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DIERIL 7@ E e SV 7 R EZFIHCE 200, WHERTU A F¥ vy o 7 EERE LT, RIS
EE AN —F 3 ZA~OISHAPIRGF STV D, B-Ga0s 7 /3 ADFERLIZIZ, A7 ik
BNz <. B-GaOs Fat E~DHREFTE X T v VR EHIFORBNEETHY . AWFFET
(TR DTRVEER UG IC X0 @ E R b R TE 5 I A R CVD IBICEH LTV 5,
THETOMIEIZEBWNT, T A+ CVD EICXkD, BAbH U v A (GaBra) Uk AV 72/ K 10
umh £ TOEREES B-Ga03 (010)HEM L~DHREZE X X v L ER EORELIT> T
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BAIEEAL AT U 7 I(B-Ga0s)iE, 4.5-4.9eV D/ KXy v 7= ¥ —%4 LW, BlikREIEIC L
DR AR @E B 7R BRIV 7 R DE TV DR, Z o vy Bl a VD 2 & Tt
N —F A ZDRREERIATOIN TN D, T34 ZAVERED A RITIE, #EsaRias 07 < R
IR E DR B Y 7 b g ORED 8 & 70 DB gk & LT HVPE (£ MOVPE {£PI7
FIZHWHI TS, Mist CVD EIZ & % B-Ga0s Al 5134 72 <, fiE L — R~ & LT32umh
WG I TV H 00, HVPE 1£° MOVPE {EIZ 5 L il 2 50 CREEN IR D, U7 V—T7T
H Mist CVDIEIZ L DR EZE X XU v LR AR A TE Y, JFEHZ AW Ga(CsH:02)s & HCI i
EZBMEESHZ LT 7 pmh BEOERKEICK L TWAIL LavL, BRORAR 5 HEROR
AR BE DA 72 & FEAR T~ & FREIEZ . AWFFE Tl Mist CVD #£B-Gax0s i IEIZ 351 T,
SRS A 28 AL S 7o BRO AU ER D IA T DEARIZ DUV THRET L 72,

JFEHZ X Ga(CsH702)s & FVY, T 37% D HCI 2 Btk TAR LIA#E & L CHV 7. Ga(CsH705)s,
HCIEEZ 2102, 24 mol/L & L7z, JE#HIZIZ Sn K—7 (001)B-Gax03 Ktz iV 7=, F+ U
7 (02) H A& 3.0 L/min, #78R(02) 4 A& 0.5 L/min & L, 2.4 MHz OB 5 I HEE) 7 % F JEURRA
REF LS. BRI, 700,800°C & L, IEEA 2 um FREEIC T 2 72 O BEREH 2 7 min &

L e k0 R bl Bl wieh b1}
[010] 7 11T A TERR L 7. XRD 020 ufuy : e S5 =
1015 3 o g 3 K

KU WREE bICBRAATH S ABRIAT S B g oo o
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b7, SIMS BIGEIS £ 0 AR & Fig. 1. SIMS depth profiles of C, Si, Cl and Sn impurity

E LR A Fig. 1 1R, BsREE 4 concentrations in homoepitaxial B-Ga:03 layers grown
at (a) 700 and (b) 800°C. Dashed lines represent B. G.
800°C (TN &5 & C DIRANHIH E4L  levels of SIMS system.

DT LEMER LI, —F, BIEREAEMISE5 &, Si, Cl OIRAENEINT 52 & 2R L7 C
1%, Ga(CsH702)s 2R TH V), BBIRED EFIC K DRBEIC L VIV IALDB IR b B2 b
5. SUKIREE EFIZfE, 7 ZIREND Si AL, BMVIAENTZEZZ LN,

[1] T. Onuma et al., Jpn. J. Appl. Phys. 54, 112601 (2015). [2] A. Kuramata et al., Jpn. J. Appl. Phys. 55,
1202A2 (2016). [3] K. Sasaki et al., Appl. Phys. Express 10, 124201 (2017). [4] K. Nomura et al., J. Cryst.

Growth 405, 19 (2014). [5] J. Yoshinaga et al., Appl. Phys. Express 16, 095504 (2023). [6] H. Nishinaka et
al., Mater. Sci. Semicond. Process 128, 105732 (2021). [7] #24Hth, JCCG-52, 06a-C03 (2023).
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Incubation Time of Ga(CsH7O,); Solution for a-Ga,O3 growth in Mist CVD
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o Bt U 7 A(a-Gax0s) i, #J5.3-5.6 eV
DR RE ¥ v 7 TR X— & ROty
R CTH I EmUHERRIR R & AR T
EROLH/BINL WA I ENDB Y a vy b
— XY 7 X A 74— R (Schottky Barrier Diode:
SBD)~D IS HNHIFF SN TWAMEITH 5.
I A MEF KA B (Mist Chemical Vapor
Deposition: Mist CVD)y£E TEVICHEL EFH T
% a-Ga03 IR FEIRIC B W TR E TE 52,

Mist CVD JEDRIBES D 1 S & LT, JFEHA
WOLEMENS T LD, FLATHEIZEB N T
AU TEFLTE RF— b |n(C5H702)3
MR %2 & Lo /KIEHRIE, HERE 2 TR O
WIHENERERICS 7 F L. &5, F1u
O DVRIR 2 TR L 72 1n03 FEME 134 il
Wb D Z & iR LBl Z RN D,
HI) LT EF LT M F—F Ga(C5H7OZ)3*5J\
KEEGToAKBIRIZB W T H IR Z DIRIR %
FAWTRNE U 7= s [REE e B b 5 & &
ZHN5. RAFIETIE, Mist CVD JEI2 X5
a-Gax03 iV D Ga(CsH702)s /KR D
& RERI 220 K 2 IR O W50 E DIRIR &
W TR L72 GapOs HEIEIZ 5% 5 2% 3R
~7z,

Mist CVD 752X 0, (0001) a-AlOs FiA EiZ
o-GapO3 i & B U 7=, JEHZ I Ga(CsH702)3
AR FEAS 0.05 mol/L, HCI #2723 1.2 mol/L 12
725 KO ITEMK TR L 72k E vz, 2
2T, IR A T, Ga(CsH702)s ¥k & HCl %

BA S, #E IS -0bIClBMAK CHEL L.

