 2 1 1.5 2 25 3 35
WVitagelV] Phatan Fnarov [aV]

Binding Energy [eV]
1 XPS (C 1s) 2 FIERRIC Os% il A 7= TFT £k 3 NI HD

NV R ¥y oy TN
(2% 3CHK]

(1170 5 B AR /KB E, 55 72 RS I B A RPN S 16a-Y1311-5
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AR IT0 DFIREEL
Thin-Film Stabilization of Orthorhombic ITO
E#W O\ F2, BB BW F 2L
AIST °Hiroyuki Yamada, Yoshikiyo Toyosaki, Akihito Sawa

E-mail: hiroyuki-yamada@aist.go.jp

ITO (Sn R—7 InyO3) 1L, 2 FETHWHEME L CRIH SN CEERMEITH D, &KITT
X ITO 21X U & T DWfbA VU DRI IR T P22 OF v 2K L LT DRAM
~OIEHbIF STV S,

ITO (F721% Inn03) DIZEAIL, 75D Bixbyite Bl (2SR Ia-3) Th D, HELRTM L
LT, ZmAH O Corundum BAEER-3c) b A DAV TV DM, WFZEFIIFD 7y, $ U T, In REE(L
WPHEER OISR TIET L7 7 AEOTER MR L SND 2 ERZWnImd | FEmMERIZ x5 B
DELTLEEm TRV, TEALT 7 2L EWBEIE - REEIZHS T8 ARER L2
HfFCT&x b, 22 CTHLIE, b9 —20D Polytype T, mBEVENHEGR THI S NN G, BERT
PSR TR E 51 5L TV RV RpOs(IDVRR 7 il (Phna)lZ5 H L. % O Epitaxial ITO (o-ITO)
WIEOERL L | B ARE R ORI RS TRFI L2 (1],

RhyO;(IN AL S ik 1L, Corundum A% % 4595 Sesquioxide (M20;, M= Al, Ga, In, Fe, Cr, Rh,
etc.)DEKIE N TCOLREMTH H[2], BERFHHIIX, Perovskite HAEiE & OFELMETH D | Rl h
F A OEFIREE I, GdFeOs BUE 5 dt it (Pnma) % 4 3 5 Perovskite & FIX[FE U TH H[X E],
% ZC 0-Inp0s E#TE RS UE < [3]. #HJ7 i Perovskite Tdb % DyScOs (110)% Fibir & L TR L,
PLD (ZX % oITO #ER{FR 2 320 L=, & DR R,

350 “CREEEDOIKIE T Epitaxial 9 5 2 & & I L7, 110 rnoiape g 3¢0s
2~ €0;-type
2> Hall BB T, BiEH T8 Y [4]. YSZ Hb LI fA PonaNo- 801 pome [No- 62

(001 In/Sn

U k=4t CHERS L 7= Bixbyite ) ITO (c-ITO)R & v
EMEZ R LT=, %77 0-1TO/DyScO;s HEfE ik St 1 1 3
RTEEE D BENTEFME L TR Y [KT]. o-ITO 23
JEMEZZIT CWD I ERNghole, ZOXI A ML
ANFRNIES < @mEM O L EIE, Si0x/Si D FA 1
THEAMELEZEZ TS,

AWFFE1%, IST-CREST (No.JPMJCR20C3) D 342 % %% 1 F
THEM STz,
[1] H. Yamada, et al, Appl. Phys. Lett. 126, 142103, Selected

® ® ¢ o 0 O

X:£58 ITO (o-ITO)B LU A &
DyScO; EHRDiERBENEAR L
o-ITO O Epitaxial SEfEIEE

as Featured Article (2025). [2] Yusa, et al, Phys. Rev. B 77,
064107 (2008). [3] Bekheet, et al, Angew. Chem. Int. Ed. 52,
6531 (2013). [4]King, et al, Phys. Rev. B 79, 205211 (2009).
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HEQOEICAYEERMUETRMERS HETFRE (2025 BRHARE RAF VIR &FVF1Y)

X+ COVD ZAVV - R BH DR & 5
Fabrication and Characterization of Metal Oxide Films Using Mist CVD
B ERERFERER !

OFH XK' —F Eih!'

Graduate School, Hokkaido University of Science !, °Kaoru Hamada', Ichinohe Yoshihiro!

E-mail: 9241205@hus.ac.jp

[iIZC®iz]

SRRSO T + 27 LA ORBIZE Y Wt EROTEN & E > T
W5, PTHIRSHWSND ITO (¥ U AAXEb) 1@ G ANE & EEMEZ RO, A
VYUY LMERIZE D a X MOMHETH OEN D D, AT, N2 ¥y v TOIEN ALOs (B2
b7 =T L) ZESENSEA L, SEEEm EE A Py MEREORREE B L7, B
PV IERAIE R A R CVD B2 VY, ITO 3 £ Y ALOs D 1E R 21T - 72,

(=B T514]

RIS X, REUERID I A R CVD 2@ TH Y | BF RIS T I 2 M U 7z miBE AR % 22
(5 L/min) THEIET 5, ITO RIBRMATEIRITIEAL A > 20 L L AL A XA E /0 9:1, R 0.1 mol/L
TxZH ) — VIR L T2, ALOs RITBRARTRIRIZ T VR =7 A7 B F LT & h— b & @il Rk

(KYK Clean&Clean) &% /—/b (1:9) OIEAHHIT 0.01 mol/L T L7z, HMUI T A Beti
AT A%, ERIEREE I ITO T 400°C, ALOs T 500°C, FMERFREIZA 1.5 B & L7z,

[EERER]

SR X MEHTEIC L v To72, M1
WCHER R Z T, BT AWl 7 2k
. FEIEITO % Al L 7= etk > XRD I E#E
RETHD, ITO HEEIZ OV T, £ 30°FHiTic
PR 2T — 7 MBI S, i b I E—
I BB S NI Z DD 1TO D 2k itk
ERHLTWDZ &R RSN, —F. ALOs
HEZ OV T, R ET e — 7 138 s
IRinotz, TIUE ALOsSIERNEDIRIE TIEE L
TW5 . 5D WITIEE D D T X FRoS L
SN AEEREZE XD, 5%
ALO:Z RS D7D  Hitle e LT U =2 (Si)
ZRHWTHIEZIT ) TETH 5,

© 2025% ISRYEES
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7=—)LBEKH N F Zno EOREIZRIFTEE
Influence of Annealing Atmosphere on Property of Nitrogen Doped ZnO Films
FEARLIHF !, BEXBR? °lUE #HEm L2, X& BEL N2 7TV
AR BF2, LA B2
Kobelco Res. Inst. Inc.!, Shimane Univ. 2,
°Yumika Yamada® 2, Haruki Ohmori?, Abrarul Haque?, Shuhei Funaki?, Yasuji Yamada?

E-mail: yamada.yumika@kki.kobelco.com

[ 5] ZnO 1% O ZEAL0KE T [#] Zn &\ o e R —PER ORI £ 0 n BEEEMEO SIS
Thd 0, p BUEEMETHCMHEDRICLY 77274 —MROHIENPNETH 5, Frld
ZnO 12K LT, NI HEFHK F Ty =—A 752 Ty U 7 RENEDT L L%
WE LN, ZnO RIETIET = — AV FRHRROBEDFFEICRELSHFEGTHZ ENRMONTEY
INHDOT =—VEFEGIIET 5 Z LT Zn0 FsTOXMEZRIET S Z ERAREEZZ N5,
Z ZCARBIECIE, FHHERSCIREE &\ o 72 7 =— V423 N BN ZnO BRI I E 384 I 5 iz
THED, O BION, BIARD T =— ViR AANE 2 3540 L 7=,

(B2 51E] ZnO & Zn Oy KA E/VT ZnO : Zn = 97.5 : 2.5 |ZIRE L 7= Zn IRAN ZnO ¥k % &
=7y FELTHWT, REFZ7XRX MRV ARy Z Y U 7IEIZED SiO; HAR RIZ ZnO BED Rk 4
1Tolze BBEIEAE 1 Pa D Ar+No IREFRPAS T TITUV. Ar & No U A DU ERFEEL A Ar T A3
B2V 100 123 LT, Np H AR x 2 0, 5, 10,20 & L7z, A%, O, BEL O N, FFHA T 450,
800°C T7 =—/ b L7z, FEOfGMMEEZ XRD, BEXFHEZ Hall 2R EIC X0 F-m L7,

[EBHEE] M 120 BIO N BHK T T7 =—/L L7z Zn0 BIZHIT 5 ¢ il N FInEiK
FYEZRT, as-depo. Tl, NUINT LY c filiZ2MAE L, Hall R REIC L D n X+ U 7 HE
A Uiz, 2OZ LB NIRIMCE Y N T 787 Z—PREAEMN L7 2 E AR S5,
T=—T 5, FRKICHEDO T, RE EFICHED. 2 TO NIRINET o BiRESUHET 2 8106
R L72e ZnO BT 350°C L LD IR T =— AT k0 Zn BBEAAE U ARIZ 2 vk | c Bl DI
Ml Zn BLBEAS TN L HERI S5, 450°C I2B W T, NEIL TOA W RS L 5 ¢ il

EOEITIHL LSNPS NI U7 IEIE O 12T 5.30 “m as-depo.
N, annealed 450°C |
No 7 =— A0 ¢ fEEEME LT\, —7F., 8oec 2 O annealed 450°C

—m— N, annealed 800°C Y

o1
N
o

TIHEFASKICED LT, NIIN&EICK D c R OZETA - O, annealed 800°C
LIRSz, 450°C TILT =— L EFR DG k2

I ’_—*_
*//I;g:;@
SR RATT AN, 800°C TIIRMEERFIZ A U7k i B 2 D _ }
RN, RIBEHRFIC AN LI N R 72 EBEEL 722 & T, 518 ﬂ?‘a?F ”?L
| |
5.16

o
N
N

c-axis length [A]
[62]
N

(3]
N
o

NEMEIZ L D cBRDOEN NS IpofeeBXbND, 5165 5 0 15 20
(&3] . N _ X
(171 fth, 2024 47 55 85 [ I B A KR 22N R I xin gas flow ratio of Ar:N, = 100:x
TS 19p-P05-19 Fig. 1 Dependence of c-axis length of Zn added ZnO films
[2] T.Yamada, et al, Thin Solid Films, 517 (2009) pp. 3134-3137 with Oz or N2 annealing on N2 gas flow ratio.
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IR W A In,0; EIRICH TS5 v ) 7#iE
Carrier Transport of Ultra-Thin W-doped In,O; Films
EALIHARH Y, FREH® ClLAEth', RHA° BHERE’
Kochi Univ. Tech. Res. Inst.*, SHI.?, °Tetsuya Yamamoto®, Hisashi Kitami?, Yugo Okada?

E-mail: yamamoto.tetsuya@k.ochi-tech.ac.jp

[#S] Db IUIBIE () 2-50 nm W RN In,05 (IWO & BEFR) 4 SOt~ 7 z“viz&f%%i
(RPD) (Z & 0 RIBRE L, Z D% DT =— )L THLN D L4 G HEBRO X v U #s it
OWVWTiEm LTS Y, X2 U T7E O HBITE () EBE L NFERE L7225 t=10 nm
PIFTIE t L RICHR—ABEE (4y) ORTEZRKE T 2BXIEPLEOR K (1 X%hE)
NEEEIND. LTl t=7-10 nm OMERE T 4,~80 cm?/(Vs) AN EIIN S, ARETIX
Wik & PE DRI & 421 IWO R A FEAT T 5 A %) Bohr 4% (ag”), Thomas-Fermi k=
(Are) KOETTIHEE (r) OBANOEBR TR DEVEBMEZ b7 O T2 BT 5.

[E5 & 5] RPD ((EAEMR) 2 H\V, 2JE 045 Pa CTH 7 A HIZSIEBE L 72, #47 =

—/UIKREREFNNNEEZE 4 F T 30 47,250 ‘CTHEE L7 19, %J_ in-plane X ##[E47T (XRD:
Y 77 7 % SmartLab), Urbach Tail X436 F (Hitachi U-4100), FE5URFMEIL Hall 2h5 2 -,
£5° /L Hamiltonian (% Thomas-Fermi ¥T{l & L, BEFE4E: 121“~F~/\7)<~5' % -,

[#%2] REt% IWO o> Out-of-plane Grazing-Incidence do y

.. N . ) 4 Onor - a
KU in-plane XRD 7 — X fif#fin 6 t 2 20 nm THEHEH | gofect donor
FREE, t < 10 nm TR T EA T 7 ARRETH D = &3 -defect  Anpp ‘l“'“'d,.-m

oo, RRJETFET =— /% t=10 KO t=7 nm AR AR
gkl (2R 1a-3) S50, BEZELET T m
t=5nm F TELHKERIREE (22 1a-3) ~ &bz, g .
HW MR E DT — # i > 545 4D Urbach Tail Ok

XX (Eu) ILHTRL 2 DR DR FTiIma e LTt - .
Wb £ 3H12 BB MhD S DBIET Do, 4t T donor

® Ey'l dté‘ TFRESHIB L7z, N CEZESMAE t
KHT By 2 RELWDOIET. TUTEESRRE (EIC ) Fig. 1 Schematic diagram of the three

O FEHHEHE O FEIC B & HERI S I, 7 AL LT2, Concuctive properies of polycrysialing IWG
Hall 2085t TRt v T 5. BRELN AT =—  films

T IR ST, BRI TOX v U THE (n) 2RI & BT TRRFERD 2L wy b
B 72, 125, 7, 10 nm 123\ T &, 14,=65.4, 78.7 1} 817 cm?(Vs), = = T ne=1.64~1.67 cm
Tholz. RAETTOHRA, ne ISR bOFEICHbO LT RE b Lz, fidk L7z =7, 10
nm 2BV TIE wy FR L. ZHUORERITRREET V2 H WD 2 & TRl TRE &Il L7,
EéODYKfE%%O%T‘%i Avees @8, Fermi 85 (A=27ke: ke 13 Fermi J%%), Are X8 rs TS

L, ZID ONEFAEEMEZ R 2 (Fig. LK TIE as” KO A BIE). £ b OEmamL,

DR & TR DN BN T 5 2 LR ERET .

2B Tk

(1) T. Yamamoto, R. Palani, H. Kitami, H. Makino, JSAP Rev. (2024) 240404-1-240404-5.

(2) R. Palani, M. Maehara, Y. Okada, K. Kinoshita, T. Yamamoto, Surf. Coat. Technol. 496 (2025) 131607-1-131697-9.
(3) H. Furubayashi, M. Maehara, T. Yamamoto, J. Phys. D: Appl. Phys. 53 (2020) 375103-1-375103-7.

@) AR, XZ7=F b T, LRMA, BEFARE, &R(T 7 3 HifiE > % —), 94 (2024) 31-38.

(5) A. F. loffe, A. R. Regel. Prog. Semicond. 4 (1960) 237-291.
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21 8@ty aYK T4 X vy TRICMFEFME - TN R | —REYS I V(RREZ—EE) 211
GREtyYarK D4 R¥ vy TRAHFEEME - TNA R

[8p-P10-1~49]121.1 BRtEY>a YK D4 R¥ v v TEALYFBEMEL
TINA R

[8p-P10-1]
BERFEZAWVES X FOVDEICKL B ZNOEERED BEKEN
Ol &', ER KR!, AH ' (1.8[AT)

[8p-P10-2]
SAMCVDEICKD ZNO IEEBEICH TS < L ABDERERELARADRIMNMEDIZRET
OFEH KR, )i HiE, R Ht' (1.58[ATI)

[8p-P10-3]
BEX L —EICBIT3HBREINIODRERARICER 22E
OLel £, A &2, #LE'2(1.HEA AIETI. 2.HEA K

[8p-P10-4]
BT L —AICE T SEMEIEDINGaZNOFRICS X R E

Ol X&', B &2 ML E'2(1.HEAX AEEI. 2FEX B

[8p-P10-5]

AEEEETCHEEZER TR LDHFSZ I XA NCVDEBDREHR

ONNEH g=1, W EE. BE &R, 704 X 7Ty, TR TNA o3—)L XBEN. @
HERT. R B2 KRR B2 (1.58I K. 2. 5FREM))

[8p-P10-6]
S X MQVDEIZK B (111)3CSIU/SIT> FL— bk Ek-(In,Gaq,,),03 D&

OMNE)Il kt'. 48 BN B &S vl B\ BH 22\ gz AE 1.KXRIX)

[8p-P10-7]
Mist CVD/f%FH \ﬂf;lﬂzO};Eﬂ%ﬁEE‘t— T%‘f‘rﬁ.ﬂ( A I‘/J:I:l:l @XB%

O A O &R\ Al e & AR 8 ER BB EE . 2AH (1. IFRAFE
EF)

[8p-P10-8]
BEEIER*S —EICKBShAMILFILEGeOEEDE R

OMNKAE BFE'. BE B2 B At BB (1.MIARE. 2.RARE)

[8p-P10-9]
EEIBENI, L Zn OBV L - ¥ ILKE

O%H K. =2 W' PiA EZ(1.AFEX)

[8p-P10-10]
SiER EADSNOXR /Ny AR : SikERANMKENE
OM1C)FE M, )1 18! (1. THEAT)
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PR EILT 7 ATaSNOSEREDREICAIF T-FEBIRD 7 = — JLALEE
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[8p-P10-25]
Deep-level traps in B-(Al,Gaq_4),03 Schottky barrier diodes studied by deep level transient
spectroscopy

O(DC)Yun Jia!, Hironori Okumura', Aboulaye Traore?, Yui Sasaki!, Kota Nakano', Takeaki
Sakurai! (1.Univ. of Tsukuba, 2.Sorbonne Paris Nord Univ.)
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Effects of Hydroxyl Groups in Thermal Diffusion of Indium into ZnO Particles

O(D)Abdul Md Halim', Toshiyuki Yoshida®, Yasuhisa Fujita’ (1.Shimane University)
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Ff)
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OM2)sFE BA'. X a1F". IEk =8 &3 8. L0 gL\ 8118 1. I%RK)

[8p-P10-29]
Annealing Effect on Carrier Conduction of Nitrogen-Doped ZnO Nanoparticle layers

O(D)Shrestha Dey Monty', Yoshida Toshiyuki, Fujita Yasuhisa' (1.Shimane University)
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[8p-P10-34]
The Enhancements of p-Type Semiconductor trends of Nitrogen-Doping ZnO: Role of
Nitrogen and Oxygen Annealing

O(M2)Abrarul Haque', Yumika Yamada', Shuhei Funaki', Yasuji Yamada' (1.Shimane
University)
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Ga-SN-OX T X RZICHITZETHIFEADIBINZ L BIREKFMNE

O#F BB A BE2 T FHL AN B2 (1AEAKETL, 28AZHNMFE - 7O MR
& — 3EEXK)

[8p-P10-46]
NEa-Ga203IC BT BTIBEE LK PVITOEBDYFIELLE

oo gx'. WH=ER BR =&, kA KE'. M) EE. BB EE". A\ &' L0 55R
(1. TEFRKZE)

[8p-P10-47]
BRARENR LICHKER L 7IFREGa0,JEiR = AL FORRINVRIE LR D FR & R

Og BN L F& ) Rex's b Bl B 22 fix fE 1 ARIEAR)

[8p-P10-48]
EREENDEBEMAZnGa0,ZERFRZ AN S BERICKITIE

OM1)/INEE 183RT. N e BRiR A1), AM REE'. LA MB2 aH B (1. RREMA. 2.FE
ABT)

[8p-P10-49]

TLXOTILEREICER LAENIORAENBBEERE 5V XZICIEMATORR 7O
A5 2 ZE
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8p-P10-1 HOEBAMELRUFLAMAR WEFBR (2025 BHAE REFrY/SR &FVF1Y)

ERFEZEZRWN=S X FOVDEIZ& S In0 R EDREKRFME

Temperature dependence on crystal growth of ZnO by mist CVD using tube furnace

MEAXI itk i&E EH BB, AH Wi
Shizuoka Univ. , °Koki Kawabata, Reira Hirota, Tetsuya Kouno

E-mail: kono.tetsuya@shizuoka.ac.jp

I UDHIZ: I A b CVD L, RBREEAR (KA T F v 23 X AT DfRRE & LTE
H S, ZnO, MgO, Ga;0s 7¢ & DEE{LWftidh7e i 2372 STV D, RFIETIL, B E 3 E
fif U7 PRI OK72 &) ICBEHIC R > TRBMIEZ EATEI A M EAER L, ThERFRN AF|IZ
£ o TRIRD BUSIF~ & ik LB RRIZ X 0 fEdspR S5, kD, MBE X MOCVD 72 &0
FIEIZBW TR0 AR E G T2 K 912, I A F CVD TIX I A MZ X » Thkx ik %
A TED Ay MR®HDH, ZDOI AN CVDIEIZITHA 2NN == a U R B DD, fhsmlER
FARDOMBGIEIC L > THENEZ BN D, —DIEFEHR R Z B L >8R 2 - 5 Tk,
Z L THRWRDO B ZMEAT 5 FIETH D, AiE OMRNREITh 28R E AW E, BiTe
BOBERIFIZI A RMEALTBRICERIF OB (RE) I2L-oTE, I A RRESCHICERILT D
72 EEHMIERSREAR S B RIF IR I K 0 RESHE &G 2, £ 2 TRIFFE TR, BIRIFIRE %
50-900°C &AWL P TEL S Z DA ZE L DD Zn0 fhfms R ~5 2 2B ARG L72o
THET 2,

EBRGE M ARE ., BRIF 2 W2 2 A R CVDEIZ L D, [1] BRI OMEE % Fig. 1 1287,
JEBRES R & LTl 0.05 mol kgt OFFEE MR KSR A -V e, ThaBE (24 MHz) ICk-> T3
A MEL, EREHFA@ | min) 2 Lo THREWRERER (et 7 71 7 HER) Z#3E L7 ERIE
(D) ~ &t LRSS AR S 7z, fidmdRiRE (FOIRE) (X, 50-900CDZ N E iz
W L7, BRRFREIIAEA 30 43 & L7z, FEEREER & L Tid. 50-900°C DR D—E DI EIZ T
HAA~DHER or FERRAIE & A LE

B LR VR EE R B B T & A Tu ce

mERolo, ZhuE, A RBERA N, & Mist rNozzIe Sapphire rExhaust
LEDLE D RERETRET A DN C—F.-°-°DF° +—
HHICEDS L THELTV S, Y H . \ Quartz tube

Fox NIRET DI A MEBET L L
BARIFIEE & O BRIZOWTZE DRE
A HET 5,

el

Fig. 1. Schematic of tube furnace for mist-CVD.

5 SCHER @ [1] J. lwata, T. Kouno et al., Jpn. J. Appl. Phys. 60, 100901 (2021).
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8p-P10-2 HECOISAMITLAKELHMAS BETHE (2025 BHAS REFrY /R &AVFY)

SXAMOWEKIZLKS In0 FTERRARIZETS
( ZAVBORHBBEANDFMENRORE

Citric acid addition to raw material solution on ZnO crystal growth by mist CVD

MEXI CEHE HBR, i GE EH #Hib
Shizuoka Univ. , °Reira Hirota, Koki Kawabata, Tetsuya Kouno

E-mail: kono.tetsuya@shizuoka.ac.jp

IECOIT T, RERBEAR - K2 X FAEIFRFTE S I A L CVDIEIZ K AR5 ENER &
NTW5, KFETIE, BEWEZEE Ok E) CEMsEIA MustE, ZOoIX %
R ALK o TR~ L e LBVWRUGIZ L0 fEfaRE 2 8 L CT\b, ZnO, MO,
Ga03 72 E DEEH TEH L OWEN 2SN TN D,

—RITHER R RIZB VT, RETARMmOBREay ba— 5 2 LIFEERBELE
ThbH, Zhxt Ukkx R N7 A — 2 EREET LR, 0 1 & L THEBRER
BHEZ—EDOWE ZBINT 2 FERETOND, BFIZIE, 72 B=7 N ULZHMNT 52
EIZE 2T ZnO ~ A 7 vifidt® ¢ §li 5 m OSSR 2 3fl L~ A 7 aif iRk 2 2Z{b &85
WENRENTWS, [1] 22T, 2 A FCVDIETIE, HIYE T 2HEMEE DT 5 FEW
BLUAMZ S, BEEIC SR E LI A MCUE SNETE D720, BiRReR—EDOWE
ERERIE AT S5 2 ENMIFFCE 5, I TAMFETIE, mAE - FH7e ZnO fshiE
BORFEAZBHE LTI A N CVD IEIC XD Zn0 fEdhkE~< 2 AVBR % FUENAIRICHS NS -
2 DB ONWTHE LT,

EBRFE AR ER, BRIEEZAWZ I A b CVD LI X D, [2] ZnO sk O JFERAT
& LT 0.05 mol kgt OFFEETEENKIANE 2 FV 2, 2 OKIRIKIZLS R AVBREINZ T2, T
BRIZE > TI A MELERT AL o> THbigapEMER (c-lnth 7 7 4 7 5Rk) 2@ L
TP (BRRED) ~ & Wik LS fakR S 70, fifmpcRiRE (JFIRE) 1%, 600-900°CHI
% oA L. BERERNIIE 2 30 40 & L7z, EBRFER L LCid, — &MU ED < 2 AMEFE
BIRIZINZ D ERERREZ Db D& RE MET2ERAR S o7z, FEMIEYS HRET 2,

5| FSCHR : [1] P. Rai et al., Cearm. Int. 39, 8287 (2013).

[2] J. Iwata, T. Kouno et al., Jpn. J. Appl. Phys. 60, 100901 (2021).
BEE . AAFITIL ISPS BHIFE JP23K04610 D BIRL % % 1 7=,
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HBERATL—EICBTHHEREEN NIO DBEHBRICEASEE

Effect of deposition conditions on the crystal growth of NiO by Electrostatic Spray Deposition

RRERKE BISET V2
°SEH ER, B HE T, Ml B2
1. Faculty of Science and Technology / 2. RIST, Tokyo Univ. of Science
°K. Shibata', K. Tanaka', M. Sugiyama'? E-mail: optoelec@rs.tus.ac.jp

[IZCHIZ] BIE=v4IL(NIO)IX. 4.0 eV DN\URF Yy TEH T HBIEMFEEARTHY ., aRAER
BT NAZRANDFANRESNTULS[1], NIO BIRILBR IO R THLHIBERGEETHY . KR ITHE
AL —%(Electrostatic Spray Deposition : ESD)IZEB L TE1=, ESD (Z/X)L-EixEIZEEEE
ENIN9 & T BRERTL—KICLTERLICHBL, O RICK>TEEREEZMRKT 570X TH
%.ESD TlI. FELELEBENI—OVAICE>TRET D10, —REBEBRILTEETHY . R
LT EREAHO > TH—EROHRBNF TEB[2l, ChFETHLILX.ESD AN THEL
= NiO BERIZDUVT, Li FHINAOFEA NiO EIEDEFHICE A 5 EERETL TE[3]. ESD R
WTHFELTZ NIO EEDOREIFHZER T I L TR BREARANXLOBANEETHS. LHL.
ESD 128115 NiO DEREREANZXALIZBESHIEL>TLVEN, FZTERMAETIE, / XIL-EIRME
PERE. ENINEE. BERRERE LV - HEEMHHD NIO DRERERICE A5 EERETLT-,
[RERAE] 7ILH)T)—ASRERLICR/RvZEZRNT In03:Ti BEMEEZHEL -, KL
T.ESD #RAUL\T NiO BIEZHIEL -, #HEFHFLL T, /X)L-ER[EEERE 3.5-17.5 cm, ENINEE
3.0-9.0 kV. EiRFHEEE 200-300 °C. A&FLE 0.5-5.0 mL/h ELT 1-30 min #EE 1Tz, TD
#%. K& T 500°C T 10 min.7=—/)L&{Tolz, /S5 NiO BIEICR L. L——BEMBEALTE
EZEELIz, 61T, IR HIERV XRD AIEFIZLH5HELT 1T,

[(RRERUER] £FE 100 EFOL—F—IBEMBEICKDEHETIL, ESD THFELTZ NiO EIRIZDULVT,
HFNBRICEELTODHRFABESINT-, B 1 (2, ESD THIELT- NiO SEEIZHITHER 5 um
REOMMAIF. BER 20 um BEOHF. RUHAFHEOFBLZEICOVTOI IV RARINLETRT,
MABARLF . BIF(TDOULVTIE NiO BIRDE—I MBSz, S5I2, MK F TIX 2LO E—FHEXD
E—HBHBE I HESR TE . MR T (X NIO BEOHERE B RIERICETL TSI ENRESNT ,

SDEEEMS NIO DFERE( g o = ] b
NoEOFERMS Ni HREREFET FIEH@mICH NiO NiO NiO

FAMESN, TORICHBHFHIERINDIEL T
SEREERTETT HEMBL - I BEE 20 yum = ol !

(=] L + B h (= R ~ | ab i ! I5 IJmE:EIgO)I
REONFF. ERERARICE T 5P REMLEIKE % TO! LO! 44 4mi 7 :2LO
THATEMA TS, BAEUARETE. g [t | ———

[#MEt] ABRO—HE. ARBRAZHREHR = N 200;*%*;5:
BEBAAMT A —HIHEAN, AN—22R 2 | T ek
T LBIEHE L 24— DEBER T, = = T

v

[&2%3Z#k] [1] Our group, Appl. Phys. Lett. 110 200 400 600 800 1000 1200 1400
(2017) 181102. [2] Our group, Jpn. J. Appl. Phys. RAMAN SHIFT [cm-]

63 (2024) 025504. [3] Our group, Jpn. J. Appl. 1. ESD #HEL1= NiO EEI=513

Phys. 63 (2024) 111006. FAXDELGHHFRUFEEICOVTO

IRVANRIEIL
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8p-P10-4 HOEBAMELRUFLAMAR WEFBR (2025 BHAE REFrY/SR &FVF1Y)

BHERATL—XICHBITA/ A INnGazZnO, BIKIZ 52 HE

Effect of composition control on InGaZnOys thin films by Electrostatic Spray Deposition

RREMAZE BlEBT /Hf2
ohl KE', HY #HE ", Il E2
1. Faculty of Science and Technology / 2. RIST, Tokyo Univ. of Science
°H. Maruyama’, K. Tanaka', M. Sugiyama'? E-mail: optoelec@rs.tus.ac.jp

[IZL®IZ] amorphous-InGaZnO4(a-InGazZnOs)lE. BWLWVEFHBELARAE A ML HEEF O
EMFBARTHLIEN S, KIFBEMZE(ELHETHRTE n HEMBELTRHLLN TS, Ff-. o-
INGazZnOy4 IEHRKICEY NV REBEOCBERIFENE[2]T 50, B 1 [TRT IILBKEEMD p &
BLOEEFTTERELHIEHTELETEENTHEIEEZAOND, LML, a-InGaZnOsZ KEEMD n
BRLLTCATA=OIZE., EEOHEME SVEEE L - EEI<HIH R 5t CREEICHBE TR
FENRDONDS, HRLECAVLN TSR/ REIE A Z—TyMIRFL, HEBICIETEEE
REZWVWELT D, AAERTIE EIRMDDORKET TOHBENAIRELEFFE X T L —i&(Electrostatic
Spray Deposition:ESD)IZ7& B L1z, ESD [&. /X L-EREICEEXEZMNMT L TABRERTL—
ELTHFE. BN REICL>TEREZERTH5FETHS, FIEABRRTHBOFHNIEZTHY., &5
[CEAREE. BRRRE, HBEREICKYREOHIHLAIEETH D, AR TIL,. ESD ZHL V= o-
INGazZnO4 BIRD L RLE KUK FIEIZ KB\ FEEANDEEIZ OV TR EIT o1,

[EE&5:%] Mo/SLG LIz ESD %IZT a-InGazZnO4 &f&

=

- Wx % 7% )
EH ML=, FIBEAIC InCla, Ga(NOs)s, Zn(CHCOOR & 3 , T41eV 40eV 43V 415,y
ALT02 M DERERRLI, FRAEE 05 mUh. 1 T ‘o B Bl
S.0f—16eV
BhORERERESE 300 °C. NEEE 8.0 kv LT U o= .
. ., . ) = 6.0 Perovskite 33V
10 min.® ESD ##&#% . X&H 400°C T10 min.O7=— 2 Cu(In,Ga)Se,
LVREETof, BEELERBICHL. SRoatfEss 27 —E,
. _ >
URBFINEBHHEPYS)HEEETo1=, 8.0 a-InGazno,

[(BREUER] K 2 (Z.ESD BERLI-HAMDI T AN 1. a-InGaZnO, E KPR E:
IMIVERT o 0-InGazZnOy ARDE—IHERINIcE [ mimep/ \o R 7S/ AU DHERE

— =] - _ == - f 3
f-. ESD FKIELT- a-InGazZnOs DfEF & Lixzx PYS 8l A a-InGaZnO,

EICEYEHL, B 1ISZOBREBEDREERITHEL B

t p HBEDSURTSAAVMERT . p DREOEEHR > [, R
EFEMN 0.4 eV AT THHENDKIBEMD n BELL g)
;&52237;;:<>P$§5ﬁéﬁ¢é:ayb<,—ru§éntosi.%ml:,tﬁa “.é ln:fa:zn:1:1:1A
[#15] AFEO—HE. BREMALRAHER B4 :2; il

ARET R IL X —H A REP . AR—R LR T LEEHZEE 400 600 800 10001200

T A—DEMT R RAMAN SHIFT [cm]
[&&3#k] [1] K. Lee, et al., Thin Solid Films 520.10 D BRI () LA T AL 4
(2012) 3808. [2] H. Ahn, et al., Nanotechnology 34.15 ESD RiEET o

(2023) 155301. 0-INGaZnO4 FEED STV ARTRL
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8p-P10-5 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

AKAEESERTTHHEEZERISCLEOHES SR~ CVD EFEDHFE

Development of a Mist CVD system
for fabrication of uniform thin film at high temperatures under atmospheric pressure
EAIK, FFERER®?L NRF gE!, /M EE', KM B, 74 X Ty,
EVHFII TiIL4 J7—)L, XiE ZN ', BH EZ&, Gk 4h 2, KAR 18?2
Kochi Univ. of Tech. !, Toyo Tanso Co., Ltd.%, °Toshiyuki KAWAHARAMURA,
Masahiko KOMATSU!, Tatsuya YASUOKA!, Htet Su WAI !, Abhay Kumar MONDAL',

Ryosuke OHASHI', Tatsuki OKADA!, Yuya SATO?, Hiroshi OHKUBO?
E-mail: kawaharamura.toshiyuki@kochi-tech.ac.jp

ERERE DA R, BN UG ST MR H ) =1L X —DB 2 Th i b0, %
T AN X —DOHPTHEWIMISHEIE OO L AV S, BRI L 72 WMEHZ BIE D 23, Ko
BEREIE A R E IRV T A C~THEC & OREERE 2 X D LER S D, F -k FaEfEIZ i
WTERO F F£REAKT 27T, BIRETZ KRS T L9 Rtz Rkoond 2 &
LD, IHICH LRRE T CHEEEMED SRR D Sii=7e 6 FEHE ORI A LI L 720 | HiZ
FEMAEIC R U T E R RO b D56, AVE T T & 2 2 FF O RO F S L EEA
AR EMR D, Thbb, KNFIZE LM BT, @WIEWEZ A L, B8R 3 G <, BUEROR
FHEU % T D SO OAR S ZEDORHE A H T 5 DI 05 . HIN THICEN A B Rt e 6 7
W, F KIS RT U CTHEREBEDO AR AR D bR F L EZ R, BORKE S(EFEE)E
R TEDE NI FHOME LD, 2O OFRMELZTTIZTHMEID 1 DIZRFECOM D LT i,
Z DISIF ORI O A EARIX, FH OBRE L TV D REUE FIARRIERER A R TIE T X
N CVD] ThoTHEERTH D, £ T, RFEC)FMEEZ VT, KEUE T O @ T b KEfE
\ZHVE IR ARG 5 2 & O DRI & X A N CVD v A7 A(CFHM)Z 3R E L CTHTe,
LEEACEROFEMIZY HEET 28, IRFBEMIIRKEFH L 600°C TIRAIZHIENIGE 5728, SiC =
— k&3 800°C THHIELIC WIRFBM 2RI LT, F72 30mm A O L THERFEE
T D & DI TS ERFOREE Z 8 LT,

& AT, RFBOM OEIEFREHFT )L 0.6 LLETH D, T, KOHBEIABE K bR S
O E 1.6 pm OUTHRAFRICEE LTI 08 &<, SiO 2T I v 78 : 05, A7 0L
AR 1 0.55, kb 03 LI L THREWI ENDbNnD, T7hbb, RBCOMORINFE VWD
L FORWBEFEROBEIZ D | SOSFITHE S 72U O KO BRI BESE O B e X
. EHUTHEONFER 3 OBV R B IR SN D 72D O IEGEE T OEIRAS R 2 iR T& 5,
ZIZT, RO T VI =7 AAWM ISR I A B CVD (FCM) &, #H1a L 72 =3B (COM SO F =K
2 A b CVD (cFHM)DZNZ % AW TYERL U 72 IR O ARIEGH I DWW T L7, EBRS X
F 1 OE) THDHHN, FERIEH(Zn(ac)) Z MK LT 50 mmol/L ¥fi# L 7= 1A 3R L L
T, FNEND SN E L= A5 B2 10 2y RS U, BR(L SR (ZnO) il 2 plist L 7=,
HONTEEOGTE L EEHEZ ZNEIX 1 1R T, OSFLS OS2 i 2 TV D IZH )
DOT HWEEONFIZ I 0 SRR X IR 0 | RB(CMBUSIF (cFHM) &2 W CTERE L 72
TS, AL MMNTEHERIE L TWD 2 &R STz,

Table 1 Growth condition @ 400°C - 450°C (® 70€ T
240821 Solution Chamber :
Solute : ZnAc, ! 60F FCM E
Concentration (mM)  : 50.0 s : =k
Solvent : H,0"? (250 ml) 2'n0Ox Zi1nOx ZrEso | M .
(] S~ E 3
Growth Temp. (°C) : 400, 450 g k
Gas species : 20 E40F E
Substrate : Quartz 4 5% . p— 8
cFH type mist CVD system: f & 30F E
Growth system FC type mist CVD syster% 7 §
Ultrasonic transducer : 2.4 MHz,24V-0.6 A, 3 = 20F E
"1 : i . 0 o) h (= E
it i e e 9957 ko tx  ZnOx)x ZnOss ¢ ]
3N, tank | 99.999%, Takamatsu teisan
*4Ichikawa Glass, 30x30 mm, t=0.5 mm
*5Si, 3015 mm, t=0.7 mm, Si <111>

: - 0= : :
*6 2nd G mist CVD system, Homemade, combined fine channel hot wall model . N y
*7.2nd G mist CVD system, Homemade, Fine-channel type Reactor; 2023-v1 Flg-l %h%ﬂo)ﬁﬁ _C“HE% L= E&{tﬁﬁ:} Ten?ggratulrl'g %OC)
“8 Honda Electronics, HM-2412, (Frequency, Power, Number) (Zno)ﬁnﬁo) (a)g_g & (b)mnﬁﬁg

© 2025%F [CRAYEER 21-035 21.1



8p-P10-6 HSOMEE MRS ARE LIRS HETHE (2025 BHAS RAFr /(R &FV(Y)

Sk CVD iEIZKD (111) 3C-SiC/Si T T —h L k-(InGai.)0; DR E
Mist CVD Growth of x-(InyGai.x)203 on (111) 3C-SiC/Si templates
KIRIEXE F/HBIAIORTNAARREL5—

CMDBJIIKRREL, MDIEBRST, BPIER, MUBRER, RAEE, AIHE
NMRC, Osaka Inst. of Tech., ©(M1)Misaki Nishikawa, (M1)Shunsuke Enoki, Yuma Tanaka,
Masatoshi Koyama, Akihiko Fujii, Toshihiko Maemoto

E-mail: m1m02510429@oit.ac.jp, masatoshi.koyama@oit.ac.jp

X LI Gax0s DEFEESZTED—>TH D k-Gax0s 1L, orthorhombic #i&E%x &V, BROWBERFTDH Z
EDRMBINTWHINRL Z ORI A2 ~T a i IET S ZTIEHT 27290120, +-Gax0s & ALOs X
IoOs IR L LAY R¥ v v T2 V=T Vo T EBATOMERHDH. ZIVET clith 7 7 A4 7 HRSS
GaN T U B2 & S E S E QIR LTI O OME L IR LORE A 2 ST E 7230 AIFZETIT,
I A b CVD EEZFWT, (111) 3C-SiC/Si 7 v 7 L — b _EIT k-(InyGaix)03 IO FE L kR 2 kA, D
IR OFHE 21T > 72 R IOV THE T 5.
FERREFER 77 A TF v xR R b CVD ZiE 2 VW T(111) 3C-SiC/Si 7 > 7' L— b R EARIR L
450°C T(InsGaix203 %A 1 h Bk L7, OB E 722 D BTSRRI IR IE, Ga 7 F AT & M F— |
(Ga(acac)) Z#EMIK (RFEEL 0.5 %D3EE % 5 Te) 12 0.02 mol/L DIRFE CHfRE S E7-%, In 7 F L
7+ b+ — bk (In(acac)s) Z¥M L, Ga(acac)s DE/LFEE ([Ga]) 12k} L T In(acac)s DE/LIEE ([In])
DOt ([In)/([Gal+[In])) 230 ~ 0.2 & 72 Dk & W=D, Z ORIBRMAAKR Z BB TI A ML, €%
TEN A L FIRAT A L L TCZENEH 2.0 L/min, 0.5 L/min DR TH L, (InGai)0s %l L7z,
Fig. 1 12 (InGai+):03 #ED XRD 20/ AX ¥ v DOFEREZ /RS, WIHOMEY ¢ filllcidm Lz
k-GaxOs A AR S 4L, AIBRIAEIR O VIR EE O LA T 2128 T x-Gax03 (004) [EIHT D B — 2
IRAEMIZ 7 FL, InJ&RF & GaJ]R FOEEPAEL S Z & THBRBIAN - Telzh LB 2B,
EVRED 0.05 ORI TR L 7= %2 VT, XRD ¢ A% ¥ 12 &2 T r-(IneGai)203 &
3C-SiC O i W FL A BELR & S 7o fE R, k-(IniGaia)20s I VT x-Gax0s [HERS!, B J5 & D
orthorhombic #EANHE N T 120°0F DEER L7Z[HEE FA A VAT HHMETH DL Z EBRbhroT.
SEM-EDS H#IZEIZ K> TRO7Z In ML x ZFIEAEEKOENREDOLICH L TT 1y b LK RE
Fig. 2 (2T, E/VRED LA 0 ~ 0.20 OFIPFA TIL, (InvGai)20s HEEIE x #H orthorhombic 163 % HEFF
L, ZO L0 ~ 0.14 TELT D Z En¥bonotz, MHIL, fbaiEE, In MO IR KT
IZOWTHHET S.
References [1] F. Mezzadri et al., Inorg. Chem. 55, 12079 (2016). [2] M. B. Maccioni ef al., Appl. Phys. Express 9, 041102 (2016). [3] H.
Nishinaka et al., CrystEngComm 20, 1882 (2018). [4] C. Krannert ez al., J. Appl. Phys. 116, 013505 (2014). [5] A. Ardenghi et al., APL
Mater. 12, 101103 (2024). [6] S. Stepanov et al., Physica Status Solidi (a) 218, 2000442 (2021). [7] H. Nishinaka et al., Jpn. J. Appl. Phys.

57, 115601 (2018). [8] M. Koyama et al., Compound Semiconductor Week (CSW) 2019 (2019).
BIEE ABFI0—HRI%, JSPS FHiff# JP20K04506, JP21K04204 35 L ¥, A4EMFAE AN REF TR AT OB 2 5% TiTh

NicbDTHS.
k-Ga,0, (004) [in] 0.25
[Ga]+[In]
E 0.20 0.20 |
St X [
) M c I
a WA Y 0.15 :g 0.15 - s
> i : !
= -4 _
§ 0.10 g 0.10 - >
c o [
a 0.50 £ L.
S 0.05
x A
PR ST T T T TLAN LN S T L T T N S .-..l.-..io,oo 0.00 I P B B PR
36 37 38 39 40 41 0.00 005 0.10 0.15 0.20 0.25
26/w [deg] [In}/([Ga]+[In]) in the precursor solution
Fig. 1 XRD patterns of the (In.Gai.,)20; thin Fig. 2 In composition x of the films as a function
films on 3C-SiC/Si templates. of the In concentration in the precursor solution.
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8p-P10-7 HECOISAMITLAKELHMAS BETHE (2025 BHAS REFrY /R &AVFY)

Mist CVD jEZ ALV IO IR RICE T HBK I X MNES DR
Effect of deionized water mist mixture on In,O; deposition using Mist CYVD
I#BeAE, MDA A%, wn 85, Al &

(MDERER KER', #8)I "' BB EE', £EB &'

Kogakuin Univ. ! °H. Ishikawa', T. Yamaguchil, R Ishikawa', T. Izuka',

S, Aikawa', T. Onuma’, and T. Honda'

E-mail: ct13354@ns.kogakuin.ac.jp

In2Os [ L AT BRI C I W T D, VW VEEME 2 RO (b 8K CThH U TFT OF ¥
FIVIE 72 E~OISHANER SN DM, Ing0s 1ZA v /3% ) o Z RSO B RS E e P EZE TR
TORRMBERENZN—T7, BT CILFEHIKER &2 FVy, KREE FCRIEZ1T 9 Mist
CVD B2 LV Si0y/Si FE _E~D &t In0s DEIFEIZEKE) LT 5P, JFUEHARI L4 Bk
KEMHE TN, MiAkZHOCTHREL TS, ZHET, WET O In B & BRI 5B
RICHDZ L EBASNTLTNDE Fog 2BUEZIET D &, pld= i o HE 30k /7Y
7RNETH Y, Mist CVD IEIZBWTHIKI A MEIRETHZ LTI A MRIOAKRE KIFL
LI R R 2 I35 2 L N ATRE TIE eV in e B 2 7.