& B Tlx, 520 Ga(CsH/0,); & HCI %
MK TR LD bICHE S 7=, 2 D,
BIAROFERFNX0, 1,7, 25 days & L7=. =
D & DTG L2 JEHR R 2 -V T, R
460°C, iR 60 min, &+ U 7 4 2(0) 3.0
atm-L/min, 754 A(0z) 0.5 atm-L/min O Z:f:
T, EIEAZNE L. WGEHmX, S48
/7614 (Ultraviolet-Visible Spectroscopy: UV-Vis)
2 KW EERE, EEREmIE, =Y 7Y
A b U —(Spectroscopic Ellipsometry: SE)% f»
TR 2 1E L7z,

Figure 1 [Z#fE R 42 2 L S 72K A, B D
W BRI ERE R A R, IR A TIE, FRIERERH]
ZIEIXTICoh, WIS EEEMIZ 7 R L
7= (Fig. 1(@). Z i, #EFICERS ©
Ga(CsHO2)s ICZENEETNH Z & AR LT
Wb, — 5T, IR B OWIHIE, 13 A EE
1k L 727 7= (Fig. 1(b)).

Figure 2 |[Z4VAIR 2 A TR L 72 B D s

DFERAZ R, W A ZHW- KT, 1 A
FRET 5 2 & CHRUEREM L7=D b, FHE R
ZIEIETIcoN T Lz, 8K B THE L=
TERR ORI, IR A & [RIEE D B 2 MERs L 7=,
ZDZEND, WHERIE TN A SN
WH DD, &K B H D Ga(CsH702)3 IZHB VT,
FrE P S OB RN E TV D Z L AUR
e X .

PLEDZ E2v5, Mist CVD KEIZBWT, &
ROFFERB O EERL T A =X —D1oOL 7}
STWDHIZENRBATE S, £, YHITKE
W% W T2 BR D GaO3 IO FE SR AHIZ DV T b
A THETS.
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Fig. 1 Incubation time dependence of absorbance spectra in

(a) solution A and (b) solution B.
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Fig. 2 Incubation time dependence of film thickness of
Ga203 grown using solutions Aand B in Fig. 1.

[1] A. Segura et al., Phys. Rev. Materials. 1, 024604 (2017).

[2] K. Kaneko and S. Fujita, J. Soc. Mat. Sci. Jpn. 68, 10 (2019).
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B —Ga,03(001) TEZ ¥ v ILERIZE TS
Wake BT v FE v MMIRET HIRERMEMNT
Analysis of Stacking Faults Corresponding to Wake-type Etch Pits
in B-Ga203 (001) Epitaxial Wafers
EMBIZWERE!, BOBRINATI?, N I7740€533v IRt 53 ZEXFE
OM2) sFE>CHN !, ! —B&Z! MHERZ? HAKRE? RJIAME3, kg
Kyoto Inst. Tech. !, Hitachi High-Tech 2, Japan Fine Ceramics Center 3, Mie Univ. 4
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Kenji Kobayashi 2, Takeshi Fujitani 2, Yukari Ishikawa 3, and Yongzhao Yao >4
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B -Ga03 1%, mi/E - KR L AR kRS T —
TNA AELE L THEBEZED T DD, ik
KBGO 700y B 70 B D VESLE IR 23 e N7 S
LTV, S bl K B O R 22 5l 1% & LT
TyFEy MENR®HY, Ogawa O IE B -Ga0s
001) N7 HRFERICERIND Ty FE
v N, ZTORIRNE 6 FERIZ T L[]
Bexlx, ZoWHE WDy TF 'y hEZEH
Xy VIR IR L, Wake Bz > F B
v N AT T, O N O RS Z AR A
Frv—2 (FIB) %EiE T L OVER G E 1B
% (STEM) % FWCgdT L7-.

ARAFTECTHW =AML, EFG E L7 8-
Gay03 (001) 7/v7 Hifk BIZ HVPE (£ THRET
Xy LR LICERCTHD. 0 E
200 ‘C?» KOH-NaOH T 1 /3= v F 7L,
TyFEy AR L. Fig 1(a) (2 Wake !
T v F > h®FIB-SEM # %, Fig. 1(b) B X
W (¢) \ZZ DOWiE O STEM B % Z N ZE R,

Wake = F & MIEWZ®D, Fig. 1(a) T
13 45° R S ETHRMEA&O . B~
v F By MIHT DB R D, Wake Bl
vF By R (111), (111), (412), (412)
Za ek Om EORE KM (SF) MHRFE D
S D BT &5 ICFEL TV D EHERI L 72,
Fig. 2 (2% DX &7~ 7.

[1]1 K. Ogawa et al., Materials Science Forum 1004,
512-518 (2020)

Including SFs on the (412) plane
Including SFs on the (111) plane

Wake-type /<) - / N c*
ctchpit — | o /)

Including SFs on the (111) plane
Including SFs on the (412) plane

Fig. 2 Schematic of stacking faults corresponding

to Wake-type etch pits.