AREBRTIIRAERE 2 2, IREGFH 1 D2 HWTEE R 2 MEAKKIZ XV Si0y/Si Hpioxt
LT InOs R S ¥ 7. AR A 121, InCls 23R 0.025 mol/L (2725 K 9 ITHliAK A Hu
TR L 72 BRI A N A, 3846 BIZIT@AMAK DA AN, WFAERNHERIZLIZI R
N4, IRAR A2 U CTHE SRS Uz, G HERIE Tablel. (ZR" 7. 2 O, RERE %
450°C, v U 7 A AO)NIFAER A, BIZxF LT 2.5 L/min., AR A AO)TRAF IR LT
0.5 L/min. CHCRFFFIEL 60 min. & L7z, A 5FIZF  Table 1. Timing of deionized water supply

A EANO EFR, DR, FRAOEE% Fig 1 12 (Deionized water supply is indicated by O).
R BREP BE#®

L7z Fig. 1 X0 R BICHK 2605 = & TR e
PO 5 2 L %W L. T AUERE R & FURHA o
EOMRE R TI EREN B TE D LR L AT
T2 LEXD. £, BEOEHNSAICE B LA e
B LIS 0 5B FRNORa Z e (5T
T LRI L7z, A4 29—k, &0 2 B R e
KOG 4 TIX 14%,21 % THHDITKF L, 4o 1,3,5 £ o
:

TIE38%,28%,35% Cho7-. Zh LV, lETIZH , , .

., . Fig. 1. Film Thicknesses of the upper,
Keftiad 22 & T, BRDOREENRGFEINLD Z L middle, and lower films in the plane.
ZhERE L7z, Ko T, Mist CVD JEIZRW TR TIZB T DHlKk X A MEE TR EEE 2 il
T X 5 AMREMEANVRIR S 1, TN OIEEZEOUEN RIAD H 2 L 2l LTz,

[1] A. Taguchi, et al., Japanese Journal of Applied physics 62, SF1023(2023).
[2] R. Ishikawa, et al., The 72 JSAP Spring Meeting, 16-Y1311-6(2025).
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EHIERFS—KICK S S FMILFILE Gel, BED A K

Solid phase epitaxy of Sb-doped rutile GeO: thin films
WMIUIKBRE !, RRRE? CM)XZE AT, RE B2 B Kit!, K#E &'
Tokyo Metropolitan Univ. !, Univ. of Tokyo?, °S. Osawa!, Y. Nagashima?, D. Oka!, Y. Hirose'

E-mail : osawa-shohei@ed.tmu.ac.jp

[1ZCDIZ] VTN GeOy(r-GeOy)iE, GeOy DEFED—>T, NURE X7 A 4.7 eV DBT AR/ RF
Yo ERTHD, 1-GeOr 1 FEMRE RN <, n Bl/p BUlHF OR—E 2 7 B A[REZR ZEN B RR I P RIS L
TWAIENDL, NI —Z LV = A~DISAP RS TS L 2L 7B T, R — R Thsd
Sb RN LD n BB KUREME DR B WA S 2 28, BREREFHEOFEHIIIA L TRV, F2, pn #2H
IO ET BT SA ROV AR A KRR TIE, AT AL IERE AR L D = R X — R R KT
DN GeO D FFARFEIC Lo Tl B 7 LA B IO A il S L < | R —E 2 71 R R MR O s
(TGO TH 7R 3, Fe 2 13 | ARIR CHEREL 72 S B R BRR R A 7 = — L L CRE b S T2 EM = ¥
F o —IEIZEY . 1-GeO, DB I A B AT DT LIS LT 4, ARBFFETIL, Sb RN r-GeO, R A [ 4H =
EAX L —IEIZED AL Sb BEMRE AL RLERUS G 52 DA~

[FBR L] BRI VAL —F —HERR L2 I, LT LT TiO, B A (001 if 12, r-GeO, DK
B VR R AR HESE D720 DL —RJE 3 L LT, LT L SnpsGes02(SGO) i fEA 500 °C ToE #F
FIVREFE L4, 250 °CCETHEIL T/ R—7B LT at.%Sb Fl GeO, DI S E A HERE L 7=, 7 rt A
HALLT, I Arubn g7 T X< — XA CIEMAL LR R T A% 5.0x10° Torr Dy ETEALT,
ERLLU7- I IR L, KR TOKRDEDRIGES T2 | BT v N—NTHRIAR A RoToEE 1 I
M7 =— AU TR LTz, B0 7= B0 g2 X R EPT(XRD) I E I LVRHI L 7=,

Ui R EER] 7=— L% 0D GeO, KD 0-20 XRD /3% — %X 1 1R, /2 F—7 GeO, #illfi%, Fv>
/N—NT 750 °C TY =—/L 352 T, S THFFEL [FEARIZ(001)ELT r-GeO, D=L Z F 3 v LR R DS HERB S I
7o =05, AL TT =—/L 7= Sb Bl GeO, IR I I T T
EDEEThHoT, F2, HEME GeO, AT v R — :‘

NT 800 °C T7 =—/LL7=LZAZEFE LT-, T, Sb iR Sb 1%, 750 °C (in situ)
GeO, TlA F 12 A—T 750 °C TF=—ALi=f%, *+ 800 °C (air)
800 °CHO KK T CTELIZT ==/ LI=EZ A, (001)EL A “M“M
1-GeOy, DTE XX LR DGR TETz, LLEDRERIL, Sb 1%, 750 °C (in situ)
Sb I XD LIRS EFUI-Z %~ d, sl T,
Sb IINESCA R S22 2 TERIL 7= Sb IRIN r-GeO,
JEDREELYMEIZ SOV Th ki 5,

r-GeO,
002

log intensity (arb. unit.)

1) Chae et al., Appl. Phys. Lett. 114, 102104 (2019) 50 5 60 65 70 75 80
2) Galazka et al., Phys. Stat. Sol. B, 2400326 (Early View) 26 (deg)

. Fig. 1 XRD 6-26 patterns of the non-doped
3) Shimazoe et al., Jpn. J. Appl. Phys. 64, 050903 (2025). and Sb-doped GeO, thin films after the
4) E B, 2023 4EEEKERIS I EL R 2 annealing. Asterisk denotes the diffraction

from the TiO, substrate.
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BIEBIE Ni;_Zn, O BRDO VI - TILEER
Rock salt Ni; _,Zn, O thin films grown by sol-gel method
AEEERY OXRMEMKE, =EEH, PRAEZ
Ishinomaki Senshu Univ. ©Takashi Yasuda, Ryuto Miyakoshi, Shinji Nakagomi

E-mail: yasuda@isenshu-u.ac.jp

IEUOIT : NiO &, 3.7eVONY R¥ vy 7 (B) BT 25858 ) #mTH Y, pﬁufigéi‘\
Téﬂwm\v&%t%ﬁﬂéz LTHISNTWS, —F, ZnO i3, E,:3.3eV DI YHEL (w) #E5T

, n BIZEELHIETE 5A%, p Al i%ﬁbb\ﬁ%ﬁ%ﬁﬂf%éo EIER T N ZADFEBUTIE, pn}%
é\fJ)TTﬁz&t&bL, p—N10/n—ZnO pn NT OESDOIZERHED 5TV DY, NiO & ZnO DR
OYIMEIZIE, RHZREDBZ N, EE, 15-Zn0 23 p BUEEZ /R T 2 WO FHREE A REI N TV S
M ¥, 15-Zn0 DA, &E (~9GPa) B ETH D, LA L, MgO 7 & D rs-#itifih & DAL
&Y, BETE s#EZMHEODI VRSN T WS, AMZEDHWIE, 15-NiO & w-ZnO DI
Nij_xZn,O Z/ERL L, Kk, & rER, E, D Zn s x IKEEEZHS M52 8 ith 5,
HER : RRHE, YV SV Ty T a— MEEAWT, 1-MgO(001) FMK FIZEE L 72, VL -
JVECRHE, BEfE = v 7 VIU/KAIY) (Ni) & WERR i gh —KRIY) (Zn) ZiE& U T (Zn/(Ni+Zn)=0~0.4),
22AMFTIR) =N+ T I TR —VOFEETITHE L THAE U, FRERIEE, T4y 7
O— METHERZEBALZDE, K&AH 500°C THIET S, 2070w A0 KL TEE%#
LT (15~20 ), TBRIZKREH 700°C T 1hBE L TREmAL L 7z, FERC L 72308HE, XRD(20 —w
AF v INIZTED, fEEME, MTEBRFHEL, W SANEEIED S E, 2E L7z,
FEEL  JFORI D Zn MR x=0~0.4 TIERR U 7238081 D XRD (20 —w AF ¥ V) 2 112R 9, NiO(x=0)
THM X NS 002 KT —21%, x DERIZAEY, BABMANFO MY T MNT 5, ¥—27 A%
O RDIMEFERIE, Zn M x (ITHF LT, PICHRLTED (H2), x=04 £ T, rs kil
RO TELLTWE eEZOND, BBART ML LY RD E; D Zn FEk x Hd7tE (1 3)
1%, bowing /NT A —X: b ZMH\WT, E; =xEz,0 + (1 —2)Enio — bz(l —z) (Enio = 3.79,

Ez,0 =511, b=1.65) &KRIT I ENTZ5,
* Phys. Rev. Mater. 2, 084603(2018).

4.21 ‘ ‘ ‘ 3.95 — : :
Ni ZnO Ni Zn O ®
—_ ° 1-x X — 1x x /
5| 420 23390 /]
3 'E ° 5 /
> &4.19; 10
14 @ 5385
(/2] o ® Q
P4 O 4.18; 1 ® °
m g S
Bt 2 ° £ 380
a 34171 ¢ d=4.17+0.09x | % .
14 ® b ’ : GD\V’/
x 416 ‘ ‘ ‘ 3.75 ‘ ‘ ‘
428 430 432 434 436 00 01 02 03 04 00 01 02 03 04
20 Zn Ni_ O: x in Source Solutions Zn Ni. O: x in Source Solutions
x 1x X 1x
1: XRD(20 — w) A% ¥ . 2: WFEHd D x KA. 3: B, O x A7tk
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Si EMRLAD Sn0 R/\YFRIR: Si #G R AT LR IE
Sputtering deposition of SnO thin films on Si substrate: Dependence on Si crystal orientation
THBEX, CMDFE £/, 1)1 His
Kogakuin Univ., “Yoshikazu Shin, Shinya Aikawa

E-mail: aikawa@cc.kogakuin.ac.jp

p MR AR T SnO 1F, Ml FH A Sn 5s WLl THERL SN FoBnkE <, AEER
BV, 20780, @BOWIEABEIEZES p MEMEMP I CTX 5. LMLERL, AL—7 v K
DAy Z R TIEZRE R AE O fE AR COBBEAR T RBEE L 2 D([1]. 2072, &
BEEZ R ERNEAEEN TS, ZhE T, BRREDPT 7L —1rELT v-
plane ALOs 35 LN MgF, & W72 b O HE S TWAHD2,3], TNEINE T I A~ v TF23-12%
BILUO47%E K&, LVEEEOEOER E~D SnO ISR D LT .

Fex OWEDHIFETIE, WL Si02 7= Si B D Si0y B K- TIE D72 % SnO 23 ERL S
AFERDBIFHIL TV, TN Si MR LD DO E D D72, Alnl, i Si0, & —
o F o TRER U T2 Si B B2 SnO A ARy ZRSIE L, OBk A S L 7.

Fot & LT, BBl Siox T & (200nm) Si AR, Si<111>33 X OFSi<100>% v 7=, Bl
ff & Si DIAMEFRER O BIREELE A BV bR < 728, RIE CCHF; 7’7 A~ |l T v F U AL L7z,
SnO DRI RF = 7% b v v A8y Z ) o 74EE 2 AV, A0 kb =86:16, RF #E/) 100W (2T
fTo7=. 100 nm % pfiits, KEH 250 °C, 45 537 =— VAW L 7.

Fig. 1 12, 3 FEDHEAM LIZAEL L7 SnO D #FRIA) XRD 4-2 4 A% v > &R

BNRAL SO fF & Si FEHE KON Si(111)iE _E SnO 1X(101) i 23 KAL) & 72 > 7= DI xF L, Si(100)
ETCIEM0)EN KR E ol DF Y, SifEi LIS
X VT2 SnO (2B & 2 728V A S 7. Si(100)
miZxt LClE, SnO(100) D1~ A~ v F 2 7D b/
XL 720 (0.778%), (110)i 23 LB 728G dhld ) & 72
STEDIFAR Y ZRADOFE N RNV X —TENT D &
BRD. Lo T, Bl OFIEEIC LY Si(100)HE
~OD SnO(100) T B4 ¥ ¥ ¥ LR ENATREL B2 b 5. Si<t11> o

A

ZDOMDFFHEICONTIE, M HER L2V,

Si0,(200 nm)/Si sub.

Intensity [a.u.]

SnO (110) (112) (211)
References (001) (200)
(101) 1 I 1
[1] M. Minohara, et al., J. Phys. Chem. C, 124, 1755-1760 (2020). 20 40 60
206 [degree]
[2] A.B. Mei, et al., PhyS Rev. Materials, 3, 105202 (2019) Flg 1 XRD 6-20 scan of SnO films

[3] M. Barone, ef al., Cryst. Growth Des., 22, 7248-7254 (2022).  deposited on different Si  substrates.
Standard peaks of tetragonal SnO are

shown at the bottom.
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p B7EILTF7X TaSnO, BIROHEICR T -BEROT —— )L ILE
Annealing treatment of a stacked film for the fabrication of p-type amorphous TaSnOy
THBRX, CMDE &5, 51 5, 8 Eh
Kogakuin Univ., °Yoshikazu Shin, Tsukasa Takahashi, Shinya Aikawa

E-mail: aikawa@cc.kogakuin.ac.jp

p BUREZ/RT SnO (X, A& FH752S Sn 5s #UE THERL SN ROBAKRE L, AEEN
B, 20720, BWIEABENE 2R p Bt HifE & 5. L L, Sn2OR{bIRiEL L E
SHHZENFHLL, BUEY ¢ > RUDBIEFITHROVEERH H[1]. —J7, TaSnOeld, Sn> & &
=ofbE E LT, BIIEMICRETH Y, BIE TOMERR EFLBEIEN 32.5 cm?/Vs & Pl &
NTEY, BLEBENE p BUIEA LY -ER OB & 72> TV D[2,3]. B2, 7E/L T 7 A TarSnOg
IR MBE T H A H o0, SR —L F—E I NHRETH D T &b EtEREZ p
RPN TWD[4]. ZHE TICERMICEWESNTZ T E/L T 7 A TaySnOs DHREFNIIEE
272 <, ALD Tl Th o 72[5]. ABFETIL, BEFE—LAEBICLS>TTELT 7 A
Ta,Sn0¢ DIWEZ FRFT L 7o, BEIZH 7= - T, AL > N TIHEEIO S RIZ L0 B ORI
MINEEZR72%, SnO, 3 LT TaxOs Z A FLICFEIEAUNRE L, HERRHZ T =— WIC K DB ETEH 5 2
L TpMTE/NT 7 A TarSnO BEDRIER FHHE L 7-.

BB — AZETEIC XD Si HAR(SIO 200 nm ] %) E1Z SnO, (4 nm)E £ Y TaxOs (7 nm) & 22 ALIZ
Fig. 1 ® X 5 1TlEt%, O, FF%H, 1atm T 500°C, 1507 =— V2T - 7=,

Fig.2 |Z SnOx/TaOs FEfE D XRD /3% — L %R, 7 =—/ L& fii L7251 500°C £ CTTE/L 7
7 ATHolz. ZOWRETORETILHIC X DR 283 2720 XPS (2K 27217 - 7.
Fig. 3 1%, SnOz & Ta,0s ZZ 240 16nm T DR L, FRifE % TaOs & LIZiABHI DWW T DA
FESME XPS IZ K% Sn 3d A7 Mvzrd. HEMEL, RKEHND 2 nm HEOFEHRPHFOLND
60°IZRXE L7z, BUIRE R DOIEIZ DWW TR RTE DS Tax0s TH D72 Sn RO B — 7 (3B =
otz —HT7T =—A#BORBHZEB W T, ZORG RS, 16nm OJESITH 00 b
PTT == VB LY Sn NREMTE T LIZZ L 2R/ L TW5. 2F D, Fig. | OfREED
YT MTEWTY Sn EEIC X DIRENAEL, TENALT 7 A TaaSnOs DA HIFF TE 5.

Annealed in O, Ta,05 | Annealed in O,
* %’ 500 °C, 1 min snoz 500 °C, 1 min
s | W NW“:‘WWW & J[\
> > \
3 WAL ]
—’ L g As-deposited
Si0,(200nm) £ . =
W As-deposited
Fig. 1 Schematic diagram of . . : .
the stacked SnO,/Ta, Oy film. 20 40 60 480 e 500
26 (degree) Binding energy (eV)
Fig. 2 XRD 6-26 scan of the stacked film Fig. 3 XPS Sn 3d spectra of
before and after annealing treatment. the 60°-tilted sample.
References

[1]J. A. Caraveo-Frescas, et al., ACS Nano 7, 5160-5167 (2013).
[2] Y. Hu, et al., J. Appl. Phys. 126, 185701 (2019).

[3]Y. Hu, et al., Chem. Mater. 33, 212 (2021).

[4] Y. Hu, et al., Appl. Surf. Sci. 613, 155981 (2023).

[5] M. Barone, ef al., J. Phys. Chem. C 126, 3764-3775 (2022).
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IO74T7ERLEADBIEHY D LHMEET7 =—ILIZEET 52 EBHR

Basic research on the formation and annealing of gallium oxide on sapphire substrates
MIBE SRXME, HBHE
NIT, Oyama College
OFuminobu Imaizumi, Takumi Morita

E-mail: fuminobu.imaizumi@oyama.kosen-ac.jp

TN E 2N DARE K 72 R T — T 3 ZAOBAFE DGR KD HAL TN D BURIZEB N T, SiC X° GaN &
WoTeUA RNV RE Y v THMBRRERITERZED TWD, RO THIREAT U U A (Ga:0s) 13,
IEFIZIENNN RX Yy v T2 /T H 2 00, fFERMEOEVRT —F 81 25k E LTHIRES U
TW5, BUEIZ SV M2 AW T 3 ZERUC BT 278 EiR Th o1, ABFFETIE a
BEWNc @V 77 A 7 HMR IR Y O A Z B L, BV OSSR PE LS DUV TERM
WCRRET L7z, EBRTIE, RF ANy X U o TiEERWTY 7 7 A 7HAM EITEE T U » LJERR % Rk
L7, TavAFT AT T T EiEELZ V., FF 40 scem B LY 20 scem DOfEE L L
7oo FRIEIET)13@4.0 Pa & (@220 Pa @ 2 FHA R E L, AR ILF IR E 7213 400C & Lz, B
#IZI1X 600°C £ 721X 800°CTT =— /VALERZ it L |, 15 DAL/ I OFE B MM % X #Eldr (XRD)
WZR VR L7, FEBRFER A Fig 1 1277, £3. cilith 7 7 A 7R BT L 72T ) 7 A
HERIZOW TR L72RE R, SR A 400°C £ C LA ST H RO MM X2 2N
RONRhole, 2O LG, #HEOR R EZRET 21213 400C A4 2 5 ERIRENLETH
HEEBEZBND, RIE#OT =— VLB L CTid, 600°C COMETIIEML A Y 7 AZH KT 5
AR 2Bl & — 7 138 SN o 7208, 800CE T =— ViliES ER &85 Z LT, Ga.0:D
(402)EICER T2 & — 7 WNHHMEIZHND Z ERHR I, ZOE—71F, SLICHEBTHD
1000°CTT =— /L Z{To - HAEI b RERICBII ST Y | 800°CLL LD T =— LALBE 3 fb ki
FhThHDHZ BRI NT, —FH, amr7 7 A TERETHREO e X 2@WH LTLE.
XRD HIEIZIBNT Ga0:lZFrF DRI E— 7 13 Shiginolc, ZOZEMND, a R ET
FERL ST b TV 7 MERIT T BT 7 AEETH D A[REERE W EB 2 B D, UL EDORER
Mo, Y7 7 AT HA ETIE 800°CLL EDT =— LALFRIZ X » T Ga.O-3 D b 36 L O
D E3GRO BV —75, a R B CIXFERORESEAME i o 7o, B A0l
BN OR MR ERINCRE BT ERHLN L hoTe, AKX, SHRDLEIET
= VR BT B M B ORE 218 U T, B b U U AEREORE SRR X OT A AR O B

{bx BTV ERH D,
(402) EREE

. cH ; aoc
2
= B8 ~
=y =
= 2
5 a0c &
| =

BER =

L [ L
30 35 40 45 50
20 (deg.)
(@) (b)

Fig.1 XRD measurements of gallium oxide on sapphire substrate. (a) c-plane, (b) a-plane.
[1] Higashiwaki, M. B-Ga203 material properties, growth technologies, and devices: a review. AAPPS Bull. 32, 3 (2022).
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Cu F—Za-In;0: M Mist CVD B & & BRI IEEEE
Mist CVD Growth of Cu-doped a-In203 and Its Electrical characterization
TH#BRERXE, (MDERFE KB, M2)RII &, MDA &
k3t B2, B & A8 # w0 K
Kogakuin Univ., °T. lizuka, R. Ishikawa, H. Ishikawa,
H. Nagai, T. Onuma, T. Honda, and T. Yamaguchi
E-mail: em25005@ns.kogakuin.ac.jp

UELZTEAR 2 T ¥ DEEIRILA P T A(a-InmOs)ld 3.7 eV DU A RNV R¥ vy v 7 %4
THZENMESNTE Y, 0-Iny0; 1E Mist CVD (EIC L W RENTRETH 5. T DJFEHA
#RIZIE In(CsH70,)s: In(acac); & Mg, EHK TR SN2 b DOMRE VB H02. Fex g,
JECEHAIR H ORI 2 H 52 Z & Ta-ALOs FE E~Do-InO5 EHERLEZEK ) LTV
L. F T, RFEEEERN IO XY X — & MFFEHZ T 5 Z & T, as-grown THX v U 7
A 107 /om® B E T S5 Z LIZHEI L TV AR, —5 T, T —F 31 R EHIZH
FTXX U TRELZSOIET D2 ERROLND. AIFZETIE, v U T OMMEDER
ZAHV Cu R —7"0-In,03 D Mist CVD B R A 1T\, & OERAIFFM: A FEM L 7-.

FRIE In OB, Cu J5UBH2 HCL T L, BEHMK CHIEE 100 mL 127225 K 9 ITFE L 7-.
ZOFf, Cu/ln #lE% 0.5 %E Lz, RS In % 0.10 mol/L, HCI #2/¥ % 2.3 mol/L,
IR % 550°C, % U 7 H A(0y)ift & 5.0 L/min., 7R A A(02)ii & 0.50 L/min., KER
% 60min. & L7z, F/-HD7-0, 7 F—70a-Inp0s D [tz % 7 54 T11 - 7=

R LR, 72 R—7 Inp0;3 28 3.7 pm 1ZxF L, Cu F—7" InyOs3 (£ 3.4 um TH 7=,
Fig. 1 |2 XRD 020D IEFER 2 /R T, Cu F—7" Iny03 1%, 7 ¥ K—7 InyOs [FIEE, ot %
AT 52HMENE SN TWD Z & 2R L. Fig. 2 (SR — A2 RHIEIC L 0 RDI=E
ELX v UTIREZRT. 72 F—=70-Ing0; OF ¥ U 7R 10" /em’ FEE TH - 72D
IZkL,Cu R—7 Iny0s DF v U T IEEIL 10 /em B X TR LT Z L 2l Lz, — 5T,

ETBBEOKERRS bR oy
_ 21 S % 2 Undoped
hf\_ E II: g g NE 150k
[1] N. Suzuki et al., J. Cryst. Growth %L Undoped /\ " %wo_
401, 670 (2014). [2] T. Yamaguchi er &I E ¢ 18 R
Ef g ] ‘ = 50 [Ratio of Culn0.5 %
al., Appl. Phys. Express 13, 075504 2} gzaio of cuinos % | T
'y | 0 " N
. 1018 1077 108 10"
(2020). [3] A. Taguchi et al., Phys. 30 32 2$‘|‘1eta3€degr3:e] 40 42 Carrier Concentration [fem?]
Status Solidi B 259, 2100414 (2021). Fig. 1. XRD 6-20 Fig. 2. Hall mobility and
[4] A. Taguchi et al., Jpn. J. Appl. Phys. patterns of un-doped carrier concentration of un-
and Cu-doped In,03. doped and Cu-doped In,Os.

62, SF1023 (2023).
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a-ALO3(0001)ZEAR_ED Ga,0; DIBER B DEGRARNT : REB I OELDEE
Theoretical investigation for structural stability of Ga203 on a-Al203(0001) substrate
ZERBET, O(M2)yA BEM, KILE, &R
Mie University, OKoki Ishida, Toru Akiyama, Takahiro Kawamura
E-mail: 424m202@m.mie-u.ac.jp

[1ZUBIZ] Gay031F. KREZRANL RX v v 7 (4.8~5eV) ZHiHZ & TEiE(LPIR I bz B T&
HWHAR ST =8 KR B UTHEE SRTWA[L], £/, HEEMTH HB-Ga03 ICHI X, HELEMT
B 5a-Gar0s DI L |ME SN TEY | NU—FT A 2 e LTHIRREE > TWVWAH[2,3], LAl a-
ALO3(0001) M T GayO3 kR S 5 & | lEFRMIIC L o TILREM TH 5B-Ga0s RIS D Z &
DENHITWD[4], £, BRESN D a-Ga03 DIZEUIIREFTIEZ L > TRZRY . I A MEFKFERE
(mist-CVD)E TIHHEAIEV v0-Ga03 215 H 1D DITHF L[3]. 0 FRE— B4 % 3 v /LR E(MBE) Tl @
Da-Gar03 WL S 72412, B-GarOs ~EBAITT H 2 ENHESIN TV D[], ZNFETITTEH A1, il
THRNANF—ZFHET D2 LT REHELEMEDOBLARD D a-ALO3(0001) M F Ga,03 DZEENEZ fFt L
[5]. S DL EMED A Tldoa-GaOs DIEHITE Z D #EWZ & 2 A L7z, £ 2 TR T, RmB LW
EAHDOEELEZ[E L Ta-ALOs(0001)HEA F GaOs DREIEL EM A iim T 5.

[ R3B LUE£] Fig. 1 130-Ga,03(0001)

B L OB-Gar05(201)F M 21 5 F = 0.1
FILF—D H0 (LFRT v MR T —— 0-Ga,Oyideal
R LI DO ThH B, 7R BANFZETIE mist- 0.05 [ T T e s T

CVD BBV T OH FENRHE A ET
HZEREBELTVWDZOEMNL, a-
Ga)03 & B-Ga03 & H1Z OH KT L v £

a-Ga,0;-OH

a-Ga,0;-30H

Surface energy [eV/A2]

THNAXF—=PMEL 20 ZELLTND D 0.05
EWRD, Flo, R GaJRFHTED I

1 S0 OH A HES L7235 4(Ga:05-0H) & by
te# LT, 350 OH A& =54 i

(Gay03-30H) D 78 L WKL 725 Z & b fif
%, BT, a-Ga0s & B-Gax03 DFRMH T T 02 . . , . . ,
X —Z T D & B-Ga,03 DA OH 16 -14 -12 -1 06 04 -02 0
BIZ X0 ZEN L TB Y HO R

BT RLFXF—0347023eV/A2 LK F L Fig. 1 Relationship between calculated surface energy and

TV, LLEDORERIE, a-ALO3(0001)JEH  chemical potential of HO (pyzo) for Ga,05(0001) and B-
0D GayOs I DkEEZeEMEIC BT, 32 Ga203(201) surfaces. a-GayOs-ideal is a model with an ideal
HOEENEETH D= L RREEL TN surface, Ga;03-OH is a model with one OH group bonded per
%, HMETIE. EROESE LT GaOs o topmost surface Ga atom, and Ga>O3-30H is a model with three

B51F % 25 T DB ST [ L OH group bonded per topmost surface Ga atom.
—Z R\ T 5,

[Z£CHR] [1] M. Higashiwaki ez al., Appl. Phys. Lett.100, 013504 (2012). [2] D. Shinohara et al., Jpn. J Appl.
Phys.47, 7311 (2008). [3] H. Takane et al., Jpn. J. Appl. Phys. 60, 055501(2021). [4] R.Schewski et al., Appl. Phys.
Express 8, 01101(2016). [5] A H f, & 72 FIERFICH T2, 15p-P12-6 (2025).

-0.8 -
Hu,0 [eV]

© 2025%F [CRAYEER 21-044 21.1



8p-P10-15 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

EIEEE MgZnO 281 57 )L Y SiiEE~ DHERT L EL A1 D ET
Evaluation of Phase Transition and Crystal Orientation of Wurtzite Structure

in Rocksalt-structured MgZnO Alloys

THRBrX, CH &, /DI JEXEB Y, O FE', XA @', B3 EE"
Kogakuin Univ.!, °K. Tanaka', K. Ogawa!, T. Yamaguchi!, T. Honda!, and T. Onuma'
E-mail: cm25051@g.kogakuin.jp

[T UHIZ] EEERSEERR L~ 7 3 v 7 AHEA(RS-MgZnO) T, TREES: « EZE4RIMEBEIR T O Eh
BhE UTHIRF S D[1,2]), AUEIOFRR[I]ITIE, HELEFBIE A Z T RS-MgZn,0(0.36<x<0.71)
HEO I A & CVD BREIZRWT, BUBHERmEICE O 2 B EDN UV Y FL(W2)EE~DOFEEE
TRET D Z L AWE L, AGEI TIX, ELEFRSIKO RS-MgZn O IR T8l 415
WREICBI L C, A & ORLH IR ORI OV TR LR 2 RS T 5,

[32BR] RS IR DV IIFERR 2 AR TS AR L7 b 02 v, BT~ 71
LUKFY & WERR RSN KT & VM =, Mg /L E(IME)/([Mg]H[Zn]) A8 0.5, 0.4 L 725 K 5 IZ7H
L, IWRPO&EA A PREIT 0.04~0.05mol/L & L7z, REIREIT 675°C, 721X 625°CL L,
MgO(100)3Ak F1Z 30 7 ARk L 7=, B PL JIE TiX, LabRAM HR800 * A7 A% HV N, b )t
{2 325nm @ cw He-Cd L — &\ 7LV kS ~D MgZnO % SBeRAVIZHHE L7, 55 40 %,
ARy MEIum ORI L XN AT v TREIEE 2 um TEL S, JIEITEIR TfTo 72,
(R & B %2 K112 XRD 0-20 /X% — 2 &g, Wikg 122~ v B 7 XD IRE L7z MgO E /147
Fx X, 047, 036 TH Y, HAHOSEMEERH M RE I, Lol IY—RLrIxykLIR
HIEN DI, vV G B ROFENBII S N[3]. ZOFKEET PL v~ v BV THEEZIT-
ol A, BEHMER L OMENE O, BER ORI Z R 5 7o O IR HE 217 -
TofER A 2 12T, MgO(100)I1Z%F LT WZ-ZnO {101} 28 y=54°FF3T1Z 4 [BIRFRClEM LT 5
ZENGZMole, ZORRNG, BREREITAEMEED (111} 7 77y B aE L72<101>HL W
D WZ-MgZnO Th oL EZ NS, {111} 77y MIEERPTRAETHE Yy MIERT 5 &
BEZONDN, By NORFUIBUR TIIRITH 5, 16> T, WELEMMIRIZI 1T 5 RS-MgZn,.
2O HIRARAZ I T U LY JIEIE ~ DM 2 Ml 5 720121, 'y FORJEOMH & £ DK
PN EERREE 12 D,

[HER] AR —EITF Y/ M & OB (25K08495) DHEBL & 52 1T 7=,

[£75 3Cik] [1] K. Kaneko ef al., Appl. Phys. Express 9, 111102 (2016). [2] T. Onuma et al., J. Appl. Phys.
134, 025102 (2023). [3] HH, 25 72 [BIS A BEF S R NS, 16a-Y1311-7 (2025).

WZ-ZnO WZ-ZnO WZ-ZnO RS-ZnO MgO
100 002 101 200 200 ®=90°

RS-ZnO
200
(Strained)

x=0.47 n
Thickness: 130 nm Yl

x=0.36 Al
Thickness: 180 nm /

W WMM )

33 35 37 39 41
2Theta (degree)

Intensity (arb. units)

w
-

Fig. 2. XRD pole figure for WZ-MgZnO

Fig. 1. XRD 0-20 patterns of RS-Mg.Zn;.,O {101} of RS-Mg36Zno.640 film. y=0° and

films grown on MgO(100) substrates. $=2° correspond to [100] and [001] of
MgO(100), respectively.

© 2025%F [CRAYEER 21-045 21.1
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SXAFCVDEIZEYBRERELEZEMgO REIER X v ILEED SIMS 7347
SIMS Analysis of Homoepitaxial MgO Films Grown by Mist CVD Method

T#EX!, /I EAER!, B £, WO L, XEH #', BB E&"

Kogakuin Univ.!, °K. Ogawa!, K. Tanaka!, T. Yamaguchi!, T. Honda', and T. Onuma!
E-mail: k-ogawa@cc.kogakuin.ac.jp

HIUoIc] AEtEEmR b~ 7 % v 7 LAHEN(RS- Mg Zn,0)iX, /N> R¥ ¥ v 7 7.7eV O MgO %
B E LTV REY v 7ERNARETH D Z LD, EZEEAIC BT A3 E S L TR
SNAH[1,2]e YR L—7TIXZNETIZ, T A b CVD {EEZHWT MgO Fb IR 7 Jg L
JL G 72 RS-Mg,Zny,O Hf iR 2 i L, |IE TSR 5 H Y — RV % vt A(CL)HIE
\ZE 0 R 187-223 nm 1T 72 D EZBERA ~REEAMRGEIR D v — 7 I 2 B L C X 72 [3],
AGEH T, kM7 EL 731 A~Os & B 2 7= Rl K — v 2 7 HirofEgIz mi) <,
I AN CVDIEIZE D MgO REZEX XY VEEOKEICE N T, BERETIRAT S R0
R AT o TS RIZ OV THET 5,

[F£Br] Hot-wall 5703 A b CVD %E&E % H\ T, MgO(100)J:AK_E~ MgO 5% sl & 7=, Mg
DOFTEFARIZ X, HEEE R EUEF Mg(CH;CO0),-4H,0 & | HAbWEE MgCl-4H,0 2 L, Wi d
5 fEATIR U 7c WEBR KIS TR R S 7o, IRBHEIR P D@ B A 4 AR 0.09 mol/L & L7-,
Z OFEHAR 2 BB RARE 12 L0 T2 MRIZL, ¥ % U 7 H A(0;) 4.0 L/min, #RH 2(02)
0.5 L/min D&M T, 700°CITIIEA S L7 ROSE ~ERG LT 1 RRIOFERRE 217272, Bk
L 72 MgO s ORI 2 C RN 5 72012, 2 A A4 858 (SIMS)HIE % V¢,
KFEMH), KFEC), ¥V a1 (Si), WHRECHIZOWT, REREN DRI FRI~DOT a7 7 A Vokr
Z i L7z, SIMS HIEITIZ 1 IRA AL FEE LT CsT 2V, 1 RIMEEEIE 5.0 kv, HIEERIX
60 x 60 um? & L7z,

iR & Z%42] X112 SIMS MBI K5 RMIRE T 0 7 7 A L OfERZ27R:T, M 1(a)lrmd &
I, FEERIECE 2 VTR Lz MgO #lEH Tl Ho C. Cl OB TR ITT X TRBRF LT
ThU | Si L 2.1x10%/cm® Th o7, KT, C DIRADIED BN &b | BREIREE 700°C
TIE. BB EAUCBIEET 2 LRI OBEIBFE TREBIRIEL TWA Z EARBENS, —,
X 10 R HiA b R R 2 I TREE L7 MgO MR Tl C IR A 2 L8] 2% 3 B T
Shiz, 72720, 2D ORI MgO St & D FHIIZ M > TR LT Y | REWEY D2
WEVELSABELONTEFEERH DL EEZONS, H, Si BXO C OREIZZENLEN
1.9x10%/em3, 5.0x108/cm3, 9.0x10Pecm> BE Th 72, HIEE, ClEE I L, &, SiEE
IXEERRFR 2 L7235 8T 2 155 1020 V.5 KV. Area: 6060 ym —
<\ 2O L FIRTEEAEURNC K 3 2 ATRENE mﬁﬁﬁmpzx?ﬁﬁi —

NEWEEZOND, £72. WTNOFBEE —
RN VA T . I L HAR O R T MO L MeOm y o0 s |
BWT, H, C, Siov—7 3 ank, =

NoE, RERTAHED I 2 MEEEIE £ T
DBFRICBNT, KKHF N SAIE LA i
ICHRT 5 LS5,

[RIRE] ARFZED 8T v/ M L OF
WFE (#25K 08495, 25KI2089) DHEBN % 5% 1) 7=, ALk LA ol - - V-
[ k] [1] K. Kaneko et al., Appl. Phys. O a0 %0 o o o 1o 20 w0 40
Express 9, 111102 (2016). [2] T. Onuma et al., J. Depth (nm)

Fig. 1. SIMS depth profiles of impurities in MgO
Appl. Phys. 134, 025102 (2023). [3] K. Ogawa, et homoepitaxial layers grown on MgO (100) substrates

al., Jpn. J. Appl. Phys. 63, 02SP30 (2024). using (a) acetic acid precursor and (b) chloride precursor.

102!

MgO film

1020

10"
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S X b CVD EIZ& B £ (k)-Ga,0; EIEERICRIT /Ny 7 7 BDRE
Investigation of buffer layers for the Growth of € (x)-Ga:0:s thin films by Mist CVD
BHMIRXE LRI, BEHRM? MDXE Tf' M2) BB FH

(P)Mondal Abhay Kumar!, (P)Htet Su Wai!, JIIR#} &3 12

Sys. Eng.!, Res. Inst. 2, Kochi Univ. of Tech. oRyosuke Ohashi!, Tatsuki Okada,
Mondal Abhay Kumar ! and Toshiyuki Kawaharamura!-

o E-mail: 295005a@gs.kochi-tech.ac.jp, kawaharamura.toshiyuki@kochi-tech.ac.jp
H A2 3C-SIC (111)

VAR AL E R L & L TH < OB L 2ED D FiED— DI KRRE e
T CEMELER BRI & (FRLATREZ: I X | CVD #5) 8® 5[1]. Zh pesoonl
TEELE 2 D BB AT DR B ER R EOTFIEICE Y, I A MEL, Bk
ECEGIRT 5 Z L THREMEEIRZ BT 2 FIETH D, RRIE T TORL
DT, bW B AEIE DRI LT\ D, B b 8RO T TY,
At T U 7 A (Ga0a)lE/ N> KX v v 78 4.5 eV LI LDk D/ T —2f-
HIKE LTSN TV OB TH D, Ga03 13 o, B, 7, 8, € (K)D 5 /DU)?ﬁ?:fEf”a
MiEEZ A L TCWD. KRS, NEBRORMIBEEZZE LT 5 e-Ga0s 13X, &
BNEICHENEE A LD Z L h, BEFBEIE kT2 VR E ~DIEH
DRI TVB[2].

B E 7R e-GaOs WIRIER D 7= 0 121%, T X ¥ ¥ VE O, #17E
FSim DGR R E WS 2 & ZP‘:Hi Lo Figl \Z/R T &AERE FI28 0T,
FREN, TR L 2 &R0 L5 ICEET S L, dl IO, SiC <I11>1E
534 A, @MK—A //7/1/ MNIO)YD (11 1) X 5.12 A, - GazO3 0)(004)@ 1L5.03 A%

FECdh 2. — D= Link, NiO % SiC<111>J:’G(111)ﬁEJ?§ X, Ry T8 APLO, Péomc 106
ELTHWS Z EIZLY, eGax0; DIFFAIEE Z BT D BN T s 2838 e
5 . v:ta: 3030353? }

T 2T ET e-Ga0s Wil A AT 5720 DNy 7 7 JELE LTI A K CVD g‘::::f:%::::::s
Z FO T SIC <11I>HEH FIC NiO Wil iR L7285, #E7 TSI A D CVD & “88tsttsase’
FINT e-GaxOs M2 R L, (ERLC & /=4 o 7 DR DR T 21T - 7=, Sebebetetete”

ABFFE TR N v 7 7 |8 T D NiO IO SRR EDA fLIAGJREE 248 0%
IbSHDLZETAER LI TNV ORENR ED XS ICET DDA Figl Lattice image of
LHZEE LT, eachcrystal viewed

9-5% jf{f from selected orientation

IXU®HIZ, T A CVDIEIZ LY NIO A (ERLL 7= Nl(acac)z % HFEENE L, Hy0, EDA 28
99.8:0.2, 99-1 @/Eé WIS L C oD BHAR 2305 LT-. J?*Miai\m;%f“ 1558 20
mmol/L & L, SiC <111>k4K FIZ IR 500 °«C~600 °C T 50 °C 4| A KA 1T~ 7=, {ERIL 7=
NiO ?ﬁﬂ%ﬂ: [EA% D R T4 T Gan0; R 2 /ERL U 72, 3 EUBHZ 1 Ga(acac), % VY, H,0, HCI
99: ) DIRA TSR U TR & UTe, RBHMIAZ IR EE 2 20 mmol/L & L, AR EE 600 °C

ftf%ﬁkfﬁgﬁo 7=, {ERLL 729> 7" 12 XRD 2 DORIE 217\, NiO, Ga,03 VN O e A B L7
Fig2 (Z EDA0.2%, 1%3#% L 7ZBRD IR E 600 °C CTEHL L 72 NiO %H%L (2RI L 7- GayO5 T

D> XRD HIERE F 4 779, 600 °C THE L 7= NiO _EiZ

BT 5 GaO D XRD HIEAMERAZ R 5 L, EDA0.2%, T EDA

19

1% CHERF & H 12 6-GaxOs (004 ok D &' — IR ) |8
%71 EDA ?@%ﬁ{%@; 75%1% (272 % &, e-Gay 05 (é)aoi)ﬁ H

o>t — 7 R BINNT 5 23, 0-Ga:05 (0006)H Jed

S BEINT 5 Z & MR ENT-. 72, EDA XIEH .'l/\w-wv/ V\.....
0.2%DFIE 1%DKFZ L, NiO (111)[f KD B — 7 58 o e
FEIIREL 2o7-. 2L EDA OBBEENEL 25 o2% | Wo_soowc | |
ZlIC kY, IEBEEE S Z 212 X0 RIS WeFtS

R A DRI ENRRTHS EEZ b5, _/\q.,.—/ m

*7-, sGazO3 DO EPHER SN2 &b, SEHdER

Intensity [a.u.]

o R S
)E T Z EI 0)7f< O)/ \_. DZ_, Fio 2 N o . i
g.2 XRD spectra of e-Ga203/NiO thin films grown on
NIO WO RSB LA~ D HY F DU T 8iC <111> susbstrateunder the temperature of 600°C.
2.
7 3k

[1] T. Kawaharamura, JJAP 53 05FF08 (2014).
[2] P. Ranga, et al, Appl. Phys. Express, 13 061009 (2020)
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SbBLUA | ZFMLI=Z n OFROKEREE
Influence of Sb and Al doping on the crystal structure of ZnO thin films
ME - HHBRRE ' ORE M
NIMS !, Yutaka Adachi!

E-mail: adachi.yutaka@nims.go.jp

[%5c] ZnO ~® Sb DEMZ, NV AZFFOFERRETITHONTEHEY . Sb DIRMIZE Y ZnO
DORGYEN SR LT U AR S D 2 E 3l ST s, O IE, Zn JF1- T Sz Zn
E A DNE I EEIC > T D, —H, AlZ~E— - FR—=7F25 L OB TSN O HE
AN o T ME R R R SRR S D Z E N R B SN TS Y, Sb OFINC & » TERT 2
Zn skt L7z &, ALIRINC K% O mmasxfm L7z S FRr 2 £F > TERT U, ks
REZREA LT @R E N R T D AlRetE & 5, ARWFFETIE, Sb & Al 2RI L 72 ZnO &%~
7AYHEMREICEET L2 LICE Y, BRBIE 7267 2 EEOERMZ AT,

[EBRFIE] SOBL DAl ZIRIMNLTE Zn0 BT I v 7 A2 =4y FEHWT, clith7 741 v
WRIZ PLD 75 T A2 ERL U 72, BRFE/0E 1.0X 105 Torr, FEARIEEE 450 38 L OV 550°C THAAE LT,
VERL U 7= 3 oo et A 13850 XRD % [& (PANalytical : X’Pert PRO MRD)% F U CRTAM L 72,

[RE] BA1ic, Al % 1 at%., Sb % 22 at%isM L7 Zn0 v T 2 v 7 AZ —4 v b % TR
L 723 50> XRD HIERE F 2R3, IR 450°C TRE LIZEIRD 2 /o Ax v - Tu 77 A
JWIE, A E R AEIGE 2 FFD ZnassSbosrOs @ 111 B LN 222 iR & & 2 S BRI E— 7 238
BENT, —J7. 550°CTHAE L5 XRD 711 7 7 A JUITIE, Znp33SbosrOs D 111 3 K18 222
26 DR E— 7 TR SN T, 20=34.08" DA A L E—7 LZDOWMDOYT T4 FE—27 )%
ARICBlEZ sz, X1 H %Eﬂf“%éﬂf: INHOREPTE— 7%, #ETEEE AT DR
EATRE L T D, 212, 550°C T L7 XRD MRl Ef R a7, X 2@k, 26
=36.25" (ZnO [10T1\ZHHY) CHIE L7fER T, 6 [IxFrz m 3R v — 27 Bl Sz, X 2(b)
1%, 20=17.86" (Zn233Sbo.c7Oa[ 111 IZFHY) THIE L7-f5 R T, B — 27 3Bl s ienoTe, Z

DG HRIZE, 550°C TR U 72 M 213 Zna 33Sbo.s7O04 1R L TR B9, IR NIC 6 [ PRt 2
B4 O RN XUy LR L TWD Z L%
RELTWD,

(] AR O—EITEHI#E (21K0464T)DIEI & 21T 7=, [BE ]
1) Adachi Y, et al, J. Mater: Res. 23 (2008) 3269.

:2 an 3asba 6704

* Substrate

550°C

ot (a) 20-3625° (b) 26-17.86'
= Zno|1011] Zn, 355bg ;0. 1111]
= R
2 - N
2 o AN
= 7 3
/
/[ @ L\
\
"
\
\ |
20 30 40 \ e T o/
20/ degree \ Y
N\ o P . /

Fig.1  XRD profiles for the films

grown using Sb 22 at.% and Al 1 at.% Fig. 2 XRD pole figures of ZnO [1011] and

added ZnO target at 450 and 550 °C, 7 . o 0. 1111] poles for the film grown at 550 °C.
respectively.
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UHV ANy B ITERAXO—KICL S ZnO BERRBOME (11D
Growth of single-crystalline ZnO layer by UHV sputter epitaxy method (I1I)
REEH#XI, -thl BE EY RA T8 =6 &H Bz, 8 BB
School of Engineering, Tokyo Denki University
°Haruto Ikeda, Kaito Horikoshi, Keisuke Yoshida, Hiroyuki Shinoda, Nobuki Mutsukura
E-mail:24kmh02@ms.dendai.ac.jp

XL HIZ

Lxx, BEEZE (UHV) Ay 2 ) v s
FEPHCT, 3774 7HK EICZnO o =
PRAEXFL vy VKEZITo T3, HilEl, O)/Ar
BEATAZHCT, O, ¥ REE 0, 2 LU 4%
ICEWTHE L Zn0 J§ i oW TRt %1T-
72, FOfEE, 0, TRREAEL 2% THEL 7=
ZnO JEDRMICH W TCEHE oM L2 R o T,
B AR, ko m Ed 7o/l
o, BEEZBEICHEMX 4T Zno JE
DR ZITV, 55N =R ES IO WwTRE
T THET 3,

ES ke

Zn0 FOREICIZ, £ —%7" v FIT ZnO BikE
K (4-N) %, FEWIC 2 4 v F£ a-ALO3(0001)
EER L 72, BIGH ZIT1E Ox6-N) T R &
Ar6-NYT ADREGH AZER L, 0, HREAS
2% CHEZ{To72. BEL7Z ZnO EiZ
X AREHT R E A T T PSR (SEM) 1 X 0 §F
il % 17 > 7=.

FERAER

0, WAEA 2% CTHRELEEDO R %
ZnO JE DK H SEM {4 % Fig.1 ICnd. RED
0.5 um @ ZnO JETIE, KMy PR L
5705 BE27.0um O ZnO JETIE, vy b A
<, EFICHEARATH 2 2 L3RS, £
7z, XRC FWHM fl @ )ZR 71 % Fig.2 1Tk
7. FEE oI, ZnO(0002)H IC B 1) %
XRC FWHM fHIZEIIN L TV 3 2%, ZnO(10-12)
IC¥F %5 XRC FWHM {3435 2 & 28
s, 2o DfERP S, REOHINCHE 2
T Ly v ADHELT L, RITH 7 R 23 g e

© 2025% ISRYEES

X, HANERERA ELTWEZ EREZ 5.
M, ZOMOFERICOVWTIIY HIBEST 2 TE
Th 3.

Fig.1 Surface SEM images of 0.5 and 7.0 pm
thick ZnO layers grown at 900°C.

A R
ZnO/a-Al,0; 3

1000
900°C

P E 2% 0, 3
5 800F 3
1™ E 3
= E E|
— E ZnO(10-12) 73
=  600F E
= E 3
£ E E
= 400 E
E _ Zn0(0002) _
“ 200F 3
0;‘|.‘..|‘.‘.|.‘...‘..‘\..Hu.u.|u.. E

0 2 4 6 8

Film thickess [pm]

Fig.2 XRC FWHM values of ZnO layers grown
at 900°C, depending on film thickess.

il

KRGO —EBIL, SR [~7 U 75k
WU —F A 77 FE (REEE
JPMXP1225UT0028) D 34 % 22 1 T HEhE S
F LIz, F7o, HET A RA&A M L—UK%A
AL ATEE N B O R A T CEMm S E
L7-.

2 E TR
[1] #HE i, 25 71 B)SHY RS
S, 23a-P07-3 (2023).
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PLDEICK YRR LT f-Ga.0: REIEX XL v LEROERFE
Electrical properties of f-Ga203 homoepitaxial films grown by PLD
HPEXMEET!, ORFA M, HK wA, &0 AF!, XK B!

Science Tokyo, Dept. Chem. Sci. Eng., “Kazuki Koreishi', Takuto Soma’,
Kohei Yoshimatsu!, Akira Ohtomo!
E-mail: koreishi.k.5412@m.isct.ac.jp

[(#HS] F—F &R ET v F—7 Gay03 DRI ILEBENE D 2 R ITHE+H A (2DEG) 1
S A[1]. o2 1LV A L —FHERE(PLD)EZ VT, f-Gax0;3 E #1595 (AlLSc,Garvy)20;3

RS2 AFEL L2], & BIC Z OIRGEIRZ R LI B2 Bk 0 EBZ BfE L T 5.
L2y LRKETE ST e Ga03 ORENTIIEIRE D Si A5 T 5 7-03], RElcBiT 5k
etk ORI II KRR BB PICIRM/ T v F—7 Ga0s R0 2 (ER+ 2 M E N H Y, ko= 4
X LT IANIEHTERY. E 2 TR TIL, B-GaOs REZE X F 2 v /LD PLD %
E4&th%, BRWICSi % F—7 L7z Ga0: IO BEXFHEICE SN TRET L7z THE T 5.

[52BR] 7 BpER AR e T 2% T U VIR PLD IEIC L Y, Fe K—7 Ga0s % 5 47fil,
I HIZ Si R —7 Ga03([Si] =4.2x10"8 cm )% 60 57, AR MED Fe R —7 Ga05 (010)FE:4R HiZ
FEE L7=. MR A 750°C I T—EE L, L—HHE F % 03-1.0Tecm2, FEEDIE por & 03—
1.5 x 107* Torr OFIFH T L S 7. Mg LV BEZEFH L, Ti/Au Ohmic #AMRZ AV
7oA B KV EER e Z, Hal WRMEL Y v VT IRE n EBENE 4 Z2HE L.

[ 5] Fig. 1 \SHEEO R R HE Ry LEER 6 O por B L O FIKEMEZ T, Rl pos, FHIT &
ELICHFRIZHIIN L, poe=1.5%x10*Torr, F=1.0Jecm 22T 0.9 um/h ([T L2, poa lZFED Ry D
B, BEHT OINE BRI E RIS D Z L AR L TWD . — T F IS #im
LR EUER & O Ga, O &AM L 7R R E MR CTX 5. 013 por=7x107Torr, F=0.7Jcm>
IZT40Sem ! OMBKEZRL, n=50x108cm>, u=50cm® VI!s ' BESNZ. ZDuld, FLL »
~5x10"8 em B A RO &L T 5 &, 7T X~ R TR B X 2 —1E TR L AL A E(~90 cm?

TIANTIEZIEZR NS DD, 0, 5PHA F D PLD i TH LD ER0.7 cm? Vs[5 L 0 1
Sz BEERTIE, FEGETERLET v F—7 Ga0s BIEOELEEIC W T HikR 5

(a) R, (nm/h) (b) o (S cm?)

1.5x10*

1.5x10*

4  Fig. 1 Contour plots of (a)
Rg and (b) o Ofﬁ-Gaz()}
homoepitaxial films.

30

£ 1oxo0* 600 £ Loxo*
e e 5 Cross symbol shows the
3 400 2 measurement points. For
10 convenience, po, denotes
5.0x10° 200 5.0x10° .
the effective flux of
R T T T X 0 M
0.4 0.6 0.8 1.0 0.4 0.6 0.8 1.0 oxygen radicals.
Laser fluence (J cm?) Laser fluence (J cm?)

[11Y. Zhang et al., Appl. Phys. Lett. 112, 173502 (2018). [2] /&fafth, %5 72 [0l W BRHS B IR AN TE
2, 16p-Y1311-8 (2025). [3]J. P. McCandless et al., Appl. Phys. Lett. 124, 111601 (2024).  [4] J. P. McCandless
et al., Appl. Phys. Lett. 121, 072108 (2022). [5]J. Zhang et al., Phys. Rev. B 106, 205305 (2022).
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BERARERLE In0 FREOTET7 ——LICKHBEE(L
Structural changes of ZnO films on amorphous quartz glass by anneal at high temperatures
BEREXRET Cfig ERI, NE —R
Kagoshima Univ., °Keigou Maejima, Issa Kominato

E-mail: maejima @ eee.kagoshima-u.ac.jp

XU DIT : B{bEidh (ZnO) 1384 2B CTOFEM - ICANR I TEY, BT A A TOIGH
bHIFSIN TS, 7 A ZATOIHZ BT 5HG. KiaDD 720 ZnO 2 (FR 2 228
WY, MIRTOREPRROONDZ ENRDHD, HEmEKRE LTH7 747 (ALOs) 8% < H
WHALDDY, @i T Tl ZnO & ALOs DER Al @ ZnO ~DOPEHNEE Z ¥ | ZnO ORLEIZRB W
TINONEBEOWER TIZORN D AEEMENH D, D7, ZnO & FUGHEE Z VIZ < WEEHR
WRDODOEND Z L%, AWTETIE, BAR (Si0) FMRICHER L, ZnO #E% RF ~ 27 %
ha A2y 2 U ETERLIEOBIZ, @IRT =—/V&21TV, Zn0 OS2 78 L 7=,
EBRF I : ZnO HEEZ SR ARENR EIC RF~ 7 % hrr A2y & U 7T 300C, 2 B, RF
) 80W DZMTIER L=, T D%, ZnO W% KKFRFAL T C 30 FEf O T =— L &217 572,
7 =—VIRFEIT 500~1000°C D#PH TEL S, T =— Ml X5 bE X RIEPT (XRD), EEE
THEMSE (SEM) 7 & CRHi L 7=,

EBRARER  Fig. 1120 207512 L% XRD HIEDOFEREZ 77, Fig. 1 £V c#lfidr L7z ZnO R
FERENTWADORHRTE D, ZOMEEZT =—/L3 % & 900°C £ Tl XRD D Flo K& 22251k
TRONT, ZnO 22 b DR E— 27 LR TE 20, 1000CD T =—/L Tid, ZnO 76 OlElffr
E— 7 DIENZ, AV MEEREHRSR (ZnoSiOs) 7226 & BB L5 EH v — 2 2387z, 900, 1000C
TT7 =—/VLIEEORE SEM 8 (Fig. 2) #/25 &, RERRESZE(LLTND Z ENG05,
900°C2>H 1000°C D7 =—/LC, ZnO JECZE DJEIL TR E REER DD RE IS,

—eZn0  wZnsio,

ale, a.u.)

X-rav Diffraction Intensizies
(logaritamic s

26 (deg) (a) 900 C (b) 1000 C
Fig. 1 XRD patterns of ZnO/SiO, annealed at Fig. 2 Plane SEM images of ZnO/SiO;

various temperatures. annealed at 900 or 1000°C.
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RUDPEAMD B-6a0: SXUHFARMEHITSH Ni0 DRE
NiO Growth on Different-Oriented B-Ga203 and Glass Substrates
RIMAIE °WMNIZE R ME AR
Kyoto Institute of Technology ., ©Sunao Tateishi ., Arihumi Okada

E-mail: aokada@kit.ac.jp

B-GarOs IXIR AR D /ST —F 30 24Pk E L THER SNTWDD, p BUZT 200 NEETH 2,
ZDT, T AEEERO T 7 u—F L LT NIO 72 EOMEHZ R S8 pn A2 EHSE
DIERD D, ET DM ORRER KW 72 E I3 FR ORI K E UKFT 5, AP
TIEE72 D HALD B-Gax0s FEMFS LA 7 A FM EIZ NiO R S8, fifmDOEL 7+ 1Y —
SR JAE T FAR DR B % b U7z,

NiO D F1E I A MBS (CVD) E[1]1TIT > 72, NiO OFEHI= v X LT F LT &
FF—h &L, BRMKICEMESE 001 M & L7z, FEHRICIE Sn K —7 B-Ga,0; (201), (001) 7 =~
(/7 Y RAZNL) BROATE T A MR CRESIUWERT) &0 v b - iRk, Ve 7 2 —I08&k
B L, BWRIFNICEE Lz, FNOIREIL 600°CIZERE L, FERMIZ30min & Lz, ¥x U7 -
FRAT ATEFR, BFEEZAV, ERINZRBOEL T 00— 3 E & LR B
(AFM) # RV T@lg2 L, fdtEE X BREPTE (XRD) TRl L7z, 30RO & T 3 EdE i A
N7 VB IO X BOEEFSEE (XPS) 2 HWTHIE L,

Fig. 112, &M EIC/ER L7- NiO #UBtD AFM # %779, % LT Fig. 14 7 2 5 k.
Fig. 1(b)l% B-Ga,0; Q0D . % LT Fig. 1(c)iX(00Df EicFhEFnkESE=Rech s, T
NOHER ETHAERDMRR T, @

QoD ETIXAEMITIE=/MAIE L 7

S TEY  NIO(11)E &R & 72> T
WD Z EPURIBE L, (001)if EiZ
B SERE I ORi- - K

NiO  NiO NiO

G OLERMBBE STz, (00D)E @ (111) (200 (133

tomEcr#EEsATws |88 & 8 g 2 g
NiO(133) I B FRENI IR E A 5 '
HL Tz, XRD A4 —2ipb, 8 | on (001)

T A ETOREIZBWTH R DR __L___M¢‘+Jq_mmn

ka2 L AR S T, S0l ovems

. . 10 20 30 40 50 60 70 80 90 100 110 120
[1] G. Yasui et al., Phys. Status Solidi B 26/degree
2400442 (2024); [2] S. Nakagomi et al., Fig. 1 (a-c) AFM images of NiO grown on fused-silica
Phys. Status Solidi B 257, 1900669 glass, (-201)- and (001)-oriented B-GayOs substrates,

respectively. (d) XRD patterns of the samples.
(2020).
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Li 70 NiO RO/ 2RO ARFERRELT ——ILRED
BER-AFMFEICEZALSEE
Investigation of the effects of initial crystalline state during sputter-deposition and annealing
temperature on the electrical and optical properties of Li-doped NiO thin films

REEMKE BIUSET V2
ARER GKZE ', &I BE2
1. Faculty of Science and Technology / 2. RIST, Tokyo Univ. of Science
°T. Hattori' , M. Sugiyama'? E-mail: optoelec@rs.tus.ac.jp

[IZLHIZ] BEIE=v4 JL(NIO) X Z 1R 4.0 eV ZHL[1]. p HEEMZRI BILYLEKRELTH
BNTWS, F=. Li EOR—ES O Ni ZAEEORNEMRMEICKVIERENFIEHTTEETHY . (&
ATIHMNEEEMENIEMNHCU(IN,Ga)Sex(CIGS)R ARG EM[2]. ROTAOA FKIGEM[3]ZED
EREERBHTL)ICAVLLNAHMEELTERSA TS, —iBIZ, CIGS RURATRAAKIGE;
ZEDXRINEBORBICIEERMBELELT D, T HTL BOMRERIKELZOHERD HTL
BADMBNER - AFHFUENEZIZEETERTILENDH D, o T.ChoDEEEEEL
BLMEMERVEWVEBEEZH-T7EILI7ZARVEHESR NOLi EEQERIEAFINDS, LHL.
NiO:Li EED#HERMEER - LFMEEOBFRMEIZIIREBRLANZL, KFETIX.RF Y7574
TR RyFEERANT NIOLi FBIEQHFEZEITL. NIO:Li BEOHEERIRELTDEE
[ZXTHT7—— LB - AEHEFEANEZ I EDRITEIT o,

[EEAZE] 2—4 VM NIOLi(1 at.%)&F ALy, EHEEEIEME KRV 300 °C TRF UF7IT47<
SRR RINYBEIZKYET LA HSA(AFG)E R L2 NiO:Li SEEZ 4 50 nm #FEL 1=, HIELT-
NiOLi BIRIZH L TAHY U NEBRUERT =—I)LAEZITL, XRD BIE . R—ILAIEEZ1To1=,
[(BRRUER] K 1(2AFG ZEiR LICIEMEARUTEREE 300 °C THIELT- NiO:Li FERIZxL T
BR7_—ILBETV, ZRAR—IVBEEIToERETRT , IEMEAMTEE1To/- NiIOLi EREDE
MEICAHALTI. BR7-—I/ILNEOEELFICHEMEML-, —A. EHREE 300 °C THIELT:
NiO:Li EEDEMRICELTIE. BR7—— )LUBIC K52 ENHERING A o1z, F=. XRD BIFE
[ZEWTIEMERKTE NiOLi FERIIEHEZHAT H5IENTEEIN M. BBERT7T =— LA KY[E
HERIESNT =, — . EHREE 300 °C THFELT= NiO:Li SEEIZEAL TIX as depo. B = T(111)EI<
NiO HEDEIMFTHERBISN Tz, K> T, NiOLi FEDFEREIZTHMERENEILLI-ZEN S, NIOLLI
BEOERELESBEDOBERATREINT,

BN B RET D, 104 0, anneal as depo.

(3] NO BREMMEICELEEELEEE Tl _
Ui RARS SR RRERgECESS o | o 300 °CDeeSli
LEHFET . AHRO—8h(E. REAKEHE > u u

B BETHEIALF—HERRSMA, 2~ 20T 1
R-AR=—BREVF—OXEIc LS TITHA  210°F i
=0 110 .
[&%3#k] [1] Our group, APL 110 (2017) 1Oi2.o T s

181102. [2] S. M. Youn, et al., J.Alloys 1000/T [k-1]

Compd. 836 (2020) 154803. [3] W. Chen, et 1. TN TN RO EREE THEL

al., Adv. Energy Mater. 8 (2018) 1703519, NIOLi FIRO 7 =—)LiRESEREOHR
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T7=—)UEBIZL B N0 EEOEEREL
Change in conduction type of NiO films by thermal annealing
T¥ERK!, /RILIYRFLTY /00— OkH BE' ME BT EX KE?
AR AF2 LA R XH &' EB &E'
Kogakuin Univ.!, Novel Crystal Technology 2, °H. Yasuda', T. Akiba', H. Miyamoto?,
K. Sasaki?, T. Yamaguchi', T. Honda!, and T. Onuma'
E-mail: cm25084@g.kogakuin.jp

BFAEAIL AT U 7 A(B-Gax03) 1XBEFFD SiC X° GaN Z#E NV R¥ Y v T EiEZRTZ E 0D
WD —F S 2808 LTHIfF STV A, UL, p BUSENEE LV, ArtO, IRA 25 FF
KD Oy FLH[O/(Ar+O) [N L 0 b= » 7 L (NIO)YD F v U 7 ERIBN AIE & 72 512, Z i
EERAT S Z LT, &ME pn ~T 0SS A A — ROBUENRFER I TCNDEBL T30 234
RRIZILmRE T CEET 2358 288 L, MEWERI 21T 5 BEMENRZ 2 b0y, #EFINRD 7
W, ABFFETIE, RF v 7 % b A%y ZIEIZT 0; % 50~100% & 2L S 72 NiO J#fE %
M L, 7 =— VBRI L D BRI R uﬁ%ﬂ‘%ﬁofr_o

RF ¥ 7' b1 A3y & 45 (Canon-Anelva:L-332-FH)(Z . FEE 99.9 mol% D NiO % —747 v
FHWT et 7 7 A4 7 Bt BTl U7z, UBEE 1% O75Pa RF B 71E 150 W, Ar+O2 i
AFERICBIT D 02 LZFRIT, 50,60,76,100% & Lz, 7 =—/LiX, &R % AT 100~400°C %
100°C %2 Thii L7, & 0.5 L/min OFEFRIZPHSR T 20 1T o7z #UBHI. F— 20 RKHlE
f& (Nanometrics 1, HL5500PC-SK )\ T van der Pauw 75 (4 ¥ 7-{%) (2 & 0 SR CHRPLES /E'J
E LT, o, B—_y 7 R E CEEM ORI 21T > 72,

X 12 Oy Fb & IRIRPUROBRZ R, 0y LRILFIFONZ 300°C LA ED T =— VALER|C
THEPLROBIMNE SN (400°C 1TEHEHUC X 0 BIERT), 1(b)IZ O, b= & HEA O REFR
ZRd, AL, 400°C 7 =— Ltk ORAE G EE 1T, 7 =— /WREBINZHE D p B D n B
~OBAEE ST, F77 00 LR W NS T = — /LR EE B I - N BT O 50 BE D BEhn 738
B, ZAUTOWT, BHEMEOE W NIO K TORWERIZIE, 77872 ORI THD
Ni ZZAL(VN)BBE L TV D EZ X LTV AW, VI NP DL EFZ i L NP & BlA— 1%
BT 5, 20L& E, 02 D5 Nid* 3d HE~DEMBENERIZ L 5 AN A R x5 & 3
NTNWBBE, ZD7-6 ., Oy LRI NS 7 = — /R FERI N £E © HRHTER OB K O AT % B
EDOBENNZ, ViIREDORDNEE L TS ZEWNRBEND, £, 7 =— VRESEIIEED p
B 5 n BIA~DZAEE S 7=, 5
TIRZENC & 5 & | 2L ERE (@)

—_
(e
~

ShEaRRETE N A4+ Y N g N TTT

METD Z LT, P —RO NI C}Q101 ’ u As-deposited g ; - ARk

KM e SNG, Z0kd, 7= 3 ¢ Arnesled (100°C) 5 7w m e

— LR EHIINC L Y BesRze il & A = 10° £ |7 Annealed 5300"0; 2 400 : 0 or = p:yp;

H%EL: ]\‘“j“’_‘ﬁu 0) NIO j(lg/é z)) éﬁi é § 10 . A § 288 ; : ;B—maeecidable
nEEICE L L BB & 1 ge ™0 2 1

A, FERESXPS AY R UIZIE KT %660 70 80 % 100 £ deposited 5,60 70 80 90 100

—F D Ni° KD 4R 5 e 3 O,/(Ar+0;) (%) < O,/(Ar+0y,) (%)

FERDBG BT, Fig. 1. (a) Resistivity vs O; ratio for as-deposited and annealed

AKIFZED—ERIZ. NEDO DZ:E  films. (b) Conductivity type vs O; ratio for as-deposited and
¥ (JPNP22007) OiEBhZ =%}  annealed films. Inset shows pictures of the films.
7
[1] M. Higashiwaki, AAPPS Bull. 32, 3 (2022). [2] H. Sato et al., Thin Solid Films 236, 27 (1993). [3] H. H.
Gong et al., Appl. Phys. Lett. 117, 022104 (2020). [4] S. Lany et al., Phys. Rev. B 75, 241203 (2007). [5] H.
H. Tippins, Phys. Rev. B 1, 126 (1970). [6] M. Warasawa et al., Jpn. J. Appl. Phys. 52, 021102 (2013). [7] P.
Gupta et al., J. Appl. Phys. 111, 013706 (2012).
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studied by deep level trans1ent spectroscopy

Tsukuba Univ.! Sorbonne Paris Nord Univ.2  ©®OYun Jia!, Hironori Okumura!’,
Aboulaye Traoré?, Yui Sasaki!, Kota Nakano!, and Takeaki Sakurai'
E-mail: s2236001 @u.tsukuba.ac.jp

B-(AlGaix)203, an alloy of the ultra-wide bandgap semiconductor -Ga,0Os3, holds immense
promise for next-generation high-power and radio-frequency electronics due to its exceptional
intrinsic material properties [1]. However, fully realizing this potential is currently hampered by
complex and pervasive material defects, including point defects (e.g., vacancies, impurities),
extended defects (e.g., phase inclusions, twin boundaries, dislocations), and critical interface
defects [2].

In this work, we fabricated vertical Schottky
Barrier Diode (SBD) devices based on B-(AlGaix):0; E "
and analyzed defect information within the material %m-z _ /—/ a %)
through various electrical characterization techniques, @, .t £ " )
including current-voltage (J-V) and Deep-Level :% Yoltage @)
Transient Spectroscopy (DLTS). As shown in the inset § o
of Figure 1, depicting the basic cross-section structure 3 107

I
w
U
[N
1
-
o
-
N
w

ofthe fabricated SBD, we successfully grew a Si-doped
(~10"8 cm™) B-(AlxGaix)203 layer with 22% Al content Voltage (V)

via PAMBE on a Sn-doped p-Ga;03 (010) substrate. Fig 2. JV characteristic of fabricated SBD.
Figure 1 presents the fundamental J-V curves of the fabricated devices, revealing ideality factors
consistently exceeding 2. This strongly suggests the presence of significant defect-assisted carrier
transport mechanisms within the devices [3]. Consequently, we proceeded with DLTS
measurements. To ensure that we probed defect information specifically within the [-
(Alp.22Gag.75)203 layer, we selected a pulse condition ranging from -0.5 V to 0.5 V. The results,
shown in Figure 2, indicate the presence of two electron traps, E1 and E2, peaking at around
310K and 330K, respectively. Notably, E1 exhibits a broader peak compared to E2, suggesting it

could be related to interface trap states. By
fixing the ti/t; ratio at 10 and varying t; and
t2, we constructed Arrhenius plots. This

3 -
S
analysis yielded energy levels of Ec- ‘_g - Ve
0.71eV for E1 and Ec-0.86¢V for E2. The g [ ’ DL siom! .-
precise physical origin of these defects 2 | e i
i - F discussion. B z E1  E2
remains an ongoing area of discussion. A — o Time] -

Additionally, we have prepared samples F \ \ , , , M

1

with lower Al composition, and the 20 240 260 280 300 320 340
Temperature (K)

Fig 1. DLTS results of fabricated SBD.

corresponding results will be discussed

and analyzed in future work.
[1] Anhar Uddin Bhuiyan, et al., APL 115.12 (2019).

[2] Kaun, Stephen W et al., J. Vac. Sci. Technol. A 33.4 (2015).
[3] Zhang, Jingyan, et al., J. Vac. Sci. Technol. B 21.2 (2003).
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Effects of Hydroxyl Groups in Thermal Diffusion of Indium

into ZnO Particles

Graduate School of Natural Science & Technology, Shimane Univ.,
°(D3) Md Abdul Halim, Toshiyuki Yoshida, Yasuhisa Fujita

E-mail: n22d102@matsu.shimane-u.ac.jp

In contrast to conventional semiconductor thin films, employing nanoparticle-based coating techniques
offers significant advantages in terms of flexible substrate selectivity and cost reduction in device
fabrication. This approach enables the use of a broader range of substrate materials, including those
incompatible with traditional semiconductor devices. In our laboratory, ZnO nanoparticle layers via spray
coating and their application as channels in thin-film transistors (TFTs) [1,2] have been developed. While
these particle-based layers demonstrate inherent semiconducting behavior, they suffer from exceedingly
high sheet resistance (G€)/sq order), which severely limits device performance. To address this challenge,
we previously explored the thermal diffusion of gallium (Ga) and observed a significant improvement in
electrical conductivity [3,4]. Building on this progress, the present study focuses on the thermal diffusion of
indium (In) as an alternative dopant. This time, the effects of adding water vapor on the thermal diffusion
on In into ZnO particles are reported.

ZnO nanoparticles were synthesized by arc-discharge-mediated gas evaporation method (30 A, 610 Torr,
3 min), and 0.2 g of the resulting ZnO particles were mixed with 0.06 g of In2O3 particles (Kojundo
Chemical Laboratory Co., LTD). Then thermal diffusion of In was carried out at 800°C for 60 min with
various ambient gases. Here, to investigate the effect of hydroxyl group in thermal diffusion of In, dry
gases were mixed with water bubbled ones with changing the flow rate. ZnO particle layers were formed
on the quartz substrate using spray method described in Ref [3] and [4].

Figure 1 shows the comparison of sheet resistance values of obtained ZnO particle layers.
“As-synthesized” and “thermally treated” (in open-air w/o In,O3) ZnO particles resulted high resistivity in
the order of 107 Q/sq, while it succeeded in lowering resistivity after thermal diffusion of indium using the
ambient atmosphere of open-air. Figure 2 shows the results of experiment in which water vapor was
added to the gas during thermal diffusion process. In both air and N, the increase of water vapor resulted in
the decrease of sheet resistance. Water vapor can provide OH- and H*. From the result of “N,+H,” in Fig. 1,
adding hydrogen had no effect on resistivity lowering, thus the existence of OH-group can be one of
important conditions for effective In-doping by thermal diffusion process. It is known that OH-group can
remove Zn ions from ZnO crystals. Figure 3 shows photoluminescence (PL) spectra. The condition
providing the lowest sheet resistance (open-air) resulted in higher UV emission and suppressed defect
signals, indicating that the generation of Vz, and diffusion of In were in balance. On the other hand, too
much water vapor at “water-bubbled air 100%” cause excess Vzn, resulting compensation of free electrons,
and decrease of UV emission. This condition is corresponding to 12.8 g/m? in Fig. 2, indicating the
increase of the minimum value of sheet resistance. The electrical and optical properties of In-doped ZnO
were strongly influenced by the interplay between indium diffusion and defect formation during annealing.

[1] T. Yoshida et al., e-J. Surf. Sci. Nanotechnol. 14 (2016) 175. [2] D. Itohara et al., J. Nanomater. 2016 (2016) 8219326.
[3] T. Yoshida et al., e-J. Surf. Sci. Nanotechnol. 18 (2020) 12.  [4] M. M. Isam et al., Coatings 12 (2022) 57.
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Figure 1 : Sheet Resistance. Figure 2 : Sheet resistance vs. Figure 3 : PL Spectra.
water vapor contents during
thermal diffusion.
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RA P LiPFe I A FRENC X 2 LifrA A VEADTELT7 7 A TiO X v PV — 7 ~DOE
Study on the Li* ion diffusion mechanism in mist-CVD a-TiO, films
VREARJIIRL, 2 1R, 3 B ERHE L, 43 KR SR TR &k v & —, SRR BIE T
'Kanagawa Univ., ZKanagawa Univ. RIE, 3 5 £ K3 Tiff, “SAITEC, SAMAYA CO., LTD
INBRSEER 1 LA FLBA 5, Rl 5, FIJREE 23, BEESCHC 4, AR R 3, e ERIIE 12, KPR S
F. Kobayashi, Y. Yamamoto, Haiyan He, H. Shirai, H. Kurihara, H. Sone, T. Sato, T. Ohno
13U ®IT : BT TI R+ CVD #EIC X Y Cu, Al BIC/ERIL 72 7 £ 7 7 A (a-)TIO, 23
LIB &bl FEREMAE & L CHREd 2 r[aEM %2~ L 72[1,2], L2*L LiPFs (EC:DMC)®E
fRE Do DY F 7 LYREBERE T AR S D % v, ZEIE I A F CVD EETIER L 72 a-TiO, I
LiPFs I X t Zfli 4 O 5 Clgt & &, RES D Li 5SS 2 a-TiO, DG 221k
% GD-OES, XPS, /%= V 7Y X+ U — (SE) I X WML 7z,
2 5B © a-TiO, KM IZ 0.015M Ti(acac),OiPro/CH;OH A FRIAW 2> b Si, Cu, Al I HEARIRE
(120-250°C) T1T > 72(50 nm), % Dtk Ar % ¥ v ) 7 H R & L CEMHIK : 100 mM:LiPFs I & b
% a-TiO, IRJE, HAR 2 7 — 5155 mm/s), / R 2 7 — CRUCHIINS % EifiR -~ A
T A VB X OHEROFEA AL e TS L (M1), LioES KR 7774 1% GD-
OES, REB X UWm HEDHTY 7V A MY =T X 2% EHFET T XD IRITL 72,
3AER 1 K2 1% Si | a-TiOx I LiPFes I A I HsT % =3/ T 20 IR 5[ L 72 £ D GD-OES £ X
Hia7a 7 7 A %R, LildI R MNEFOATHELO Si RME THELTWE Z &2
2%, B 313 a-TiO, (3 L TR CHRIE L 72 LiPFs 3 A b IESTETEE D L 2 J8 D1 FE TR
(N=n -ik) Zmrd, BIEERD a-TiO, 135V 7 L KEE» 572 % 2 J@E 7 A TR A[EET
b 57, LiPFs I A M ZWGT L 728D n, kffii 0.6-6.5 eV fEI CIHA L, BRI AL 72,
F 72 VAEIINC X Y a-Tio, B~ Li DYLEL, a-TioxH DR A FoRIFHAL, HD a-Tio,
JEDIEZ IR L 72, L EDFERIE, BIGERRNIRIC X 2 Lit 4 4 VB O RiE, Ti-O ED
HR(FREIR), R KIBIC X 2 JFEE ORI, S BEE O K %2 /RE 3 5,24 H i LiPFs
IA MRS X B Li 4 4 v D a-Tio, F~DFEA & Z DEDOILHGEFEIC DO W TR T %,
[1] f&Efth : 2024 4E55 71 [BEF 24a-12G-7, [2] 2B, 2025 4£55 72 [BIFZF  15p-P12-22
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FIG. 1 Mist CVD set up for the FIG. 2 GD-OES depth profilein ~ FIG. 3 n and k-spectra of a-TiOx

LiPFs mist exposure to a-TiOx. before/after LiPF¢ mist exposure.

LiPFs-mist exposed a-TiOx.
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ITyFNYIIZ&Y 10nm LLIFIZHEIE L 1= SnSOs D1 EA
Characterization of SnSQj4 thin films (<10 nm) by an etch-back process
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Kogakuin Univ., °Kento Moriya, Sokichi Naganawa, Yukihiro Kudoh, Taiju Takahashi,
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AL P8R B & af GBI 2 F e R o R 2 F5 D, SR E M 72 & o

7B T N4 ZAEBEPFF I TV B[], L L, fli%E Farim 28R EE 0 5 W SR 2p il
BETHEINTEY, T VAMEENE S BHEIMEW 2o, AfDEGEAELESF Y ) T
TSR % Hedafi 2 72 p BUEAR LY B ORI EN T W E[2]. 2O ik pn S %EH
WET AL ZCHOKRERIFEE o> T E, BF— L EREEZ D Sn2t% p BUEE(L
YIREERBER I NZ T, SnSO4 13NV F¥ v v 739 eV, F—LEREE 0.88 DM
Ve %2 "3 p BEIEEAR S L CHERTE L, AL o Tw3[3]. LA LA
O, HEEMAMELE L CoRfTITE IR <, ERNAEBER I ME I LR, ol
225, K413 SnSO, HIEZ EERFICEELL, 2 oYtEFid s X OB SR 2@ U<,
SnSO4 D p ALEIHEMAR L L COR[REEZ AL 2 IcT 2 2 L2 HWE LT 3, _ni
TOWMFETIE, @8 Sn I L x;&??.i\f@ﬁnMET——*—ﬂ/%ﬁﬂﬁ‘ r‘:“Cﬁfﬁaisz_
X, F—AEREESRDBECEE S5 002)HELKE L7245 SnSO, @,fnaﬁifﬁ
EEMERL CTEZ[4]. Lol R p MEEREREI LTV AL, ZOoERKE LT, i
ERLZRESETIE, Sn & SnSOs DEENREAL Y, {LENICRICEE 2 Hbw X H L+
2729, BWBEL, "A28fick3F v ) TEHEDSZ 2505, AW TlE, S 28k
I X VKT 2 ¥ v U TEGEL AR IIH S 3 72 o i HEL 2 1T o 7.

BRACHEE 1 pm 1 & SiFK FICEZ K5 EY VT, €& Sn % 5nm & 100 nm 7
EHL7z 0k, WMEMKEBESAEZEAL, F(LEEN MBS % 2 & C Sn HR
wxt LChitfb & BB (L % BIRFIC/T - 72, 7 = — AR 300°C, 7 = — A HRFRE] 30 min, ﬁmfﬁaf*ﬁik
2g, BBHEN AT 51kPa S:tF CT7 = — AL L 72, Sn 100 nm 5T 7 = — v L 72 i
RIE CAr YA ZHEHL, & 10scecm, 70w XFES) 1.3Pa, »¥7 —100W % [E5E L, HTF'%
ZEAL X TR L 7=, PE8LL 72 13 XRD I X G &M 21T - 7=, 7=, BEEHIE
%, &ﬁﬁﬁﬁéﬁﬁ/mﬂﬂ*m‘é%ﬁﬁﬁ L CHIE L 7.

Fig. 1 ICHUIE L 7Bl A X EIE o # i 2 7

(s}

L7, Sn5nm T7 =— VLB L 72JiE, 80 nm A S T N g
¥ CBEEAN L 7223, f L Id R T X e b o 7. o g ?1
—77, Sn 100 nm T7 =— VU L 72134 300 .JWJ uﬂ_ﬁ_%ﬁ_
nm ifﬂiriﬂﬁﬂﬂt RIE CArZyF v 735 L, — 12 min 90 nm-
fimtE 2 AR L2 £ %, &K 8 nm F CuifEfbd ; 13 min 67 nm]
5ZLHTEL., TNUOLDREXY, T=—ndHT

D Sn EJE 2 SnSO4 R ICHE R 5.2 5 & & 238 E ;/\___J\.»__/\_..',w
L IroT. 72, Ty F VI LTD it i 23 *qé H 15 min 18 nm|
MR N Lo s, BNEET Sn SFELE  © | A 15.5 min § m
nTnsd }_’_%X)_ro?}/bé Sn5nmT7 = —/LALE
[1] K.Tonooka et al., Thin Solid Films. 445, 327-331 (2003). ?I;II.&;(FLDI—WO—IJES)
[2] S.Jueli et al., Adv. Mater.33, 1-30 (2021). | ‘ | | . o

[3] H.Yaogiao ef al.,, Chem. Mater. 33, 212-225 (2021). 20 26 [deg] 30

[4]

4FREBEAN A, SBT1EIS Y 2 BT 2, 24p-Pl6-13.

Fig. 1 XRD patterns of SnSOj thin film.
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Annealing Effect on Carrier Conduction of Nitrogen-Doped ZnO
Nanoparticle layers
Graduate School of Natural Science & Technology, Shimane Univ.,
(D1) Shrestha Dey Monty, Yoshida Toshiyuki, Fujita Yasuhisa

E-mail: n25d103@matsu.shimane-u.ac.jp

The use of semiconducting particle layers instead of thin films is gaining attention in the field of
semiconductor processing because of its large area compatibility, low processing costs, and wider selectivity
on substrates such as flexible and/or bendable materials. Both n-type and p-type conduction in particle
channel layers are necessary for the implementation of CMOS logic circuits employing thin film transistors
(TFTs). The previous studies in our lab demonstrated both n- and p-channel TFT operations using ZnO
particle layers on quartz substrates [1]. However, degradation of device performance by extremely high sheet
resistance has been preventing their practical use. For p-type conduction, our lab has developed a unique
synthesis technique to produce p-type ZnO nanoparticles (NPs) by nitrogen doping [2]. It has already been
reported that thermal annealing can improve the p-type conductivity [3]. In this study, the effect of thermal
annealing on p-type ZnO NPs under different gases atmosphere was observed.

Using an arc-discharge-mediated gas evaporation method, nitrogen(N)-doped ZnO NPs were synthesized
with enhanced N-doping mode (50 A, 150 Torr) [3]. The particles were annealed by 800 °C for 1 hr. After
ultrasonic homogenization (150 W, 3 min) and centrifugation (3000 rpm, 1 min) dispersion liquids were
prepared using 0.2 g of annealed ZnO NPs and 15 g of ultrapure water. NP-layers were formed on the 0.5
mm-thick quartz substrates on a hotplate which was set to 500 °C using an automatic spray gun and 7 ml of
dispersion liquid was used for forming the particles layer on the quartz substrate.

Figure 1 shows the sheet resistance values of p-type (ZnO:N) particle layers. A clear reduction of sheet
resistance values was observed for all samples using annealed ZnO:N particles compared to the “As
prepared” sample, indicating improved carrier transport following thermal treatment, and the nitrogen gas
annealing led to the lowest sheet resistance. Figure 2 shows the variation in the relative area of zinc
vacancies (Vzn) and oxygen vacancies (Vo) in defect-related region from photoluminescence (PL) spectra. In
all cases, clear reduction of Vo (donor-type defect) was observed by annealing, which can cause improved
p-type characteristic and overall lowering of resistivity. On the other hand, a notable increase in the Vz,
(acceptor-type defect) was observed in the N> annealed ZnO:N particles, which can contribute to enhancing
p-type conductivity. A small increase in Vz, was also observed in the water-bubbled O> annealed ZnO:N
particles. Figure 3 shows the crystallite size variation estimated from XRD spectra. Overall, there was an
increasing trend by annealing process, and the increase was particularly large by N, annealing. In the
condition of N»-gas annealing, both generation of Vz, and increase of crystallite size had occurred, resulting
in the lowest sheet resistance value among ZnO:N particle layers formed in this study.

[1] D. Itohara et al., J. Nanomaterials, 2016 (2016) 8219326.
[2] Y. Fujita et al., Physical Dtatus Solidi C, 11 (2014) 1260.
[3] R. Deep et al, Nanomaterials, 2024 (2024) 977.
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0CCG % B —Gaq0; #i5 @ D TEM #1%2
TEM observation of G203 grown by the OCCC method
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B-Gax0slTIEVV Ny R¥E v o 7 & BUORIRERE R RE 2632 2 &0 b, iR/ T — 8
KB LTHEE ST b, BUE, B-Ga:0: B D E722EfE L L CiE EFG IERHV HAL T
%o, LU, EFGIETIHEMAESB L DIEEMHATILERH Y . 512, HOIFHRO AN
WmsAER R DIRIK E 72D Z ERREE SNLTWD, 29 LA fRIRT 2 kL LT, I
T2 21F % AWV 720 LW s EIETdH % OCCC (Oxide Crystal Growth from Cold Crucible)
EPRE SN TV D[], ARFFETIL, OCCC JEIC L W 1ERI S N7 f-Gax0sh i % 158 AT 1B
# (TEM) THIZE L., #EatEORRs K O o FRHEEZ1T - 72,

[0101J7 1125 & EFCTIERL L 72 OCCC £ f-Ga:0s/ NV 7 fEdh 5. (010) IS » TR Z YT Y
HUTHEH L, SBOERICITER A 4 B —2A (FIB) ZEA HV, BAE S um, RSH 4 um
DEENEL TN E D SWrm Y > 7 v 28 L, £ 100 nm £ THA{L L7z, FIBIITHICRIT 5abk
® SEM 4% Fig. 1 \Oxd, FAE 7 H8E (TEM) B2 Tk, EE OB ICB W TR B R
FOMEHE B2 S, BALOFELHER LT,

Fig. 1 \ZRIALE A 36 K OMLE B IZBWTHUE LIcHIHE G 2, £ L4 Fig. 2 D A, BITR
To WTHOHIFIZIBW TS, FIB IMTHIZERSNIZEEZEZXONDRIRO T b T A MREE
BRI NTD, BRI o T, ZOMEN G BB ORI FE I 2,03 108 em 2 A T
bolHtEIND, BRYAAIEX, ZhboRkar I XA FDORRIZOVWTOZBLRICAZ, =

F 'y bk TEM BIZ 2 0P L CEALEH OFE RIS OV TH I %,

Fig. 1. SEM image of the f-Ga.Os Fig. 2. Bright-field TEM images obtained at position A
specimen used for TEM observation. and position B, as indicated in Fig. 1.

BIEE AT, SR AA BN N T — 2 L7 b b =7 AR AR EAFFEBE 38 3 TPJ009777.
B L ORI 25H00725 OB Z 37~ D TH 5,
2% ik [1]A. Yoshikawa et al., Sci. Rep., 14, 14881 (2024).
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IEHE X8R FRT 57 1412k % OCCC i B -Ga0: HEREIRDIE
Observation of OCCC B-Ga20s single crystal by synchrotron X-ray topography
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WAL DR R R UL CHEH STV D B-Ga0sld, AWV KX v v 7 & @O ik E
REefGTHZ LM, Si & RBRICEIED D ORERRENRETH L Z b, AT RF—0
DRI R MU —F A ZRMERE LTHIfF STV 5, BIE, TSI TS B -Ga:0s 54K
D% <X EFG B Lo TREE STV DA, ZOFETIEEMZ It VY ROMHNRAIKTH
0. REROBESENHIRSNS1E), G 2 FORBREEARECTH L2 L, LYRIC
FLIN9 % EFG IERA ORENE SN TV D, TS OEZMRIT 5 FEL LT, T, &4R
WY R BB L Uiz el S E15E T8 5 OCCC (Oxide Crystal Growth from Cold Crucible)
EPRRIINLTND[L],

AWFFETIX, OCCC JEIZ L W AERL L 7= B -Ga0sfE i O f i B . FFICHE R AL ¥ —Eds LY
BB ICHEH L, S XM FAR ST 7 ¢ (XRT) & AW T30 7 il 235 U7z, 3BT,
[01015 128 & EIF CTERL & 72 OCCC ¥4 B -Ga:0:/ 3L 7 #ldih7> HAI 0 H L 72(100) i HaAk 2 F
7o HURE XRT EBRIZ, @R/ X — g 2ot (KEK) OBl 7+ ho 7727 Y
— (PF) ® BL-3C E— AT A N THEME LT, #HE 0.166 nm [ZHL.Afk L7 X #4, 3B (100)
MR LT 5 EEO AN A TR L, SORBECE THED g X7 M E2 AW TBIEZ1T 72, XRT &
OFFITIT, CCD M A TBIRX BT 4 VL ZPFH LTz,

B 112, g =710 THEAF L7z XRT 2759, (100)E ISR - 7280736 & O100)E (2 L T4
RERENA, TNEIRRZ S P TAMBLOAR Yy Mk F IR MELTHEZESIN, &
HIVTE XRT 06, BT FEIL 105~10°em 2 & A S iz, Y HORE T, AR o 28
FNCEL S CHES Lo 7 v ¥ 7 XRT 4 (X-ray Diffraction Imaging : XRDI §) <°, ##D ¢

Incident beam [

358

Fig. 1 X-ray topograph of a B-Ga20Os single crystal substrate (OCCC-grown, g = 710).
(b) is a magnified view of the yellow-boxed area in (a).