200 nm

Fig. 1(a) SEM image of the Wake-type etch pit. (b), (c) Cross-sectional STEM images under the area

enclosed by the rectangles in Fig. 1(a). The (b) and (c) images were taken at g = 022.
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a-ALOs ERUFEIL T 7 R SiO2 EAD Mist CVD i In.0:s IEIZH 1T 5
RS B ARG R R KT
Dependence of Hydrochloric Acid Concentration Adding to Source Solution in Mist CVD
Growth of InOs Films on a-Al>O; and Amorphous SiO;
THBERZ, OC(ML)AJI 3R, LA #HE, A sk, M) i
B Wk AH ® o FR
Kogakuin Univ., °R. Ishikawa, T. Yamamoto, Y. Hayashi, S. Aikawa
T. Onuma, T. Honda, and T. Yamaguchi
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it A 27 A (InpOs) Dfs b IEIC LA
BEMOELSI e E 7 A4 ML (c-In,03)
EEREMHOZE NG 27 & L5 (a-1n03)
DT D, £72, TROIEEWVBEIE % FFo
DB NT =T NS, 2D S
TWaH[). —FH, ZRmEOTENLT 7 A
IN203 (%, TFT 72 EIZISH &5 1IGZO R 1ITO D
R—2( B LTH SR T NS,

WHFZEEE Cld Mist CVD (Mist Chemical Vapor
Deposition) ¥£1Z K % il db SR b~ D 5 dd
a-In;0s & ¢-Iny03 DARFIEICEEI L Tk 0, K
(Z0-IN203 FEAT B W TIREHAIR T O Y Ry
DI EVRE L — RRHEINT 2 Z &%,
ERMEER T\ L35 Z &2 L T35 [2)
Mist CVD JEITbLFXAREILED 1 ST, KU
ELTRXKETTORENARETHY, s
AR EERERL TH D Z L NFET BN A[3]. ITO
72 P OBHEER A CVD BRIETHEE, —ixy
\ZH T AFEMRBHNGILE. LaL, Mist CVD
ETIEH T AERE AWl E G087 <,
TEINT 7 A LD InOz NI 31T 2 R 5 %

WEBRTHMENS H. 2T, AL T,

Mist CVD {EIC X B £, 7L T 7 A B~
D 1n203 AR ENZ I3 1T D JFUBHA IR s INHE FR 1 FE 4
FED AT~ 7.

Mist CVD 7% IV Ta-AlOs B L 5ok I,
Si B BT SN =T E/LT 7 A SiO; Fiz
IN203 WD AR 21T o 72, JFREHATZIL Ing05 7%
U X — R RERICIAE S, BRiKkEINZ D Z
T L., 2O In,03 N7 X — D%
0.10 mol/L CHi— L, HEE&JRFE % 0.60-2.3 mol/L
O AL S ET. RESMFE, REREZ
550°C, ¥t U 7 H A(0p) ¥t & 5.0 atm-L/min,
FRH A (02) i & 0.5 atm-L/min T 60min &
L7z, ikt LT, X #RAFT(XRD)
TR X DG S S T, B TE IS (SEM)
\Z LD EME - Wrm@igg, Bl ToR—/L2h I
BN K 2 BRFFERL 21T - 7.

XRD HIERER LV, o-ALOs FM ETix
a-IN,03 B ELAIIZHLE L, SiO/Si Fa Tl
Lk c- IO KR L TWA Z & AR L=,

Fig. 1 (Co-Al,O3 #:4, Si0/Si etk E In,03 D4
YRR R \Z BT D EH SEM #8427, iR
TR 0.60-0.82 mol/L 123\ T, K
(RSB S R S iz, £, HEERIESE 1.2-2.3
mol/L 1235\ C, MR FE O BN\ va-AlLO5
FM b CIRE AR A3 HE A, SiO,/Si Hibl Tl 3
WIEHI IR EMEE SN D 2 & R Sz,
Fig. 2 {Za-Al,03 568 L=, Si0o/Si FeAk _E 1,05 D
AR FE k3 D IR & BB EE O RAGR &R T,
WO FICBWT G, HERHEE OB
IRV R L— R MEIN L 72, £72, a-AlO3
FERR X, HERR IR FE O HE AN A WS B A3
T2 Z LR SN, oL &, AT
ZEIZB WV Ta-AlLOs Ko T, fliEL—Fo
BN RE, BEARIZIR AT D R il & 23 B
L, Rl msl S n s 2 EnmE S
TW5[2).—77, SiOfSi Kl Tid, HEREHEE 1.2
mol/lL F TIXBEENENL, 1.2 mol/L L ET
ISEENENMR T T A2 Em 2R L. M HIZ,
ZOERIZOWTHERTD.

Si0,/Si

Fig.1 SEM images of In,O3 surfaces grown on

a-Al,05 and SiO,/Si with different HCI concentrations.
(€Y (b)

3500 T T T 250 3500

)0
000
500

[

0 T 0 0 T
00020406081012141618202224 00020406081012141618202224

HCl concentration [mollL] HC! concentration [moVL]

Fig.2 Relationship between thickness and Hall mobility
of In,05 films grown on (a)a-Al,05 and (b)SiO./Si
with different HCI concentrations.
[1] O. Bierwagen, Semicond. Sci. Technol. 30, 024001 (2015).
[2] A. Taguchi et al., Phys. Status Solidi B 259, 2100414 (2022).
[3] T. Kawaharamura et al., Jpn. J. Appl. Phys. 53, 05FF08 (2014).
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TiO: &V LAY b & L1z FZIEIZ & % B-Ga:0: S RDHRL
Growth of B-Ga203 Single Crystals Using the FZ Technique with TiO2 as Solvent
FHREXIL!, HKE BAL ON\E& ANE' K BER', FE BB, AL RE'
Utsunomiya Univ. !, Keito Tizuka!, °Kazuhiro Yamaki !, Yoshinobu Suzuki!, Keitaro Tezuka!,

Akinobu Irie!

E-mail: kyamaki@cc.utsunomiya-u.ac.jp

B-Gax03 1% 4.9 eV FEDOEWWN Y X v v T (E) & FiD, BEREIZ L > THESNEOND Z
EMDHOU A RX ¥ o FHEEIEE LTHR SR, FRCY 8RO B2\ N T
R LD TN D, RO BRIEE LTI FZ IEOMIZ Y CZ 1550 EFG IER LI, Hlf Tl
TMH VB IEIZE D 6 4 T VA XOHMERIER P RE SN TWD. 20—FT, @E AN
EEEZ HOT, B-GaOs DHASE B R TIEA BT 5 2 &L bR 2 AT 2B CTEHEETH S
LEZTWD. BIZIET 7 HEE 650 W OXAEHR FZ IR (¥ /) o~ 7 U —til SCW-1) T
ETRIR DRI DTN Tz dd, ) v R—=T7D B-Ga0s XA L7V, £ 2T, AR TIZE D
—® FZ JF T B-Ga,03 DHf A BT 2R AD—E & LT, TIO, & Y VX b & L CHAT 5 2
& it L2 TiO 1 FZ IE TR R BN BT E 5 Z L B <A B, flRlid 1830 °CREE,
FE A I TFAREE E B FER L E R T, YRy R E LTHDTIZ AW E IR L.