BIRE AT, SCERRM A HEHH) XU — L 7 b a =7 AR FAR E AR 52 BE 38 23 TPJ009777.,
B X OEFE 25H00725 OB A= 77— D Th 5,

£k [1]A. Yoshikawa et al., Sci. Rep. 14, 14881 (2024).
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Ga—In B4 % AL = Ni0/ B -Ga.0; ¥ 14 EF4i
Measurement of Electric Properties of NiO/p-Ga203 Using Ga-In Electrodes
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B-Gax0s [ FIR AR D /T —F S 2P E L THEE STV DR, p BPBERICZR D0 E N )
MR D D, ST, T AEEOWE OB N T, A— v 78l L 72 2 BWALET
HDH, R TIE, p MO E LTNIO ZHV, NiO/B-Gax0s Z{ER L 7=, BRI 134 IRAHT TR
KTHD, N R THICT SHEWE E LT Galn 23%7E L7, EMRO In/Ga b4 IR A
WCEESEDZ ET, A— X v VMO RTREME 2~ T,

RS S 4172 Sn R —7 B-Gax03201) 7V =% J1 > b - P L, KREH T400C, 10 h O5HF
T7 ==/ LT, REIAT v 7T 7 2% F LT, EBROEMIT CeOr 2 AV THFHIEZ1T
STz, YIVTIAEIZ XD NIO (EROFTEMAIZIZFIE = » 7 v 2 v, 2-X Ry ) — L kR
TFLT Y a— L EEEE L TO02MBEKE L, ZOWKRIZE ) =& ) —1LT IV EMZ,
R U728, HRFRIMEIZ 3000 rpm TA B =— b Uiz, IABEARR%G . BBEFRMES T T500C, 20
min 7 =—/L L7, A a— I L@BERT =— L ETOFIEEZEEY IR L%, xORETI
h 7 ==L Lie, REHERE ORI 7 FBMEE (AFM) C81% L7z, Eit-EE V) fki
He FAR R 14T TR L 72 522 DR O Ga-In Z30BH I ICEBAT L, 224 7 b7 u—7 % Bl
SHCHIE L7, NiO ISR o4 B EFEE L 0 C7 2 h L7z,

NiO AREBTORAUICIBN T, In26.5wit%D & X LV ITMIE L 20 . A —3 v 7 e 7o > T
5 Z LRI &, Fig 1(a)l2, B-Ga203(201) LIz Azk% L7= NiO ® AFM # % 7~ Fig. 1(b) THr
w77 A NERT K DI, HERER

EXERR 20 nm ORI+ TEDOIL T (:)10 i 7
B LBRTENSG, - ORETI %5/\\/p\
Ga-In OIFNMEME T L7z, Fig. 1(c) IO L
(2, BB L1 Wi — % R o e asarce om
WZHRBND K DI, BHIRE A A E:

ARLTWe, LoLiaens, #lEZ e %‘2‘
DEHOEHSENKREL, Galn & o0
EDORNENEDOEENH TN D D e sy
DEZEZBID, Fig. 1 (a) AFM image of NiO formed on B-Ga,03(201)

substrate with 20 cycles of deposition procedure. (b) Cross-
sectional profile along the AB line in the AFM image. (c) /-
109, 091905 (2016). V curve measured on the NiO/B-Ga»03(201) sample using
a home-built probe system.

[1] D. Morales et al., Appl. Phys. Lett.,
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Selme B8R OB LN ETeth T, T — MEIZ & B BB O BAIREELALIN T XA R
W25 2 BT TREWIHA 2070, F 7 20—k m IR Z S IR L,

FNET NA AFFHI M S5 Z L2y, Sub-nano A7 —/L D kT VAKX BIFRIZRBWCEE 2
METH D, A TIL, BT A R S DB BB b/ > — R EER L o
\ZHEH L, mREESSITEERE O CEHIREBORREEK AN 2T+ 2 2 & 2098 H i

oo HHOET, EBFHEEITEDSWTANY REALT 7T LOMER - ot &, ZHUCKHIET S T v
DAL DOEKEHE L DRRBEMRE A LN L, ixEHEHOMEZ BT,

[ZEBRFIE]

T = NIRRT B OB RIS X, B GHE(UPS) - WL 743 GEE(IPES) - RO
VX —HB RS EEREELS) 2 LU, B F147 - (&8 - N R¥ vy v 7 &2 HIE Lc, #UEHT
EBEELZ R LT 4 A LA R TEMEEN TV D InGaxZnyO, (IGZ0) R Em L) > —Ff
Tk 5 InGaxOy (INGao, In:Ga=3:2) & % E L, JiFEHefElE (ALD) 1T LY R 0.5-15.0 nm DA

T TiN AR B L7 b D 2RI Lz, s -
R - HH g E
1R T X912, InGa0 F / v — FDEEICxT 580 K 3 :f: :
WEOEILE Y FFAT 7T hE LT L, 2o, Y OF E
BUEOMAI O, RFARRRT 5/ ey v 7o Y 2 E
RABIS 7z, Eio, TIN BHAREICHV TR, nGao o 4| [T
(FEH TN (E) TR LT 3 v h ¥ —EBERTR SN TH ™ G "

- ‘ ¥ 1: InGaO F/ > — hETIRRED
V. ERSE OB DTN T =V IHERL (Br) 13X Ec & pEE ko

DEWENITNET S ERHLMNE o7, 2O DO HEIL, n B InGaO % AV /= MOSFET 3
Depletion ! & U CTENWES 2 W EARIMLZ 2L 2 6 DO TH O | AWFETH LALZELIL, InGao
TF = " TS, ZAOMERERELICET 2D THY | 5% DT A ARGFEH OBEICH BT
%)O

[BH&E] AWFSEIZ. JST CREST (23830112) D BNk %% 17 7= 6 DT,

[1] A. Chen et. al., 2025 Symposium on VLSI Technology and Circuits, T6-3, (2025)
[2] K. Hikake et al., IEEE TRANSACTIONS ON ELECTRON DEVICES, Vol. 71, No. 4, p2373-2379 (2024)
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Introduction

Zinc oxide (ZnO) is a promising wide-bandgap
semiconductor for optoelectronic applications, but
achieving stable p-type conductivity remains a challenge
due to self-compensating native defects. Nitrogen doping
is considered one of the most viable solutions, as nitrogen
can substitute oxygen and create acceptor states. However,
nitrogen incorporation is difficult under standard
conditions. Annealing in nitrogen or oxygen atmospheres
significantly influences nitrogen activation and lattice
stability. This study explores how nitrogen and oxygen
annealing affect the c-axis lattice parameter of nitrogen-
doped ZnO thin films.

Experimental

RF sputtering was applied in the experimental setup to the
synthesis of p-type semiconductors utilizing nitrogen-
doped ZnO. Using a combination of Argon (Ar) and
Nitrogen (N2) in proportions of 100:0, 100:3, 100:5,
100:10, and 100:20 without heating procedures, the
pressure within the sputtering chamber was controlled at 1
Pa and the sputtering process was run for 146 seconds at a
power of 200 W. This methodical approach was meant to
find a way to nitrogen into ZnO to enhance its
semiconducting characteristics as a p-type material for
optoelectronic and electrical devices.

Each annealing process was maintained for a duration of
30 minutes. The temperature was increased at a controlled
rising rate of 20°C/min.

Result and Discussion

Figure 1(a) shows the c-axis lattice parameter of the
nitrogen-doped ZnO films nitrogen-annealed at various
temperatures. The data show that as the nitrogen
substitution increases, the c-axis length increases,
particularly between 0% and ~10%, indicating that
nitrogen incorporation into the ZnO lattice likely causes
lattice expansion. This expansion can be attributed to
nitrogen atoms substituting for oxygen (N_O), which
disrupt the crystal structure and stretch the lattice along the
c-axis. The annealing temperature also plays a crucial role:
moderate annealing temperatures (200-300°C) show
increase in the c-axis. At higher temperatures (400-
450°C), the c-axis length tends to plateau or slightly
decrease. Additionally, annealing in nitrogen may also

promote the partial healing of defects and lattice relaxation.

21-064

Figure 1 (b) the c-axis length of ZnO films increases
gradually with higher nitrogen substitution. Indicating that
nitrogen atoms are incorporating into the ZnO lattice
likely by substituting oxygen atoms (N_O) or forming
defect that expand the crystal structure. For all annealing
temperatures, the c-axis length increases as the nitrogen
substitution ratio increases. At 350 °C, the increase is
similar, with a slight deviation at mid-range substitution
levels. At higher temperatures, such as 400 °C and 450°C,
the c-axis values are lower compared to the mid-range

tempe
5.28

5.27 _——
=z 5.26 _— e e
= 5.25 y;
g 5.24
|
(a) 0 5.23 L —@— Room Temp|
?yé 5.22 gso g
O 521 ’» 300 °C
350 °C
52 400 °C
5.19 ‘ ‘ ‘ —&— 450 °C
0 5 10 15 20 25
N, ratio[Ar:N,=100:x]
=<
S
j=2]
c
3
(b) 2 Room Temp.
i 2-c
(@) o
%0-C
400°C
—=—450°C

0 5 10 15 20 25
N, ratio[Ar:N,=100:x]

Figure 1 (a) Relationships between c-axis length & Nitrogen(N;)
Figure 1 (b) Relationships between c-axis length & Oxygen(O,)

Conclusion

Future work will focus on advanced characterization
methods such as photoluminescence (PL) to better
understand nitrogen incorporation and defect states in
ZnO films. Electrical studies, including temperature-
dependent Hall and C-V measurements, are needed to
evaluate carrier activation and doping efficiency.
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Effect of Na Ion Addition on Ozone Reactivity of Solution-processed IGZO-TFTs
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DAY (O ERITTHETH 5 = L &MWL L, 0 FA VS |
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RIZ AT AR, Oy BB C—HBD LIz b #[FEIHE S B Ny
W B0, FTOFERICIERERAR T KT - -1 I S

B et I S AR T 8T B S, == : 1
—JF5 . ZOREIEMEEEIX OH 15, Nailiio s 5 Addition amount (mol%)

DHEGLTWENRHTH- =, AKIFFE T, Z @ Fig. 1 Intensity of the IR absorption band due
BI04 o>, OH 344 /e S |y o 0 OH groups as a function of addition
(NaNOR)IRHENT & Dbl 1T - 72, T
In, Ga, Zn, Na OFMHEE % 2-A h v/ —)L 4
12 0.1 molVLIEfE X 7=, In: Ga: Zn = 6: 1: 3 DR T
AL L7z IGZO RiBEAESHIZ NaOH, NaNOs Dk %
ZFNZFIIRIE 19 mol% TIEA L=, TFT #EFD1E
BRI L AT D, Y — R &L, S — b, L
NLA UEELZ 40V ITHEE L, A IR ZHERF LT,
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% * }F%%@%%é\f 900 *&ﬁfﬁ {EIJ’EE_’ Lf:o Addtion amount (mol%)

7 — 1) TIEHARANY Y E CHIE L7 OH LA Fig. 2 Effect of addition amount on reaction
DYWL Y — 7 BRI & NaOH, NaNOs FF R ¥ it & o 2CUVIY Al caleulated by the equation Al =
_ i . —log(Alpg/Alp.). Inset: definition of Ip; and
BIFRZ X 11297, NaOH i Tl OH £ 2 Ipa, which are the decrease in on-current with
—J7. NaNOs @ TIIHIM L7222 & 23R8 T & %, and without ozone exposure 60 s after the
21C Oz 2% - BT FICHIT 5 1 5o InzEse  intro-duction of ozone.
(Alpg, Alng) & 0 BH Sz GiE M Alb = —log 10!
(Alpg/Alp) % 779, Alp 1 X EH S ORMEECTHIH - 100 K
L7, 3 {Z NaOH % 7 mol%, NaNOs % 9 mol%#s/l
U 723U OB S e A v B O R R A 2 o,
NaNO; & NaOH #RINGEHR T, it Cond IR gENF
DA BRI R 7R > TV DA, ZhidmiE
1) 72 SR Tl e <HFREUBHE DN Z Y R IR T 5,
ELHOWMEITYH, A EWIT O3 BEAERZITHN LR
JEIZID L. 300 B D Oz PR, FEZRBERFO A 0 180360 540 720 900
EWMEE T 500 LI HAEET 5. UL EOFEE yime (see)

- PR ! Fig. 3 Time decay curve of on-current
L0, ZoRE#EEIL, OH A5 Tid/e< Na i without ozone for NaOH-added (blue dashed

101
102
1073

On-curent (Normalized)

104

ICEERT D Z ENBHLMNE o T2, line) and NaNOs-added (black dashed line),
B2k with ozone at a concentration of 1 ppm

[1] #EB 775 flo, 55 71 [ISHE2 (), 24a-61A-4 (2024).  SXPosure for NaOH-added (blue solid line)
[2] 2275 L, 55 86 [HISH 2 (K), £ TFE (2024). and NaNOs-added (black solid line) samples.
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Fabrication and optical transmittance properties of UV-transparent conductive
films based on In-Al-O
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Fox OWFIEE TITHTIREBINIEN T A ZAZHOWTHIEZ 1T > TR VD . AFZE T, Ft)E
& LT ZnALOs Z W2 EL 7 7 ORFE 2 HEE L T D, ZnALO [ 3IA BN 21 TER LA
T AME < EIZRRE R AN 250 nm AL DR AT T 2, T3 AMBITHNT T 250 nm £
O & e P RER B BN L TH D05, BUET D L 5 BMEHIZER LS LT 2wy, £
ZTC, BEFOFBWEEMEI CTH D 0 IZV A R¥ v v RN ICE TH D Al A EH
T2 IR RESMEIR COFER RN E AR T, IR B O R YT = — ViR
DEELZATV, £ OReMEZ R L 7=,

2. FEBRGE
R D He 72 2 (InixAlc)203 < L R ZERLL | &’@%H~Aﬁ%%’iwﬁﬁﬁWLm
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ARAE IS K O ER L OFE M 21T - 7=,
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Fig.1 (Z(Ing3Alo7),0s VR 2 ¥ 70 HIRE CEVLEE L7=H O OFEH A7 v & 250 nm &
U300 nm (236 1F 2 FmEFEEZR~T, TRTOREIZIBNT Inn0s DFFMEATE < AL 300 nm
FHETHBWED R T Lz, Z4uE Al 100 30

DEBRNA N4y Cloo 1= = & BEIE & & 2 %80 o0e .§£$
BB, BULEIRIE 00CKT4S0C T, g 0 ol © ©

B S R Metallike 26078 S e O o

%an BEASF S TholtEzbh & 4 Tolee ©

. —J7 600CEL LTI L, fdhkion E 20f ° .'
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EOBMBE N E TH D LEZBND, K
D ZiERZ ) bS5 e OICREHER D T7
LEERSTOBERD D,

Wavelength [nm]  Annealing temp.[C]
Fig.1 Transmittance of (Ing3Alp.7)203 thin

films annealed at different temperatures.
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EHH#ERIE ZnON O— FERZRAWEH S RER EADEER ZnO:Al EOEH :
as-deposited — FEORERIELEDOEE
Fabrication of low-resistivity ZnO:Al films on glass substrates using Solid-Phase-Crystallized ZnON
seed layers: Effects of crystallization degree of as-deposited seed layers
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AT L CE BB ICEN T B b 8 R (TCO) & LT Zn0 1E, T4 A7 LA
LKBGEMEOBEB P EME L BRI SN TE . LaL, BIfERSGICHEI->TW5D TCO DFs L
23 In,05:Sn (ITO) THDH. Ziux, I1TO PMEEPLZ & O % K @il TRl 7 5 Bl 23 ST
W25 —5T, ZnO 1TKKR L U TEWWRFERCHIBEM BER IR R E N E W o o2 ik TE TR
W Th D, Lo LilttE, a7 2794 MUREGEM O KBRS &2 FRIAE L, TCO OFEEHN
EEBITITOICEENDADVERTHD In OAfifs - fif5 Y 27 ROBREAMMA FHEIND. £Z TR
BRPEEE U TRl TRt D 2 < BREEIRA ML Zn0 NER Sh 5. ABFZE=TIE, ZnO 5% TCO D
R Z LT E DO — > TH DRI LIcH LT, FH L ERWESRILEZ AT 2 ZnON FEO [E FHfE i
LICE D ERIL 72 ZnO & — FEAZBF L, Z1UZX v BEJE 50 nm DL FIZHEWT 10 Q-cm & OHPLR
G5 ZnO:Al JEOERICEE) L7e [1,2]. E7o&lr, fEaabLEEAHENN L 72 ZnON A [EfRC R <
7oy —REERAWSZ LT, NFEEILIEBTE2 2 L2 %A Lz [3]. £ 2 TRMFIE T, AR
> B PRIEIRHZRE A L EE 2 4 L 72 ZnON 2 [EMERR L7 > — RE2/F L, ZnON R BULELHT#%
OFEEALERLRETE 7 4 1 U —NEMEIICTER S LD ZnO:Al B2 KT TR T~

— FBOEELE, ALY 7 AR EICEIRICTHREE 10 nm @ ZnON fEE A8y X R L, £ b
% 300°C IZTC 12 B R&R T =— /v ([EHERER) 25 2 & Tiro 7. Ekﬂ%fn\ FHUE AN, & L7z, RIZ,
E S — N 1T 200°C 12 THEE 30 nm @ ZnO:Al 4 {ESRL U7~ SRS Ar & L=,

Z Ny BRI D H — 2 — 4w b F'ﬁ@%‘%ﬁ?é’]ﬁ%%@ﬁ@?ﬁl il ot D, ZnON [ #E Stk
(Ixrp-gast) % 15-380 DFIPH CTHIMEI L7=. Ixrosase i, X FREMFTHIED 53R ® 72 ZnON i (EF 100 nm)
225 D Zn0 0002 S FE P TREEIC L 0 B L7z, Flg. 1 \ZH72 % Ixrp-east CIERL 72— RE LD ZnO:Al
FEOHHTHRZ 7R T . Ixppeast <50 D — K@ E Tl — FEIZ X A EERPUbOZh BRI/ NS W2 & AR

IHT=D, Ixrp-BasL >50 D H DO TlE v — NEELIZEENTK ]3 F

& EEHUE L TH Y, IxrosasL =150 &H72 0 D % O T1E5.23 = 12 g '.

X10*Q-cm SARWVRFLR 25, ZhBREOBENICED D 1

LOLEZLND. Fig. 1HAKIC Ixeosas=15 K ¥150 0 G 3

S I EIZ {8 U ZnO:Al BEOOIWTE TEM Bife % 75, o 10F -

(b) Tt (a) 12T o— NBRUZnOAl B RRRRIE L 2 O

THY, KEMEHLLTVS - LRSSz, =0 2 8

Tl T U XU LK EOSEER Zn0 oS 2 T

BISRMAET 5 2 L T ETH 2 L2/ LTHY, @ Z 6F o "Ry Te

)72 Ixroas. X HTH— REEHWD Z & CTRuiRRy = 5t ‘e ° .\'igx(l‘/’:—

— FEPRFLH, £ OfGERLZ R ZnO:Al A R L7z 050" 100 150 200 250 300 350 400

R LCRRBL LBR I Lz L B BN5. #T gy (@T0- uNIts)

%, AMEALE T Ixrosas. S ORIBENZALS D A T =X LR Fig. 1. The resistivity of ZnO:Al films vs.

ZnO:Al JEDBLRFIED FEM 72 EIC oW TR TG 5. Ixro-sast Of seed layers. Insets show TEM
AWFFED —ERI ISPS BT E 25KJ1915 DBk % 3% 1 7. images of ZnO:Al films w/ seed layers of

[1] N. Itagaki, et. al., Appl. Phys. Express 4, 011101 (2011). Ixro-8as. =15 (2) and 150 (b).

[2] 1. Suhariadi, et. al., ACS Appl. Nano Mater. 3, 2480 (2020).
[3] Y. Wada, et. al., Int’l Symp. Sputtering & Plasma Processes, Kyoto, Japan, July, 2024, P4-31.
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Effect of annealing temperature on Zr-doped ZnO transparent conducting films
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1. #&5

FH TEWEER LR OBRLIL, TRIANS
TCHEHINTERY, FroEWHEMmMEE LT
RERIZE & 7o T D, BIfE, BHE R
ELTEHEINTWDHENE, ITO BEW & 72
STWADD, In LT AZNLThY BN AR
L TH DI ORI ORFIENE A T DN
TWs b, REBEWE L LTI, ZnO X SnO,
MMERME LTEHET N TVWAD, BIROEAH
PIROFEINFEL 72> T D Y REFETIE,
ZnO % E|REKT 5 & FIFIZ, ZnO & FIEkD
Al IS K VEREME A RO Zr 2 R—7'L
7o SDOIT, IEBICT ==V 7452 & T,
BIHEERE U CORMETME 21T - 72,
2. FEBRHIE
2.1 B E

ABHEMR E L THWD A Z A (Micro Slide
Glass:AAIRAY 1 T2EMR) & Si i, =%/ —
LT 0 SREEE R L, ~ AT R
a—7 4 7 HEE (BC5146, ULVAC Corp.) @
AREPEAEND A b v b —IC R A RE L E
ZEPER LT, £ 0%, P CRmEEHEZ H1Y
LLTCI0GEAr Wi ARy 2 v T hfToT=,
PRSI ENI%, BEFREA T T Zn & Zr &
Ar A& L, SR THES 100 nm O Zr TN
ZnO MEZVERLL7=, ZTOED ARy X L— |k
IXENZENDOANFIEITHIE LT, sk, B
e TR T 712X 30 4R 100°C,
200°C THNBVLER 24T~ 7=, F7z, K& T =—
VTR B~y ZUFEIZE Y 30 43 100C,
200°C, 300C CALEEZATV, HZET =—/L LD
AT o7,

2.2 P L

ERIECE D Zr R—7"81, =X —Hk
R X BT EEE (EDX-7000/8000, ()5
SRR Z2 AW CHIE L7, Bz (UV-Vis)
I, SRR RE (UV-2550, (FF il
YERT) ZRWTHIE Lz, BXIEPIR, v U

THEE R OB EIL, & —vzh REE
(HMS-3000, ECOPiA Corp.) {2 LK D {RE L7z,
fl e IE L, W X BRETIEE (SmartLab,
Rigaku Co. Ltd.) # W\ T XA 04° T
HIE LT,
3. EERRER
ZITEHELET == IO TR 5,
Fig.1 IZ Zr R—7" ZnO #EEOT =— VU 7
R 2 ERIEIIELZ RT, Zr 2 1.05 % N
—7 L=kt % 300°C TMBVLER L7 & = A,
HRPURIT 7.73x103 Qem £ TR T L7-, i
X, 72—V 7REE R IE5 2 L TUGE
L, 80%%iB 2 DAERNBEGF O,
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4. fHE

KRG TIESSMEA Sy 2 ) v 72 LY
SR L7 Zr K — 7 ZnO 5 % B.22 N EL
B9 52 L THEKIBVIRZETSEL 2 &0
T&E e HZET =— U 7L L 5l &
RIS L7 Z ENFRTZEEBEZBNRD,
23 3R

1) AAZEMIRELRE, JARILYOL - 4
EHE 166 ZAE S TREEROFIN ) 4 — Ltk
(2008)

2) Qingyu Hou, et al.; Chemical Physics Letters,
658, pp.336-342 (2016)
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Vacuum Annealing Time Dependence of the Properties of Zn + N co-doped ZnO Films

BIREXER

#) aRILa T2

OXFZF BLE', N7 FISON', LA #HEMD?, @A BFE LA FL'

Shimane Univ.', Kobelco Res. Inst. Inc.

°Haruki Ohmori', Abrarul Haque', Yumika Yamada', Shuhei Funaki', Yasuji Yamada'

E-mail: N24M201@matsu.shimane-u.ac.jp

[#55] ZnO % pn #6731 AEHT 51
WE. p e n BIDW S D ZnO OVERIN LI TH
AU n B ZnO 1IZOWTIE, Zn N7 LIz
LU A IS E FIRE A HIE T 5 2 &
T&5, — 5T, p D ZnO OIERIT KX 72
AR ZTWD, ZILETO ZnO @ p Bk
OMFEOFIZIE, NEIMZLY 10% ecm? o
BWIELREZAT2 p M ZnO #FEHL L1z &
OWELH DL, L, —f&IZZnO0 T O XK
B Zn 22 80 K H—MKRMGIZEL >Tn
AU Lo T 7 Z—0FMNE L HIT R
FT—MRMENERTHZETEFY U TOL
W LU(HCRHEDR N RET 720, BELT
p D Zn0 255 DIXREETH D, T, p
W 7ZnO OIERIEL L TIRE SN, 77
v H—L R —% ZnO ~HIRINT 2 FRFE R
— B TETH AP, Fexlx, 7oA — M
FHi & LTN, R —MERMmE LT 2Zn %
Zn0O ~FRNN L 72 Zn+N FHER001 ZnO & /ERL L7214,
LU ELNTED n B+ U 73 L
2, p B ZnO TG LNRN ST, ZORRE
BT AT R F—E > 7 E TR L ZnOo
Rz =— VA i = & T, v U 7%
L, p B ZnO ZERITE 20 TiXZen
M EE % ZntN LRI ZnO BEICEZE T =— )L
B Z i3 2 S I Ko CTURERENR ED X H 1
AT DD EHE LT,

[382 51E] ZnO & &8 Zn OB REE % 48
FE/LEET ZnO : Zn=90 : 10 DEISICHE RS
LT Zn i ZnO % —74 v k& /ERL L7z, {ERY
LIzBRZ—7 >y F&RHW, RE-~ 7 X fhr v
ARy A o TEICE 5T AE 1 Pad ArtN,
TR T T SiOy ZEMR BT AT - 72, B
KD Ar & Ny O AP EMFE L Ar T A i &
23 100 126 LT, Ny W A& x % 0, 3, 5, 10, 20

L7z, b, BEZD ZntN LG ZnO
B 22 SRR T CF = — VAL % i L | ALEE
AR DFFEDO RN 21T - 72,

[F55 - &%) 112, 350°C DEZET =—)L
Z i U7= Zn+N 2:3R00 ZnO JEOHTR & ¢ il
FO7T =— VIR KA EZ 77T, 600 53D
H227 =— L2 X5 T ZnO EOHHRIT L5H-
L. c BhiRI3HE L7z, $£72. as-depo @ ZnO
JEIZBWT, NIRIL TVl ZnO XD &
N @I L7z ZnO DFA ¢ flTE <. EREO
BT =— L% TH ZOBRIIEDL R )5
oo TNHDOZ LMD, BET =—ZL»T
R —MER T 287 Zn 2SPEEL . NS
Iz & » THARR L7 REGIZEERT L 722 5> o 7= 7]
RERHDHEZEZOND, ZO/RELY | #IE
RIEECERMOT7T =— L2179 Z L T NIR
Iz X5 Ka% ZnO BERNICEDT-FE, K
— PR & B S SN D ATREMEN B D L&

ZTW5D,
_ 105 X
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v
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100 | il
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Fig. 1 Resistivity and c-axis length of Zn and N co-doped
ZnO films as a function of vacuum annealing time.

[1] L. Svilainis, “LED brightness control for video display application”, Displays,29 (2008) pp. 506-511

[2]J. G. Reynolds, C. L. Reynolds, Jr., A. Mohanta, J. F. Muth, J. E. Rowe, H. O. Everitt, D. E. Aspnes
“Shallow acceptor complexes in p-type ZnO”, Appl. Phys. Lett. 102 (2013) p. 152114

[3] T. Yamamoto, “Codoping for the fabrication of p-type ZnO”, Thin Solid Films, 140-141 (2002) pp. 100-106
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Charging effect of ZnO and Ga:03 particles on Ga thermal diffusion into ZnO particles
SRXE BAFEMERE CM)IE &N, HH #F &EH FX

Graduate School of Science and Engineering, “Yusuke Kawai, Toshiyuki Yoshida, Yasuhisa Fujita

E-mail: n24ma03@matsu.shimane-u.ac.jp

KNT UV RAEDT ¥ FVBEUERDERED DR E~EEHZ 5 2 LT, EPGRIRO B HEN
JRRY  ARZ A MEBEBT L2 ERka 2 A ) v F RIS TV D, RBFFEE TIE ZnO FRL1-
JEZ IR L. TFT BIE[1-2] bHEGR L TV 52, ki+Bomiiil (GQ/sq &) NRETH D, =
FUZKE L., ZnO it & GaOs Wi f-Z A « VLT 5 2 &L TEEEELD Ga R—E v 7 &2k A, &
% FEEE DR & 2k L C & 72[2-3], ZRAY7% Ga BUER O 7= 0121, Ki1-[Al Lo —7/REIC
XV EEOBEMBE LT ZENEETHY . INE CTREREAEFUEZFHRITE I, AREK
TITRLF DR OFFERDOREIZE R L, IRERIOKR 1 OHENR 2 ML LT,

ZnO (FINEX-30, ¥t T¥MRHRL, —kifE 35nm) 0.3 g & Ga03 (L2 0.09 g D45
WhiF2 A AL T THERIZ-ICHEBIETHDL (FE 1), AT v 7 2FH— (3000
rpm,10min) TIEA L. Ga ZJLHr (KK, 800°C, 1h) Z#1T-7=, T D%, Ref[2]D %M TH otk
WA~AAT =R rEE L, v — MEIIZHE L, £/, 74 MLIxyBUA
(PLHEND RF— « 7787 Z X (DAPYEIHREZ | =R/ F — 30 X #57 JE(EDS)HIE >
5 Ga/Zn at%tb & ZAVE LR L 7=,

X1 XY, ZnO/Ga0s ki DR FEIRIEN > — MEPUIRE S BT HZ LR hoTz, Wiy
AT E S W72 Group C Id, v — MEPUE & DAP 63T Ga BIE# A2 1T > TV 20 As-prepared
EIFIEFR CFHEL 72D Ga F—E U 7 ORIIA OGN ot 7 —u U FOOEEEBbhs,
—J7, BB\ CHE S Group D ITBIEYA2 Y — MEFIOIK TR R O, SEOFEMTIE D3 2
i & 72 o 72, DAP BAXB LUK 2 @ Ga/Zn (at%) b v — MEHFIOZLICH S L TWD Z &
b, BABICHEBESESZLI1EGa R 7o Em FICEBNT 5 2 & S R TE T,

£33k : [1]D. Itohara et al., J. Nanomaterials, 2016, 8219326 (2016), [2] M. M. Islam et al., coatings,
2022, 57 (2022), [3] T. Yoshida et al., e-J. Surf. Sci. Nanotechnol., 18, 12 (2020).
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[iZCDIc] o4, RO SRR E L CEBEIER (LY 8 (HMO) NER SR TWD
[1]. FTHERAEA > YT A (Inp0s3) (FHAESET 160 cm?/Vs RIOEWBENELZHTH 2 &b,
HE7 HMO #EE LTHELEED TS, LivL, e iicB VT, BEIE L EEL
EPEE ORI ML — R4 7 OGRS 57280, Fxld 0124V 7 A (Ga) ZifNT 5 Z & T,
BUEELE (Vo) OHEPER X OT A ZAOZERO M EN#FETE % InGaO (IGO) [3)I2H L
T2, ZHNETICH AL, REEZEERVACRBIBMATAIR L IREINRO X v~ e 2 il G b
BIRIEIC L > THBE N7 A% (TFT) Zf/ER L, ORIz E L T=F <~k T A K
T ut ADENMEEFEIEL TX72[4]. AENE, Ga iiNER L OBVLPEE 2 2L S0 5, [
7t A THERL L 72 Inp03 TFT B L OVIGO TFT ORRMEFE TSV THRjE4 5.

(B G E] iR A v 0 A =JKFn#) (In(NOs)s * 3H0) Z BHMI/KICEEAE S &, /LI 0.3 mol/L
D In0; AR A ERL L7=. S 61T, HBBA YU A=K LT Y o LK)

(Ga(NO3)s * xH,0) % HV T, In/Ga DFE/VELDS 75/25 mol/% (27225 & 5 ICRA LB/ RE 0.3
mol/L @ IGO (25 mol%) HRIBRIAIAIR G [FIRFICIER L7=. WIZ, BB ZfE L= 1 — 27 /L XG
H T AFR B, BRIBRAARZ A a— MEICE VA L, [l#EsEL 2000 rpm T 30 B[]
SHEHEEATERR L. WREAR, =X <% 90 R LD b, 300°CE£721% 500°C T
WP AT > 7. EEOBIEX, 20~40 nm Tho7-. HEEERE, ry 75— h— by FarX
7 MR TFT ZERL L, ROt 21T - 7=,

[FER & Z2] g AS X BREPTE (GI-XRD) (2 X 2 EMRITRERZX 1 13, BViLER
£ (H.T) 300°C CIERL L 72 InOs 130G E A R L7=— 7, 1GO (25 mol%) 1% H.T. 500°CiZ ¥
WTHTENT 7 AEEEZHERF L T2, 2, Ga 28 In [ZH_TA AUV NEL, In W
A NMCEBRIIND I E TR AICEANELD, BREESIHI SN0 tHEEINS. £7-, E
ML= E20um 2 b D by 7 — = hy 7 a7 M n0; 8 LV IGO (25 mol%) TFT
DARERMEZ X 2 12779, H.T. 300°C® InO TFT TiX, On/Off L34 1.9x105 & BAREZ2 A A v F
TEWENHER ST, —7, [FSEETOIGO (25mol%) TFT TIXEMENS SN h - 7278, H.T.
5000CE T EA&H 5 Z & T, On/Off Hhid#y 2.0x107, EBRNEBENEIL 70 cm¥ Vs 235 57z,
S5, NbA VEMEEIT 10 pA/um 2L, B AT U U RABEOSEHR LR INTZ. 2
AU Ga OREFEBIFIMED F SIZ X VBB RELIGEI SN, ¥ U TEE L ZEMD/NT AN SE
SN EERBLTNS. 0B, 7 — MRAKGME, Ga IWINESBULBIEE 2 2k S8 7= %50k
DOEHEICONTITY HET 5.

[Z23%3C#R] [1] M. Tsubuku, et. al., SID 2023 DIGEST 8-1, 78 (2023). [2] Y. Magari, et al., Nature
Communications 13, 1078 (2022). [3] K. Nomura, et al., Jpn. J. Appl. Phys., 45, (2006) 4303. [4] % J5fts,
55 71 [FS AR P R F RS, 24p-P16-30 (2024).

(b) Q
a

= (@) T 102 Mp0, 1GO (25 mol%) 1GO (25 mol%) 120 2
G |1G0(25mol%) G 5 10" rH.T 300 2E LI HI S00C 1 100 §
- 100 fVos=10V Vos =10V <
> i .7 w
= s D = 10 . /onloff 180 =
< £ 102 ' 1.9x108 .

- 1
hd 10.4 . — Forwar 5
5 5 105 : -~ Reverse 1 40 g
o = e 1 ©
E g 107 m ke
a Lg =20 ym G 10 . e Pl o %
25 35 45 Ls =2 pm 10 5 0 5 10 -5 0 5 10 -5 0 5 10 k]
W =50 pm 2
Diffraction angle, 26 (deg) Gate-source voltage, Vg5 (V) L

Fig. 1 GI-XRD measurement results. Fig. 2 Microphotograph of a TFT (a) and Transfer characteristics for TFTs (b).
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BMET7=—VREBRT7ELI7Rp B TLHEEFS U ORRITRIZTEE
Effect of Oxidation Annealing on Amorphous p-type TeOx Thin-Film Transistors
TIH¥BEXR, CM2)BH M, F &M, H)I Hb
Kogakuin Univ., °Kazuho Ishi, Yoshikazu Shin, Shinya Aikawa

E-mail: aikawa@cc.kogakuin.ac.jp

p B 31T B IEFLOERR X R ATHY 72 B 2 £ O2p Il THRERK S AL TV 572, 1ESL
DENEENRKELROVBHENMETLCLEY. —F, T Te 2507 E/L7 7 A TeOx TIE, 1l
B LER(VBM)2S O2p & TeSp DKRIfa/ Ny RTHERL S LTV 5. Je# Te ICHRT 5 TeSp IRIEM H W
TR E—EERL, EABET ¥ XL E L THIETIZETTELT 7 ATHY o3 s, FHIE
LBENE 42 cm?/Vs, Lo/l 104 ZE L CWA[1]. LU s, TFT FPEicks VT, KIRE LT
BNWBEESCE AT U VAR EORMBEAEZTEY, EHEEOEW TFT 2 EEBl4 % 7 OIZIT R EfE S
oL, flid 52 &Rk b5, B EHER TIE—MXAIZ VBM 7 IR FEZEfLH R OEE N
RF—HENEZTERR L, IEALF T —E LTERT2 Z 8RB TVA[2,3]. TeOx IZBWTH, Te 13
BOMECRIE(T?, Te¥ 72 a2 LD 2 L bEBED R —¥EML 2Rk L, Efstz2ES S 2 N1
HENDH[4]. L, TeOx RICH T HWmBBZILOFERE DBRFFE~OFEIZONWTE, ZHET
TR MEN R Z N TV, & 2 TAIZE T, KRT =— VALHLIC X e AN TFT (&bt
WCRIE T B L IRB LM EICEA L, AELZOTHRETS.

Hip & U CTEVER(L Si0, 100 nm 1 & Si 7 = ~EH W2, HEMELE LT, BK Te02(98.0+%) % H
7o, TeOx DML, HRPUINBARE 222 EEE 2 AV T T 721%, KEH 15 47, 100~300 °C O#iPH T
T == VLB 2 AT o 7o, JEEO/LFA R, B L OERFREIT, £ X 8 8E 14 Y6l E(XPS, JEOL
JPS9030), 35 L O — /L) BL I E %4 & (Accent HL5500PC) & 538K /RF A — % 7 F 5 A ¥ (Agilent 4156A)
ZRWTEHMiZ#1T > 7. TFT 1XF ¥ /v & LT TeOx(20 nm), Y —A/ R LA »FEMITIE Ni(50 nm) %
B, Si iz AR b Ay — e L2 TFT 2 8/EL 72

Fig. 1 {ZR&H 100 725 300 ‘CTT =—/L L7z TeOx D Teldds, & Ols A D XPS &' — 7 [Hifg It %
Y. Ols A7 R V1T 530.5, 5314, 532.7 eV D 3 DD E— 7 |[ZHREN, TN O (1),
Vo (BRFE 272 FLEEEREFE), Oc(OH F)ICH KT 5. Teddsy A7 kL% 573.3,576.4eV D2 DD E— 7 |
RS I, ENEI T, Te*NTHEKT DM THDH. 7 =— VAR E5H &3 Vo & Te® D,
F72 00 & Te* ORI . TAVUTIRE EFIHE S BSOS OIEEIZ L VB TE 5. OL D
INIEERZEIL L T NI T DB OB AN RE -T2 L
LHHMHATE, ZRIHEW VoD LTz EZ2 b5, $£7z, o o . — |2
P W) OREFRZEFLIEAIR T, A A4 OMEIR T 2> 2 & b
N2 <, Te DA B IXBRFR 2L OW 2 BEE T 5 AIREME &
%.  Fig. 2 \ZK&H 100 55 300 °C T7 =—/L L7z TeOx TET e
DIREREZ 779, 100 225 250 °C IZHT TD Vo DR TIZHE R R S S —
VY, Deep R —2HA LIz B2 BN, ZHUTL 5T L 8 '
HINL, 250 °C 122 CTEMBRBENEL pee 23 L5 L 72(250 °C
DOWE, ure=1.84 cm?Vs)23, 300°C TiEibixfstt & 72> 7. Kim
HIZED L, TeOx(X<1.8)D & X Te-p &A% VB Ui CTHEN T
B 57 p B Z R T Z LN TE DIk LT, TeOx(X>1.8)

TIL VB 3D O2p BN XELNINC /2 D Z LD p BEFENRZ L as 100 N tzdo_l_ .
WIERSHERIIICR SN TH Y, 300°C TORREHED EHRGEE deostes - Temperaiure T{C]
g;’r;ﬁz-’f}“é[ﬂ. F77, WTROSLETHLREZEY O 257 Y Fig. 1 Dependence of XPS peak
SANRER X T -, Ter/?ﬁ@fft%'{ﬁiﬁﬁl‘*@ TeOx /3L 7 4 area ratio on annealing temperature.
WoONT 7Y A MIBTD2XF Y VT M7 v B TICERRT [250 °C(TeO,,)  L/AW=350/1000 [um]

o
o

[%a]

o
(=]

o
T T T
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=
o
T
o
[
8
N S SN T S S T |EA
o o
Te? Content [%] ©
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w
(5]

Te** Content

.’3000

5. EATUVADOWEDIE Vo K TIZHED, " T v T7Y oot Vosm 71D
A N OB L EEMT S5 IRE RIS e LRI, & e
THEOBDIC LD, EILEEORMINC LY 7 = /L I HERL Sl S
BRI~ 7 P LERICERT L B2 615, T of100e

| N
Reference ~
[17 A. Liu, et al., Nature 629, 306-312 (2024). 107 300 °c .
[2] M. J. Mattsson, ef al., Adv. Electron. Mater. 10, 2400929 (2025). q‘w
[3] B. Ryu, et al., Appl. Phys. Lett. 97, 022108 (2010). ;40 — . = jo
[4] Y. Xu, et al., Appl. Phys. Lett. 126, 033502 (2025). Vas V]
[5] T. Kim, et al., npj 2D Mater. Appl. 6, 4 (2022). Fig. 2 Transfer characteristics of TFT

annealed at different temperatures.
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ITO BIEBZ AL V= SiOxReRAM [SHEIFBI LY bATF—SI VT DEE
Effect of Electroforming on Switching Behavior in SiOx ReRAM with ITO Electrodes
IHBREX, O%E #3, SFB BA, #) 't
Kogakuin Univ., °Yuito Makishima, Kento Moriya, Shinya Aikawa

E-mail: aikawa@cc.kogakuin.ac.jp

SiO (FTER T — Mg 7 EEMBEIR OZ < OFFICHWSNTE 272D, Zivad 7z ReRAM
I% CMOS £ & AHME AR B 723 6, b m i LI Th H[1]. SiOx APz bfg & L THW
72 ReRAM (=L 7 a7+ —I U THRIZIET 2 Z ERHESNTHDERR], 7+4—I7IL-
TIDET B ONGERIT T 7> TV 7. HIO, 72 E D& REE{EY)~—A D ReRAM Ti%, =L 7 b
TA—I VTR o TBBEILT 7 A2 MBS ND2[3], S0, D X 5 7RERFER A= L%
—RE WD NTEG BB EADTER I N D LITBZ 6T, [MNEENET 17 A FOJR
Lo TWAHED), ZLTZL s ha 74— I RED LS g% 1725 L ReRAM EfEA 5] X
Ezbfwéﬂﬁgﬂmﬁéﬁgﬁbék%zé % 2 CAMFZETIE, ITO/SIOVITO #1E D ReRAM %
ERL, =17 ba7x— I v 7V NESRHEICRIETRELTE L.

Fig. 1 ([Z1EH L 7= ReRAM DOHEIEX % 7~ i# Si FHAR(Si02 200 nm £+ ) LIZ T ERAEMRD ITO 20
nm ZE T E—LEFIEICTHEEL, KA FT300 C, 60 37 =—/L&IT-7=. ﬁwf B LE
? SiOx 70 nm % RF v 7 % b A8y &2 U 2 ZHEEIC T Ar RS T TR, 340 CT 60 7 fHlK
AT =—NEIToT. RIS, EEEMO ITO20nm 2 HOVE 1 B — AR EEIC L > TlRIEL, T8
B L [FEROFIETT =— v Lz, ERFFEIIEER AT A =2 =T F 74 =2 W CTRIE L 7.

Fig2lc= L7 hr 74— U JHIHD I-
VEEE R, a7 I T AL LT 10
HA ZERE LT 7j—iy7%iﬁ#%m
B9, ERREORKMETH o 2. BHIC
40 V HIIML 7 a:/ﬁbt%@LV%
TiE, EIIDPKREL 2D ReRAM B ED L
bID K DTl oTz. T, mEE A FHIN
W2 XK DY 2 — VINEIC K - T SiO DFE{EA r
RESN D EFKRFIC (BBFEIT ITO ot (@)
#5), ITO MEILEIN In 7 4T A2 hVE
ENZEZDELEZONRD. %@t

Current [pA]
o =)
Current [uA]
2 =

Fig. 3 2”9 X 912 ITO BMEHIIZ L“
INGY ELON Ay _hﬂ&$1ﬁﬁ o J R (S :
&?E éhé %}LE-LB @lﬁé'ﬂﬂ L/Dl/\‘( _2 6 2 _-io 6 1b
XY HET 5. Voltage [V] Voltage [V]

Fig. 2 I-V characteristics of fabricated ReRAM:
References (a) before and (b) after electroforming.

[1] L. Zhang, et al., IEEE Electron Device Lett.
30, 870-872 (2009).

[2] K. Qian, ef al., ACS Appl. Mater. Interfaces.
12, 4579-4585 (2020).

[3] S. Jin, et al, Adv. Electron. Mater. 8, 5,
2101083 (2022). Fig. 3 SEM images of the electrode after electroforming.
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RF N\ —E L URKIEE HHM HIOFEDEREL ) —V BRR¥HEICER
LEE

Effect of RF power and deposition pressure on crystallinity and leakage current properties of
HfO: thin films

FEAKER, EMT7omer4—2 M2)EH KB, mdE FHR', K B!
Ryukoku Univ. ', IMPR Center 2, ©™2) Tajyo Shinoda !, Hidenori Kawanishi "2, Mutsumi Kimura !