S TIIIATIIIE 2 2512 Ti0:- Gax03 IR R DS 2 i ~72[1]. £ OR5R, B, tHE@E Y DR
LENEMR LT, ZD%, Ti0-Gax0s IR E VIR FE LT, ZOMEEZ 2B H T
v 7 650 W OB FZ 7 C B-GaxOs Hifiifis D B i & kA 7.

TiOx»-Gax03 IR FH A Y LR b & LTHWS Z & (a)
THIBMA B-GaxOs 7 REAFX ¥ 95 Z LITHY)

L7z, Lo LD ofidblZ A A b2 m e,

Z o, YRy MO TIO MR A ) ST TE (b) (<10%) . T
MAITo7-. ZOME, K 1@IRTEY, &%
B-GayOs Hifiti i 235 B AL 7= . 3B D B I X RTBRIA T 5-6
mm, BRET45 mmBETHD. Z ORbEL % BEH
L, & 572 #B A @ XRD JlERS R 2 X 1(b)IZ~T .
B-Ga,0; HIKDIEHITHRVY 100 [FHTD E— 27 248501
s ST OREREEAT D L, ECIEHEN, FFOR 0 ‘

2030 30 3060 0

T TiOs HRO I —2 DERTE 2. /L bORIRL 20(degree)
HAEOHHR LI bO0, ZORNIE—2 1 3fRETE Q0 Figd (a) Optical image of B-Gax0s single
70N, BEEEAEDRERD D,  Z RSO E, 1% 494 eV & crystal. (b) XRD pattern of obtained
REEH DAL, AT L IZIEREDOME A MR L. B-Ga0; single crystal.

[1] M. R. Mohammadi et al., Acta Mater. 55 (2007) 4455.
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FZ EIT& B Si N B-Ga:0: iER DT K
Growth of Si-Doped B-Ga»0z Single Crystals by the FZ Technique
FHWEKRI L Ok BH' /\&E IR AL RE'
Utsunomiya Univ. %, °Yoshinobu Suzuki !, Kazuhiro Yamaki !, Akinobu Irie *

E-mail: mc246846@s.utsunomiya-u.ac.jp

B-GazOz IFKMARD T A R v » I LML L TR STV D Fx DT N —TFTIEZ D
FH O Floating Zone (FZ) EIZ X 2 HAESM B, FFI2T 7 650 W O/ ST — D BFEMR FZ
JFo(FY /v U —# SCW-1) & H WIS E R ICID LA TE 2. /& F—7 D Ga:0s3

T, FRIMROWILINF & A E2N T2, 650W Dt 7 v T FEER 1026V £ TEFTHEA
L7V, —H T, Ga0s D R— 30 hE LTIESi WA THSH ZEBRBLAMbBATND., £2
THEHAIIEANT —D FZ JF & FHW T B-Gaz03 i s DB AT O 72, Si & R—_v b 352 &
R LTz,

Si DAL Z 0~5 mol% D& TEA 6 mm OilkEHEZ/ERL L, MEFMEA F CHEERO
BRERRT. TOFERE, Si OMAAIED 0.2 mol%LL N2 L, +ITaRIMR &2 W, 3k
DEEER LN & a8 Lz, B2 Si OAREZ BT Tn< &, Si OAAAZEAY 0.5 mol% L L

DEGEITREHIER L, MmO A X ¥ NI TH D Z Lo o7z, K1 OFFAKIC Si Dft:
AR & BERFD T o T EEORRE T, AR L@ Y, Si OfHAZEA 0.0 mol% TiE 7
V7EEE 100V £ T EFTHIEB LRV, — 5T, Si OfHALTINED 1.0 mol%LL b ClE@hs
WD 7 7 BIEIL 65 V T ClEIE — &
THolz. 2B SiE#RINTHZET
8T —D FZ fFTH B-GarOs DHikE R T —————— ]|
WERTE D2 ENERMTHEND D
. LrL, Zhbd 1.0mol% % i z
% Si AABMAITEATHIFEIC LT Si
WZOMEKTH Y, FEmPEIERERH D
AIREMED V. FERS, Si DALIAZME A Y
RF I, M H AL B9 5
ZRER LT, X 1I2AG B sl o diuR
)72 XRD HIEDOFERETRT. BRUTH
D L7242 T O Si i B-Gaz0s ik BH L BE B
L, 100 B0 E— 2 %57 L. BifE, oL, - - - m——
oy RO Si AR D 1) — 20 4029[" ] o0
73 PIZBT A A A TN S Fig.1 XRD pattern of the obtained B-Ga20s single crystal.
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(Inset) Si concentration and lamp voltage during melt growth.
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A B CVDIZL D ZnO T/ KLF53 8 Gar0: AR D VERL & 1 1 7
Growth of ZnO nanoparticle-dispersed Gaz0Os3 thin films by mist CVD and their
structural characterization
BHRTF « REBR AR ERINHIARL |, REBLE TEHZEFRL 2, 1 TEMZERT
ORAE R, HH REE FE B3R, HA E!OtH B, B BT, R bt
Shizuoka Univ., °T. Okutsu, K. Tanaka, H. Saito, A. Tamura, T.Kouno, H. Kominami and K. Hara

E-mail:okutsu.takeshi.19@shizuoka.ac.jp

(ITHIT] W, iz 258k e ULTHH STV D8RS 2 Rk, 207 i & bk
LCHHNENE . A XK o TRILEOFIFHI AR L WO REERT 5, — I, T kL
TFUEHT 7 ZAETFIBEFIC BT TRHHAIND S, AWFEETIE, /7R TFX0 A FEXy
v 7T (B DRENWERPIZ M ST T 2R F o BeEBREREOERZ B L TW\Wb, Z O
WZBWTIE, TR OEEMHNCINZ, v U 7 UIADHEGEICHET 5 & TR0 BIIER)
KOWRNRIAEND, BiIEL (ALGa)Os HIEF 2 ZnO F / ki ZHhn L 7230k & ZnO H3kD
AP GEONTZ & 2ws LN, AT, Ga0s ML T 2 HEIC >V T, & BIC/ERISED
R 2 AT 78 o T IR &SR ORE R HOWTHE T 2,

[FBHER] EHMERICIT I 2 MEFAAMHEIE (CVD)E W o 325 nm R
oo 2T, REHRRICT 2R T E B IEHZ LT, T/
B3I A MRICEENTRIETE S LD, FERRIRE L
T, GaCls Z MK IZEER S TIREED 0.005 mol/L 12725 & 9
(ZFAHE L, R A9 20 nm @ ZnO - / ki 1-% 800 mg/L DE|
B TMA Tz, BRI HEI 21T ol c iy 7 74 T %
iz, HEARGRE A 500 °C £ TEAIEHI A NERE
SR N2 ¥ U7 A A 1.0 L/min TRUGH £ Tk L7-,
R 60 5y TH 5,

R EZ] Fig 110, Zn0 T/ KiFH K GO M0 7 Wl siongth ()
4+ MV Xy A (PL) AR MLE | F R RININER
BlE R U TR, F 2 B ARIESINEED 5 1% 400~600 nm

With nanoparticles

PL Intensity (a. u.)

Without nanoparticles

Fig. 1 PL spectra of the Ga;Os3
thin films grown

T T a— RN A BTN, T R IINEUEC with/without supplying
13380 nm fHTIC ZnO FSRDFEN: ' — 27 BRI S i, Fig. Zn0 nanoparticles.

212, ZnO F 7 Kt OFIEHBIR S 7= 3Bk 25t 5 - BAAK
H(TEM)YE, =R /LX—08 X BOPTEDX)IZ L D Ga B &
WZn i~y By 7 %23 d, TEM G051, Z O riEk
T # AT CTH DA, BRRD Zn SEEERIBN S,
ZDYV A ANE, WML ZnO F R & Bipd b, —H,
Z DD FEBICIB VT HE at.% D Zn 3L TND 2
EMB, ZnO F R FREE T L Zn A & LT
GaOs FTIZTFEL TWAREEMENE 2 biIv b,

[B&E] ABFYEO—HBIL, JSRS FHFR(21K0415)DHIME  Fig 2 (2)TEM image and (b) Ga and
=TT, (¢) Zn EDX mapping.

[1] &7 Wi, 2022 - FZR00 A HE 72 25a-E202-5
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B I RJLEX—H, He £ # 2 B85 L 1=p-Ga0; T E E AR D K e i1 B4
Deep-Level Defect Investigation of B-Ga2O3 Epitaxial Substrates
Irradiated with High Energy H and He ions
REALL, FE7TYIR?2 Oh AR, FE A&

Chubu Univ. !, SHI-ATEX 2, °Yoshitaka Nakano?, Joji 1t0?

E-mail: nakano@isc.chubu.ac.jp

[TF&] T4, B-GaOs 1TA Xk SiC, GaN Dk /S U — ik L L THI#E S
Edge Defined Film-Fed Growth (EFG)i%IZ L % Hiikidn AR <> HVPE (Hydride Vapor Phase Epitaxy)i£
2L DFET EHEROK O @S EEAEBRAICHED STV D, [FIRFIZ, fix 727 31 28
ELHE SN TS, —F., B-Ga0s DEA =M % KM U7 T /3 A AREDFEBLZ 1T Ga 22 4L,
O ZEFLAE B U 72 BTG PE 72 A R ML DO BEAR & 210 & 2 i S ARTE L 725G & o i B AL
DEEARRR 72D, AHFTIL, H, He Z @R/ X —A 4 G L 72 B-Ga05(001) = b Hapk %
R B FEFHASSPC) L, A A U BREHT & 2 RIGHELL DA ki ZF B 2 gt L 7= D T 3%,

[328%] EFG & CTIERIL 72 Sn R —7 n*B-Ga,03(001) Hifk s Fab 112 HVPE (5 C=EallR L7 /
> R —7(uid) n #YB-Ga,03(001) FeAk (Hi ik ih, MEE: ~10.2umt, [Nd-Na| : ~3x10%cm3) % 5T 4 7
V& LTz, H, He A A MRS AR T2EMHRY 1 7 = k1 L (CYPRIS-370, H : 4MeV, He-3 :
23MeV) % W TITW, Al 77— " EFIH U COREEN = ERE D 3um FREIZ2 5 L 9 IR
L7-, MREEIT 1x10em2 & L7=, PLHIE, C-V HIE, SSPC HIE Z1TVy, A A MREHIC L & A
D RIMaUENL 2 FM L7, PL HIEIE YAG:Nd 266nm, 10mW % it & L C 15-300K i
THEML7-, F£72. C-V,SSPC HIiEIIKIRY 1 — 7 E 4 VTR, 100kHz THhi L7z,

[#FR] C-V HlliELY, H He £ F U BEILICHDF v U 7L as-received IREE & [FIAEIC
3x10%cm® B CRREER S Fmicxt LT —I20 L TW\WA Z & st L7=(K 1), F 7=, SSPC |
ELY | B-Ga0s = EIHMD AN R¥ v v NI < &b 5 DORMEHEN(TL : Ec-1.96eV, T2 :
Ec-2.78eV, T3: Ec-3.90eV, T4 : Ec-4.21eV, T5 : Ev+4.49eV)INFAET 5 Z & 2 L7-(1X 2), T1~T4
ENITIEDO R E®EALE AT LI OaEH~OEF IS 2 REEEA TH 0 | T5 HEfLITA
DREEEACEET D7 DME 0D OE IS 5 KIGHEN Th 5, as-received IRHE
LT D L H, He A A U BRETTIE TI~T5 HEZNBIIEA SN TWD Z &R ghoTz, FRZ,
0.8eV ffiTIZ T3, T4 HENLDPREHNINCKHE T 2 KE R ADORREE(ENBE ST, 72, He A
F U BRET O TR MEHELL DA BT K = < | FFIC TL, T2, T4 AL BRTEAL 3 2 Rz s LTz,

v.’g 1x10'8 4x10% -

e C-V measurements @100kHz ® {

g R 15 ® as-received T4de

5 g 07 o o as-Hl ' A

Z 1x10Y7} s T3 o

= 2 ° ® as-He-l/l |} T5

: -, gE— S 2etos o .