E-mail : y24m028@mail.ryukoku.ac.jp

[iFr»ic] . KEEEIME - SRRl - b 2 m 723 2 KR 7 v o 2 2 ofAFE sk
HHONTW5E, B Th, 7 — MMk ICEFHER (High-k) M2 WA= N 7 v 2 % (TFT)
X, /D Si0.7 — Mg I b 2B e LTIER IR TW 3, Fricligb7 =7 4 (HfO,)
. BWEFEEHR L CMOS 7R X L OEWHEEZ AR THE Y A7 —J eV 749 LE 0
EEEOHIE D 2> 5 B 25/ & T 2 55, HIO 3 i ISt X 0 ) — 7 B ok
BB EDOWEE L Vo ZHENEL 3720, K) — 7 B OMABMELEICE L 720 DK
7 vt ZDRBCPERETH 5, KWFFEcld, Si R EICER HIO,% RF~Z7 4 b a v A%y
ZIRIC X D EREE L, BT ) 35 X OV RF X7 — % RIS AL & B 725 T . 20BYLEE (RTA)
ILPRt: D RIMLRELHE M. Y — 27 R ZFHMm L 72,

[EEB5EE] prSi Bt LIcENABA RF =27 4 b oy 28y 2 Y v 73EC HfO. % 538 ) @ 54
TRICEEIC R 2 X 5 ICBEL 72, Ric, HIOE % fhffb X 2 3 7= ®1c Ar FFH&H T 800 °C, 60
WD RTA #1T- 72, RIAHE & fE L IEDFHIL 72 W F N EEREBE IS (SEM) & X
AT (XRD) % Fve, U — 27 EWERE X Au/HFO./p*Si Bis&ic s 13 3 J-VHRIEIC X 0 3EE L 72,

[RER L EZE] 4. SHEEFICEH T 3 HFOMED SEM 4% Figure. 1 1T/Rd, RS IC X
> CEBBESRKELSELTEY ., FHICE RF X7 — (100W) 2o IETE S (0.3 Pa) &4
TR BN ERE SNz, —F. [ERF X7 — (40 W) 22[E U AKKAERE S (0.3 Pa)
DENETIAE RN VERTER I NS C L AR Iz, T, & RF X7 =44 F T
ANy ZRFOEE) T AL F =2 L, BRI CORTFBEAGIRE N2 720, Rk
R SIEZICR S 2 ERRLT WS, RiT, FHELEMICEH T 800 °C, 60 #»d RTA %# 1T
272D XRD »¥ % — v % Figure. 2 1Z/83, WENDEMAETD 28 HL U 32° ffTic ' — 27 3
MR XNz, 72 RF Y —oih0ic £ » XRD v — 27 O5REE 288013 2 @28 7 S v, &5 S
HELTWRZEDBPHLI L7, & 5IC, Figure 31 100W, 0.3 Pa TRl & #17- HfO, % v
FAD -V B Z R, BIEHP -5~5VIcE T ) — 7 EBREED 4nA/ecm? L Ficil zZ 5T
BO.TFT BfEICKD 5N BKY — 7R 2 ER L T %, 24 — ZRE N (1 [2—30 [A]—50
m) o TY =27 BREEMEF L, T4 ALEWA M ELTw3 b bR I Nz, UE
Y. RF 2%y ZRJEIC BT BEE S & RF N7 — 2 i#{b$ 2 2 & ¢, HIO I IC 51T %
U — 7 BRI S & 5 2 L A R[RETH V. (High-k) el Z W2+ 7 v o 2 % (TFT)
JORNCHE L 72 FrEn o b 2 & 2R L 7,

:é" % 0.9 PS 100 W J
] PP A T 3
kS 2,
; 0.3 Pa, 100 W Z
z i
2 P, 0.6pa, 70 W £
S [
.ﬂ“\ 0.9 Pa, 40 W é .
a \ 0.3 Pa, 40 W,
27 28 29 1; 31 :; v:! -5 -4 -3 -2 -1 0 1 2 3 4 5
20 [degree] Voltage [V]
Fig. 1 Comparison of SEM images of HfO, films Fig. 2 Comparison of XRD patterns Fig.3  J-V Characteristics of
under different film deposition conditions results for HfO, films under Auw/HfO./p*Si Structures
each film deposition condition as a Function of Voltage
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Ga-Sn-0 A EY R R IZH T LBINFHEADERELBIREKFHE
Dependence of Electrical Characteristics on the Thickness of the Resistive
Switching Layer in Ga-Sn-O Memristors
ERBRRET !, RERAXEHFNOHHE - ToEAHREVS—2, FEXS
OM2)#kIR HEE ', #iH BE L2 AIfE FHR2 K B2
Graduate School of Science and Engineering, Kindai Univ. !, IMPR Center 2, Ryukoku Univ. ?
°Ryusei Hagihara', Tokiyoshi Matsuda' 2, Hidenori Kawanishi?, Mutsumi Kimura?3
E-mail: 2433340452p@kindai.ac.jp

(=]

Ga-Sn-O (GTO) 1L ZEHER L - EELTH D,
WK KT P AZ(TFT), ATV AXEZIIL D
ETDHKT A ADREIC G DY T IR B
HAanTunal(l, 2.

AE Y AZTHERER L BT o8 )REMm
THee Z Ll K W S, BT OEMIZETE
ZEINT % &k iz BRI O3B N
{320 TH L. WHZEOJFEIIFE D
WA A, KOBFRZEILOIHIZ L bbb L
EZHNTWAR]L L, GTO AE U A X
DA F 7 RHRITSCEO RN S 5.

ARFZE Tl GTO J& DI 2 9 & 1 % 3542
X oT, HPEERNDOEEA 4, RUOWEHE
ZEALNEEINL, AU AZEMENE T 5 &0
HRENAE LT, AF U AKX OB OMEE
IKEEEHET 5.

(7|

AP FICTEEMm E LT Al 2 BZEKE
EIZX > T L, A bETh 5 GTO #
JEIX Ar, O, FEFHK FT1Pa OF{F T CRF~
THxra ANy R ) oI ko TIE LT,
FEE 1% 100nm, 300nm, 500nm & L7=. Z D%,
TEREEMR &[RRI EEEm A R LTz, A
BRI ER AR TG A= TS T AP —i2k -
Lk - MEBMICEEZEML, JELE.

[ 5 L B2

X 112 GTO A& U A& OEREERIEJI-V
FerE) &2 ~9. GTO HEIEDBEE )Y, 100nm,
300nm, 500nm D & &, AE U AKX FHEEED
Z Nk, BRMRHEIIH4V £ TOERE
FIAIMZ X » TIEARHUIRAE(LRS)IZ, -4V £ TD
BERINZ X > T, &EPUREBMHRS)ICZE L
FNEBT LI LR TET.

X 2 \ZHPTE LR OWRE S A 7 MK E
9. GTO DEEA 500nm D & X120, Kb K

SRR L RP GO .. R TIE GTO #
BRI R & Il T ORISR 2 B4

S =

1T 9.

107!
1072 L
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_lotk

et (1
~

10—6 -
10—7 -

108

107°
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[FEE]
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[1] Matsuda et al., Sol.Stat. Electron., 134, 19 (2017)
[2] Sugisaki et al., Sci. Rep., 9, 2757 (2019)
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n Ba-Ga0: I2HT5 Ti BEBE LU ITO BEEDFHFELLLE
Characteristics comparison between Ti and ITO electrodes in n-type a-Ga;03
IH¥RXE, °(M2) 0 Ex, LHE N, @R =K, il ER,
Bl R, BiE & AH #& L0 gL
Kogakuin Univ., °Y. Yamaguchi, K. Yamada, S. Nishio, R. Ilida
S. Aikawa, T. Onuma, T. Honda., And T. Yamaguchi
E-mail: cm24055@g.kogakuin.jp

[EFR] T, 0-Gay03 13V A RN Ry » THERM B CTH D720, NT =T /3, Z~DIGHIT
HFRFEN TV AL BIFE, n Mo-Gax0s DA — I v 7 B EE LTI TI AV HATH D
N, T OFEIZBIT DR DO ORI+ /31T A TV 720, B-Gax05 123 T, Ti/Gax0s Fiifi ¢
D Ti OBALNEFEEDREZL T SEL 2 ENME SN TNWHEL Zckt L, BRARHESE
R D T DiEHBEMmE LA IEH SN TWD ITO B % B-GarOs L IZIHAT 5 2 & T, EX
PRFEZ S ETE D 2 L b MESNTVDLE, 26 OWREREZ B, AL TIE, n Hla-Ga,0;
IR Ti AR & 1TO BARZFERR T 5 2 & T, ZOBEXINFEDO KR Z1T 5 7.

[3EBR 5] Mist CVD {5 % H N T(0001) a-AlLOs FE#_E 12 Sn-doped a-Ga 03 WD Al A 1T > 72, Ji
BHAR X, Ga(CsH70,)s, Hifk 2 X (1)K Fn# SnCly - 2H,0 % Ga BIZK L 1% L, ik, D ED
WA Rz, RRIRE A 460°C, EFREFZ 60min., ¥ ¥ U 7 H A LOHRY A1 O, T A,
& AT AW &% 3.0 L/min., 0.5 L/min. & L TR 217 o 72, X #RIEIHT(XRD) 0-2017E 12 &L % a-Gax0s 7
WD #E AR IEMRNT 21T 2 7214, n Blo-Ga,0s i EIZ Ti/Au MR, ITO/Au BA KL, 7 =—/
AT FVRE AT 712,

[EBRHE R & E 2 Fig.1 12, XRD 0-20ME R R4 73 020/ ER R, o-GayO3 H—FHRR A fife
P L72. Fig2 12,(a) Ti A AW 28546, BEO, (b) ITO EME AW 5460 1V JlER R4~
-V JIERE RS, Ti e W58y g v b —Fa R L7=DIkt L, 7=— VL %
T2 TH ITO EMEANWDIZT T, A= I v ZFHEICES T 2 ENTEH T & R LTz,
B-GayOs [FlEE, Ti/o-Gax0s i TiOx 2K &, F+ U THENLESNS EE2LN5.

0.10 2.00
150
005} 1.00

(@) 1% (b)
0.00 £ 0.00
E.050
005} ° 100
-150
010 Lo " -2.00

32 10 1 2 3 3 2 1 0 1 2 3
38 3853939.5404054141542 Voltage [V] Voltage [V]

20 [degree]
. Fig.2: I-V characteristics of a-Ga,0O3 films with (a)
Fig.1: XRD 6-20 profile. Au/Ti (b) AWITO electrodes.

B 3R
[1] D. Shinohara and S. Fujita, Jpn. J. Appl. Phys. 47, 7311 (2008).

@ L]

@  (006) a-Ga,0y

Current [mA]

@ (006 a-ALD,

Log Intensity [arb. units]

[2] M. H. Lee and R. L. Peterson, APL Mater. 7, 022524 (2019).
[3] P. H. Carey et al., J. Vac. Sci. Technol. B 35, 061201 (2017).
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$E86MbAYEZENFTAIHRS HRTRE (2025 BPAZE RAF vV /IR &AVI1Y)

B A TEEMR IR U 72 R E GaO. B % fiv 7o

BRIV 2R DR & 1 MR

Fabrication and characterization of deep ultraviolet photodetectors

using amorphous GaOx thin-films deposited on quartz glass substrates

RERLEKRYE T /MBI~ 27 a7 2RE & —
OMDAEBRIT, (M2)ILIBFGHRE, (M1)Fa)IIRBE, /NMUBR, BEFHEE, AioflZ

NMRC, Osaka Inst. of Tech., °(M1) Shunsuke Enoki, (M2) Iori Yamasaki, (M1) Misaki Nishikawa

Masatoshi Koyama, Akihiko Fujii and Toshihiko Maemoto

E-mail: m1m02510407@oit.ac.jp, masatoshi.koyama@oit.ac.jp

Gax03 1351 5.0 eV DR AFX— N2 KX v v TE2FLTEY, REINROZHT N4 2L LTOI

ARSI TWD, TRETICEXIEL, c i 7 7 4 7HER EIZI A b CVD 15 THUE L 72 FE5E GaO:r (a-GaOx)
RISt U CRlifiEt%: 7 =—/1 (Post-Deposition Annealing, PDA) #VEEZ 20 L, FEdb bic & B8 e o3 R se i
RONSEREF OOV TG L CX 723, PDA WELNRE S EIROSE, HARD D O Al G OB L - TR
GRERSMRIBST I 03 B BRI 2 M b o 7202, 2 Z TR T, Al
FF2E& £, MORMWERE B IRWA A TR I a-GaOx & I & b CVD {5 THUE L, PDA ALHRIC L 5 64y
PE~OEBEZHTZ, £12, T HOMRE AW TEEs 2 /ERL U, 250N R 2 304 L 72

[EB ik RER] ARAHEER L7 7 4 > F v #4032 b CVD B T a-GaO, WK (BE 160 nm) % 260°C
TR L7, RIBRAAIRIEL Ga 72 F L7 & b — MOREEBMAK (R 0.6 %DIEREETe) 1Z 0.05 mol/L D
FEZ7e B XD LT=- b D% V2. a-GaOy R & 800°C T PDA LFRE L7-#ED XRD 20/m A % » DGR,
PDA B L 72 @I C bl LI o 72 BT B — 7 3B ST, ERBEREOEECTh o7, Fig. 1 I2Zh b0
JEDFE AT hLEFBBANLT MADHRDTZ Taue 71 v b %757, 800°C C PDA ALFRHE D a-GaOx I D Egopt
%, 472 eV TH Y, V7 7 A 7 HM ETREED PDA WFLZ 1T 5 LA IZ A DI Egopr DT R SN 72 o 72,
INHORBHZA XL~ A7 ZHNTHIEDO Y 3 > b3 —EM (Ni/Au=20/80 nm) %735 L, MSM DGR &%

N ]\\'\"?)Y’ b4 A (Eg,opt) 7j§i%j][] L,

TERLL 7. M RE MR > B AR BEHE (T 200 pm, FEABIE

35.6 mm, ZHEAEIL 7.1 pm2 TH D, TN 5D a-GaO, HRIC

#5255 nm, 310 nm, 365 nm DRI LED (100 pW/em?) % HRST L, SRAMBRIGE FR0E 2 A0 L 7245 % Fig. 2 1R
T PDA BR A AT o TR W AER L 7B I 8R I3 &R R DS IRE L7223, PDA AU S 7= i 2 F v
To R gL, BEREIAS 3 M L, UV-C D& 2 BRI L7z, PDA BRI X 5 T a-GaO;x D X i Ve
RS L, Xy o TINHERNZN LI ERIARD Li-e B2 605, AL, 300C ~ 1000°C T PDA LB % 4T -
TeBRBHZDWTh, PRk, SIS E R 2 RS T 5.

|€irs3 BN )

[ ik]

100 ¢
90 f
80 f
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60 f
50 £
40 |
30 f
20 f
10 §

Transmittance [%)]

0

200 400 600 800

Fig. 1 (a) Transmission spectra and (b) (ahv)? versus hv spectra

[1] B=E0y, 571 BIRZEEHAHELES, 24p-P16-35 (2024). [2] /IMLIEDY, #4FK}, in press.

—PDA at 800°C
—as-grown
—aquartz glass

Wavelength [nm]

(ahv)? [x10" eVZcm?]
eepLooDooo
cLhhwhuoNmo

E —PDA at 800°C

F —as-grown

/i (b)
35 4 45 5 55
hv [eV]

of as-grown and annealed a-GaOx thin films.
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Fig. 2 The I-V characteristics of photodetectors
fabricated on as-grown (a) and annealed
(b) a-GaOx thin films.
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8p-P10-48 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

EREEADEENMA ZnGa0, ZHERBEEEZ RN HERIC
RIFT g
Effect of Applying Voltage to the Back of the Substrate on Current Flow in
ZnGa204 Polycrystalline Thin Films
REEHX!, FEXBRI? OMD/DEE B35, I mie!, fRIF sM2 !, K R,
WE MR BH B!
Tokyo Denki Univ.!, Chiba Univ.%, °Yuya Oguma', Reiya Kase !, Tomoki litsuka',

Yasuharu Ohgoe!, Kazunuki Yamamoto?, Satoshi Ishii' E-mail: s.ishii@mail.dendai.ac.jp

[lZU®IZ]  ZnGa,0s (LLF, ZGO) 1%, 48eVUULEDTA RNV REY v Fo2HT5H 2
EMD, V=T =TT A4 ¥ (EE :250~280nm) ERIGE LT SA A~DIG A
FENTWD. Frexld, ZHE TITKEEE ZGO T /7 ki1 HAERL U 7= S5 i O B R
FEZREE L C& 72, Z2OH T, SBOLORIII L CEICE 28I L, S8k &
L COYVEZ R L CE72[*]. & 2 CARMIETIE, ZGO WD FET ~O s FH 2 I
AL, FEMCEEIZEHIN U 72 S5 2 MR P 2 bidL © BRI KI5 B A i L.

[FEBREFER] X UDIC ZGO T/ ki a2 KEGEREC L (200°C, 10 RefH]), /A & LiEA
L7ebDERWRT T AFEROFEICA Y a— bk L. W, BRI Z2 AW THEREZ KRR
HIZT700°C CT1RE7T =— 19252 LT, EIKSum O ZGO Lkt 2 (ER L7-.
BN, HIREREIC A Z v~ A7 Z2 W THITE O Au EIREMRZ 23y 2 78FIC L) "5 —
=75 LT, BRUEHROREZER L7-. Fig. 1 IZBUEI O & J1E R O E %
AU BETIE, BREREICHI0V OBE Vee) & EIIN

L7REE T, HEREMNCEIINT 2 BTE Vaa) %351 L S o

7RI G, A A D BT (Tee) ZBE L7Z. Veaok 1, ZG0
I Quartz sub.

—60V, =40V, 20V 25, T LN 5 IEEE (+60 05mm
= ;

V, 40V, +20V) T TRSILR, HOTOAELE

TRIFEERG 21772, Ve,
777

IE le. VBack

TOMR, Fig 2 1RLZ LD ITHRIRTZTID foe. gy | sample and  electrical
1, Veak \IG U TS 5 2 E AR T& /2. &g,  Mmeasurement circuit.
FEmINCBWTIE, EROFN et kKEL<ARD, b o
ZF UL ABBR SN, ZOE AT Y SR, Vi D w{ o OV
FREIEA T DI ONTHE IR -T2, 2 b DfER ‘
1, EHCEERA~OBERIIIC X - T, ZGO HE & ik
DUVNIEM & OFEEHICAET 2EMABE L, Th
IZfE-> T ZGO WIENOBALAZAL L TV % TRErE &2 7R aor

0 20 40 60

LTINS, &0 40 -20V o
[*] S. Ishii et al. J. Mater. Sci.: Mater. Electron. 35, 858 (2024). . ek
- N § - ig. 2 Current between electrodes vs.
BEE . AWFEO—EIX, ISPS BRF#E 23K07116 LT backside substrate voltage.
G PE R BT OBk &5 7= b D T

1014

fee. (PA)

507
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8p-P10-49 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

LT NEREICESLE NIO RAIRNAEBREEENS SRR
EMBTORIANTOCANREZ HEE

Impact of non-thermal post-processes on NiO-based transparent TFTs on flexible substrates

RREMXE BURIET Vw2
HARE R, BRED GKE T, /N #RET, &I BE2
1. Faculty of Science and Technology / 2. RIST, Tokyo Univ. of Science
°Y. Matsubayashi', T. Hattori', Y. Koide', M. Sugiyama'? E-mail: optoelec@rs.tus.ac.jp

[IZCHIZ] BIE=v7IL(NIO)E. p BREMZRITHOLOBRIEMFERTHY. 4.0 eV OEHIF
BEAT D[], D=, AIRABEBEEENS O RA(TTFT) LA R EBR KIS EM[1]1ZF DR
KBBET NAZANDERAPAFINTNDS, CNETERIE ASRERLICHFIELIZNIO R TTFT
DESHFMEICOVWTIHRELTE[2l, TTFT DT NI REMAEHLEDIET. [1OTUDTURE
Z—ILINGRIOI T STINTNA R |ERRSBEIENTRETH S, SHIZ. TTFT 2TSRFVY
ZOILF T ILEREICERAIREL TGN, ZHEICHRERRELGY . S5ELAEILRIAHFIN
%, L. THEWMEEETERIAIFRILFTLTILERDOTEEE (X 300 °C BBETHY., T/31 R4
HEEEBMELEZT7——ILRBEDOMBAEESIRANTOCRETSIEITRH#ETHD, 2T, FEM
HRANTOERTHD UV RIBEKFRAAVFAITEB L=, NIO IZLT UV EBEITSTETIEI
EMNFLTEHIENRESNTEYB]. ERFEORENFIND, — AT KFEAFVEAL NiO
% TFTIC5EZ 55 EIRMATH D, AHETIENIO RILFTIL TTFT OERIZE T, UV JLIE
BEUVKFAAVFIAZDRANTOEAANIO R TTFT DERBFUZFICEZ 55 EX BRI,
[EEAZE] R/ FEZANTAUEE, FrRILBELTNIOZETILAVASAAFG)ERE XU,
RUASRRILF DT IVERLICEMERBEIEL -, RIZ, i

ZBELTALOs. BIEELTAGEREL. M1 SR HED GIAiI
NiO & TTFT Z/E& L=, 20O TTFT IZx LT UV NEE &L d
V. KFEAAXVEAZIToI=. FOR.BON=HABIZHLE A|203(ﬁ’:'9200 nm)

SHFEFOFHEZE (T o1,
[BRRUVEE] K2ICAFGERLICAERLIZNIORTTFT s [_Nio@#100nm) |

D VosE 0~—10V ECOMAT 2V CLl- e Fmon  O—Au] [Au}—o
HEMETRT . Vos EINIZED los DERERBLI—HT. subsfrate
ERBOSD— B los 12&>T los O RIFISEELTER 1. fERLT TTFT O
nghot=. COEREL T, Al,Os 2Z& 5 AlLO3/NIO

RERDFFS. Ni BT AlOs EAD IS E A HEREN S, 10

EHILT= NiIO % TTFT &RRNTOERFIEDERIFEICD Vge=0~—10 V

WTIE. BAKRET S, < (2 Vstep) J
(#3] AFRO—HIE ARBHALLAFRRBELT 5 O
BEIRILF—HRMAEEF, AR—AV AT LRIEHRE Y -

B—DIEBER =, 0

0 2 4 6 -8 -10
[&&3#] [1] Our group, APL 110 (2017) 181102. [2] Our Vps [V]

group, JSAP Spring Mtg. (2019) 10p 6411. [3] R. Islam, et

2. AFG EiREIZ/ERLT=
al., ACS Appl. Mater. Interfaces 9 (2017) 17201.

NiO & TTFT @ Vps-lps $1%
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[9a-N105-1~10] 21.1 AL v a YK o4 RE¥ v v TELEMEFE -
FINA X ]

[9a-N105-1]
INnGaO3(Zn0), AE!EfER D ER XS %

OMQ)EH BHAF. B BAR. 5B HE. Yol KA. #FE8A mE Es. e =AL
=) SR (1.REALET)

[9a-N105-2]
BEXIRHEF DI L BInGazZnO /N IL Y BEER D EBFEED RS D

OmM BFE". (L #u'. 2H 24", T 8N, 2/ &' #LaAl. 58 8o nE B
U RHA R BEEE2 5| 5. BESE (1.EEK. 2JASR)

[9a-N105-3]
INGaZn,05/\)L 7 BfE SR DREXRIEEF 7%
Otk Bag12, (LR B2 BE 24/2% GE B2 a8 @8N #f a®m'. FE 8N FH#

BAEL EERT2 R R E GBS =) 51V BE SE2 (1 REAE, 2 EALE
T. 3JASRI)

[9a-N105-4]
INGaZnO B 5 R DIBMAE D EINEF DI

Ommp 1#E—"'. A8 BN, ZH 24", A& BN 2R aH'. #L Al /iE Bop'. 1 =i
VB -2 =) Zi. BmESE (1.EEK. 2.KEK PF)

[9a-N105-5]
pEISNOTERAFMHED R /Ny &) > U iR ER R 7 KT

OAA HE', wiE B, #FE AR BAREEA MR EES(1L.BAKEL, 2. 2RSRMES
DC. 3.BEBAMREL. 4.JASRI)

[9a-N105-6]

L7 X2 T —BALYERE RS> S 220% v ) THEEEBOHEE

OBE X&' NULLYK I7yNAOVIUT B EES I14/ hVFLILAZX NLTRN
AE @& EETA (L ERARA. 2BMIA. 3ALKEFH)

[9a-N105-7]
Rare-Metal-Free Solution-Processed Source-Gated Transistors via Argon Plasma-induced
Contact Optimization

O(D)Mark Denusta IIasin1,Juan Paolo Soria Bermundo?, Pongsakorn Sihapitak1, Candell Grace
Paredes Quino', Magdaleno Jr. Rigodon Vasquez?, Senku Tanaka3, Hidenori Kawanishi/,
Yukiharu Uraoka! (1.NAIST, 2.UPD, 3.Kindai Univ.)

[9a-N105-8]
ALD-Based Sn-Doped InGaZnO FETs with Reliability Enhancement

O(D)Kim Sunghun'. Choi SunHong'. Sakai Kota'. Saraya Takuya'. Hiramoto Toshiro'.
Kobayashi Masaharu'?2 (1. ERER R 2.BREEW)
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9a-N105-1 BROELAMEL AUSLMHEES BETFRHE (2025 AHAZ RAF+ /SR &F51Y)

InGaO3(Zn0), KT B & D B K 2= Rk

Evaluation of electrical transport properties of large single crystals of InGaO3(ZnO),
RERGET, OM2)YH BHag, /NG BARER, = il il X, HLE fHA,
IR EA, BE A, Bl B
Tokyo Univ. of Sci, “"Momoka Hirai, Ryotaro Kokai, Takumi Takahashi, Taiki Kouyama,
Tadahito Inoue, Naoki Kase, Ryoto Yanagisawa, Nobuaki Miyakawa
E-mail: 8424533 @ed.tus.ac.jp

[Frim] SRR L) -8R O —FE T & 2 (InGaO03)m(ZnO), IEHF IGZO,(IGZO-mn) I 72 22 A7 HITE
LEWEFBEEL LML T4 ZAT VAL vy FARRNVIIHNONLEFT 3 ARELE LTALSAF)
HEnTnsd, —F, Kill(em A—¥ —) RO TP RETH D72, T 1Z81T D EMEMIE DRI )32
NTWi=, & Z THUAFFESE TlI Pressurized Optical Floating Zone (POFZ)iE% VN5 Z & T, AR CTHI® T IGZO-
11 ORBIEAEFERITHK D) L TLOE, 1GZ0-12,13 @ BB 7o KRBT B BAAT OFESL e OV O WL 2 2
5L TE(1,2], AW TIiX POFZ IEIC K 0 /ERL S 072 1GZO-14 O KALEE S O ERFFEZ2 HE T 5,

[ R} 0% 22] 1GZO-14 KBS R 0 B S Ic BT, BRAFEMAR 9 SUE T B In:Ga:Zn =1:1:9 @
Feed rod Z M L. Zn DIEFEZ M2 5 7z DA REE 2 H D, Homa B I m s sh 2 A L 7282
HRERPENCRL e 2 /M L7z, B 1 IFREL 72 IGZO-14 @ XRD T& b, IGZO-14 OHifTH %
EERT, abHNOERFFEICE VT, ikl as grown Ti3, EXIEITORERFME I SBIARIR 2 F v
R, THERBREREOPTER T 2 F =y FBEERFICA Y IAR, MRG0 72 TH B, Z
ik L, BB 2 BARFHAT 7 = — VB2 S 2 &, BRRERMOIBEDICHECF v ) THEET L,
PER LIRS TE 2 B 7z, F v ) 7HE L BEIEORR BT CHltd 17z IGZO-1n % & [RIER DO
M7ZR L7z, BHITRET = — VO - RESKFEZZZ 72560 % v ) TEEOZHEP ab i L c OHE
SIERTECOWTHHEZITI PETDH %,

[%%& k] [1] Yusuke Tanaka et al. Cryst Eng Comm 21 (2019) 2985-2993

[2] Naoki Kase et al. Cryst Eng Comm 24 (2022) 4481-4495
[3] Naoki Kase et al. APL Mater.12 (2024) 081122
[4] Goro Shibata er al. Appl. Phys. Lett. 126 (2025) 241902

10
—1GZO-14 simul ® 1GZO0-14 (this work))
- —crashed powder 0 1GZO-11
: e 1GZ0-12
. ~ ) 1GZO-13
= w)
l Ue
2 : i e "i a0 e
£ | = ) - @Fﬁ
S 2 o -
z| .. ] LA
z e )
=]
_—_E , FL A I S ® 0
l u 10! " .
PRRTORTIE I | () PTrois S PO A W 0 10! 1019 1020
0 10 20 30 40 50 60 70 80 y
20 (deg.) n, (I/ecm®)
1 IGZO-14 ® XRD (7 : Hf&dh XRD, 77 : Bl & 2 FRICB T 5%y U THELBHE

FEE LB R XRD 2 1 1GZ0-14 2 aL—vaY)
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9a-N105-2 BIOEGAMELAKS LB RS BEFHE (2025 BHAZ KREF+Y /(R &F51Y)

B XBABFAIHICTK D InGaZnOs /N BERDEFIBEDRS S
Depth profiling of the electronic structure of bulk single-crystalline InGaZnOj4 using
hard X-ray photoemission spectroscopy

RIEX !, JASRE? CHMEFE' WM BERMB' ANEN, REHEB
FEHEA, RERN!, WEEH' RAR: EEE? E)IEHR!, BHREE'
Tokyo Univ. of Sci. !, JASRI 2, °Gimpei Tabata', Ryoya Yamagishi!, Yasutaka Sawata!,

Kento Ishigaki!, Yusuke Kawamura!, Yuto Uruma!, Tadahito Inoue!, Naoki Kase!,

AKkira Yasui?, Jiayi Tang?, Nobuaki Miyakawa!, Tomohiko Saitoh!
E-mail: 8425519@ed.tus.ac.jp

InGaZnO4 1%, BEFRKMGIZFE S BT F—7 I L 0 BV EBRIEM RS L OWHEEREZ SR L 2 5
Ny Ry TOmMME % R OB S EER O—>Th 5, ITFEGRICHI LTIz s

HiiEsLCld ab i & ¢ @HOM T 30 fEFLEL EOBESUSEEE DR GVENHE SHTWA D[], H&ilT
DFx D ARPES JIEIZ LAVTHANEEDEGVET 6 SRRETH Y [2]. > FREELSOEEFEN
BGMHICHEG LTS AR H D, —F . InGaZnOs & [FIEE OB IEEMERRLY) In0s HEIZ
WTCTIE, 2SIV MBREINT TEMAAE T RAT—MA~DNR Y RRUT ¢ VT RHERINTED
REDOBEFEHENRK THD & SN TND[3], > T, InGaZnO4 IZFW VT b KB HEFEEN
L TWDHAbIE, K (ab i) WHMOEEIZKRESEGELTND EEX HiL, BRISEED
BT EHHTE DR & 5,

% Z CAMZE TIL. InGaZnOs /N )b 7 Bk &G D
as-grown s BHI X L C, il X #8759t (HAXPES)
R DB HEEOES o 24T -7z, WEX
SPring-8 BLO9XU (23T, SEEFHHIfAE (TOA) e e
10°-60°CHTV N, PNAERERLO & — 2 firf# 44 TOA TR _ Binding Encrgy (V)
ELT, B =277 bZzZaHili L7z, Figure 1 (Z In 3dsp (713)?01; 10 deg.
L O 1s AR HAXPES A~ MAZ 5T, Wb A T
b7 (TOA=60°) 76 (TOA=10°) (ZMA7A>T
AT R —ll~D> 7 MBI & d, N2 R
YT 4 T R LT, SR TIE. MOERFER S S Fig. 1 HAXPES spectra of (a) In 3ds,

and (b) O 1s core levels of an
DTEEL, REEBEFSHEELRELZGAEORSGM  InGaZnO4 single crystal.
DR 2 BE+ %,

(a) In 3ds.5

—— TOA= 10 deg.
—— TOA =60 deg.

. Intensity (arb. units)

36 534 532 530 528
Binding Energy (eV)

.. Intensity (arb. units)

[1] Tanaka et al., CrystEngComm 21, 2985 (2019); Kase et al., APL Mater. 12, 081122 (2024).
(2] Wil fth, AAPEFRE 78 BIFERAE (202349 A)
[3] Zhang et al., Phys. Rev. Lett 110, 056803 (2013).
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9a-N105-3 BROELAMEL AUSLMHEES BETFRHE (2025 AHAZ RAF+ /SR &F51Y)

InGaZnOs NIV B RDE X BB F oK
Hard X-ray photoemission spectroscopy of InGaZn;Os bulk single crystals
REXE' REXSHEI? JASRP /MAKERE 2, WEERN? ZFARME?2 RERIN '
AFEN ', RMEBB ', HLEEAN, THHELF
MEESH 2, RHRS, EEEREC, ENER ", HEREE
Tokyo Univ. of Sci.*, JASRI®, °Ayumi Kobayashi*, Ryoya Yamagishi*, Yasutaka Sawata®,
Kento Ishigaki®, Yusuke Kawamura®, Yuto Uruma®, Tadahito Inoue*, Momoka Hirai*,
Naoki Kase*, Akira Yasui®, Jiayi Tang®, Nobuaki Miyakawa®, and Tomohiko Saitoh*
Email: 1224521@ed.tus.ac.jp

InGaZnO4 IZfAFE 5 In-Ga-Zn-O (IGZO) 'V — R, (InGaO3)m(ZnO), TH I DHER % 7278
E N A (D% IGZO-mn & Kil) % b OBUPGEMERIM TH Y . mVERUSEN S L O
FIEREIR 2 BE L D 53 FX v v 7 OmME Z 0>, 1GZO-mn X, ¥4, KEHEFEHOA
RS EN U CEABEMME ORI ED 5 TR Y, BEXBEEORES RELGER, Fv VT HEL
BEEDOIEDOMHBZR EXME STV 5[1,2], S HITHOT, Tex 13 X #OtE 143 (HAXPES)
AR MV EFERNCIT 2 2 & T, IGZO-11 FOmMEHE RS In ¥ MEAVITZ W &2 5
(2 L7233, [RBRDFENT 24T 5 & | IGZO-13 |28\ AR A N

CH Zn HA MADIEEN T & & B L[4, iEﬁﬁii;mem
J. ZRE EIRZEMBEO R D 1GZO-12 O T _Bac-kgmund

IR TH O FICEEBE RGO ML DET
EIE~OEBIZONTEIEL 30> T, 1t -
T BREOBSR KMoy AT O ORIRORRI D72 S
S 1GZO-12 & DU S EE T 5,

Z 2 CARRRZEIX, 1GZO-12 7SV 7 B O as- 8 Bingifg Ener;;?ev) 2

grown UfH R ORISR T TT =— LTI Fig. 1: In 3ds» core-level HAXPES spectrum
annealed #UEHZ % L, SPring-8 BLO9XU (23T, with a two-component fitting result.
i X #OLEE 50t (HAXPES) |2 & 5B & OMIE 217 - 72, Figure 1 T as-grown iEHD In 3ds
WREANRY MVETRT, =V 74 9T 4 ZICR D AL B — 0 LIEREEICHBECZX 21, B
IO FREIT IGZO-11 (2T o 5902 E N5 [3], 4 H X annealed 3B & & 7o N2k
AR RVOFENTRE R, L OVIGZO-11, 13 £ OS2 Wb+ 5,

Intensity(arb. units)

[1]Y. Tanaka et al., CrystEngComm 21, 2985 (2019).

[2] N. Kase et al., APL Mater. 12, 081122 (2024).

[3] G. Shibata et al., Appl. Phys. Lett., in publication.

[4] HfFREt fl, AARMERZRE 79 [BIFERKS (2024 429 H)
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9a-N105-4 BIOEGAMELAKS LB RS BEFHE (2025 BHAZ KREF+Y /(R &F51Y)

InGaZnO, iR DBERAESBALEF O

Micro-focused angle-resolved photoemission spectroscopy
on single-crystalline InGaZnOQO4
JRER ', KEKPF?, OR# #—', K& B, BE 240, Wi 8N, BH B,
FE WAL AE BRI, I B N /2 =) BN, B g2
Tokyo Univ. of Sci. !, KEK PF?, °Yoichi Nambu', Kosuke Otani', Yasutaka Sawata',
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Oxygen Partial Pressure Dependence on Properties of p-type SnO Thin Films by
Sputtering Deposition
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Rare-Metal-Free Solution-Processed Source-Gated Transistors
via Argon Plasma-induced Contact Optimization
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As demand grows for sustainable, energy-efficient solutions in Society 5.0's ubiquitous systems,
as well as in healthcare and agricultural applications, conventional thin-film transistors (TFTs) face
scalability and performance limitations. Source-gated transistors (SGTs) overcome these challenges
by utilizing Schottky diodes for rapid current saturation, enabling stable low-voltage operation with
reduced signal distortion, making them ideal for real-time monitoring and IoT applications [1], [2].
This study revealed a novel structure and method for producing alternative and effective Schottky-
gated transistors (SGTs). This was achieved by selectively tuning the tin oxide (SnO,) semiconductor
channel beneath the source region through argon (Ar) plasma treatment. Ar plasma treatment adjusts
the channel's Fermi energy, altering the semiconductor's work function to create an appropriate
Schottky barrier at the metal-semiconductor interface. This approach eliminates the requirement for
replacing ohmic source electrodes with specialized Schottky source electrodes used in conventional
SGTs.

SnO»-based channel layers were deposited via solution combustion synthesis at 300°C. Ar
plasma treatment using ICP-RIE (vacuum) and a custom-built atmospheric plasma system were
implemented to selectively treat the channel layer near the source edge region, followed by electrode
deposition of gold (Au) through a resistive heating technique.

Compared to reference TFTs with zero Schottky contact length (SCL) shown in Fig. 1(a),
plasma-induced SGTs (P-SGTs) exhibited abrupt current saturation (Fig. 1(b)) versus the linear,
conductive behavior of untreated devices. XRD measurements (data not shown) confirmed that the
deposited film remained amorphous SnO, (a-SnO;) even after Ar plasma exposure. AFM
measurements showed a smooth topography of the semiconductor channel before and after the Ar
plasma treatment at < 1.0 nm of roughness. XPS measurement revealed an increase in the non-
stoichiometric bonds, which can be indirectly attributed to oxygen vacancies (V,), confirming the
generation of V, due to Ar ion bombardment on the surface of the a-SnO; films. UPS and optical band
gap measurements also revealed Fermi energy shifts closer to the conduction band in plasma-treated
a-Sn0,, indicating ¥, formation. Au deposition created dual contacts: an ohmic contact with as-
fabricated a-SnO, where its work function (®) is higher than that of Au (Fig. 2(a)), leading to an
efficient electron movement and a Schottky contact at the plasma-treated regions, where reduced ®
created band bending and depletion region that impede electron flow when bias is applied as shown
in Fig. 2(b).

This novel approach of selective Ar plasma treatment beneath the source region enables SGT
fabrication with standard ohmic contacts for both electrodes, demonstrating early current saturation
and simplified processing compared to conventional methods requiring specialized Schottky source

metals.
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Fig. 1. Output characteristics of (a) non-treated and

(b) Ar plasma-treated SGT Fig. 2. Energy band diagrams of (a) Au/non-treated a-

SnO: and (b) Auw/Ar plasma-treated a-SnO: interface.
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ALD-Based Sn-Doped InGaZnO FETs with Reliability Enhancement
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Introduction: As monolithic 3D (M3D) integration emerges as a compelling alternative to conventional 2D
scaling for high-performance and energy-efficient computing systems, the demand for low-temperature
(<400 °C) fabrication processes has grown to preserve BEOL integrity [1]. Oxide semiconductor (OS) FETs
offer high mobility, excellent thermal stability, and low leakage, making them suitable candidates [2]. Atomic
layer deposition (ALD) further enables precise compositional control and conformal growth, particularly
beneficial for 3D architectures. Although Sn-doped IGZO has shown superior characteristics over IGZO in
sputtering process [3, 4], its realization in ALD process has not yet been reported.
Experimental Methods: We developed an ALD process for IGZTO using alkyl-based precursors and ozone
at 250 °C, enabling sub-nanometer level control of composition. bottom-gate FETs with device dimensions
of W/L=50 um/50 um were fabricated as shown in Fig. 1. The resulting IGZTO films were amorphous and
exhibited excellent surface smoothness, suitable for nanoscale 3D integration.
Results and Discussion:
(1) Thermal Stability: Post-deposition annealing (PDA) confirmed film stability up to 600°C as shown in
Fig. 2, and device stability up to 400 °C (limited by gate oxide crystallization), ensuring compatibility with
BEOL processes.
(2) Composition Engineering: By varying the ratios of In, Ga, Zn, and Sn from reference IGZO (2:1:1), we
systematically investigated the trade-offs in field-effect mobility and threshold voltage (V). Among various
compositions, Zn-Sn substituted IGZTO (8:4:3:1) offered the optimal balance, exhibiting enhanced mobility
at the same Vy, or high Vi, at the same mobility. Sn-doping can improve percolation pathways via 5s orbital
overlap with In [4].
(3) Thickness Scaling: IGZTO maintained favorable device characteristics down to 5 nm channel thickness,
with increased Vi, due to thin pinch-off layer and quantum confinement, without degradation in subthreshold
swing (SS) and mobility as shown in Fig. 3 and 4.
(4) Bias Stress Reliability: As shown in Fig. 5, the ALD IGZTO FET exhibited markedly reduced threshold
voltage shift (AVy) under positive bias stress (PBS) over the IGZO FET, attributed to Sn-induced the
suppression of oxygen vacancy and thus sub-gap state traps such as V", V2. IGZTO FETs demonstrated
over 30% improvement in AVy, stability compared to IGZO counterparts.
Summary: This work presents the fabrication and characterization of Sn-doped IGZO FETs using ALD. By
leveraging precise compositional and thickness control, we achieve both enhanced mobility and reliability
over conventional IGZO devices. These findings establish IGZTO as a promising candidate for next-

generation OS channel materials in monolithic 3D integrated systems.

References: [1] Bishop, M.D. et al, IEEE Micro 39, no. 6, 16-27, (2019), [2] Datta, S. et al, IEEE VLSLI. pp. 1-2, (2024), [3] Liu, G. et al, IEEE
VLSI. pp. 1-2, (2024), [4] Wu, J. et al, IEEE TED. 68 (12), pp.6617-6622, (2021), (10.75,53m)
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S TND, ABFETIE, BIET 7 253 1TO FEOSEWINERA KT BRI OV TGREZIT > 72,

ARAFFE T, HBHR a7 2 h A b REEmO BEEmE L CHEH LTV 5 ITO 12OV TRk
TrtAEEFE LT, ITO BEOFIZIT > 72, fHOTFEIICRNERETHDH, 22T, X
TAHA S RBFERUZ BN TIHE D F LR E WIERFHEIEL 500n0m~700nm T&H Y | SERILRIC
DUNTITRZ S I R sI TR AR b &SRR 2 FA VTR B R O FLfS B i B DR T &
IR L CRI 24T - 72, Figurel (ZRRIREIEL & SERIN AR (A% IR EE DI T &) ORRERT,

Z DDA G433 D £ DT, IR 5 & HWIERITHINT 5 Z &R0 Tz,
W, 2 TIEBIED 7N EEF ¥ R —2 RGBAM L T D, —FH T, ENENDOMIE N F
DORNZTF v o X—WNZEMEAT 25 & HRIPEREDN D5 2 &b aho7- (Figurel N@)»H
b)) ZHDHDBEND BNy FRINCTF ¥ L N— % BT 5 2 & TF ¥ v S — IR D35
L. ZDKIyDFEHET ITO ORI E AT 5 & HEE LT,

U EDOFERNS, ITO & ANy Z Y o ZETHIET DB, FRNCTF v =N E2IE L T
F ¥ UN—NOKDEBRETHHERD D Z LN yhoTz, HIZ, Figurel DFMHRO K 5 I12E v
F. FTX U NRN—HNENMEAT 5 Z & TITO BEDONRICRERDOEE N Z M TE 5 Z & mnol,

Chamber bake (red line)
0.45 |

0.4 (a) l —e— Standard process

0.35 —&— Chamber bake process

Decrease of current density [mA/cm2]

Number of sputtering batch

Figurel
Relationship between number of sputtering batch and
decrease of current density
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9p-N105-1 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

BEARY o+ —J)L MOVPE &K LT- Si K—7 B-Ga,0;
REIER2FOvILROEAME - ERHNFED Si REKFE
Si concentration dependence of crystallinity and electrical properties of Si-doped

B-Ga:203 homoepitaxial layers grown by low-pressure hot-wall MOVPE
HREBIKEREL! XEBEABHKXS? IFERKRES KRAIKREI 4 fSEHEES
KEBERATI rXatte OCMDGRE KRE ' O)Fk #t 2, M)ER Wk
M2) F R, BiE &l Wi ESS, # H=RR° Bea |sE!'
Tokyo Univ. of Agric. and Tech. !, TATYO NIPPON SANSO CORPORATION 2, Kogakuin Univ. 3,
Osaka Metropolitan Univ. 4, NICT?3, TAIYO NIPPON SANSO ATI CORPORATIONS®
°Yoshiki Iba!, Junya Yoshinaga'?, Kakeru Kubota!, Yauma Terauchi!, Takeyoshi Onuma3,
Masataka Higashiwaki*5, Yuzaburo Ban®, and Yoshinao Kumagai'

E-mail: s258015v@st.go.tuat.ac.jp

WA T —F 3 ZFBEE LT B-Gax0s MEH SN TV D, T3 ZFEMKIZIZ n BN Y 7
NEDX ¥ U 7 EERIESHET, R4 TER v b U+ — /LGSR SR (MOVPE)E
ZHV, Si23 2.1 x 105 ~1.5 %10 em?® R —7" &7z n  B-Ga03 AR E T B F %3 v /LJE D REHEAK
EawWiE L D, Al R g OfEftE X OEXBVREED Si R R A2 Mt LoD THET 5,

JWEAR >~ N4 —/L MOVPE 47 (KBS H 2 FR2000-0X) % FV, PfEfgE B-Gax05(010) 4K
WCRUAFAHY O LEEBRFLZFEA AL LTLOumEDT > F—7 B-Ga,0; % 1000°C Tk
L7z, WIZ, [FEETT N7 AF T (TMSi) % RIFFIEAS L, SiEEE([Si])1.8 x 1010~ 1.5 x 10'°
em?3 ® Si K—7"J@% 4.7 pm/h T 5.0 um il L7- 4 5082 Yl L 7=,

Si R 1.5 x 10" em?® OFEFCIEER TR T P —DHA A ST AS, XORRIEHT {111 1485 5 X8
ENO R 7 U —Th D Z L3RS S 472, Fig. 1 1% van der Pauw 75(Z X % 48— /L 30 2L
ETHELN-X Y ) THEEORERGFETH D, =il

CHSCIEESE LoF v U TEEME LS, Shic, CF T T T
[Si]A8 1.8 x 1017 cmd LU F 0 2 3k ClHEIRTH v U 7 107 SRS 0 00 o * 3
DURE R SIS, [STA 18 108 end B B 230 g O :
BCIIER ISR 59 % ¢ U T HEMTE - E TR 5 107} e e
BHI7R B B RS, Sl D . R
ARRFFEIE, WEH ICT BASHOMERE T m Y= § 107 " ]
7k (IPMI00316) JHHRA = 305 /3 o 2 B 0 104} ‘e " ]
B - SEAETE (B, U0 RERAESETE) T S S S S
DEFXEZTEM LI LD TH D, 1000/T (K™

. Fig. 1. Temperature-dependent carrier
1) J. Yoshinaga et. al., Appl. Phys. Express 18, 055503 density for B-Gax0s layers with different

(2025). Si concentrations ([Si]).
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$E86MbAYEZENFTAIHRS HRTRE (2025 BPAZE RAF vV /IR &AVI1Y)

WUEARY M +—/ MOVPE & LTz Gar0: BIRD 7 + v /33 2 2R E
Photocapacitance Measurement of Ga203 Thin Films Grown by
Low-Pressure Hot-Wall MOVPE
RERASRBET !, BB T REET 2, KEGHER S, (@ ¢ ((M)FR =, BER R,
B Wi 23, BAT SRS YRR J|IE 2, Wi B Y
Osaka Metropolitan Univ. !, Tokyo Univ. of Agric. and Tech.?,

TAIYO NIPPON SANSO CORPORATION3,NICT *
°Jun J. Morihara!, Tsukasa Kakio!, Junya Yoshinaga?3, Takafumi Kamimura?,

Yoshinao Kumagai?, and Masataka Higashiwaki' *

E-mail: sj24817v@st.omu.ac.jp

BIE, Gay03 TE XXy /Ly m— REAFEEDOA il U A4 B KA E (MOVPE) 1512
MR FEONTWD, feill, AR T RY BB EN LR Y MY +—/L MOVPE 1£I24%
Gax0s MDD F R (2B &S 23~ 7[1, 2], Fio, Fx 1XZAVET, [Al MOVPE % L7= Ga0;3
MO EN BB, 2L CORER O EIRLT =— LALEE (PDA) (2L O B R AR B3
HZEEWIELTET [3, 4], A 18], @il PDA IZEDEREVFFHE~DO LIS 353, 748
¥/ H A (PHCAP) Il E R FhE L7z,

Figure 1 (2, REBRTHEH LT ay b — U7X A4 —K (SBD) OWrmE g X%z r~9, 2 D
Sn K—7 n*-Gay03 (010) £t _EIZ, Si F—7 GaO3 R [N —2E (M) = 1.5 x 10'6 cm?] & J8E AR
74—/ MOVPE & CRIKFE R LT, BiE® . —F O EfkiLm iR PDA (ZFRFHXH ., 1150°C,
60 53[#) L (PDA FV) . 95—/ 1% PDA #1747 as-grown JRAE (PDA fEL) L7, ZL T, £iH 2
Ko HAR 112 SBD Z/ERL | PHCAP #HliZ4T 57,

A FEfi L 7= PHCAP EOHIE FINEIXR D@D T, (1) NBSFIH/3AT A% 60 FPREEINIL ., Gax0s
I AFET D7y T ICE T EEST S, 2) KRN BLOT /—REE V=0 VIZBWTHF R
i (C—t) WEZRRFZBAMET 5, ZOEE T, B EO =R F— () ITIEU T, ZBZBIFET
LRI TNEAERNTHIET C 3T 5, SO C Bafnlicbsz2E k95, (3)
SHE IR C D LB L7 22 MR8 L. C IEZKE T35, (4) O hwZZEHL (1) ~RD,
INBFNEEAEELD hv IZBWTHEMLTZ, C—t PER RO 1% Fig. 2 12777, 2)t=0s D CEE (4)
D CHIFMEDFESY AC DD, hv DI T EE (V) 28 H L= [5],

PHCAP JIEELVHE MLz N &, hv IZxL T ry hLib D% Fig. 3 12779, PDA #L SBD (X, & D
W IZEBNTH N <2 x 10" em EFEFIT/IE, LT, PDA Y SBD (% hv =3.5 eV fHEIZHR KT M
~1x10"% cm3 &, PDA #:L SBD LLb#R L C—AHrLA EREZ Neo3sBLIS Tz, DL EORESIL, &k PDA
\ZED, Ec—3.5eV I N~ 1 x 10Y em? O 7 DT B S NIZ Z e 2R L CTUa,

AWFFEIE, B ICT BESEAROMIER T 7 1 =2k (JPMI00316) [ TR A = 3T 57/ 1 A 8
FAfr O P%s - EFEFHE G5 ) GRER EEEF ) | 0Lt Z T E LD TH D,

[11J. Yoshinaga et al., Appl. Phys. Express 16, 095504 (2023). [2] J. Yoshinaga et al., Appl. Phys. Express 18, 055503 (2025).
[3] J. J. Morihara et al., Jpn. J. Appl. Phys. 63, 080901 (2024). [4] ARJFUft, 25 72 [B1E R F S R LATHIHE, 16p-
Y1311-9 (2025). [5] H. Takane et al., Phys. Status Solidi B 258, 2000622 (2021).