= 2x107°

g i 100kHz T2 '.

£ E Vg =-1.0V

8 1x10tf . = e ] \

c ® as-received > 15

o <= 1x10™

3 ® as-H-I ~ T1

5 ® as-He-lll !

nglols N N N N N 0 L L L L L L Tl L L Il

0 200 400 600 800 1000 05 1.0 15 20 25 3.0 35 40 45 50 55
Depth (nm) Incident Photon Energy (eV)
Fig. 1. Carrier depth profiles of 3-Ga»Os3 epitaxial ~ Fig. 2. SSPC spectra at Vg of -1.0V for
substrates irradiated with/without H and He B-Ga,Os epitaxial substrates irradiated
ions. with/without H and He ions.

© 2024%F [CRAYEER 16-046
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f-Ga:03 (100)fERD T 5 NIV ~ARBRBIZE T HRAEBARY bIL
Polarized transmission spectra of a /-Ga203 (100) crystal in the THz to visible ranges
ERABFABRL ', FIEXEH? AXBI? FEXE* Oxll X!, BE #;xK?
BR #5872 2H X2, ANl EAY M /T, 888 f#ih!
Nagaoka Univ. of Technology!, Tohoku Univ.%, Kyushu Univ.3, Chiba Univ.%,

°Oudai Maruyama', Kunio Yubuta®3, Takamasa Sugawara?, Hideyuki Toyota', Makoto Ishikawa?,
Ariyuki Kato', and Takeya Unuma!
E-mail: s191065@stn.nagaokaut.ac.jp

[t ¥iz]

T A R¥ v v 7K L-GarOs (THA G ROMEE LR D, ZD/N\ RE¥ ¥ » 713K 5.0 eV
Tho[1], ZOMBHIKMEARD NT —F S 2N L7 e =2 2T 31 ZITHfF ST
WEHWR, RNy RE v v FRMOTRILE—|ZED L I REIERIENFET 50080 5 BLE T,
INE T ORI —HHO ORGSR AL T LRSI TW R, AR, f-Ga0; (100)
FEemlC I T DR IRAE & 7 T ~ /1 ~ AT BRI O i 43 YIS K - T Tz,

(€ |

L-Ga0s ik 7 —T7 4 T — B Ko Tk E LTz (2], 7Y F—7REDRKELEZE S
454 ym O(100)ERIZ~ZHL, Vo7 ROBREFINVT—IIv v N LERABIEHE LT, 77
~VYIRERSEIR e, 7 — U B HRAN O, BLONT 7 A XKk E A G bED Z &I
Ko, 3MLLEICH= 2R (1020-0.38 um) T A7 M EHIE LT-[3], Z D,
FBHC T AR S 20% b, c 8l OEMME I E L,

[FRLELE]

EARSMEEE (12.5-62.9 um) (2B VT, KMEEFEE LRV R (R by PR R) ZRIEK
L EHIBR Lz, ANy 7Ry RED SRR O i~ RAMEIR TlE, BiEEN b i
T T = 0.80-0.81, cHiliff T I.=0.81-0.82 & 72 o 7=, Z OFEIRIC BV TSGR IZ O30
ThV, F2, KERIT0.18 L2720 WIUTIE & A EIFEE LRV, BIFRIIBE AT ML
WZBT DT T Y ¥ &R FMEN RO B, FER 077 um (BT b #iHFEIET ny=1.977,
c YT ne=1970 L7¢ o7, —J, ARy 7N REY L RERMOT T~V fHI Tk
PRARAIEE B S, BRI b #RE T Ty ~ 0.57, c T T ~ 049 L 72~ 7=, JEITR
1%, IR 300 um IZBWT np~3.3, nex3.6 Lo, ERDOX I, A by IRy RaethA TE
JEPT ne — np OFF BT L, KE ST 30FITR-oTND I ERbND, ZOA Ky 7N Rid
LA RART—=L ARy RIZRBEN, B5 L TWARIMERIT— RRERENORITRA2 R
MIZEH TS EEZLND[3], BEYHIL, FHJREFHELEDOB LT FPETH D,

[3i5¢E]
ARAFSEIE, JST-CREST JPMICR2101 5 X OSGHEMF2E AR Xonics P &AL ST L FHHETE
B TPI011438 DBk A2 T2 D TH B,

(2% 3]
1) S. J. Pearton, J. Yang, P. H. Cary, IV, F. Ren, J. Kim, M. J. Tadjer, and M. A. Mastro, Appl. Phys. Rev. 5, 011301
(2018).
2) H. Arima-Osonoi, K. Yamazaki, R. Simura, T. Sugawara, K. Yubuta, K. Sugiyama, and A. Yoshiasa, J. Cryst.
Growth 570, 126223 (2021).
3) T. Unuma, O. Maruyama, K. Yubuta, T. Sugawara, H. Toyota, and A. Kato, Opt. Mater. Express 13, 50306 (2023).
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e-GaFeOs; EMR L #-Ga,0; TE A X2 v LEFIEOEEGE HEMERRE

Piezoresponse force microscopy investigation of k-Ga203 thin films
epitaxially grown on an &-GaFeQOs substrate
REAX!, mMIMX> OEF #ia' X& R WH X!, & &
Ryukoku Univ.!, Kyoto Institute of Technology.? °Y. Miyato!, K. Onishi!, H. Yamada!, H. Nishinaka?

E-mail: miyato@rins.ryukoku.ac.jp

Ga) O3 I, NV FX ¥ v 7'M 44~53 eV LF
FAZREWTZ O, @M AR 72 /3T — 385K
OISR IN TR WL - BRI HED
NTWD, Ga0s 121X, 5 FEORSMHENH D Z
k Z)‘iﬂ %ﬂf‘/‘%} 2J§\ EF‘«C%) K—Ga203 (a—Ga203 &
MR s Z &b D) 1d, B 8% (Orthorhombic)
’%ﬁémAﬁ**%&waﬁﬁ%ﬁﬁﬁo&
INTEY[]., BBBEFH LI-&E B

FERT U UAZA~DIGABBRI SN TS, —F,

T TSR0 7V — T Tk, 5 A TO
D GaOs AL % X A b CVD L TR T %
Z LI LTV B [2], EDHT, e-GaFeO; FE:AR
FIZI A N CVD IETHIET 5 & k-Ga03 A= &
AX VX NVRETDHIEEZHAL, @i
T LV TR AR 2 1 L TV 53], e
GaFeO; £ E D x-Ga,0; #f5Y, Hin Lo+
EHED /PSS BEREBEATND Z L3P0
S T 5, ARFETE TlE. e-GaFeOs F5HK D k-Gay03
NI BN 2 AT D D), [EEINE M
(PFM) % W CHIE L 72 Rz oW THRET 5,
ARFZETIL, EE T v — 7SS E L LT
H A -8 JISPM-5200, 7 > F L X— & L THIE
NAT I T 4 —VTF 4 > 7 8o SI-DF3-R(Rh 100
nm 22— /3R E B B 27 kHz, /N R EEL 1.7 N/m)
EHW=, £, HEREITH D720, PFM RE
B ED7DIT, B F LR — O IR E 5 T
R/ SA T A 2 BEEHZHIIN L 7- R ICEE i S

[T23.6 nm = — 2.86 V

0.0 nm

(a)

T229nm

0.0 nm 0.52V

(c) (d)

Fig.1 CR-PFM images of k-Ga,0j3 thin films grown on
an e-GaFeOs substrate (a), (b) before and (c), (d) after
poling with a bias application of 10 V. (a), (c)

Topographic and (b), (d) PFM (R cos ¢ ) images.

[1] F. Mezzadri, et al., Inorg. Chem., 55, 12079 (2016).
[3] H. Nishinaka, et al., ACS Omega 5, 29585 (2020).

© 2024%F ISRYMEZ S

NDHIF V=R Z, vy s AT
(Zurich Instruments 4 HF2LI) Tt L7, ZDOF
15 % $Efili 48 PFM (CR-PFM: Contact Resonance-
PEM) & FESS . 1 2 F LR — D il R 5 3 2
1% 130kHz F2£, Q fliX 100 At TH Y . RO
TERNC X 0 U2 EBIGEAE 5 % 40 7ol ¢
HIE TZ 5, e-GaFeOs ZA_E D x-Gay0; HEIEIZ %)

L. A=V 7R #% T CR-PFM JIE L 7-fE
R% Fig.1 \ZR7,

Fig. (2B W T, BEHZ 10V ZFHUM L 72 6
ERELTR—U B L fEiko =2 > b T R
R LTND Z Enbnd, —J, Figlb)H
X OV Fig 1338 L T B 80 72 s & — 2 4
ﬁ RINTVDH, ZHREEERICHEET D L0

DNIHEE TE 22\, 2T, [\ U < il %
N 7o B A LR 1 FR] ) BE AU BE (CR-AFM: Contact
Resonance-AFM)IZ KV | AR— U » 7 /LB D7)
CREIOREMEZJE LTz, ZOFETIE, b
T LN — D Bl LR 8 i BT BB IR Y
W Z 52 -RFICHERSND DT L AA—DHR
BEx,. uy /A4 TS THRIET DO T, RE
FH OB 72 M C & 2 R MR IS b G U 72 1]
BHREETE D, TOMEE Fig2 \ORT,

Fig.2(b)IZ1%, Fig.1(d)D L S 1A —V > 758
RS L7z b7 2 2 k72 <. Fig.1(d)i%
B e E N L L= Z Sl KB b DTl
k-Ga O3 T BREE BN H D = & DSHRIN & e
TX %, —Ji, Fig2(a)& (b)DHERIZ L v | M4
b5 & ZAITHEREMEa L T A RO
ZALD B Y | Fig 1(AIZ & —EBIZT 7205, £ DR
N—=BTHrLZALH5, Lo L, Figlb)l—E
T MM N Z — FRER T E 2, e —T %
Ui 2N EERE L 7o B B HEBRIZ T E 220, Fig.1(b)
’ﬁf‘oﬂéﬁﬂﬂtﬁﬂ ¥ N T A NEABIZIZB RS

LEDEBEILNENEEND EEZTND,

rTiuuuyv

‘ | t
500 nm I 0.0 nm - ll 0.426 vV

Fig.2 CR-AFM images taken after pohng in the same area
as Fig.1(c) and (d). (a) Topographic and (b) viscoelastic
(R cos ¢ ) images.