@ 400 um
38.0 ; ‘ ; 108
Anode w/ PDA hv=35eV | —e—w/ PDA
i 1 1 @
(Ni/Au) 3T5E ) @ e @ p o's| —=—wio PDA P
™y 1 1 S
Si-doped n-Ga,0, layer %37'0 : : ! S 10%| _/ \
rown by MOVPE ~ e 1 ]
grown by MOVPE 10um 35 ! | £ /\><
(Ng=1.5 x 10" cm™) 5 I \ g 10"}
236.0 ! : AC 8
o [«N
n*-Ga,0, (010) substrate || _ ! ! g 102} /
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Fig. 1

Cross-sectional

schematic of Gax0Os (010)

SBD structure.
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Fig. 2 Typical C— curve obtained from
PHCAP measurement.
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Fig. 3 hv dependence of M in Si-doped
Ga203 SBDs fabricated with and without
PDA.
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MBE fi & L1-28% F— 7 Ga0; HEHRDERRFORILEH

Thermal Diffusion of Nitrogen Atoms in Nitrogen-Doped Ga203 Thin Films Grown by
Molecular Beam Epitaxy
REBRAIZABET !, tEEME? CMDME !, M2)LFE ML, M)dx &',
M) 5+ #hEE ', B €F' X ER 2
Osaka Metropolitan Univ.!, NICT? °Jin Inajima!, Tomoki Uehara!, Kohki Tsujimoto',
Yusuke Teramura', Satoko Honda!, Masataka Higashiwaki-?
E-mail: sk24068w@st.omu.ac.jp

EHE N) X, GO P TCTF 4 =TT 27872 L LTRDZE) Z LML NATEY, N F—7
Gar03 MBI Z AR 72 T /A A~DISHAPERE S5, a2 L, mOREaE, Zm FHEMEZ R -
7~EF. N=3.0x108-4.0 x 1020cm? L IEEVEEDO N F—7 GayOs Eli %2 5 FHio v 2 3 —
(MBE) i EFRETH D Z L 2HE L2 [1], AF. HFoi7e N F—7 Ga03 EH O N 5203,
Ga)0s FEFICH IAEFNHEAICTHFE L TODED0, b LAIEFRIICEE > TV D00 E RS
L7, BT =—VREIETONRE T 7 7 A V&g L7-O THET 5,

AR CHEH L7V 7 UiE, n-Gax05(010) K (n~1x107cm?) EIZ, JEX 200nm FHVT
N R—7 Ga,0; #li% MBE ilE L7oE TH D, 7 =—/LHETO ZIRA A B &5 (SIMS) T,
N=3.0x 108, 3.8 x 10'°, 4.0 x 102 cm? D 3 FHDO N F—7 GayOs @iz =, 7 =—/d, iR
SRR T o T INENEEE Z FAV T Ny ZRPHAT ., 1000°C, 20 4347 - 72, 2B, RKKPICIEET D
7 XY I LD GaOs FMRERETHYIC LY . AEER Lot 710 MBE IR/ AR T
VR Si R— 7L (Si=1-3x10Ycm?) FEET D Z & EMHRL TV 5,

Figure 1(a), (b) \Z. TNENT =— U U ZHIED N F—7 GaOs #llds LU n-GayO3 F-t o
N EEDOES S0 SIMS 717 7 A V&R T, 7 =—/L#% . MBE MEF D N EEIL, 7 =—/LH]
EHEE LT 60% — 70% & 72> TWvD, Zauid, Ga03 P O N RO Y53 LL EAY O HA b ~H
DiAEI, R E~ETFEG LI &R T, —HED O NFEI3EFRICFEEL, 2R o2&
T == VAR L2 B B D, N=1.8x 108em? O 7L ClE, B L7= N i
23, MBE /MR FmOmIEE Si F—7HBICEE L2 2R T V= REATHRND, Z
AUL, JEEL L 72 N RO 0, BT ESRIEICEEFE L TVWD T 2R L TWAH, N=22
x 10" em? OFE HFERIZ, FEIC NEEICHEI /NS R E—7 BBIE I DD, n-Ga03 Kt I
LI L TV D, N=29 x 100 em3 D34, MBE MO N EEIT, RO SiEE X —Hrk
XD N E—Z IXFERE T, n-Gar0s S TOHFHZ2BEEUZfE S NIRE T 17 7 A V3Bl
B3N, TOEMTPNIRETT 7 7 A A0 b, JERFRERICHES RN Lz N RO ERE
X D=588x%x10"cm?s & 72 o7,

AWFFEIL, BBEE ICT BRI OMZER 70 Y =27 b (JPMI00316) R HAE = A5 31
ZABSEEINOBHSE - FiEFEHE B GREAEEFE) ) OLFEE2ZTFEMLIZLDOTH D,
[1] FaEft, &5 72 S PSRBT S TR, 16p-Y1311-1 (2025).

1023 1 023

Before ——N=40x%x10%cm® After ——N=29x10% cm?

1022 annealing ——N=38x10"9¢cm? 10?2} annealing ——MN=22x10"cm?
c% 1071 ——N=3.0x10"%cm?® xpg 102 —N=18x10%cm?®
— 20 [ ~ 20
> 10 z 10
g 1019 b g 1019 L
% 1013 L o 1018 L
b=

107} 10"}

16 I L I L 1
1016 | L ! | | 10
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Depth (hm) Depth (nm)
(a) (b)

Fig. 1 SIMS depth profiles of N densities in MBE-grown Ga,0Os3 thin films and n-Ga>Os substrates
(a) before and (b) after annealing at 1000°C.
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RIEEAF > TyFoTICKYEBRERF—T L= n-Ga20s3 (010) EiRD
BES SUEREFEETE
Structural and Electrical Characterization of n-Ga203 (010) Substrate doped with
Nitrogen by Reactive Ilon Etching

RBRAMARET ', 15:E4H > C(M)EIL RIE ', ®iF Ex "2
Osaka Metropolitan Univ. !, NICT %, °Akimasa Mineyama', Masataka Higashiwaki': 2
E-mail: sj24911y@st.omu.ac.jp

AR, Fex OBFEEETIE, 8 (N) FV VR Z WS Ga03 i ~D N K —t' 27 &l A 7z,
R, REIICEBED N BNEVIAEN TODZENHERSNIZN, T D450 133 U 2 R E S
ILTHEY N R 7 FIEEL IR LB SO N2 T [1], A8l BFRIGHEAA =y T
27" (N2 RIE) (245 Gay03 Fabli~D N R —E> 7 2 =D THAET 5,

n-Gax0s3 (010) FEARZMEIZH LT, O N, RIE L, @ N RIE = Ny 77 —R7vEE (BHF) LB,
@ N, RIE = BHF A = 7=—/L', @ N, RIE = 7=—/L = BHF LH# L7 4 ORI Z &
72, N2 RIE £/ RF /XU — 200 W, Ny ifi & 100 scem., 30 43 [H. 7 =—/ L% Ny P& 1000°C,
20 34T 7=, 7238 BHF ZLERE, N, RIE HIZF ¥ SR—NTHFERO RN A DA 2SN T2 8T, F&
PR HERR L 72 SiOx BREZ HAYE L THRMILTC, LA B 4 FJEOREHIOW T Gl 21T - 72 |
YAy —UT X AF—R (SBD) ZAERLL, AW ERE 2 L 7=,

TRAF GBS (SIMS) 128D, 4 FEOREIENEND N BEOERST 07 7 AV % Fig. 1
(9, AREHDE el LT BB @IE R ) OIS 30-50 nm £ T N BN 1 HFFLE K&l b
LB, No RIE 72 R(285 T GayOs MR I AHEICEIRE N R—E U 7 BEBL CWhDAIENR 0D,
Fio BEO)., @Iz oW L, B & R LT, HicFKma D 170 nm FEEDOVESETHEE 1 x 10"
em3 LU ED N 23S 7-, Z3uUE. No RIE IZE> TRERFEIIEEICR—E 7SN N 23, 7T=—/L
ILVERIZ KO BE L7720 ThHHEE 2 Hid,

VERLL7- SBD O EAB—EE (C-V) Fitt% Fig. 2 1277, O LT, BT C 23k
<P L TNBIENSLZEZ BRI TWDZ L3035, ZAUE, No RIE 12X 5T GaO5 A F i+
IR —E 7 &7 N WERPITTEETHLT2DEE 2 BD, -, O, @IzoWTiE, e
JLEBIZCRFAP L TRY, 7=— VLB Z K> THEER L 72 N 23 n-Ga O3 R F O R F—%HfifE L 7=
LT, ZEZJEENEIZH N2 EMal b, LA EDFER IV, Ny RIE 28 Gax03 1% 95 N F—E 7
FIEELTHIITHLZEN -T2,

ARFZEIL, A ICT HAAEM OB 70 =7 (JPMI00316)[ Yk A0 = 15 3 2 B
FAfr o PH%s - EFEFHE G ) GREREEEF ) | 0Lt Z T E LD TH D,

[1] & Ffh, 25 84 [ES B 7K Z AN AR S5 I T RR2E, 20p- A302-15 (2023).

$E86MbAYEZENFTAIHRS HRTRE (2025 BPAZE RAF vV /IR &AVI1Y)

10% 200
_®Wf0 N2 RIE 180 F _®Wl'0 NZ RIE
22
10— @N,RIE=BHF __160F —— @ N, RIE=BHF
mg 102 | —— @ N, RIE=BHF=Annealing E14a0f —— @ N, RIE=BHF=Annealing
70; oo\ @ N, RIE=Annealing=BHF L 150F —— @ N, RIE=Annealing=BHF
5
b=
[7]
Q
c
Q
[&]
=z
20 F
1015 ] ] 1 1 1 1 1 0 I L 1 L
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Fig. 1 SIMS depth profile of N
concentrations in Ga20s3 substrates with
and without N2 RIE.
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Fig. 2 C-V characteristics of GaxOs3
SBDs with and without N2 RIE.
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B-Ga,0: BEiRFED GaCl TYF 45 & HVPEREIEZ X vl
BEANDEE
GaC(l etching of B-Ga,Os3 substrates and its effect on homoepitaxial growth by HVPE
HEREBIABRL ', fEEHE >, KRAILKARETL 3
(M2)fiH AR, MDARJI £, X E? EF RE2 B E52, B BRE!
Tokyo Univ. of Agric. and Tech.!, NICT?, Osaka Metropolitan Univ.}?
°Kentaro Kakuta'!, Takatoshi Kikawa', Takumi Ohtsuki?, Takafumi Kamimura?
Masataka Higashiwaki?*?, and Yoshinao Kumagai!

E-mail: s246355t@st.go.tuat.ac.jp

B-Gax 03 1F7 O i W AR R TR FLIRBE > B IR AR ST — T3 265EEE LTI S, 7734 A
EOTDIRET X X ¥ VERENSREFIE TR ENL TV D, YT —FTE, »~esy
AW RAHRC R (HVPE)iE & FIV o sl B 8 o0 i s il R [ 1] M O n BB EE PRI [2] & WS L C & 72,
LU, B-GaxOs (IS e b Fm » F v o M e < BRIEICK & 3 ERE IS Si 530 L
EREE L CLEYRENRH D, £ 2 CT4El, HVPE KEIZHIT 5 Galil TH 5 GaCl 1T L 2 Himi
R D insitu = T2 7 OAEEEBIERITB LOERICEZ VKRG L, GaCl =y F 712k~ T
RETEH XU Y VREROMERERE B35 2 LN hoT-0THET 5,

B-GarO3 FMRFZ I ATEET A (IG) ZF v U 7 HAIZHWT GaCl #4465 L7-BRICFRIRFIZAE T
% T ODONYHROS B 5325 10 T AFED M55 ) 2 EHGR I3 U TR L7, Fig. 1IZHE T,
GaCl 54550 F 1.0 x 1072 atm, SUGTEE 400 ~ 1600°CIZ BT B-Gax0s Ftl il _EICHE(ES D 4 ATE
DA 53 DOURFEARATNE % 7897, SOSTREE DN LE > T GaCl & Y GaO O Aoy [E 23845
ZEMLZyFUTOBITRNRR I L, ZILD DG ERNSIERO = v F 2 7 RUGNE B-Gax0; (s)
+8GaCl (g) =4 GaCly (g) +3 Gax0 (g) & B 2 B D, FERRIZ SiOr v A 7 /X & — & B-Gax03(010)
B AER L 1000°CIZH T GaCl Z G ICBAERIE L2 & 24, 0.92 nm/min Dy F 7
HWENHER SN, £7230s O GaCl = v F 7 H#IC

HVPE B S 7R B4 %o v L@ o il 101_2 L e
GaClx v F > 7 2ATD R eIt Tm Ed2 g cacl
ZE Bt 0

ATFSRE, BEE ICT AERORR#E7a = § 10
7 N (IPMI00316) % A% = A5 /3 o 2 B Ho i g 108
B - ALY (B M) GEEEHEEE oFitz: 100
ZUERLIZbDOTHD, ZOWEO—EIX NICT 5t 10-1zr AR/ S

400 600 800 1000 1200 1400 1600

Uit ICT 7 /34 A Z 78 CHh S iz, Temperature (°C)
[1] H. Murakami ez al., Appl. Phys. Express 8, 015503 (2015). Fig. 1. Temperature dependence of equilibrium

partial pressures of gaseous species over f-Ga20s3

[2] K. Goto et al., Thin Solid Films 666, 182 (2018). under a GaCl supply of 1.0 x 10~ atm.
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Ga;0; D rf BR T35 XYXIE ALD Hi R & £ DER ST

Fabrication of nitrogen doped Ga:0s thin films by rf plasma-assisted ALD
and the electrical characterization

RAKXI! % MK, &)l B, K K, S R, B &£xX!
Osaka Metropolitan Univ.!, °S. Ata!, K. Furukawa!, H. Soma’, T. Yoshimura', N. Fujimura!
E-mail : fujim@omu.ac.jp

[ITUDIZ] VA BV R¥ % » 78R f-Gay0; D p BRI ANT 727 77 % R—v 7
Ol e LTEZEIRFN SN TV DN, 20T 727X UEMITH 13 eVIEETHY | RIRTOE
SIEMELIIREECH D[1], —FHTo N =7 Gax03 & n ! GayOs DIEAICE D, BELE3eVoOE
WA VRT UV VBT D EBER LN ARETIT. ER - 7Tkt e LT,
FERGT AR OFIPR S U720 TR 22/ (59 130 cm?) IRV TR L OV ALD JFUERE A 23 Al AE 72
MHO ALD 3EEZFE L, EENICRE L of 77 A~0fiz ) CT& 7z, B0 opric
KU, YA EHRT T A0 5HIE Si X Ge DEIRE(D AIHEZe B UGMEZE FTE N, second positive
system [2] NVERRENTWD Z L 2R LT, ZDOIEMEA -GayOs FEHUZIRE L TERL L 723 =
v ¥ = A F— NZBW L, RELEDPER I, S HIC, EZEROMEME R —REN
WD UIZ[RTES), A T, if €579 A~ 28 ALD lRIC L5 N F—7 Gay0; D HifiERk
RaRd Bk e ®mET 5,

[ZBRFEROWEER] 900°CEEZFRHK T =— /L4 i L7-(010) Ga,0s HifE itk Flz N R—7
Gay03 O ALD kEZ#{T-72, Ga 7 U h—H—L LT TMG M\, BLIRE L CiE/ERIES
AN of 7T XA~ Mz, 22T BRELEROBAL 1.9 OIRE T T A~ 2 i
plasma-ALD fEZ 1T > o R A RT, 77 A~ 4RO RF 1% 50 W, 100 W, 150 W & 2k &
BT 700 YA ZIVEIE LTz, £ DK AFM Efg % Fig.1 12777, RF /O N RMS 1%
0.71~13nm ~ &ML, ARTIROTEE D fEg S iz, £7-. RF S 150 W T 100 A 7 LRk
g U 7= 50BHZ 2 T SIMS 08T & 1T - 725 % Fig2 1R d, NIEEILK 2102 cm™ T 5nm 2
FEDEIED Ga0s AT SN TE Y, Ga BLN O OMALILICIT K & 22 (LITRE TE 2o
72. Y HIZ ALD THE SEZZEOBLSHFEOFM b &0 CHEmZ1T 2.

[BEE] AMFIEIL, #5548 ICT EREINOMFERRE 7 vy =27 ~ (JPMI00316) [TRIHEARE ==

TUT A APEEAT OB « FEREF¥E GBI ) OZFEaZ £l L7,
[ k] [1] L. Dong et al., J. Alloys Compd. 712, 379 (2017). [2] R. Hayakawa et al., Thin Solid
Films, 506-507, 423 (2006).

8 10 , , 100
a o)
g 20 2
3 107k o
* 3
c =
[0]
-% 10"¢ Q
g 10"F 5
S c
o 17 =~

z 10 0 5 10 1(‘9
depth (nm)
Fig.1 AFM images of Ga.Os films Fig. 2 SIMS depth profiles of Ga, O and
grown at different rf powers N in GaxO3; ALD films

© 20255 [CHMEES 21-096 21.1
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Hf REFEAH/WBG $BK p-Ga,0; REEFIBEDREMT
Analysis of electronic structure of Hf-based ferroelectric/f-Gaz20s interface
BRAXT OHI B, [Z MK S K B X
Osaka Metro. Univ., °K. Furukawa, S. Ata, T. Yoshimura, N. Fujimura
E-mail: fujim@omu.ac.jp

[IXCHIZ] -Gar0s 1L, 4.749eV DRKE72 KXy v 7 %2AF L, 8MViem b O @\ O iz
B EENT N TOMEREREZRTZ 0D, RN —EAKE LTHEAEINLTWS
(1], F£7z, HE REFHEEMIL, 3 nm F2EOMER CHMEFFENEZ R Z L b2]. mEMMEE
7 —F N7 P AZFFET) OISR BIFRF STV D, Hf RIFEMRITELZEHTH D
Orthorhombic (O) FHD A RFFEME R T T2, YO Si 2 EORHiMY R—v' 7 BERKMHD
A, ¥v oy ST = VEOFIEIZLD O HOREIZET 2N HEESI N TVD [3-5],
INDEEBT 5 2 &I X DBbitsiaiR R 8K MOS f#EE 23\ T, Hf RIRFEER
2 20 uClem? (2 H B8 X SE R AR GBRREORIEIR N RRUT 0 v T EFR L, -
Ga03 IC R—E U 7 ENTBHRICL > TBKT 58 1.2eV DIRS DT 4 —77 7 &7 % 3\EME
(LT DHEEMENE X LD, AN, Fl—F v o/ 3—HNT f-GaxO; E~DO N FRE 21T Z LD
T&E 587272 ALD #iE % T HIOY/B-Gax0s M2 ER L, EmdEmSORmElL, BLO
HfO, OFITERL AN A B TSI R E T EEIC W T, BREIE % VTR L7 RicH
WTHET D,

[EBRAZESIUER] Ny BH 24T > T2 (010) f-Gax0s FHap '

iz, #9910 nm O HIO, #ilE 2 i RAIREE 250 °COEL ALD 15 TfE
L7, AIBERICIE TEMAHE, BREIRICIE H0 & VW2, R w/
%, No AT T 800 CORERLT =— L %AT > 7=, FhdmiER ot by i e
UM A X FRIET(GIXRD)IC X 0 #FA L7z, # OS54 Fig. MMMWMM
LIZRT, ZOREHIIZMFEEM TH D O HERD DD F— s ¥ R
B /SR LTV ARNED, ML T 4, O FORMAKE L deay
LTW%, BE—ZHEEEZFET DL, 66%0 MAH, 34%23 0/T  Fig. 1 GIXRD patterns of
2 A DAV, ZORBOFESEFRCH . fGuos i g atee S0 on
T~ Ohmic iD= Si A AL FEAZAT S TZRIC TVAL g
FiA EB B LV ERIL 7=, ZoREBHIxIL C-V JlEE{T->
7o R % Fig. 2 \2R”$, MOS & D BIf 72 C-V FrED 5 H 40T
BO ., EEAEND HO OFEFIL 19 Lk biviz, £z, 4
HEMHEEOE AT U AT EAE RSN, GIXRD HIERE
REHDOETHFBEERMEN BELICHKE L TS Z ENRE X
N5, 4 B RSB R (L b &0 T 5 EIK/-Gar0s % 5 0 5 10
REOT FREIZH LT 2. \ Fig 2 Result of C.V

[B&E] AWFZEIL. #HE ICT HAFROMZEERE 7Y =27 M peasurement of HfO, on

(JPMI00316) [ AR = 1 BT S ARG OIS - 525EF  (010) f-Gax0s.
¥ (BT OoFFeEZTFER LI,

[23%C#R] [1] M. Higashiwaki et al., Semicond. Sci. Technol. 2016, 31, 034001 [2] M. E. McBriarty et
al., Phys. Status Solidi B 257, 1900285 (2020). [3] L. Xu, et al., J. Appl. Phys. 122, 124104 (2017). [4] Y.
Zhou, et al., Comput. Mater. Sci. 167, 143-150 (2019). [5] K. Takada, et al., Adv. Electron. Mater. 7,
2100151 (2021).
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FANEY FERLICEELEITES XS vILRE B —Ga0: D S/TEM IZ & &R
Structure analysis by S/TEM for f-Ga20s epitaxial films
deposited on diamond substrates
AKBRET ", AKEEM?, AIXI® CM)HE &' 8|t M’ & aH?
it fEE, Sreenath M. V.!, £ 80", AR BE®’ BAB R A rid, HR Al
IGSES, Kyushu Univ. !, URC, Kyushu Univ. %, Kyushu Inst. Technol. 3 :
°I. Misono!, S. Nekita!, H. Gao?, Y. Ikegami', Sreenath M. V., Y. Wang!,
Y. Katamune?®, H. Naragino!, A. ZKkria!, T. Yoshitake!

E-mail: itsukimisono 1114@kyudai.jp

B-Gax03 1L T A R/ R¥ v v 7 (4.9 V)o@ MR IEEE R (6.5 MV/iem)Z A L, kD —
FRA ZA~OISANEE SN D, —F, f-GarOs IFBVEE RN D TR . T3 REERFD A
ORI L 2WEMREI N TS, £ 2T, HIFRE TR ERPIWE P RSO F A ¥E
REDA~T affEz g 2 & T, MRV HATE L, #A4YEL RE B-Gay0s (35T
I IRI-1.6~22%E /NS <, pn HEA TIZ AR 7 DRWERI 7R ~T 1Ny N & o,
ZOZENLEBR AT B EEORT L LTHIRF SN TRV EFETIIRF v 7% ka2 AN
v Z Y T REMS) & FAIWT, A Y& RUIDEWR EA~D f-Gax0s ~T B T B X F ¥ v L FEIC
R L TWABL BERTIIRE O V2 ¥ o ¥ M % X SRR mEE 7 406 PR LT
WZs, ZOFERIZIA O NIT 72> Ty, £70, Mt E T ORI SHEMOER & 725 3 K
TERE DO LR I NIz, & 2 TARMIE T, EAAEIRE T BSI(S/TEM)Z AV 72, f-Ga0s/
HA YT FREEEOMITC. 3 IRITAR ISR 72l RO E L & 3 5,

[-GayOs HEIE REMS Z i L Ar A, GayOs BEf ik &% — 47> b2 HWTH A Y& }\“(111)%
W EIZEEHGREE 700C TRUBE L7z, B O TEEIEO—MEZ IR A 4 B — LI K0 EFHR1E
AIREZR 100 nm LA R AL L, S/TEM #1522 ki L 7=,

Figure 1 & B-Ga,O3/ % A ¥ & KM IZH1T 5 High
Resolution(HR)-TEM 4% 7~9, BEFRAHGMITNT D
XAYELR[1-10]TH D, p-Ga03 ED HR-TEM R IZ 5\
T f-Gax03<010> & f-Gar03<132>D JF Bl & 23R8 S iz
ZEDE R TR ENT f-Gar03;<010>// 4 A ¥ K[1-
101 & f-Gax03<132>//Z A ¥ & R[1-10]OD X F 2 v )L
B AR B, Eho, REMEMHZ HIg L LB .
[~ v & 7 Tl R OEVITIRE FA A D#E  Figuyre | HR-TEM image of f-

VT kT B T L AR X U7, This work is partially Ga;Os/diamond interface.

financially supported by Joint Development Project between TSMC and Kyushu University.

[1] M. Higashiwaki et al., Appl. Phys. Lett. 100 (2012) 013504.,
[2] P. Sittimart et al., AIP Adv. 11 (2021) 10, [3] T. Kusaba et al., Appl. Phys. Express 16 (2023) 10.
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Si F—EVIhEERFAVEY FIMDEREICEREL
B -Ga,0: ED#ERIEICEX HFEE
Effect of Si-doping on crystallinity of B-Ga:03 films
deposited on single crystalline diamond (111) substrates
AKBEL!, ATKI? ELBES OM)tE EE", Sreenath M. V.!, E #id 1,
HE &, AR &L BAHF B! Kéh #ix’ &8 RE® A kria!, SH B!
IGSES, Kyushu Univ. !, Kyushu Inst. Technol. 2, AIST 3 °Y. Ikegami', Sreenath M. V.1, Y. Wang!,
I. Misono!, Y. Katamune?, H. Naragino!, S. Ohmagari’, T. Kageura®, A. Zkria!, T. Yoshitake'

E-mail: yuto_ikegami@kyudai.jp

B-Gax03 1X DV /L b T U A RNV RX ¥ v FROEHIRIEE SR 240 - (L P e 2 A L,

WREREE /ST —F 3 ZARWET NA A~DISABFF SN T D, L, BVRER D TR
p BUREDOEBINRNETH L L WS ERH D, £ 2T, p AREDHIENES T, WE EP

KEDBMREREFFOFXATYEL FED pn ~7T 2 IC L 0 ARREARRICHER D A TE 72, i
B pn ~T B DO TRV F— NV REEIEICA NSRS 7 DBFE LN LU 70 R—7 B-Gay0;3
BefsiR 2 — o I\%Fﬁb\fz RF~vZ7Rbrr ANy &Y 7 (REMS) BICL D=2 %2 v /LE
DR & WA L TWDR, REFFE T, n BB-Ga O3 WO /ERLZ [T, Si R—7%—7 > M & H
W2 BRD B-GarOs D i & 2 T DWW Cikim 7 Do

FEBWAREZ T v R—7B-Gax03 = "X F 2 ¥ /UG B A7z 700°C (ZHIEI L, SiO; & 0.1-2.0
W% AN L 72 GarOs BEREIR % — 74"~ - & VT REMS (2 X ¥ B-Gax0; Ml & plifit L 72, 357
R ORGSR E T X AREHT (XRD) (2 X 0 FHii L7z,

(@,

B(201)
B(402)
Dia(111)

L B(603)

Figure 1(a) (Z 20/0 A % v JERI R A RT, 01wty | 7 |
— %y N RV TR LT B-Ga0s T p-Ga0s (201} 2 4 € Jk ﬂ
A YEY FUDIRBEIND E—2 OBBRERS iz, £z §

0.5 wt% & 2.0 wt% TIEE— 27 DR ST, FFIC 2.0 wt% Tl L 20w

30 40 50 60 70

(=]
N
(=]

TENT 7 AZRTANB—NF— g Uiz, Ix T, 204 26 (deg)
X Tl 0.5 wt% THEE DO ZAE Mk IR ARl e —2 ) g g § g 01 wi%
R LI T, 20 WhHTIRE =7 ZHRTE Rdofe 3 [l
(Fig.1(b)) s ZALHD XRD /3 — 2025 0.5 wt%lh ETiE, ~ :g/ NS VIV N W
B N—E U 7 R 2RI T A &R &he s 2
HEE SN D, — . 0.1 wt% CIIBHREZ S mPE O T I3 = 25 30 35 0 a5

20 (deg)

T, TEXF U AREEZ R TBANA GO, 2k Figure 1 (a) XRD patterns of 20/0
0| RIREE SiO2 RIS —7 b & VAR LY . =4 scans and (b) 26 scans of B-GaxOs
XL VRE~OEZEE L 5o, Si F— L S RERT films on single crystalline

diamond (111) substrates.
DL ENRBEENT,
This work is partially financially supported by Joint Development Project between TSMC and Kyushu
University.

[1]P. Sittimart ez al., AIP Adv. 11, 105114 (2021). [2] T. Kusaba et al., Appl. Phys. Express 16, 105503 (2023).
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BEZFRALEILFIVE GeO, BIEDH S5 AER EADER

Fabrication of rutile-type GeO: films on glass substrates under high pressure

P KL
OLemuE |, JIFEH 2,

ME - BT
=31 [

BEF . WWHER'

Chubu Univ.!, NIMS?

°K. Shibata!, F. Kawamura?, M. Miyakawa?, H. Yusa?, N. Yamada'

E-mail: n-yamada@fsc.chubu.ac.jp

[(#E] LF N GeOo(r-GeO) | T 72 /R T — 2238
Iz 055 kﬁ;ﬁﬁfémﬂ\é[l]o L2 L. GeO, I
AR JEEE ., VT NRID AR R L X — ST
LTEY ., HEEZARHCIRMAER L 725 2 L A% 0
[2], ZD7-%, HID r-GeO, I Z i S8 5121
TS X VEED AR THoT2[3,4, —F
B X v VEETR LT r-GeO, W% 1572 84 1
7200 1-Ge02 1X GO, D H b e b E DN FVVHH (6.26

glem®) THY |, METLENTHZ LN TFREND,

Fex 1T ES1 & LT GPa kO i i E BVLEE (HPHT)

2L SR O R A 15 5 BT 2 feSt LTV B[S,

6l ZOEMAEIGHL, mve 2R v L2Eb L
T r-GeO, Wil A5 25 Z S ICHY AT,

[EER] JEANE GeO, HIBR{ATENRZ HPHT & % ME
KA T CTOBULBLAPHT) Citdb b S W72, FEANE R
BAARIE, Ge #—7 > M W BOGEA X > Z1ET
T NT )T T AEMEA~ER LTZ, 2JF 0.5 Pa,
Ar+0, FFAK F(Ar: 02=1: 9)DIRAH AP CTHA &
INBAE IR AAT 72, 15 5 AL7o I B HiBE A
Rz EEE VICE AL, ~r MRE R E 2 VT
HPHT %Z1T -7, HPHT D&%, F7) 6.5GPa, il
B 700°C & L7z, APHT OBNIEE LR L Th 5,
SPPRFEBR & LT, 500 °CITINEN L 7= Fapr~fs st oo
GeO, Wl 2 B EERNE S 5 = & bk, SRR L,
SO GME IR E R R DR SG: LRI L Th 5,
5 DT B O A 1 2 X BRIEITIE(XRD)IC L 0
REAM L 72,

(458 & £5) HPHT TIIIHV Vil 0 BEAHD 1-GeO, 73
EAE ST, FDONR RE Y v 72 IR R D

el TAhH 46eV Tholo, ZOEIZICHE 4.7 eV[1]
CIFFE B L, —J5. APHT Tid, ANHmOfA%E
A GeO, (qz-GeOy) WAERL L7, qz-GeOs Id GeO, D
Ih, BENFREEDO (4.65 gem’) THDH, HPE
RSB TIE, 7 U A FNT A M GeOx(cr-GeOr) 3
GO 70, or-GeOs (XZTE D 720> T hie & IR £ 70 +H
(3.95 g/lem®) T b, Z DD ERIESA: A FFt L7223,
IF VLD GeOr AT D Z LidihroT,
ULOERTHONIHEREELDDE, 1O
oWk, 2F0, ERT v 2DENEL 7R
DITHONT, FEED EOEDME ST AR RS D )
RO Tz, =85 F 2 ¥ VEZENZR LT r-GeO, 245
AHDIZiE, mET v ARNERITH D Z Enbo

ST,
Rl TOERFEHEEFT HHEOEE
EA BE FE
EERR 0.5 Pa ™1 | 3.95g/cm?
APHT 0.1 MPa *& 4.65 g/cm3
HPHT 6.5 GPa M 6.26 g/cm?
[152])
ARBFZEIE NIMS JEHEEHLS T E O T X0 FEi S iz,
(%K)

1) K. Bushick et al., Appl. Phys. Lett. 117, 182104 (2020).
2) S. Chae et al., Appl. Phys. Lett. 117, 072105(2020).

3) H. Takane et al., Appl. Phys. Lett. 119, 062104 (2021).
4) T. Suzuki et al., ACS Appl. Nano Mater. 8, 7796 (2025).
5) K. Makiuch et al., Cham Mater. 35,2095 (2023).

6) K. Makiuch et al., Mater Lett. 358,135830 (2024).
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NILAR L—F—HTERIZ K BILFILE GeO: D
BREEFHEREAD=XL

Phase stabilization and growth mechanism of rutile-type GeO: by pulse laser deposition
HMEXRTR, HEX70MH? CfKK #Hth!, HFE E,
HF BN AE R, T FRY, BT TR, Ms fx 12
MDXES, Science Tokyo !, MSL, Science Tokyo 2, “Tomoya Suzuki', Kaname Sakaban',
Keisuke Ide', Takayoshi Katase!?, Hidenori Hiramatsu', Hideo Hosono!, and Toshio Kamiya'?

E-mail: suzuki.t.dv@m.titech.ac.jp

[ixT®iz]

WHARDOEMHE ST —F S ZAFHEE L LT, YA R¥x v TR B8R ~DO B3 &
FoTEY, T, BT Y UL (Gay03) DIFFERARENED LTS, LarL, GaOs 21X L
D ET 5% < O H-ER T p AUREOEB LR CTH Y | ERICHIT 72 K& 2 & 72
STWS, 2O X5t LFAREBLA L~ =7 5 (1-GeOq) WETT- 72 A LEMEHE L TR 24
HTND, 1-GeO2 1L Eg =4.68 eV ZHTHUA RV R¥ v v Ik TH Y | H—FBEEHEIC
KO pHl - n O IFOX¥ VT F—E IR THDLZ ENTRINTWD [1], FFEMIZHE
WERFFIERRE ISR T 5 O 2p BUBEM OV EGREEF BAERIC X 0 | Al D =1L —3
ERL, ERLR—EUIRBHIT2D [2], T TICEE L Rl RIEICE D 1-GeO, =X X3y Lk
FEDIERID S STV B 23, mdn B 72 AR O RN TR IR & U CTHENL STV 720, Ui,
GeO \ZIFHEFI CTd D a AHFFARLT E/L T 7 ZAFHE W o TeBEATINAE L R OHIE 238 L
WD Th D, ZD DDA R FANA A 2 HWie F—E 2 728 T\ 5,

AW T, 7OV A L— W —HEFE (PLD) {E&2HWT, sEIRE (Ty) & EEFEDE(Po) 75 GeOo
MO R 2 DB A2 RHINCRN -, 2o 22 2 & T EMORIEC R Lz,

[(FENE]

PLD JEIZ XY c W7 7 A 7 HEM EIZ GeOy Wl A pliR S8, X MREHTEIC X 0 HIFEZ1T 5
ZE T Ty & P &l & LTz GeOy BIED R RAM A LT (X)), £ DfER, T,=500-600 C
73 Poy < 107! Pa DR HILIZEAE T T r-GeOy T X F U ¥ VEEN S O N, a AEMITWTH
DIRESRMFIZBWTHiER SN o7z, L, K - @MEEEE T (Ty =500 C, Poz > 107 Pa)
TIEEHENBBITHEM L, TEALT 7 ZHOLENRR S, T, = 400 ‘CLLF T3V F/UAHIR
REETTELT 7 AP IR Th oo, —F, @il - AR T Tk, RO FARE N
B L 720 | Ty=700 °CTIIHEIIIAE Lzd o7, 2

’ 70010\ im © 10
LOFERLY . TENLT 7 RO ZE I Z T 1-GeOy D ;
WM A D IS Por SUEDRAIRTHE, o [ o T
SIFIE GOy MO TASE L AT HHMTHD 2 L8 § Rutile phase !
B BME 2257, 1-GeOr DFRE & HARFEOBEAIT., RE ° T
500 t|o /0 0o o] o0
M OHIE 2 EHECT D750 T, F—X2 MREEOH] :

1 R LT D, 24 AL GeO, DR R A T = X 2 ol A“"‘;’P“Ws P“a:‘-‘
CCOU\Tgf%HCC%E%ﬁ_%)O 16—3 16—2 10—1 100 1t}1
[1]S. Chae, et al., Appl Phys Lett, 114, 102104, (2019). Po, (Pa)

[2] C. Niedermeier et al. J.Phys.Chem., 124,25721,(2020).  Figure. Growth Phase diagram of GeO film
deposited by PLD at different 7 and Poo.
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SRk CVDEZA: e-GaFeO: EMRLICHKET 5
K-Ga:0: BEDERBRA N =X LA
Crystal Growth Dynamics of k-Ga;O3 Thin Film on e-GaFeQO; Substrate with Mist-CVD
RIGK' BAKXE? Oy =fi', m# KXK' LtA B2 @f &
Kyoto Inst. of Tech. !, Meiji Univ. >
°Misuzu Sugimoto', Taisei Kano', Osamu Ueda” and Hiroyuki Nishinaka'
E-mail: m4621020@edu.kit.ac.jp

K FARRAE A U 7 L (k-GayOs)Id/ 8 U —438 K & U CIER 20 58160 ) 7 A DOFERE KD —>
THY, $ 5eV DJRVNY KX X v 7 LR ERFEZ FFo 2 &2 DR ISR B S LT
< OWFFERITHON TV D, 1k-Gax03 D H /31T GaN ORI 105 TH v 1, ftsk L v b EEED 2 1k
JLAE T AQDEG)DERN TR S 4L, L0 @R NRT —F A ZAQEBEDBHFEIND. DX
7, Fxld k-Ga03 DFEETH o 7205 K A A % e-GarO3 R 2 VD Z & TH—RFA A v
BAITHEED LT2RL 2 D «-Gay03 DF /3A AT T, e-GaFeOs 5ot FIZ 31T 5 ikt o BLfig
SfEEmtEO IR K THD. %@7‘:&)2&%}% , XA B CVD EIZ X D «-Gay O3 Hifh iR D
PSRN 3N THRIE & Ak 0 A 7 M DA HED R di 1T HELPLNNCT A EHE L.

AHFFETIXATHRER 2 S5 L, (001) e-GaFeO; ﬁwﬁﬁ 2 D)EM D F 7 A DA E, 2) i o [
D2 f 2 AL S BTz 1-GaxOs WA 2 EEUFIL L, /T X — 2 — )35 dh OBIE 2 K a“ﬁ%“
ICOWTHELZ., EFWEM~ v B 7 RSMIC L VBT HEEDBR 21TV, KEMIC
TRMaAE CHA 9 5 IR (BRI 2 L. S 512, EBAE 7 BISSL(SEM), % ﬁ'li'-é%iﬁ
RBI(TEM), X FRIEIHTVEXRD) & FW R R EEORE R BB I S W CREI i A A 1T o 7.

ZF DFER, ©-Gar0s DERFURIE & kT4 7 1 & 2130 b R D 4 7 4 OF I AFE L TV
L2 EAVHIBA L7z, 194 7 B EORFTTIE, RSM X 0 EEAEUEIE 118nm LI L 14lnm LR Th 5
ERFE T E I2(Figl). —J7, W7 2 W73 G, B RRFNIT L 0 E 100 nm 5205
thE -T2, E5H1Z, SEM & W TR 23R — OREHI & LI DA 7 O OB
PEBSTHA L7/ER, A7 0y FEWR EICBWTOR, 5677210 TR 7 T v 71 X Ao
SAEPHGRTE 2. 2O OBRITIERA 7 A O ENERORE#EZ ST 5 Z LR
LEZLND. ZORRIL, k-GarOs HARD R DB 2 1R D, BRSO REIC DR,
LSHOTNA ZERICTETHZ ERHFHTE D, YAF IO ORBREFEMICHRE T ETHD.

(a) 118nm (b) 141nm

'(_206) K-Ga,0s layer

,29@ K-Ga,0s layer

aaaaa

aaaaa ik il
= (206) e-GaFeOs iz (206) e-GaFeO;,

Fig.1. RSM around (206) reflection of K-GazO§7s-GaFeO3 at growth times of (a) 118 and (b) 141 min

[1] F. Mezzadri et al., Inorg. Chem. 55, 22, 12079-12084(2016).
[2] H. Nishinaka et al., ACS Omega, 5, 29585-29592 (2020).
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SR LCVD ZALV:
F F—Z 12 & % B —Ga,0; DFEE M H|
Controlling the Conductivity of F-doped p-Ga,03; by Mist CVD
RIMK'!, S54XT79/80—X2 OFR —H', =€ "2, BEdh Lz
Kyoto Inst. Tech !, MIRISE Technologies Corp.2, °Ichiro Seike!, Hiroki Miyake'-?, Hiroyuki Nishinaka!
E-mail: m4621021@edu.kit.ac.jp

R OHERRRAEE R 2 L, BRIEIC L0 RABRERS L 7 2ME= 2 MSERRTREZR 2 &0 5
B-GarO3 IFR IR DRI R AN T —F A ZfPELE L TRATHITE STV D, 73 ARSI
T, B ERERRRICMA T R—Er 710 5% v U TIREGRIEHAEZECH L, B-Ga0s (2B
LCiE, Gafll & B 5 n B F— 32 b TH 2 Si, Ge, SnlZ & 5%+ U 7 IREHENHE ST
WAH[1-3], ZDO—FHT, O &EHRT 5 n M F— R0 b THD FIZE L TUXE - JRBEFE TEWY
RP—HWEAL 2D 2 ERREN TN DIC LD B [4], KRG I, ZnO[5]%°
SnOL[615 DML DOER W ERTIZT 2 7 /v F—=712 kv | FEMERFH LT 5®ENRINLTED,
B-GaxO3 IZHBWTH O IO R—E VT OMENITIEETH D, &I TAMFIETIXI NHF 2 F K—X
v MEEFE LTHW, R ARCVDIZEY F R—7 B-Gay0; % iz &8, ZORHMliZ1T - 7=,

Fig.1 IZF R—7RN 30%DHFD F F—7 B-GaxO; D AFM B TH 5, \WThoH 2 7Lz
TH Fig.1 DX 9 7R[100)5MAIZA F T A FIROEKEE T + 1 =R R 6 TEY, RMS roughness
WZERBWTH Inm LUF & FEFICRE FHEMEO mUVERNE STV D 2 & AR S, Fig2 i
RIS T O F R—=7REeF v VT REOBREZRLIZODTHD, F R—7RPHEINT 51
ONTH v U T RESEINT 2BAICH D . F v U T REE 1L1X107em™ 235 2.3X10%em? O
FCHITHFEE Ch o7z, FoF ¥ U TRE 1L.1X107em™ O & b mWBEIE 83.7cm?VIs! & 72
27,

[1] K.D. Leedy et al., APL Mater. 111, 012103 (2017). [2] E.Ahmadi et al., APEX Mater. 10, 041102 (2017).
[3] A. Mauze et al., APL Mater. 8, 0211104 (2020). [4] J.B. Varley et al., Appl.Phys. Lett. 97, 142106 (2010).
[5] K. Kang et al., Appl. Sur. Sci., 535, 147734 (2021). [6] K. Ravichandran. et al., Physica. B, 404, 4299-

4302 (2009)
lo:ﬂ
= loet A
.‘g .
% 10% .
“é = L Undoped
S
B T T (TR T/ I ()
[F1/1Ga] [%%]
Figl. AFM images of F-doped B-Ga,03 Fig2. Relationship between F doping
with F30% ratio and carrier concentration of B-Ga,O3
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Epitaxial Growth and Structural Characterization of Nb-Doped (GaxIn..):0s Solid

Solutions by Pulsed Laser Deposition

BAKET ',

WE - MR
O EE fKE2, MR BEE LS

BAK MREL3
MR E2 RE AL

Meiji Univ. !, NIMS 2, MREL?

°Masaharu Watanabe'-2, Atsushi Ogura'-3, Toyohiro Chikyow?, Takahiro Nagata? !

E-mail: ce251025@meiji.ac.jp, NAGATA.Takahiro@nims.gp.jp

[1ZUDIT]) GaOs 1 TIEWA Y RFE v v 70
R TR R DAL T DS B YR A
ROTA FX ¥ v 7PEEE L THEBEINT
W5, LU, flEE7e GayOs X L =8k T
%U@ﬁ%@%%ﬂﬁ%ﬁ/mi*W¥ D

VERIBEADFESN/NNZINEINTND
;0)7:&) X U THECE R— s 75>—ﬁ§<“
FIZAHWGILTE D, Siy Sn, Ge 72 &, #hE
72 n B R— X0 "I HHRE ST D, —
T, Ga-O fEAIiEsmnA A oA AL TR,
Frohlich OAHBAEHIZ LV EA-- Fﬁ élz;'n =
*+ /) UBELDR XY UV T RBEO IS b LB
ZHNTWA, FxiTonE Tlz, (GaxIni)203
EAEALIC LY Gar A FEIn TEMHRTHZ L
2L - T, x= 0.7 YL EOHPHIZEB VT B-Gas0s
G2 L2 FEE n M= Zlc@m Lz
WG ZEND 2 & il Liz[1], AW
x= 0.7 LA LD (Gaxln| )03 [EEARIZND 2 K —7
L7z & & DO(Gaxdni«):03 OfffatEiE M N7 =—
U ¥ ZIC X DG IE~DOREBIZ OV THE
L7z,

[32B2557£] 0.5 wt.% - Nb:SrTiOs(111)2EHR
(STO M) Lz F R T A LA L —
P —HEREEZ O T, (Gadnix)203 (x = 0.9,
0.75)® Nb & FEAR BUE AR 0-10 wt.% Nb) %
FENIEE 500°CTIERL L 7=, fEdaidiid 2 kot
X #RIEHT F5E(Q2D-XRD)D 20/0 A F ¥ %
CREAM L 5 AR AE ORI E AR IXNT & 2 fifsT &
Fhti U7z, F70, Na ZRPHS T T 900°C, 2 FEfiH]
DT =— I U7X DiER LB Z T o T,

[ B AE R ] Fig ()l T pk % O e
2D-XRD OHAIEREF L D  NbEE D 0-2 wt.%
DOFIP TIE, (Gaxdnix):03 (x= 0.9, 0.75)I% 18.7°
FHTIZ(-20)E D B — 7 PR S, P
ERfERF SN CWD Z ERNbhotz, —H.
Nb RERZNLL EIC/ s ERIE— 27 BiHK L,
FEEENBIE L TWD Z ERHB N 2o T2,
Fo. ZORBHZH L TT =— U » JALE A2 AT

STofER. Nb 0-2 wt.%fElk TP STO Ftkd v
— 7 THIHAL LEFM 325 & B-(Gaxdnix)203
(20D HE RO B — 7 FENEIN L, fESED
M ERHEERESNTZ, &HI2, T=—V 7R
I — 7ﬁﬁ”ﬁh“@\7‘£75>o7‘_ﬁNbbi%f“ﬁEijZ“C“
HEHTE— 7 R S AL, Nb RIS L
TEfAERIZ 7 LT, Ga & Nb DA A
EBEOBMENS, Nb A Ga V1 hEEHT D
%4, Bragg S X 0[BT & — 7 1 34& T 5K
DM X Nb JRE ORI - ﬂf&ﬁafﬂﬂc:
V7 hTAHETREIND, UL, EEEIC

Nb R EEfEIL TRl ~D > 7 23R éimto
Z T B-(Gaxlnix)03 OR20DHIE—7 L0 %
232 @ AN (002)H O v — 27 NE R D
k-(GaxIni )03 DIFTEIC L D AIHEMENRE 2 B
%o, T7bb, Nb REDOHIZL Y | Kb
DS BFHDN D ki~ EH5R LT D ATREME DS RIR
T, BETIE, L0 AT &
BRFFE~ DB O\ Cigm T Do

Intensity [arb unit]
(((((

(@) (b)
10 - 10 | ‘ | |

uuuuu

9L

Nb concentration [wt.%)]

Nb concentration [wt.%)]
S - B W B LU o u ® e

S = N W A U o 9 ®
T T T T T T

S v S v g 0 9
wwwwwww
ﬁﬁﬁﬁﬁﬁﬁ

20/o [deg.]

26/ [deg.]

Fig.1. Heat map of XRD 260/w scan profiles for the
(a) as grown and (b) annealed (Gao75Ino.25)203
films.

ZE SR
1 R i, 55 83 [ES B P ZR AN s
AT TRALE, 21p-B203-12 (2022).
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74 F7EHRE rs-MgO EROERERE
High temperature growth of rs-MgQO thin films on sapphire substrates.
MAfERETL !, REXSTH? SBES ) °, IMEXBH Y, IIafEXF GRS
ORFHHA !, JIMER' BET 2 BEE— HWEZEZS XHERRS BERY R’RAH
BRERX?, SFRXHPS
Col. of Sci. & Eng. Ritsumeikan Univ. !, IMRAM-Tohoku Univ. %,
IWASAKI ELECTRIC Co., Ltd. 3, ROST*, RISA 5,
°K. Kimural, S. Kawabata', K. Shima?, K. Matsuo?, K. Uchida3, A. Oono?, 1. Takahashi?, T. Araki',
S. F. Chichibu?, and K. Kaneko* 3

E-mail: re0185ks@ed.ritsumei.ac.jp

EHEER L~ 7 % v T AR (rs-MgZnO) I L ELZE SR AMEIE C ORI R S AL TH Y [1], IRIEAK
RITOREMELE LTHETHS. LoLaens, ¥BFEFELTCEMBEERE LSS, 7
7 AT DX D IRBEIEERAE TR D 72 VIR & VD BN B H[2]. T OFFOFREE, P
T 7 AT L 15-MgZnO OFERBEEN R LR THY, @imE AL RES D012y 7
TREOBANELE L 725, SEEERIE~ 7 327 A@s-MgO) c 1Y 7 7 A 7 HM _ET<111>0
FCECA AR L3], 1s-MgZnO DNy 7 7@ & LCRIT 2 2 & CRTEEEMT 5 Z L 03
K. AW TIIRRIRE(T,) & AR B 2 Z b S, I AN CVDIEICEY clit 7 7 A 75
WIZ rs-MgO AR L, Ny 7 7fge LCToFAMEFM L7z, T, 1% 600°CH>5 1100°CE T
100°CHH B L & 7=, JFEHATIZIZ MgCly * 6H,0 & (CH;CO0)Mg * 4H,0 Z3#INL, ZhEhD
AIBE AT 2 0.05 mol/L & L C 20 vol%DFEER KIS | Z TR iR S 7=

IXMREHTHIEIZ X 5 20/0 70 7 7 A )V E7RT. T, =600°C2> 5 1000°C E T OFEHL rs-MgO
HIEA<I11>H AN EL A AR E L7228, T, =1100°C TIE<001> A ~Elm L7z, rs-MgO D (111)
EEHT O " > F 20 7 —TRETIE, Ty EFISHEOEIEABEIN L, 900°CT— A L7z B
N 2B A b7, 7o, Rl AFM B4

[T, 1100°C J MgO 002 1
T, Ty EFASPEOWRE SR A X DWD 3 R | AWAWAN i ]
e b B L 1T, 1000°C Migo 111 MgO 222, 1
U, 900°CHIEIZ BV Tl RLOTZIRZE L & RMS o7 / I\ 1
DA MR ST, LLEOREREN S 2% ‘
a L & " 1
900°CHL I B TRIBIROBR L L, 20 §{7,800C I
=¥ I | A 1
24 S N R __ N N Lz r s Ll | g L L sy 4 i
BORREHABE L B2 5. HHEwE &y e S
TEM B ORERIZ OV T HWET 5. - , st
P ]
[1] K. Ishii ef al, APEX 12, 052011 (2019). [2] AFHHT o et sttt
. 35 40 45 80
e, B 72 S B SR F I E RS, 26 (degree)
16p-Y1311-11 (2025). [3] S. Choopun et al., APL 80, Fig. 1: X-ray 260/ scanning profiles of rs-MgO
1529-1531 (2002). film on c-plane sapphire substrate depending
on Ty.
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SR+ CVDEIZKDIERBEZAL: 0-Ga:0; LB/ KB DR E
Investigation of a-Ga>O3 Optical Waveguides
Fabricated by Selective Area Growth using Mist-CVD
RAREWmS !, WREM 2 MDNER BX', ME FXFE |, Pholsen Natthajuks %, FA & 2
RCAST, Univ. of Tokyo ', IIS, Univ. of Tokyo *
°Keidai Toyoshima ', Riena Jinno !, Natthajuks Pholsen 2, Satoshi Iwamoto 2
E-mail: keidai@iis.u-tokyo.ac.jp

0-Gax03 1%, 9 5.4 eV E WIS IERICKRERNV RX Y v TH2HTHEBYA R¥ X v 7 PEERT
bY ., THRINDEWHERBIEESTREN S | RIRAT =T 2B E L THER SR TV D
(1], —H. D7 4 b= ZAEHIZOWTEHITRFDEA TW RN, TRV R T
T, JBITED/INE W sapphire FRK EIC=E X XUy VIR ERRETH 5 Z £ B[2], AI~ITaR
SMERDO 7 4+ b= 7T T 74 —ALL LTHIEHATELAMREMER S 5, Fox DT NV—T"Tld,
N7 A x> F 7% H iz sapphire 24K E a-Ga,Os JEE K O/ERL L wIEEL C O ARl A SE51E
LTCW3[3], LnL., RIS TF o T EHWETETIE, et AHKROMEED T 7 3 A2 &
DIHABRPET D Z LB L > TWD, AIFETIE, BRERICE D7 71y FMROEH[4]
Z R U CrEnn B 7 (BE 2 K5 DB BB R O I REME 2 Bt L 72,

FEED 0-Gar 03 i FEAEIE 1T, Si0, 2~ A7 & LTI A b CVD a2 AV GRS L Y ER
L7, FR S 72 B B o Wrimtis 13, B IK O )77 & sapphire O ¢ [HHAR O bl o B4R
W U T2 b LTe, a B M OB CIE7 7 &y M & LT rim & s mABAMHE IR S ATE
E72 0 (Fig. 1(a)) . m 5 OE T o A7 71> b L CHAE S EOWRFIR E 72>
7= (Fig. 1(b)), F7o, KHFOMWEw & &S T4 EWER U728 CIX, e mTw=23um, h=
0.79 ym L 720 m 5 E T w=2.9 um, 1 =0.80 um & 72> 7=, TNENOREEIZ OV TEMIA
¥ =2 b—4 Tidy3D & AW T el — NI 2170 BEREAO 1.3 pm THERA R TH
52 EEMER L (Fig 1(c), (d) . =52, iEw 232 um OFMETIE, @ E h % 048 um 75 0.77
pum OFPHIZTHZ LT, EBLOWHBIRTH > v 7T — NER & 72D 2 & 2 Bl Chk
BLTWD, HHIE, R L 0-GaOs B OMIEFHNFS J U FRAEREAR OfE R 2UWTHL
HETLHTETH D,

waveguide // a-axis | (b) waveguide / m-axis [IE(o)PYNS

300 2 m-axis 250
c-plane c-plane
150 &

w

,,,,,,,,,,,,,,,,,,,,,,,,, E
a-plane ; 3o
i N

Ny =1.880

y [um] y [um]

Fig. 1 Cross-sectional SEM images of waveguides on c-plane sapphire substrates along the (a) a-axis and
(b) m-axis. Simulated field distributions of the fundamental mode for waveguides along the (c) a-axis and
(d) m-axis. The simulation wavelength is 1.3 um.

[1]Y. Oshima et al., Appl. Phys. Lett. 121, 260501 (2022). [2] D. Shinohara and S. Fujita, Jpn. J. Appl. Phys.
51, 070203 (2012). [3] #RUBfh, 5 85 ZEKZEILWIRRTHSS, 20p-A22-12 (2024). [4] R. Jinno ef al., Jpn. J.
Appl. Phys. 58, 120912 (2019).

[RE] AMFTROZATICH T2 T To 727 A S 2, V8 R B I 28 G L T &9,
F7o. AWFGRITR ARG R4 (22H00298, 22H04962, 25K17958) . _FJi#& UTokyo Juihif 4% 7
17T ADIFEEZIT CEMmINE LT,
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{Efl/ Ny 7 7BITIO. EiR LD
IWFIEBERIES VNI O LIFEA X vIILRERZRAWL:
#itE Schottky EEES 4 A — K

Vertical Schottky barrier diodes with r-GeO; epilayers
grown on graded (Ge.Sni)O buffer layers on TiO; substrate

OfF/riIl —%' BAH M2 AR —H' B gz
(RMIMK', 28TK?
°K. Kanegae', K. Shimazoe?, I. Seike!, H. Nishinaka!
E-mail: kanegae@kit.ac.jp

T NAGERRIL T NV~ =T A(r-GeO)lT, FRIL T Y U A ERIZEDIANA Y RE Y v 7TE2F L,

MRREPE R — ' 73 ARETH D L B TSN TV D721, KR AT —F 31 2508
LCHEAZEDTWS, — T EME R -GeOy TE X X U ¥ LV EE 15D Z ENEEL < |
INFET, EFT A RASAICAT TZBREHIRERN TH - 72[2], Fx D7 —7"Tid, r-GeO,
TEXFT Y ILREREE TiO, B DOBIZ(GesSn )0, Ay 7 7 @ EH B AT 5 Z L T,
1-GeO; & TiO, DA&EF I A~ v F 2 BEMERIIZHEM L, BAHOD r-GeO, = B ¥ F 2 v LR JE & 15
5 Z LT LT2[3] AMFFETIE, r-GeOr =B F F 2 v /LR & VW THER Schottky FRifE 4
A A — R(SBD)ZERL L, r-GeO, =¥ ¥ 3 ¥ VAR E OEXMFE L SBD OF /31 A K¢k
R L7 D TS T 5,

S A BMCVDIZL Y, FREIRE 850CIZT, Sb F—7(Ge:Sni )0 LN v 7 7 & & r-GeO,
TEX Xy LREE A Nb R —7 TiO, e IR L7z, 1-GeO, = B 4 & ¥ ¥ VR8I,
UID O D[4]& Sb & R—t' > 7 LT BH 2 FR L7z, 1-GeO, =B F ¥ ¥ /LR RN
Ni Schottky B4, TiO, Ft B lZ Ohmic BARZ ZAL L. #it Schottky FEEE & A A — R A{E
B 7=, YESLL 72 Schottky FEEEX A A4 — RIZkt LT, SIRICTER-BEEI — V)R & FE-
BIE(C — V)RR 5Fm L 7=,

SBD DI — VRrERER % Fig. 1 18§, W0 SBD IZHW\ T b BIRRARIRRIEA MR S
lzo THHD SBD X LT, C—VEMEZFHE L, 328 T —BEORS oA &R Tz,
F% Fig. 2 1Zd, UID #BHI DWW TiE, RNy 7 7 JBIZ K—7 L7z Sb 23l ik R ik
L. —E# R —& LTI /558, Fig. 2 \ORT & 9 2R 22 52580 R — B E 04y
fizm LTz BZDH[4], Sb & F—TF LI=iEHZ Wi, Bl —I2E%) R —EE N5y
MLTWDZ EDBMERI NI, KV FRMIZREHE - MATHE RISV T, Y HEm T Do
[#t%:] AHFZE1L IST FOREST Program (JPMJFR222M) & BHiff gy 245 %8 (JP24K17308)D 3% % %% 1)
7=t D TT,

[1] S. Chae, et al., Appl. Phys. Lett. 114, 102104 (2019).
[2] H. Takane, et al., Appl. Phys. Express 17, 011008 (2024).
3]

[3] K. Shimazoe, et al., Appl. Phys. Express 17, 105501 (2024). ., 10"
[4] K. Kanegae, et al., Appl. Phys. Express 18,041001(2025). 5
10° : ; >
T 107§ 2 qp18f
c 10 X} Sample A (UID)
<\E 100 5 Sample B (Sb doped)
2 107 €
% 102 S 107l
g 10° z
£ 10?
£ 182 Sample A (UID) 1016 . . . .
O 107 Sample B (Sb doped) 0 50 100 150 200 250
108 ) Distance from junction / nm
-10 A I'-g tage / V 0 Fig. 2. Depth profiles of net donor density in
ppiied vollage r-GeO, epilayers obtained by C -V
Fig. 1. I —V characteristics of --GeO, SBDs. characteristics of r-GeO, SBDs.
© 2025% ISRYEES 21-109
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Fr)T7EGRACERAVEBRRIEA Y VLD v ) 7HHEEMDFME
Carrier trapping energy levels in f-Ga203 observed by carrier lifetime measurements
BIX!, W/ AW YRELTH/AO—?

SM)BER HHE! BiFH M@, ELAK AT Mk ER!

NITech !, Novel Crystal Technology, Inc. 2, °T. Ishihara!, K. Shimazoe!, K. Sasaki?, M. Kato!
E-mail: cmj13014@jict.nitech.ac.jp

BAERILAT U 7 A (B-Gax0s3) 1L 4.8eV E VNI IEWWNY RX v v T HFFOZ LD, @ififE7s/8
T —F S TN A LTI R 22D TV 5, B-Gax0s D FERBICINT T il K ba D FEfR
MEETHD, ¥ V7 T4 754 LEITKMZE T 5 — KR FIED—2TH Y | B-Gax0s
IZBWTHEAT T pn #5731 ADIERAPETIZHE, HEFIR HAED TWDH[1], AL TIL,
REff 0 7 + bV I X v A (TR-PL) ZHWT B-GaxOs F DX v U 7 i EHENL 2 54 L 72,

FBHZIE nt B-GaxOs M I n- B-GaxOs = B (BFE: 15 pm) &V, = &l & Fpfll &=z
WCHIEZAT> 7, PR 266nm D/ VLA L—H (VL AME: 1ns) ZEEMRAPORE L, ¥ V77
A 7 Z A LOWRERANEZ RS 250°CE THIE LR E K 1 ITRT, BERgHEICE Lk
EBDO/NZ T BBEE RSy (B B8 1~1/e%) L EREH 2 b B DR E O K X 72V B AL
7 BEBREE: 1/ LA T) BAELI, BUWEEEROREFITIREN ERDIcoNThEL oTz, &
DI AV IAME A OGN b T > THEMITER T 5 Z LR EN D, BV &
L T TR-PL & BHREEN 1/et~1/e> & 72 D& CREEEZ M L, v U 7 O, SR osE
FRERZ O EET 21T o 72, X 212, FEERAICRE DR EL & BUERHE CR O VoI E
BORERFMZ G LR 2R~ d, EREEARE oA T, N7 v 7N (Bp) 28 S
FHBEMEEIBRTEIN TS, N7y THEALIMIE 7 EiO E 0.65 eV OALEIZH D Z &M
bholz, ZOMEIX B-Ga0s DRIMETIEZe <, HORMIESL (STH) O /L ¥ —HEfr & L TREIZ
WMEINTVWHEEIZE BT D2, LEOFRLY, KFETIEIF Y VT T4 7 X4 2JEIC
K> T STH =R )L X —YN & ERAICERT D Z L ITkTh Lz,

ZORMRIE, NEDO ([ESZHFFEBRFIE AT = /L % — « IR G IR O L%
(JPNP22007) DfERGLNIZH DT,

[1] V. Grivickas et al, ACS Appl. Electron. Mater. 7, 1829-1841 (2025)
[2]T. (iake et al, Phys. Rev. Mater. 3, 044603 (2019)

10 ¢ o___4
RT [ g P
—50°C r - /
E;=Ey+0.75eV
= 150°C || 2 | 4 /
g £ /
= 01 | —200°C || & ¢ \ /7
2 250°C || & , Ex=Ey +0.65eV
= 2, / /
= I S £ /
‘Eﬂ 1/34 I ‘\ % QE) ; '// //
2001 £\ g -
& 1/e5 | M . ] Er=Ey+0.55eV
o - ‘
= i I
0.001 T T T ' I T T JJ ” A N ST U T I PO NI S | 0'1 ,,,,,,,,,,,,,,,,,,,
0 1 2 3 4 5 6 7 1.5 2 25 3 35
Time [ps] 1000/ 7T [K™!]
Fig. 1. Temperature dependence of TR-PL Fig. 2. Temperature dependence of the time
decay curve on the substrate side. constant of the slow decay component.
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BRXRME-<A4o005v) Scff@ifASHh D 001)EHhL

HVPE BEIER{IEH D L aybF—/ YT E[LF—

F¥5—XR M

Killer Defects, a Combination of Stacking Faults, Microcracks, and Dislocation
Networks in (001) HVPE-grown Ga:03 Schottky Barrier Diodes
EEKRBREL, kBEXoonbor? #F) /RILVIYRRILTY /A0

M) Ok W, sTA E

—aA YN FeURS, TF T F59F3 K KEh S
ERK BNE?

=8O

Dept. Sci. and Eng., Saga Univ. !, Saga Univ. Synchrotron.2, Novel Crystal Technology, Inc.3
M. Sato!, M. Eguchi?, N. C. Saha', R. Badari®, C-H. Lin3, K. Sasaki’, M. Kasu!
E-mail: 25730015@edu.cc.saga-u.ac.jp

1. [FLEHIS

HroldohETIC BRET v a CVERK
BRIy sunbnry X BINRTT7 4%
AT EFG (Edge-defined Film-fed Growth) 7
#2IZ HVPE (Hydride Vapor Phase Epitaxy) fff&
L7z B-GaxOs it = v hF— U T XA F
— K (SBD) ®F 7 —XKaDFEERY — 7 Bt
DA =ALZH LN L TE L, AHTIE
SBD DT vz VST v m I\E’/X

WERT T 7 4 HNT F 7 —KRIMEREL,

OIZERE FHMEE (SEM) B XUV EEEH
- BAEE (STEM) B2 LD, ZDKMEHR
HVPE [EHICR A L fEE R e, ~Af 27 v s 7
v 7 HEEOMA R DT TH L Z LA RHL
=D THET 5,

2. EBAE
% SBD 1%, EFG {ECTHRL L7= (001) i B-
Ga,0; M IZ HVPE Bk L, HERFEHEIZ
Ni/Au > 2 v M3 —FEM, EHIZ TVAu 27—
7 BB E R LT iE Th 5, EMmIE 3200
pm@SBD VI mMEEZEINL, V—2%E
Wiz & 51,‘%5(55732%&71573%51@}; CCD I A T
HOTI va VEMETEmNOBIE LT,
EBIEOXT—Kifaey 7 bry X #
NRZ5 7 4, SEM LU STEM T & v %2
L. &7 —KHMa& 72 o 7245 TR e % ffdT L7z,

3. BRLER

T3 vva UHEMEECEIZ L SBD (FEiR
g 3200 um) &, WM SA T Z-80 V HINEE
IZEBUWT, —896nA DY — 7 EBFRAFEAL, 859
RIEMBEINT ., = v a ARy NE
i) HVPE D SEM B %X 1 (ZR7,

1 XV, HVPE ERmEIZ, FEEXME (SF#13
1 2 H#13-3) BLX ORI E LTz~ A 7 1
77 v 7 (MCH#13-4 1> H#13-8) DB S iz,
FEJE KA1, (001) Tl [110] £ 721%[110]
FINZIEMM LT . Wik STEM #Bl&En 5

HVPE JEFIZAE T TWAD Z Elbotz, £7-.

1 STEM Bl ofEE Ktk IO~ A 71
7 Z v 7 ORI, SALHENER ST D
ZENbhol, U EORERENS WA T R
FINRg D U — 7 &Ejiid, X, ~1 7 a2
7 v 7 NGOG DT K D K EEHs A
THZENbIoT,

4. EHYI<

AWFFECIL, (001)f HVPE B-Gax0s #it! SBD
DX T7—KMETI va BMEL IO
yrubory X #ENRTT 7 4 2O CRE
L. SEM B LU STEM B& L v | FiE KA.
~A 70l T v A EOMAEERFT —
KRifgTohHHZ xR L,

SF#13-2

SF#131
J \

SF#13-3 |

Fig.1 SEM image of SBD (#C0732). Staking faults

(SFs) and micro-cracks (MC) were observed.
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$E86MbAYEZENFTAIHRS HRTRE (2025 BPAZE RAF vV /IR &AVI1Y)

EEE/AL—2BADOKBEHFE Nb F—7 TiO, HiE

Aqueous Solution Derived Nb-Doped Anatase TiO» Coatings for Fuel Cell Separators
hERRBET ', RKBEHE 2, SFRERREMR S, LanfEREH 4
ChFEE' NEEA' FEEX' ®E(C? hUR2 FKEKS &FEKER4
—KKEB?2 ILHER'
Chubu Univ. !, Univ. Tokyo?, Inst. Mol. Sci.3, ROST Ritsumeikan Uniyv. 4
OA. Nakamura, R. Naito', M. Ariga!, T. Sudare?, R. Nakayama?, R. Shimizu?, K. Kaneko?,
T. HitosugiZ, N. Yamada'

E-mail: n-yamada@fsc.chubu.ac.jp

[IZCHIZ) Foxix, BREIEMHD AT L A

(SUS304) #E N —X ORGER L LT, HE
DT F % —ER Nb F—7 TiO, (TNO) #fE%
MREFLTWA D ERNRBLENG, KSR AT
BRR L 3% I 2 MEFEXMHEREE  (mist-CVD)
TOERIZE D HATE 72, LA L, KERHFE
THUE L 7= TNO M 3 A H s 7 e R A s
Zal (X 1a) ?, fREEESIIFRTE 0. R
HGEME ORI N EE R Th 5. AWFFE Tk
W O mist-CVD CTilifgi i D TNO JHiE %
SUS304 EIZHEET 5 Z LIZHD FHATZ.

[3EER] FESLE O TNO 4 SUS304 9 E~J&
HREE 200 °C T mist-CVD IZ L W EL7=. =D
%, Wb ST 27 0ICIERE TNO iR %
700 °CT 1 Bff], EZ27 =—/L L7=. RHIBRIRIRIE
1% (NHa)a[Tiz(CsH407)2(02)2] & CsHNNbOy D 7KV
K"RThHD., T ~VEOBBILKEZRNL .
TNO R b [ BRI OB fidthT (R) 13X, 1
MPa OJENZHML CEREL (-V) WEIC X
DEHMBL7-. F72, TNO JEIEOFHEIE & HLAK
%, EEAE M (SEM) & =R LXF—20H
X fRoytdkiE (EDS) Tk L7-.

[(#5 R & EE) KIFEHFE O mist-CVD TIER &
A7z TNO EIEOREIEIL, RIBMAEIRD I A ME
FOEE (rmis) (CHURTH 72, rise VL HALRERE]
SV ORKEEOWYEE L TER L. i
T E AR & R Em OB (@) 12X
DAL LT, d=14mm (£ A) DL X rpig=1.2
g/min TH 7=, d=20mm (5fB) (2L 5
& Fmis=1.6 g/min IZEINL72. 2D ruig DZETD
TN Thole), HEMEICRERENEZ BT
L7z, &4k A T157- TNO #iFIL, fEkls sSh
TV D R e IR S EZ R~ L2y (M
la), & B ClddEmEA G o7 (K 1b). =

DOEFREEIL EDS v v B U ZHIE T H R LT,

© 2025% ISRYEES

217, 5B THERL L 7230 1V HebE 2R3,
Re 1Z 2 O & & RFMRME & OB R ko
7=, FOFRER, Re=79mQem* RN GbNT=. 2D
X, Hro R X — - EEEINTRA B BHEE

(NEDO) 732030 4F £ TIZ HE £ 45 3.0 mQ cm?
LTV, LavL, #IHIOEREST R < 10
mQ cm?M M5 6 31 7- 2 & IEKIE R H 3 O TNO JERE
DEWRT Y VvEaERTHZ EARBELTH
5. RIESA OB ki & v, NEDO @ HiE{E %
ERTE 52 LRI SRS,

1 KBRHEFED TNO BIEOREEIE
(a: &M ADTNO EE, b: &# B D TNO &EIE)

10 ,

Voltage, V [mV]
o

ol — |
-0.5 0 0.5
Current, / [A]

2 S4B THERLEAMD -V EE

[B43])] ABF9E1X, NEDO BhkZE ¥ (JPNP20003,
JPNP25002) O34 %51 CTHEME I iz,

(ZE ]
1. T. Sudare et al., ACS Appl. Electron. Mater. 7, 2785 (2025).
2. R. Naito et al., Jpn. J. Appl. Phys. 63, 045504 (2024).
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IAFCVDERKBTEALT 7 ATiO~D Li 4 4 ViEA - #EBLE LIB fitk
Li ion injection and diffusion into amorphous TiO, by mist CVD and LIB characteristics
VRRARJIRCL, 2= 1R, 3 B BREE L, 4 3 BIRESE R & v & —, SR R BE
'Kanagawa Univ., 2Kanagawa Univ. RIE, 3Saitama Univ., *‘SAITEC, SAMAYA CO., LTD
ANPRSER T, I HEE 23, BEIR SR 4, 1LASALE 5, faliigste 5, SRR 3, eRRNIE 12 KB fe il 5
F. Kobayashi, H. Shirai, H. Kurihara, Y. Yamamoto, H. He, H. Sone, T. Sato, T. Ohno
1L ®ic : BT TI AL CVD EICX Y Cu fARI/ERIL 727 ® L 7 7 A (a-)TiO, 28
LIB B kL, FEAREMRE & L CBRET 2 R[REEZ R L72[1,2], LA L, 2034 7 kit
T, SRR D 12923 a-TiOx ~D Li iEAMEREIC X 2 LMl T 7z, Sl I X F CVD
FECFRIL 72 a-TiO, ICESALFEIIC Li ZFE A L. TS LIB RMEREIC S 2 5 508 % 3T
filiL 7z, ¥ 7z, LiPFs I A MASHIC X % a-TiO, ~® Li 4 & VLB D W THHT L 72,
2 5B © a-TiO, I 0.015M Ti(acac),OiPro/CH;OH A HUATR A &, FAGRE : 200°C, 30 nm &
T 77 A kBT L 72, a-TiO, i3 LT, Ar P& 200°CC 3-6h /K ULEE,
IERR : LiCoO, @Ak, MY : 1M LiPFs, EC-DMC(1:2), -£-¥L — & : cell-guard2320 2> & &
Mz L 7, EAULER LidEA GEITER : 25 pAem?, 1K), %1To 7212, EBIT
BB Z T > 720 a-TiO, % RILERTE D a-TiO, F X O Li-a-TiO/Cu 5L DO FFli iz SEM,
EDX, SE I X V {7\, a-TiO, i Lit A4 4 v ofi# 7 v 7 7 4 MBI © 1M LiPFs
(EC:DMC=1:2) 3 & F % k4 7255 C a-TiO, ICHAES L, GD-OES 747 L 7z,
3R LI LEAGECORMEL — FFES KOV A4 7 VR %R 9L LiEA LT 50pA
T25VETITo7% HONICLIFAL IV EL — MBI 2FERHAL, 14 7 VFrE
DAL L7, ZORED S Li-a-TiO, DU EMMEREIC K Z CFE T 2 2 LRI iz,
X 2 1 Cu L a-TiO, (60-70 nm /&) I E iR T LiPFs 3 & FESHE D Li TEOE S JiH 7 v 7
7TANERT, RO I A MRFHICHEED ST Li 2 a-Tio, EHE CTERELCWB Z &8
bh b, FRROFERIL S, Al ETHiER I N, U EofERIX, PIHo LiiEAIC X % a-Tio,
FUAID Lit A A v FEANCH T 5 4 v F —[REEDKJRA L — b /3 A 7 VRO [ EA[RET
bbHIEERRBT S, LiFEASMFICL S LIBRHER Y LI A4 A VIKEUC D W CERRT 5.
(1R & 55 71 BICYEFTFRRE  24a-12G-7, 21206t : 55 72 BISWHEFFHRE  15p-P12-22

WA A ALEE © 4% L — A MARAZPEALIE - 5 L — RIS

HERRAZELALER ¢ R U 2 L WARAZ R ALIR ¢ A5 B A Z LI

aa
. [ 27—12 cycle 22 | 27~12 cycle
a0

’/.

3\

10 15 zo 2 6 7, 8 9 10
GCapactiy/man 2Ny aEFRlsec]

1.0 1.8 2.0 11 12
Capacity/mAh

FIG. 1 Rate. and Cycle characteristic of a}Ti02 / FIG. 2 GD-OES depth profile of Li
graphite - LiCoOz, (a) without and (b) with current element in LiPFs mist exposed a-TiOx/Cu
injection treatment
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10a-N105-1 BREESAMELAKELITHES HETFHE (2025 AL REFr /(R &FVFAY)

THVPE $&I= &k % GaN ZE4R E £ -Ga0; B RICH T HEREREARIEDEE
Effect of substrate surface oxidation on ¢&-Ga203/GaN by THVPE method
RRBIKFPEEFREER ', ERREBIXFAEYS X T LGRIEER?
OM1)db)ImEsE !, BOSEG 2, BB #HEHE 2
AIS, Tokyo Univ. Agri. Tech. !, BASE, Tokyo Univ. Agri. Tech.?,
°Haruki Kitagawa', Kousuke Taguchi?, Qiu Ping?, Hisashi Murakami'-?

E-mail: s255538y@st.go.tuat.ac.jp

BRAL T U 7 I(Ga0s)l 3k 2 7ot 2 2 £ D, P THLEZEM TH D e MHITHT 48 eV DRE 72
N RFE Yy TOIENT026CM> DRELRFERLAT LI L0, MEFBIE RN VAL
SOISHDBFFF SN TN D, e-Gax0s IFLFRARREIE(CVD) Z H V72 c-sapphire Ak FAakE23%
<HEENTVWD D, FxIFXINETIZ NI AT A FRME(THVPE)EZ W47 7 1 7 5
W ED 6-Ga03 lLRIC KV . BEFEO FIEICHA_REORERER LN Z & a WG L2 2—FH, 7
IS ZERUZ AN D T2 DI I3 B RES B 5, ARBFZECIE, OB R L OV b b B
M kA2 HAE LT, GaN b FRE 2 M L7c, c-sapphire 2 L U & e-GayO3 & O AIEA FiE
D/NEVGaN M E VD Z & TRlRERS A~ D ER AR L RS Om BRI 5,
A al, GaN HARZ i ORI BSKE P KIC B 2 2B A HE L Tc O THRET 2,

I BEFEHT GaCls, VI FREUEHZ 02 2 F VT Gax03 iR 24T o 72, FERBIZH W T4 R Ga &
Clh & D ZEMERUSIZ XY GaCls Z@IRANITAER L, EHBIZHENT Oy & UG ST, kRS
(VI Ho) % 1920 ICEE L. RERE4 600~700 °CI2 T2k L, FIEMOZNERLSE 0.5
LNy & L Cc ifil GaN R E~D Ga)Os iR Z1T 272, F v U 7 HAIITEFR 2 v,

Fig. 1 12 No FHR FHIE L 0, FHR FHIRIC THE L72EED Ga0s fiifth D X #RET 20-0 7
777 ANERT, NaBHK TR T e . O FFHR NAR T e Ml & B HIDNRAE Lol RIE 035
LD Z ENDoT, -c T GaN TIEERFEDO N

GaN(0002) Be402) y o e
BT 0 BT LB XD 5 2 LT ENHO —J\ B
FICHE L 525 2 L by . BEBEOH | R —

TR JE A I 23 T X 5 ATREMEAVRIZ S

2o XHRa v X T —THENS, 0 FFHK “‘/ \"//\
THIRICTHR L7z Ga0s Tl MHIRIEIZ LY " -
HENESEI L, ffbam BB Lz, No 5
R F AR CHE L7- GayOs 1t GaN bl & ook Fig1 20-0 mode XRD profiles of Gax0; layers grown on
FAREEA SN S ¢ AR CORE L 72 b | H -c-GaN. A: heating with Os, B: heating with N>

R v o L 7R A i A A T

1) X.Lieral., Ceramics International, 50, 22829 (2024).

2) PN A, E 79 [EGS HEE P S BKEREANRE 2S, 20p-234A-3 (2018).

Log intensity (a.u.)

32 34 40 42

26(deg)
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TEMI[Z X5 ScAIMgO47 7 E iR £ B-Ga203 0 & i 48 1& 1l

Microstructural Characterization of f-Ga203 on Off-Axis ScAIMgO4 Substrate Using TEM
AR RE T, R-GIRO?, LM fE KT, (A F Y1+
CEIIXRE', MERAK', AR+ 2, &FRAEY, AR DHEL, RAF'
Ritsumeikan Univ.!, R-GIRO?, ROST?3, OXIDE Co.*
OT. Kusayama!, S. Kato', T. Nakamoto?, K. Kaneko?, M. Matsukura®, T. Kojima®%, and T. Araki'
E-mail: re0169ix@ed.ritsumei.ac.jp

Ga203 13T —FT A ZA~DIEANHIFF SN TND —FH T, BURERN NS WD, 7 74T
B Ga03 73 /L 7 B ARG HA FACVER U 7 BRI BRI SR S BRIZ 72 D, 2 2 CHRU ¢ mBEBAME
b b, EAGHBEN A S 72 ScAIMgO4 (SAM) Hti 2 M+ 2 2 & T, Z ORBEOSEEN IR S
Do ZOTHFxlE, I AN CVDIEIZ LD SAM Hti E~DHiFH B-Ga0s %Hﬁ@ﬁk%%ﬁof%
7o L2 LE Lt B-Ga203 %Hﬁ JHEWNEEE KA A &2 O ERER I N[1], Z OEICx
LT, SAM EEMICA 7 A ZEHIT D Z & T B-Gax0s D [Alls KA A VAl c&E 5 Z & %Eﬁ 5

(2 L72[2], AlEliX, SAM %ﬁi 28T % B-Gax0s D[RR K A A A 7 I L - Tl &
DA 2 R T~ < ZIE TR BEIEEH(TEM)IC X 2 i #lsg 217 > 72,

BEXIGUT 00, 11°D A 7 f 2 Ff5 SAM JEf FIZ I A F CVD IETHRUE S8 72 -Ga20s TH D |
1 cm D ¢ i SAM Ht A VT 5, Ga FUEHEIRIL, JREHRTEAD Ga(acac)s & HCl Z #ffik
2Nz Ga A A R 0.05mol/L & 725 K 5 I ST 5, Wi TEM #UEHE FIB JEOL4000
TYERLL ., JEOL2010 % FV T, JERFEE 200 kV T TEM #5232 17 - 7=, Fig. 1 13 50 3fEkE &
B2 B-Gax03 A <11-20> 7> HEIEE L7 Wriki I HLEF & | B-Ga203/SAM JEMUS {35 D SAD 4
Th D, (a). DIEZNZTIL0°, 11°OF 7 IOV Tt 722, 0° LDV T A Tid@ak v,
SO DEER R A A N2 KD EBEEDO KRB HER TE, SAD B Tld(a) LV 4 FEDE /¥
— VPR T E T, — T PTG L VBEN/ NS e b | FRRICRE 2 A LT 5 K
DEREF NG L TV D Z ERERTE 5, Ll SAD 2 Tld(b) L V. R TX S 3%
—VORENED LTERY . ZOZITA 7 AIERIC X DEHE R A A OIHENIZER T 5 07
EEZHND,

(a) 0°off (b) 11°0ff
Fig. 1 Cross sectional TEM images and corresponding SAD patterns of -Ga203 thin films

grown on c-plane ScAIMgOs substrates with different off-angles toward <11-20>.

[1] S. Yamashita, T. Araki et al., Jpn. J. Appl. Phys. 62, SF1012 (2023).
2] INERUREL, SRS, 2025 HEEZEF 72 BUSHYEFFE 17a-Y1311-9
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B-Ga:0; IZH (15 n B F—/R> FDHEZREDAIE
Measurement of the diffusion coefficient of n-type dopants in p-Ga203
BHERKIL', RXEH? oMHEHJI RE ', M #EN', HK @2
Univ. of Shiga Pref.!, SANKEN Osaka Univ.?,
°Sasuga Hasegawa', Ryusuke Nakamura', Takeyuki Suzuki?

E-mail: to21shasegawa@ec.usp.ac.jp

HE e HM] Xt v 7 =8k e L CHERBIET Y v 4 (B-Gax0;) DEEEED HIGHICH
7 M BERNAACIER T T 5, PEREREOHIEICE VT, n MBI p BV —ov v b
DILEZEH O KM RIS ETH 5. CNECTICHCIEURE1], 2L <, n BF—xv oD
v ayv (Si) [244], T r~=2 L (Ge) [4,51% LT#H (Sn) [24]DILEURE S HE S hTWw 3,
pHEIF =NV FDER w7407 AXBHOMEFNIR Y725, AL, Tho F—v D
JEE AR B D HEFRR 7 T & i T\ B LB O T EE % B-GayOs ICHERE L 7230k 2 FHE L, L
X o CBERBILERIET 2 70 7 7 A V% ZRA 4 VEENTE (SIMS) TEBRT 5. A5
T, KON RE R IZMEMEL L - nBIF =XV P DS, XUV Ge & Sn DHIER L 7=,

[EEHIE] 7 =27 Y REZ AT 7 7 ay—0 50 HiERRR-Ga0; (201FEH, undoped) #EEA L
7. Z2ORBF (5x10%x0.7mm?) I, EEE ANy 2 ) v Z3%EE 2 FWCIEEIRE D SiE% 70 nm
HeRE X 27z, Hh%E soW, 7oAV [EN% 0.7 Pa kL, BIEFOIENGEE% 20 + 5 °C ICHERF L
7o, ARl EZEZEd (1.6 x 104 Pa) ICERFFL, 600-1000°C T 1-48h DYLELT = — % L7z, SIMS
KLY, SiBLXUOHIITRDOEI TR x D RA A vigE % IE L 72,

(F55R] Fig. 1 IRl (R#) & 800°C

1

7

T48h AL 7230k (ED) © ©Ga,0 5% o 10
U BSi O KA AVIBET R 7 7 A RT3 10°
¥, Si OBESE (1x10) THBx=070 ~ s
nm OFIPHA SiETH 5. FEMEAKITIR, 5
x=70nm O Si/Ga0s R COMEE 5x 102> 5 10
5 Ga0; Wil ~ B ITIE F$ 3. o8y X % 10°
HERFIC X D, —EED Si 2 GaOs ITRA LT § 102 ¥
3%, 800°C T48h AT 2 &, x=70nm T 2 . i
DHE 5% 105 5 x=300mm TO 1 TS 2 0 i
PR 5. MBIC X 5 Si olilgEol £ 107 T

BRI G B 5. BREESM I L C L 0 100 200 300 400 500

R &M LIBRE R PUE L 72, Z O Depth, x/nm

e 0 S8 AL s _ Fig. 1. Depth profiles of secondary ions, ®Ga, '°0,
FERTAE 2GR TR T 5. X7, Ge & Sn and 28Si in a non-annealed sample (dotted lines), and

DRER RS I THKT 2 TETH 5. a sample annealed at 800 °C for 48 h (solid lines)
under 1.6 x 10 Pa.

(k]
[1] Unlendorf et al., Phys. Rev. Mater.,7,093402 (2023).
[2] Tadjer, et al., ECS J. Solid State Sci. Technol. 8, Q3133 (2019).
[3] Sharma et al., AIP Advance 9.8 (2019).
[4] Sharma et al., J. Vac. Sci. Technol. A 39, 060801 (2021).
[5] Hommedal et al., Phys. Status Solidi B, 2400355 (2025).
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FEFIRIAMIE 2 A O T f-Gar0: ~D Al EYRICBE T 585
Investigation of Al solubility in #-Ga203 using the floating zone method
WK ~(MDRFF FIF !, Sl a8 Y, R FERY, BT EE!

Univ. Yamanashi !, °Kazune Anai', Yuki Maruyama', Masanori Nagao', Satoshi Watauchi!

E-mail : g25tz002@yvamanashi.ac.jp

Kt

B R U T A(B-GarOs)lE, KX\ RF¥ v v 7 (4.5 eVEFFOT A RN R¥y v 7
BRTH Y, (KIBK - @IERR AT —F S 25 E L CTER STV S. LvL, BYRE
RO (0.11~0.27 Wem KR RIE & 72 > TER Y, HEADKNEE X137 A ZAOVEREREHEMEIZ A
WEL RITT. £OH, BEREHREIZI VT f-Ga0s ~D Al HNINC X o TEMZE SR D) L3 RIE S
722 . FRZ Ga VA & Al THAEHL L7Z f-(AlysGags)0s DEVRE T f-Ga053 D 2 5L EIZ
D EN, HREICETTFHENTWD D, 22T, ABFZETIE Al I B-Gax0s fdh D B ik %
IR DD 72 DRI HHRIARNE(FZ IR & > TITV,  f-GaxOs flida~D Al D EVEIZ SV Tl

~7=.

[EBRHE]

B-GasO3(4N) & a-AbLOs(4N) % E /L B-Ga:Os : a-AlOs = 1-x - x (0.01 o
<x<030)L 725 LT RL, =% — L HhTRIREE, K& S it

\ZC 700°CE LT 1000°CT 10 h BERLZIT>72. ZOMEK%E 160-300 ]
MPa TEKIE T L A (CIP) LERIZEAL U724 D % 1450°C T 10 h BEAY :

L7z, BoNn7eBROBER AL, &S 40-50 mm, [EAE 96.2 mm-¢8.5 J 10mm
mm &7V, ZhEFEMEE LT, Eyy 7 MIRELZ. FTyy 7 o —

M, JBHE & AR OBERIA 2 RE L2, 1.5 kW O~
7° 4 ﬂiTGCJ: 5%%%&%%ﬂﬂ?€ﬂ FZ %IE&KJ: ) , f\n a%%&ﬁ}i% Fig.1. Al-doped -Ga,0;s crystal.
{To7=. ¥x 7 Malds#EE(E/T) 14/18 rpm, BHRGEE 5

mmh & U, BREMGEARZGE RN, BRUEMES 200 [ o

i, EEE FEMBISEM) 2 O TR AR, T3k g 6

— B X ARICIEEDS) & VTR AT,  XRmlgrE 2 [ D

(XRD) % VTt it DRl 24T - 7. g 01 Ofemmipwt 8
[EBRAER] g ° o
ARSI EE f-Gar03 DRFENS EFT5 2 L0 2 _ 8

Y, x=030 & LIJEHRITRET 2 2 L3 TERdnole. D005 o

Fig. 1.ICBE R L7= Al #00 B-GaxOs Filifi(x = 0.12)D4 A7 2 [ °©

.4 ALAZ (001 <x < 0.12)DJURHEN O ER LIfE 3 . ©

A IS BV T RMIIMER SR 272, Fig2d24 Al fliAZ 8 e

1(0.01 <x<0.12)DIFEHEIC K > CHpk LIcfif o ALl = 0 =77 e

B x. = [AIJ/([Gal+[AI)Z /=T, BRGSO B IR
FOHRIETIE, Al fHiAZE EFRAEST O Al B ' _ ,
W —E L. —J, BRI TE, Al B3 Fig.2. Relation between nominal and
DM ST, ZAUTER O Al FEE R O Al o ey '
[EA Rz B S 2 LG, B G 2 AR (R 2~ 581
BT BRICRAT B N E U, TERlE R oo ALIREED L L7o 72
WTHDHEEZBND. Fig3.2 x=0,0.05,0.12 OJFUEHE
B AR L 72 i O IR O R XRD /X% — 2 &R
T RTOREHIBNT f-Ga0; il & —F L, HAHITMERR
SN otz. Flo, Al fHAKE x OEINTSE-> T XRD
N —URNEARIC 7 FLTWD I EnD, A4 88
N Ga EHART/HEWN Al DEHL TWDZ EARBREN
7. p-GarOs—a-ALO; SRIKFEX] 9 ClE Al EHLEK S at%,
IS (GagosAloos)203 LA ETIE, GaAlOs FEDMERL S D Z &
DHREIN TS, LrL, KFRETIE, vz EFES 12 | l

1 Moabia .ll‘ ol

Nominal Al contents (x)

g — x=0.12
T

Intensity [a.u.]

at%? Al 28 Ga %A b & EH#L L 7= f-GaOs F i35 D L7z,

PO %

VST, A5 FADEH2021) 90, 5, pp. 283-289, R O O S B
2)S. Mu, et al,. Appl. Phys. Lett (2019) 115, 242103 g R0zt pat[terengs']of e AL
3)K. W, et al,. J. Appl. Phys. (2025) 137, 105701 B B R e A
4) V. G. Hill, et al,. J. Am. Ceram. Soc. (1952) 35, 135-142. 0.05, 0.12 feed rods.
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B-Ga,0; D RRPRIC & B EFIBENDTE
Influence of Point Defects on the Electronic Structure of 5-Ga,0;
ZEART!, AKGHH? CANER', #uL=F!, BEFE2, B)I| KB
Mie Univ.', RIAM, Kyushu Univ.? ©Takahiro Kawamura!, Toru Akiyama', Akira Kusaba?,
Yoshihiro Kangawa?

E-mail: tkawamura@mach.mie-u.ac.jp

ELOHIC  B-Gay0s3 1 FI5eV DILWAY F¥F vy FTRHLTED, EHHIT AL ZHME e LT
HRFEhTW3, 74 ZRBERICBOWTIMEESEOFIHS AR TH 553, Gapy0; 1& n B LI Eb#
A THZ—7, pBUtBIEFICREETH 2 Z e SN TWS, n B F— 3> MZIX Si, Sn,
Ge R ED—ANCHVW SN, pBIK— %Y b LTIE Mg, Zn, NREPHEFI N TVWS [1], X
BT, ZEFLRR ARG & W o T BRI D MR B R K 3720, MRS EEMESE %
FHT 2123, ThSDHERMOBERHLNICTZIENEETH D, Z I TAMIETIE, B
—FHEEZHWT, -Gay03 HDRRMMBEFHEICS 2 2 BT OV TS 21T 5 72
HEAE B FEEEE 712 25 4 Quantum ESPRESSO [2] Wz, B-Ga,03 DT
ERC GHEME © a=12.18 A, b=3.03 A, ¢=5.77 A) 1TES %, primitive cell % 2x2x2 {5 L 7= 80 J&
FDORA=N—t V2 L7, TR PVREELIRET, mXRMZETE T ORTEE
DORGEILL, ZDHEAY FHHEB X IREEZE (Density of states, DOS) DM 21T -7z, Z DHEF,
DFT+UIRIZ L 2N F¥ vy TOMIEZEH L, Uga-3q=13.0eV, Upp=7.5eV & L7
BRELVER ZZTlF, OFT 1% NFEFICERL 2 fRMEIC T 2R 2 RT, B
Ga,03 HIZiE, M 1ITRT & 512, O0), OdD), OUI) ® 3 FELHD O ¥ A FHIEET 543, N KR
faoBEmZHEL L25E, Ol %4 MAOEMIR O ZETH o7z, £ T, AHFETIZ O
P A MINZEALLKRGHEE Y, EeGROBED Y PGS X RS % L L 751
2217 F, NEARMZEA LSS, 73 LUl e BT AT N A disk
T 5T ANFEEMEN, ZUHEo TlE FH LIRO N Y RS B LA R SNz, Wik
FREENCBI 2 T-Y, T-X, [-ZAAEZNZNEZEZBO afil, bl c@liy7miciidanisl Tw
%, I-XHNCBIT 2MEFiT LEHOHEBENRKEL R oTWEZ 05, bEIGFANICET 2 HK—1D
BHEENRD L TWD Z e IRENTz, ZORMRIEITHE B & d—H L TWwb,

= (b) 85
Ga
—0

(a) 8 [0 2523

— Ga
—0
—N

% 3
B 27 48ev @ 1
i &
04 . 0 -
N —
R |
<]
-4 —— 4 S . ——
X; YO NX T MI LEYTZFZ 1, 00 02 0.4 X, YT NX I' MI LFYTZF Z 1, 00 0.2 04
DOS [-] DOS [-]
1: B-Ga,O3 D conven- 2: (a) pure 8-Gay03 & (b) N-doped 3-Ga,O3 D N> FA#E ¥ IRREZS
tional cell, B, 721N RLF—Foe L TW5,

[1] R. Sharma et al., J. Vac. Sci. Technol. A 39, 060801 (2021). [2] P. Giannozzi et al., J. Phys.:
Condens. Matter 29, 465901 (2017). [3] C. Ma et al., J. Mater. Chem. C 10, 6673 (2022).
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Evaluation of impurities in Ga20s thin films by IR and Raman spectroscopy
RREHE FH B BN K
University of Tsukuba, S. Ukita and H. Okumura
E-mail: ukita.shun.gp@u.tsukuba.ac.jp

N 2R ) U A(B-GarOs)lE, i ERR IR SR AR D B ARIEIC L D KA
WU FERDBREFRETH D Z LD D AR ST —F 3 AR E L CERZED TN D (1],
AHE SR KA R (MOCVD)AIC X % B-Gax03 DRI, il - REFERL R & Sk 72 L O T RN
MRRETH 503, BT H DA Em RO C ¥ UG E IV b D A%EHED Si i+
WL A E LTERETRVIAEND [2,3], B-GaxOs J& T DN EHI IZ I\ T, FEEED D
REFCHIETE D Z EBNHFE LV, AHFZETIE, MOCVD {ETHE L2 GaOs HERIZ L, ik
FBREZCBINE ) ATF LT (MMSHOEANIZE>T CHBEIYSI © F—E 7 Z21T0, 7
— U ISR S (FTIR) B L O T ~ 4y e & I CR N o Rtk i 2 ik 7 7=,
MOCVD {E% FWWT c Y7 7 A 7 3 I Ga05 B% 20 /3[EIpkE L7c, Ga JFUEHZ R U =5
VI Y D INTEGa), MERIFEHIMEHE T A, Fx UT HAIZ Ar HA, R—s 2 MZ Ar AR LTZ
1%MMSi Z o, RIET % 2.6kPa, TEGa fit&#& % 9.9 umol/min, VI k2234 & L7z, Ak
IBERB X OMMSI & TEGa it & DT /L IH(Si/Ga tb) ZHlflId 5 Z & TC L& SiBEAHEG L,
X 1 clY 774 TEWRE(@)EeD Si/Ga LETHE L7z Ga03 WIED 7~ v A7 L &
(b)Y 72 DR TR L7z GaxOs3 WD IRIMBIN AR MV amd, 7 7 A 7HEMRE Ga 05 1
D A7 b Vs JOSCHEE [4]7% el L7258, X 1(a) £ 0 B-GaxOs IZHIK T 5 7~ UiEMED v
— 773201 em™, 322cm’, 351cm’, 479cm’!, 640 cm! B LN 663 cm™ (ZELALTZ, Si/Ga ELANEEN
T HIZONTR-Garx0s KD E—VBRENME T L2 &0, @iRED Si R—v' 2 712 L D
PEDOEALIRIBEN D, £z, (b) L VFRIMNEVED B — 27 23447 el 665 cm!, 718 cmr!, 768 e
NZHINTZIED, BREIRE O TIZHE 780 cm! 38 X UV 800 em™! @ B — 7 BREE Fh 3 il LT |
JEH A~ C DELY AT K> TE— 7 fLEN @ ~BEh L= & PENn D,
ARRT, ESHFTEBRIE AR 3L X — - BT A B RS O ZFE B (JPNP22007) TR LN H D T,
23 30K < [1] K. Sasaki, Appl. Phys. Express 17, 090101 (2024). [2] H. Okumura and J. B. Varley, Jpn. J. Appl. Phys. 63, 075502
(2024). [3] K. Goto et al,, Jpn. J. Appl. Phys. 60, 045505 (2021). [4] D. Dohy et al, J. Solid State Chem. 45, 180-192 (1982).

A3 : 100

(@) ‘ ‘ ——900°Cundoped (b) 90
——900°CSi/Ga0.01% . —
e ‘ i 900°CSi/Gal% &/ 80 &
< b= A ©
E ‘ ‘ \/ | | h\ 70 é
% \l ‘ c-Al203 | X 50 E
E | I‘ J || — 9500°Cundoped 50 E
“" 4)‘ I “ \I —— 800°Cundoped N =

) Inw \LA‘ /| . 40

! | VPJJ o L ""JP,.'-'-'.:-:‘_‘!H hm Vg 700°Cundoped \ 20

300 400 500 600 700 900 850 800 750 700 650 600 550 500 450 400

Raman shift (cm™) Wavenumber (cm")
Fig.1 (a) Raman and (b) Infrared spectra of c-plane sapphire substrate and Ga»O; thin films.
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p-GaO:DBEHLES FL—I2H T 5T HYDIER
Reduction of Impurities in f-Ga20s Grown by Liquid Phase Epitaxy
ZEHAECE/RXSH PIRHEER REEWRHR
OHMEAR, MEE KTEAH, EAR%FE AUAKRE E<KREH
Tokyo Research Laboratory, Mitsubishi Gas Chemical Company, Inc.
OHiroaki Tadokoro, Zhijin Chen, Taro Takakura, Miyuki Miyamoto, Kousuke Namiki and Makoto Sasaki

E-mail: hiroaki-tadokoro@mgc.co.jp

[1ZUDIZ] p-GaOsiF AV R » T RFFH R0 D RANKIEIC L 2 BRRS AlRe s CTh v |
EH AN =R R HEE U CTHER SILTW 5, RBFETIET A ARYEIC o e 7 2y
JVIE DRI BT, L ea 2 il T 5 Z E N TE DM E X %2 — (LPE) 1EI2EH
L7z. A OI13L-Ga0s e ICLPEIE A L7 ARE = B4 F 3 v )LREPSn B — 7 %8> T
BEICHEE LT 52, B-Gax0sD /3 U — Y RE B~ O FIZ B Tk, REEIC S v U 77 IR E % 1
T2 7= DI RMDIRE 2+ K< MAZ DRENRH DA, T4V E CTLPEE TERL S 72 -Ga 05
X VIR, BRICHWD 2203 EHC BRI 2 B CE VB0 M EA L T
W5 ZENHE SN TV, &2 TARIE TR, 5 OFICHERT A R a KT 5720, #tk
RSN TWEPtADIEHXAULDIFICEE WL 5 2 L 2HEt LT,

[E8r] L L CPbOE L UBI0s, WE & L TGa0s%Aub DIEHICIRA L, BRI+ Tl
LTRSS 7, K<L TOBIIREZRE N S, Edge-defined Film-fed Growthi%: THliE S
72(001) B-GaxOs FEMR A HAHR S, B X F v VR &2k 727,

[#5 5] Pto@hsl ($91768°C) & kil L CAUDZ I (£91064°C) 1L KIFIZIR W2, B RRIEE D
{2 371 72, PbO & BioOs®D JFUEHER 2 2 L S 7245 . PhOLLR 21804 2 & Tl FE 23
L., AuDfl R A A CHRAETHHEAMREE B2 b DR 16420
FE (ROBRARRIREE © 900°C, BRIREE : 800°C) THOTE X F 18419 |pmerb!
Y OVIERRAC B LTz, ZRA A E &5 (SIMS) T
EX XUy VBT OPHRE EAUREZRIE L2 A, Aud

Using Pt Crucible

1E+18

1E+17

Concentration (atoms-cm-3)

DEFEMALTER L2V > TV EPts 2E 2 el & | LTI

i L CPHRE AR A 58I1/10001 KK+ 5 Z L /3 T& 72— 77 T Au e

DOIRHEII Ny 7 75T R~ LiZo7 (Fig. 1), BLEDZ

LD, LPERE Z VW2 f-Ga0s T B4 3 ¥ LD HE KT o Using AU Crucible sy gackground
I, EROPtLZDIFICRDY, AudDIEEHAWD ZETER T " pepth (um) ?

T2 RIEIARIC& 5 2 LR ENTZ, 5 H%IT 4 A A4 — K Fig. 1 SIMS result of

FEERHMIC R DR L2 D 5 FETh 5, S-Ga,03 homoepitaxial layer

VHTD, 38 71 RS AR R RIS, 23p-31A-2 (2024).
2 BRS, 55 85 [MlS B2 K TR AR 22, 20p-A22-3 (2024).
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VB A THER L 1= B -Ga0; FE R DR A FD 5 &K
Distribution and shape of line shaped voids in -Ga.0; grown by the vertical Bridgman method
EXI' °=H A" XF &HAl'. F)l £=F'

Shinshu Univ. (Eng)! ©Ukyo Miyagi', Toshinori Taishi', Keigo Hoshikawa'

E-mail: 24w2032a@shinshu-u.ac.jp, taishi@shinshu-u.ac.jp

[IZTHIZ] B -GaOs HfEATIZIX, [01015 TN D ELRRR D45 R Ka SRS 2 2 & 03
HATHEY[L2]. ZOXKRKMEIE, (00)EREHEIAET DHEITT A RIS 2 2 &3
HINTWA3], milEl, KBNS Sk oTEMEE 42 WD LT, Zy F U T EITH e B
B2 O B -GayOs B i T DMK A R ORFER L 2 7]l T & 2 2 & &S L72[5], AWFZETI
B -Gax03 Hifili i OB B 2 AL S W72 & & ORIRARA RO & IR & FHm L 7=,
[=8J5#:] VB ET2mm/h THK L72 1 KD 3inch-(010) B -Ga,0s Bif it 2> HALE & 25 2 T (100)
BEBHE OE G AR A HE Lo, KIEETOCIEES = WOotBAMEE MINUK[4]% W CTES Fn)
DEBRNOERMEEZEZ D Z LT, MIRAA ROBIREZEIE L, BEHEZ R LZ[5],
[fER & EE]
Fig.1(a)l X EAE s T OALE., (b),(c)iX(a) D@D,Q DAL E D
BN = IR TSI EE TH 5. (¢) TIL[010]IZHY _ |
50um DR TH 525, (b) TIX[01011H 2um & AR D | i
o=y b TR RABES T, ThDEHIRRA K Wi & ao)
LRI L b BRI L 0 b AT B TR - :
A RO010]DE SR 725 2 & DR S iz, Fig.2
X, RA FOPREEE R ORA ROVPEE I SHHEH
L7=RA R E B -GarOs HLiE T alEHBIZLE &
BfRAEZ TR LT D, ZHICEY, fEBRAETIZS  Figl (@55 T OMERR & (b)@,
RTRA ROBERIIT 57, A4 om0 =TS R
DI Z Lo T, BRI RN S F S E A ATan

25pm

107 10
AR L, BRI TS SIRET S & o A £
£ G
AA FIIBIERE KT DRNCHESICIRY AENR RE g qoo| 4 10-95
ARV EL OB REEE OB (010) 123 fhiE B | ®
3 4+ N
ShTREBRICRE EEZLNS, € A ¥
X 105 107
(2% 3] o 1 2 3 4 5 6 7
[1] K. Nakai et al., Jpn. J. Appl. Phys. 54 051103 (2015). E&Tgﬂlﬁ\bzﬁﬁ[cm]
Fig.2 JtiEh; =R e BAMEE TRl
[2] S. Sdoeung et al., Appl. Phys. Lett 117, 022106 (2020). IN7=RA ROERBEE, RA K

NN ol
[3] E. Ohba al., Jpn. I. Appl. Phys. 55 1202BF (2016). RO & AL OBIFR

[4]EI B WOt BMEE MINUK, KB 48— A~3—, https://www.otsukael jp.
[STE b fth, 25 72 [BS AP ELEaFE TS, 17p-Y1311-4
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F/ATOoT—aVEICKSH BETERLE
p—Ga.0; g RERDE MR 5 1E DT
Evaluation of in-plane anisotropy of $-Gaz20s single crystals grown by VB method using nanoindentation
fEXT', % wmX', KT Al
Shinshu Univ. (Eng)1 , O(M2)Ryuta Ogawal , Toshinori Taishi'
E-mail: 24w2007k@shinshu-u.ac.jp, taishi@shinshu-u.ac.jp

[EE] U —F 31 2B L TR S5 B-GaOs @l 2 b DG EN T RETH 5 —F T,
{100}, {001MZE BRI Z A L CEY, FhT <KIMERE LW E W I BENH 5, b, B-Ga0;
D(100), (010), (V0)DFEFHE DEWIZIER LTCH /A VT T —3 a VIETHREO K ZITU,
(010). (100), (0ODDIEIZ, ¥ 7N KEL 2D ENyoT-[1], ABFFETIX, B-GaOs Hifh
fB0(100), (010), (001)7 Z A PN CEls St TR L. SEARGREE O NS TTPEIZ SV TG L 72,
[EBT515] VB 1AIC LD B LTB-Ga0s BB, it

5 10mm., J& X Imm 0(100), (010). (0013t z15Coamnr "
BEaAT T, Yo VROBELZES DT /AT
4 —(TI-950 Triboindenter) % F\ CTEEAM 2 1T - 72, Fc KA B 1%
10mN & L, Z@AS—a By FIEFEM0E, FREICHL 0| ¥
TH 7% 0, 30, 60, 90, 120, I LT 240 FEIZ[FEHRS 0 50 100 150 200 250 300
o, AT 9 BRI R R L, o

(R & EE] 1 ICHKATE 10mN 1281 5(010)F:A %
30 FERlES S o EAM i &2 R, MEAMMHRIZITR 4
FIVCoR i BN 6 L CRIKICZ A K E < 725 pop-in £
PR FEFRICEN AR COERAELTOARIZE &
PR STz, 2 0%, K1 OFERICESWT, 10mN £T

vV

1 (010)7RBHT I 1T B far T ZE(T HHAR(30 FE)

DEEEMNZDOBBZREZ R LTV, (010)%1:&;2 30 JE ]z 0 2000 m-‘-)-“” h\t‘1|l)t} 8000 10000
fafEL| pul
SHEE ZIT, Inm UL EOENAEN 16 BB Sz, 72,
- 5 \ B 2 fof EASNT HIAR 2> O 15 - 2807 A & i D
N D EEAA FEIZ K> T, pop-in DEHUIE DD Z & A3 0h B
S77, X 3 TIX{100}BEBA T & OAE L Z DO TORK & 72 20 -
e . 3 (010) ¢
2 [Bl#E £ TD pop-in [FE A~ L, sk & {100} 5% B i 23 g1 (100) 001) :
BETHEVNE L, pop-in L <RV | BEHARI VTR L0 N
HLEZ LD, g s :
- S
[;;%%j(rﬁk] 0 10 20 30 40 50 60 70 80 90
[1] IR, 55 85 [ M E SRR AT 2 WEL M (100) £ 0Tk )
19p-P05-13 B3 {100} BB & D f4 % & pop-in [E15 DB

£
[2] T. Hou et al., Materials Science in Semiconductor 158 (2023)

107357.
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[10p-N105-1]
2.38 WtBTMAHIRRR L v F > 71C & %(001)HEB-Ga,03D R T v F & T35 AKREHK

OXE =T (1.NIMS)

[10p-N105-2]
O, TICH1F3(001) B-Ga,O3DHCAH R T F >4

OXE #—1. KB Z{ZT (1.NIMS)

[10p-N105-3]
(001)#ER-Ga,03E R EDB-Ga,0zx/ T 7 ¥ v v TIBIE(ER

OXE 21, KB #—" (1.NIMS)

[10p-N105-4]
B-Ga;03 RF MESFETERA®D = X ~CVDDEF

OmEM ', Z E. AN KBS =48 REZ $o8 BRAB2. LA B=3 AE@EA A
A B EEI(LRA. 28K, 3.NFV DY)

[10p-N105-5]
BIEAVOLT + by OGRS/ E— LARIRBRIBEDIER

O# EMB'. Pholsen Natthajuks?, A# FK2 ®MEF FKRE'. EF 82 (1._ALHH. 2 RAEE
b)
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2.38 wt%TMAH RIGE T v F > 712 & 5(001)@E B-Gaz0: DR TV F&T 5 AERMEMAK
Formation of step-and-terrace surface morphology on (001) B-Ga203 by developer etching
OXB #{=, °Takayoshi Oshima
NIMS, NIMS
E-mail: OSHIMA.Takayoshi@nims.go.jp

[ 5] K& RN T DT D B-GaxOs iRl —F /34 ZOWFFERAFE 1L, BIFE, F12(001)
i ETHEDIZED b TW5, 2078, (001)HEIZxEd 5 R ImAEFLEIR & A ICHRF S Tn
5, R, AZNT Y —FHHT VT Y O tetramethyl ammonium hydroxide (TMAH) ZK¥#E 2 H U
Uy by F Uo7 TIE, RELRS, FIAMA Ty FROKRER L, 3y bF—FBX
PN #2564 A A — RORER L7 EOFRAMENREIN TS [12], LHLZRRE, %< OHAT
WFFECIE, HAEIRE O TMAH (10-25wt%) DMEA S, 2»o=iRE2 K& < EEIDIEE (70—
90°C) Ty F U IPMThohTWh, £ TAMIETIE, LV FEBPAESRTrEAL LT, IF
ey ) Y 7T 7 ¢ BUGIK (238 wt% TMAH) W, |R TV =y b=y F 72470, £0D
BROFEERREDZALIZ OV TRt L2 i R A2 AT 5,

[FBR] 2~z U 2Z 0T 7 ) aP—8o001) B-Ga0s FEHIZ 3 L, 25 °C (248 - 7= Bk o34
WYy by F o 7 %{To7-, Fig. 112, MBS (AFM) TEIZ L=, FHk
REOx v F o VIR FEEZ R~ T, =y F U TRIOKREEIL,. ROHW-T T A 1-3 @ iR
INTWe, TyF U 7ICE0VENLDOT F AT, A7 v 7R %BT 5Bk F 728D
PrESN, SHICTBICHFELTWET 7 ABEBPEH LT, RENICHBR AT v 7&T 7 At
ERER SN, o, b IR > TR SN2 &6 N TIX(100)HE £ Y $(010)iH
DHBTy F 7 ENRT NI ENRBEND, ZOXIIC, BIRTOBUGK~ vy F o 7%, i
BTHLD, BT LIV OREFHICANR T e XA THL Z EBP LN E T,

[B8E] SCRHA ARIM 52 (JPMXPI1225NM5079) %3 UC, NIMS SN T = » k3% & F)
L7z, £7. BHfE (JP24K01368) A L7=,

[1] Appl. Sur. Sci. 506, 144673 (2020). [2] J. Vac. Sci. Tehcnol. A 43, 033210 (2025).
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Fig. 1. AFM images of a (001) B-Ga>Os substrate before and after 2.38 wt% TMAH etching at 25 °C.
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HCI gas etching of (001) p-Ga203 under oxygen supply
NIMS, OXE& #—, XB& #{

NIMS, °Yuichi Oshima and Takayoshi Oshima
E-mail: OSHIMA.Yuichi@nims.go.jp

[FR] B-Gax03 1337 — 8RRl E LTHZETH Y | KRR’ ED DT\ 5, T
£ B-Gay03 D SBD D&M E(L=S° FInFET @/ —< U —F Z7EfED 702, Lo FRT7 4 DX
IR 3 RTHEEE T LT A ANRFEREINTWD, FDO LD 74 3 WorkEoEilci:, —vF
Y UEARNEBERER AR, £, HHEOT y F U b ERREO X A —U00G YO
EOVEDITEREEZBND, B-Gax0s DT v F L 71T DA RIE BNHWLN LD, TR
VT EA—DINT NS AMEREICER R A B2 5 L WO RS D, T T, BxET T A< 2 A0
IRVWHCL ATy F o THEA 2 B% L CE 7o, ARBIETIE, HCl H ATy F o 7 Otz S 6
IR BTN T A—2 E LT O UINMZER L, O fiiis F T v F o 728 25
RO THET D,

[EBR L EZE] = v F o VFEBRITIZB-Ga0s (001) M & FIV 7=, HCl 4343 PY(HCL)IZ 63 Pa &
L7z, O 4823 E PY(O2)IE 0-2.50 kPa, FEARIEEIL 645-1038 °C O#iH TEL S HZ, =y T
TN 10 3 CTH 5, Fig. 1 @QURT L I, (00DEHD = v F 7 L— F i PYO)DHENNZ 3 L
TR LI2A, REHSIIVEORINTH-> TH KIBIEBTE 52 Edbnotz, £
72, Fig. IONZTRT L2, O T TlE= v F 7 b — R ORERGNEC O a3 I & X2
TR LN o727 T h—n8INT, R SIE, EE AT 850°C LLFIZT 5 2 & THEFITIK
WMTEDZENbhoTe, HHIZENFMOT Y F U TIZONWTHEREDTFETH D,

[BREE] ARBF5E D R O —H 1 NEDO (ESZAFFE BT E A BT = L 55— « BESERNHR -5 B RS HAE)
DEFEER (JPNP22007) OFERMG O, 7o, U ARIM F3 (JPMXP1224NM5454 35 LY
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Fig. 1. Planar etching rate and surface roughness of (001) B-Gaz20s as a function of

(a) partial pressure of Oz supply and (b) substrate temperature
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(001)E B-Gaz03 £iR LD B-Ga:03/T7 ¥ ¥ v FHEE{EE
Fabrication of B-Ga,0Os/air-gap structures on (001) B-Gaz0s3 substrates

OKE #{Z, K& #—,

“Takayoshi Oshima and Yuichi Oshima
NIMS, NIMS

E-mail: OSHIMA.Takayoshi@nims.go.jp

[E 7] B-Ga03 1% Si & R OB AFEZ A LT Y, MEMS JGH BRI SN TV 5[], LavL
I ETO MEMS RIETIE. B-Ga03 /Ny & BFEFAM EICPEECIREST 522 LT, hrF LA
—RPx T T vVl COBIEER MER SN TE 2, 0D, TubANEMETHY . HH

PEIZZ LW EWIRREN D -T2, — . Fex i3l
e, FENOHBMEOE W B 22 LY | (100)HEH
ETo=7 7Y v UIAICEE) LTZ[2], L2>L. (100)H
IE, RETE X F Y VEERHICHEAFEAE LT <,
FEBRIZITT A A SN2 AL T D, T,
AW T, BAHAREZE XY 2 URAEETHY . KOR%
U = O ANFH IR S 72 00)EIZE H L, RO 7
N AZEHT DI LT, B-Gar0s/ T K ¥ v S HEED
TERLZ R Zh L= THAAET 5,

[EBrE#ER] (001) B-Gax0s KoM IZkF LT, Fig. 1.127R
TR AERER L], £T. KRNIy TF
TIZR D AFEEE L. £ D% HCl WAy F 7
WZE D AV HE THERE L, HOl ATy F 2 7T
X, BTy F o 7 B RET 572912, HCl 73 E % b
@%k%&zwh\fmtxﬁﬁ%m&%mé&ﬁmc
WZRRTE L72[3,4] 2 OSMATIE. (00D EHE 7 xd
A[010]E N A O RG> F o ZHE-SK 7 5T

ol Fig.2 12, fERH L7720 »F L/3—D SEM 8 %
AT, WIEBPSIE=T ¥y o TOFENHRTE, B
VFUN—EENERINTND Z Enbns,
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[1] X.-Q. Zheng et al., Appl. Phys. Lett. 120, 040502 (2022).
[2] T. Oshima et al., AIP Adv. 15, 055207 (2025).

[3] T. Oshima et al., Appl. Phys. Lett. 122, 162102 (2023).

[4] Y. Oshima et al., Jpn. J. Appl. Phys. 62, 080901 (2023).
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Fig. 1. Process sequence of -Ga,Os/air-
gap structures.
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Fig. 2. SEM images of the fabricated
cantilever.
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B-Ga,0; RF MESFET E®{~MD XX + CVD Mi&EH
Application of mist CVD to fabricate B-Ga;O3; RF MESFETs
WK, &K RFY=yr? BEE & BER & BB R, TR B BE
BoA BEXER?, EH F=C, AE B BF BA BA RAE°
Kyoto Univ.', Nagoya Univ.%, Panasonic’, °S. Fujita', T. Wakamatsu', H. Ikeda', Y. Ando?,
H. Takahashi’, R. Makisako?, T. Ueda’, J. Suda’, K. Tanaka', H. Sugaya®

E-mail: sugaya.hidetaka@jp.panasonic.com

A b CVD IR LZA AT RILX — KT A S OB CH 5, 4 1a], ek E010) B-Ga0s
RO EIZ, S AR CVDIEIZE D n BB-GaO3 DAFETE X F 2 ¥ /LK 21TV, RF MESFET
DAER 2 R T- D THIET 5,

n BB-GayO3 DF ¥ U 7 HE n =2X10" em?®, JEE d =48 nm & L7z, MESFET (34 K C-TEFs
ICBWTERIE LT, 7310 A& % Fig. 1 127”3, 77— MR Lg= 045 pm, 77— MIE Wy= 200 um
Tho, Fig 2l A VEIR-EBEE (- Ve) FEZTRT, MEX20VLETHDLZ L 2R L
TWNWDb, 7= FEE V-4V IZBWTURIEE > F4 7 L, ZHUE n BB-GaOs DX+ U 7 EE L
JBEENeTFRINDMEE L 8L, BIFSEREES () & RRFBIREEE (fow) 1T
Jfr=6.0GHz, funa =14 GHz 21372, ZiL5 Offil%, MBE iR &0 {FRE S 4172 MOSFET [1]& L
i L CGREITZRD, 2B, BV A XDOT A ZZBWTIE, fr =84 GHz, fux =18.4 GHz M3 H 1
Too E 510, AHEAEIEE &2 AN L 7= MESFET H4iE 25 2 fESL U 7=, Fig. 312, Vas= 10V, Vg=—0.8
V, Is=8.5mA ([ZFIT 5 S /T A — X O BUKAFM: 2 7~3, 2.42 GHz A1 TS L, FIFF 6.7 dB
NNz, F£72. 242 GHz CTAHREMEZRIE L7k
. BEFIS 6.5dB. AT 12dBm (16 mW), f kAT lgm Lpm
MBI 10%% 7, Ll ZRBFRIEE HAEE R ety ion
&<, THULFig 2 R END K OIZ, TAA ZADF SN:rH-' i ;-mp:nt;apte-m
AR | E T2 LA SRR 2 &5l & B I
o, 5k, REBXO7 v 20fKEAIZED , K2
R®D RF T34 RZORDDHZ EDREFEINS, Fig. 1 MESFET device structure

[1] T. Kamimura ef al., Appl. Phys. Lett. 117, 253501 (2020)

120 ) 10
Gate voltage //,/4"‘”'—F'_1
£100 + 1V
£ ov z o
< + -1V =
A 5 Va
- a —s11
5 0T 2y g \ ] —s21
= ——-4 V o -10 g
2 40 | o 522
= —
g 20 L LA _ | | @
o I \ | ' ! 20
0 He—4—3 : ——t 2.2 23 24 25 26 27
0 2 4 6 8 10 Frequency (GHz)
Drain voltage (V) )
Fig. 3 Frequency dependence of S parameters of
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BTV VLD A+ b=y iERT/ E—LERBEEDER
Fabrication of gallium oxide photonic crystal nanobeam cavity structure

RASEUBE |, HREEH?
O£#fB ', Pholsen Natthajuks 2, K#{F X’ HHHERE', AXEH"?

RCAST U-Tokyo!, IIS U-Tokyo? °J. Jeon!, N. Pholsen?, H. Otsuki?, R. Jinno', and S. Iwamoto'-?

E-mail: jeonj@iis.u-tokyo.ac.jp

TA KRR REx » 7EERMPEH R O @ FOE, aFDBTEAT DAL R A M B O(ZE T
RAME F45 72> D+ BN TAET 72, BUhitic X 5 & FIREBOELA I SN D Z &0 b
H—YAPEA~OIHAP R STV B[], B-Gax03 13 4.6-4.9eV DX REX ¥ v TR VX — 5§
DUA RNy REp v FEERO—DTHY | BEKERTHD 1.316um THRILT D AF0LDH
iémkmo:@é¢®@@ﬁ@Fw@f@%%&@ﬁt%i%hfwéoﬁb@\7¢F:y7
FEmHERIC LY ZoafboReEHEm L, 7R L USHT2ZEEBEL TS, &
AUE TIZ, B-Ga:0: PhC F / B — A RSO G 28 L72[3], Anl, ZOEBICAIT - H &
LT, B-Ga03 ~® PhC HEIEDIER AT o 7D THET 2,

F@l@ﬁ%f@@fH?XZ%%[Nm&ﬂﬂ%ﬁ%@@bkoifA%FFTBQny
V7 MR BICETRRREIEICLY Cr N~ FR~AZ7 &KL, TOLICEFHRLI A MEERL
7o WNT, BRI YT T T 4IZED LTV A R RF— /%%&L\_®A&~/%vx7kb
CCraTyF 7452 LTCr~A7 2, Fonic Cr v A7 ZHNT, B-Ga:0s &~ v F
VL REBIZCrmy FUTHRIZE Y Cr~v AT ZBRET D 2 & T Fig 10ICRT &L 9 72 B-Ga:0s
PhC HEER S DT,

B-Ga:0s D= F > 71X BCls/Ar=20/5 sccm, ICP & 7] 400W, /XA 7 AES) 200W, 7'at A+
77 0.66 Pa DT TITV, Cr & B-Ga:0sDEARILITH 127 Th ol B-GaOsDT v F o 7 L—
MZBWTRERERTAKAETIR AT, ERENTAEEICB O THEAR =D B
ENTNDZ ENbND, ZOER S IEHER— VO ERITHFHEOR 1.25 5 Th o7, 72,
z/%/a%@m% IE—ED T 7R AP L, MEEMA TR L% 79°Th > 72(Fig. 1(c))s

%ﬁ®7w~7#ﬁibtaGM%%&%H®%ﬁﬁ7rkﬂﬁr@ﬁf%é Stz

%J_@ﬁ/ﬁkki()\m O EIHRAROERIC T 7= 7 e & Afi b At 2 TETH 5,
@ (b)
Resist Coat . [ﬁmcnl’ -

(FICP Cr Etch ZResist Remove
T Resistl [

Cr cr

B-Ga0, B-Gaz0,

BICP B-Ga,0, Etch ECr Remove

5.00 pm

Cr

B-Ga,0y B-Ga;0,

Fig. 1 (a) Process flow of the B-Ga-0s photonic crystal nanobeam cavity structure. (b) Oblique view of the -Ga20
photonic crystal nanobeam cavity structure. Inset: Top view of the 3-Ga-Os photonic crystal nanobeam cavity
structure. (c) Cross-sectional view of the f-Ga.Os photonic crystal nanobeam cavity structure.

BEE - AWFRIE. BMIFER (22H00298. 22H04962, 25K17958) 35 & O L UTokyo Jeiif ig 7 v 75
DO EZ T CEBSNE Lz,

BEICHR : [1] J. R. Weber, et al., Proc. Natl Acad. Sci. USA 107, 8513-8518 (2010). [2] J. E. Stehr et al., Appl.
Phys. Lett. 124, 042104 (2024). [3] B, 55 85 [H& W EL 2SI EUTRIHSS, 20p-A22-14 (2024).
(4] SRUSATLRAL, 55 85 [ElG B Pk F= A lTam i <=, 20p-A22-13 (2024).
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Fabrication of (100) Thin Film B-Ga203 on Insulator towards Optical Applications
N. Pholsen’, J. Jeon2, H. Otsuki!, T. Oshima?, R. Jinno?, and S. Iwamoto!?
IIS!, RCAST?, The University of Tokyo
NIMS?
E-mail: besto@iis.u-tokyo.ac.jp

Gallium oxide (Ga,03) is well known as a wide-bandgap semiconductor with strong potential for power
electronic applications. In recent years, it has also attracted increasing interest in the field of optics,
particularly for deep ultraviolet photodetectors and as a transparent conductive oxide'. Beyond these, Ga;Os
holds promise for a range of photonic applications, including UV waveguiding, nonlinear optics, broadband
luminescence, and quantum photonics with color centers’. However, the realization of these applications,
especially quantum photonics, depends on the availability of high-quality, single-crystalline Ga,Os integrated
on a low-index insulative layer to enable optical confinement and electrical isolation, similar to the silicon-
on-insulator (SOI) platform widely used in silicon photonics. Despite progress in various deposition and
epitaxial growth techniques, the fabrication of single-crystalline Ga>O3; on foreign substrates suitable for

photonic applications remains a substantial challenge.

Here, we propose a method to fabricate (100) thin film B-Ga,O3 on a SiO substrate for optical
applications. B-Ga;O3 on a SiO, can be fabricated by bonding and peeling. (100) plane of B-Ga,Os is a
cleavage plane, and the crystal can be peeled along this plane. As illustrated in Fig. 1(a), we first bond cleaved
B-Gax0s crystal with (100) surfaces on SiO, with benzocyclobutene (BCB), spin-coated on the surface of
SiO2. The bonding occurs under the pressure of around 1 MPa at 250°C in a vacuum chamber. The surfaces
of the gallium oxide crystal are peeled when the glass substrates are separated. We could not control the
thickness of the film yet, but the process can be repeated until several tens of microns of film remain. Figures
1(b) and 1(c) show optical and AFM images of the surface of a fortunate, thin sample after peeling. We will

investigate thinning down with reactive ion etching (RIE) and report the details at the conference.

Bonding .
@) | dL 1 MPa, 250°C ®)
BCB+ Si0,
+ 2,0y
Si0O, (:E
(5
Peeling ﬁ E
g

n (
2

(=3

(=]

Figure 1 (a) Schematic of bonding and peeling processes for Ga20s. (b) Optical image of a Ga203 sample after the peeling.
The thicknesses were measured by spectroscopic reflectometry. (c) AFM image of the Ga2O3 sample after the peeling. The
inset shows the area around the measurement spot.
Acknowledgement This work was supported by KAKENHI (22H00298, 22H04962, 25K17958) and _J& UTokyo JEimalf
4%~ 1 77 .. The authors thank S. Gao, T. Taniguchi, and S. Ishida for fruitful discussions.

References [1] Jamwal, N. S. et al. Nanomaterials 12,2061 (2022). [2] Stehr, J. E. et al. Applied Physics Letters 124, 42104
(2024).
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Structural Characterization of Filamentary Twins in (001) #-Ga:Os Epitaxial Films
Hao Wen !, Ce Tao%, Zengyin Dong?, Xiaoqing Huo?, Kyoku Ihou™
Tsinghua Univ. ', CETC 46th Inst.2
E-mail: wenh24@mails.tsinghua.edu.cn

[-Gallium oxide (Gax03) is a highly promising ultra-wide band gap semiconductor gaining today much
attention. In order to develop manufacture of a high-performance epitaxial structure, in-depth understanding
of defect behaviors in epitaxial film is imperative. However, there are few published studies on the topic of
nanoscale evolution of defects within the microsystem.

In this report, we combined the surface etching and TEM methods to uncover the microstructure of

twin defects in f-Ga20s (001) epitaxial layers oy
(Fig. 1). The twin defects show a length of
approximately 2 pm, a width of around
30 nm, and a thickness on the order of several
tens of nanometers (Fig. 1 (a) and (b)). As
shown in Fig. 1(c), the high-resolution
transmission electron microscopy (HRTEM)
image presents the local crystal structure

composed of two contacting parts mirroring

Fig. 1(a) Cross-sectional TEM image along the (010) plane before thinning; (b) TEM

each other. The angle is measured to be

approxima tely 76° which is consistent with image at the same location after thinning; (c) HRTEM image of the filament-like

the 4 angle of f-Ga:05 (~180-76°). Based twin nanoribbons.; (d) region showing the origin of the twin defects.
on the reported twin rule, we indentified the twining plane is the (100) plane and the morphology of twin
structure is comparable to that reported by Ueda et al. (2016)". Before thinning the specimen, the twin defects
extending deeper under the surface failed to be observed in the TEM due to the excessive thickness of the
sample in that region. Hence, TEM investigation of the specimen by FIB thinning at the same site (Fig. 1(b))
showed that the previously visible twin defects near the surface disappeared, indicating that the defects extend
only a short range along the [010] direction—on the order of several tens of nanometers. After thinning, the
region lower than the original surface became accessible to TEM observation, revealing that the twin defects
originated during the epitaxial growth and evolved from smaller initial twin domains, as shown in Fig. 1(d).
Observation of the morphology evolution during the reduction of the specimen thickness, we speculate that
the filamentary shape twin components share a common origin with (100) stacking faults.

In summary, we identified that the twin defects in -Ga20s (001) epitaxial layers exhibits a filamentay
morphology and we infer these defects are likely to stem from a common (100) stacking faults.

Refs: 'Ueda, O. et al. (2016), Japanese Journal of Applied Physics, 55(12), p. 1202BD.
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Dislocation Analysis of p-Ga:Os Substrates and Epitaxial Layers
Using Reflection and Transmission Synchrotron X-ray Topography
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Fig. 1 Development of synchrotron XRT techniques for Fig. 2 Schematic diagram of the XRT optical setup for
defect revelation in B-Ga20s crystals and power devices reflection and transmission configurations

e = CRIZBIT D [E— & CORAM OFEEfENT (B, B, HERE) 2175720, [F
—@ EFG ¥£(001) i 5t 2 FHvy, HVPE 5= B RE O R TR F L ONEEELE o XRT HIE % 52
MEL7e, fEdmOm AN, B FEO 7 —HEHR BLOAFHMIE U T, X HOEELZEYIC
BIRT %, SORECE Z1E Berg-Barrett 5%, EBBLE (2138 1500 X BREIPTELS: CdH % Borrmann
RO Lave 15 (BEFEEE) ZZ2NEEHT 5
2-4] (X2), BIEMRORRELET 7 X R
O WRIEIRESSAR (XRT 1) 13, X7 4 v a7
37 U X R ook R A O TRRER T S,

X 32 R ErifRIC BT 5 [A— N0 i AT o
XRT g4~ 9, = ERERANCIE, BN D[010]7717)
AR DAL O S AT s . BE DR D ERE
U7=RMGEEN S XRT B I AR > Mk = b+
TA L LTHERES N, ST E@IENL 2 TRy
ETDHIHMOEONTH D EHEEIND, “ERE
#%AZIX, [010]107 M DEANLES KL OV OBEAL S D& i
& LB OB R S e, 2D L 912 XRT
ERWTZIEETIEIC LD . BB X O = v EIcfr
B OENEECGIRFEI ZH LN TN TE L, ZhICE Y, lE7 ot 28 X OEKRM
BN AERRIZ 5 2 DB OWTOMANGE LT, 5%IE. 73 A & JLE 2 78500l
A ~DREHZ TEL TW\5D,

(] AL, BHRTZENR)T O Z AR R SCHERER . (JPJ004596) DIEEZZ T b D Th S,

[£E k] [1] 0. Ueda, et al, JJAP, 61 (2022) 050101. [2] Y. Yao, et al, JAP, 127 (2020) 205110.
[3]1Y. Yao, et al., APL, 121 (2022) 012105. [4]Y. Yao, et al., APL Mater., 10 (2022) 051101.

G (ciz)
2

Y

Fig. 3 R-XRT and T-XRT of substrate and sub/epi

© 2025%F [SAMEZS 21-132 21.1



10p-N105-9 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

RS XR FRT 5T 4 —IC &K BZEEERD B —-Ga0; /3T —TF /34 X<
BT BEMDART > FERRE
Operando Observation Technique of Dislocations in p-Ga203 Power Devices under
Actual Operating Conditions using Synchrotron X-ray Topography
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Fig. 1 Schematic illustration of dislocation operando observation using XRT and an overview of the imaging system
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