[2] BEH, B [ B AR RS 4555] 72 (10), 750 (2023).
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19p-P05-12 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

(RhGa):03 33 X TN(RhAI)0: DIEELR EHI L OB FIRIR DO ERRNT
Structural Stability and Electronic Properties of (RhGa)203 and (RhAI)203 Alloys:
A First-Principles Study
ZEXRI, wREX BUF, ARER
Mie Univ., Kenta Matsubara, Toru Akiyama, Takahiro Kawamura

E-mail: 423M244@m.mie-u.ac.jp

Gaz03 [ THT LW R — 58K B & L CHEHZ O TV D 1A, ELZEMD off (27 ¥ L
) X, BT A T ERETORENTEETH D Z ENDRITHENED LTS 3, Lol
MR D. Ga0z BT D p ALEEMOFEBIIHE L <. a-Ga203 (28T D p BEHED a-1r03 & D/~
A7V MUZE OV FESNTNDHDD I, AT D p BER b & O~T v D FEELZ
B2 RIZIE & A EfThbii Ty, AR TR, p BEEEZ R T IEIERa T X LE
ERALM DT T, BTN 0-Ga03 LV K& W RhO3IZHFE R T 5, FH—JREFEICHE SV T,
o FA38 L OV B AH & FF D (RhAI03 1 L TN (RhGa),0s DA% &L EME & B IRIEEFHI 5,

11X, aflE BFHOZ=FILF—7 AE O Rh ALK FHEEZ R LIZH DO TH D, (RhAN031ZF
WTC, AE 1 Rh #1728 025 D& & ZBRVWTIETH
0. JREIPHO RhfEKICH T > T a R LE L 72D
ZEESREBLTWS, AEDOfEIX RhALAR E & &8

0.14

L7245 T, (RhGa)0s IZF T iE. Rh ik

0375 B2 5 & a N ZLE E 72V 0.375 K Tl 0.02

= 0.12
L. Rh#KAS 075 D& SRR EMRD, —T7, £ 010
(RhGa),03 (233 C AE (% Rh #LA7A% 0.375 Ao & 2, 0.08
XIZATHY . R 0375 225 L Eic/e b, 3006
$ 0.04

BHINEEL D ENTHESNS, o T, Al 822 ‘ | | |
DOHFELAINT BIC 2N TAY RE ¥ v T H K& 0 02 04 06 08 1
<720, a-Ga0s L THEAT 25 RhEk (x=0.54) Rh composition x

GZED\T(RhO'S“AI‘T“)Zos e MH? ¥ 71EI 119 Fig. 1 Energy difference (per atom)
eV 272D, BHHNLE L 725 RhAHA(X=0.25) T D, between a and B phases for (RhxAl1)203
(Rho2sAlg.75)203 D3 R¥ v » 7 fillx 1.68 eV &7 and (RhGaix)203 alloys (circles and
0. B FHO(AlosGas):0s & ks i A%, oy, Sduares, respectively) as a function of Rh
SR e LRI IR L. p MO

PEIZONT b ikimd Do

1) S. Stepanov et al., Rev. Adv. Mater. Sci. 44, 63 (2016).

2) L. Wang et al., J. Alloys Compd. 513, 399 (2012).

3) K. Kaneko et al., Jpn. J. Appl. Phys. 51, 020201 (2021).

4) K. Kaneko et al., Appl. Phys. Lett. 118, 102104 (2021).
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F/AVTOT—aVEICKDBVBET
B AL L 1=p-Ga,0; B & D TR B RT il
- Evaluation on strength of B-GaOs single crystals grown
[y
%;&@ by VB method using nanoindentation
- fEXITY, OWOnI AKX, KF AT
Shinshu Univ. (Eng)*, ©(M1C)Ryuta Ogawa®, Toshinori Taishit,
E-mail: 24w2007k@shinshu-u.ac.jp, taishi@shinshu-u.ac.jp

[35 5] B-Ga0s IFFHEFICKE /N R ¥ v 7 (Eg=4.8eV) & b b, (KRR /ST — 8 (KPR &
LTHEAESNTWD, Fo, O T A RV Ry v 7HEIK(SIC, GaN) & b~ T, @l o o
FEERE DN ATEECTH B 1= DIk 2 MEDBHITFCX 5, B-Gaz0s D B sk & 7k & L C— A i
WHILTWD EFG {E1X, BRTE AN BREN THSH—HT, \ET Y v~ (VB)EIX
Fx 72 i COBE MM ATRETH B[], £7-. B-Ga031X{100}. {001HIEERHHIZ A L TRV, Ein
KT LIMINEE L, AFETIETF /A T o7 —3va U iEEAWT, B-Ga0s Bk (100),
(010), (00L)rki ODGREE 2 FFAMT L. FEARIRE DFIFFHEIC DV T L 7,

[32B25¥5] VB LI & 0 ERL L 72 #E% 10mm, JE S 1mm ¢>(100), (010), (001)ifi D B-Ga,03 Hi i ik
FEM A SRS LT, Yo VRO A HET H7-012) /A 7 > % —(TI1-950 Triboindenter) %
AWTEHMEZ1T > 72, BRORMFEIE 1, 2, 3, 5, 10mN & L, =@\ —a by FEFE2HVE, &
R LRE 9 BT > 72,

[ & ZEYFig.1 IR KRME ImMN BT 5 (010)FEtk DO fif EZENL th#R 27~ 3, ¥ > 7 3R(3 199GPa,
I 103GPa & 720 Yo VRO ITIERIC L > TR D Z LN oo, MEENHRICIT
REITART pop-in 3L B AV, SEATHFZEOBI[2] 0~ 6 faf EEIANHFIZEIN AR EDZETENE LT TV D Z
EDRB E T, AN AR pop-in AR AN Z o T REOFRFE O K E X1, (010) Tids KAr
FEIZE 5% 200uN TR Z > TE Y, (001)TiE 1200

#7500uN, (100) TiZ pop-in BG83 L 572703 - 20 opkin

oo THUHDFEFRIL, B-GaOs HLf il D BEBHME A

BAfR LCHk v, (010), (001). (100) & 55 —H%BA H

400 /

D{100} & 5 " EEEA T {001} & D 72 A DS HE 200 /

I EE[uN]

(I WE E pop-in B ELTWNWEEBZ HILD, ‘ 0 10 20 30 40 50 60
235 ik - MLAHZE(nm)

[1]E. Ohba et al., J. Cryst. Growth 556 (2021) 125990. Fig.1 Load-displacement curve of (010) 3-Ga;0Os
[2]T. Hou et al., Materials Science in Semiconductor wafer surface with a maximum load of 1ImN

158 (2023) 107357.
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InGa 0, BIRICH 1T HRENBEHT DA Y E—F 0 Rtk
Impedance characteristics of ZnGa;Oy thin films under deep UV irradiation
HREREMK!, FEXRI? Om# ffth’, aTE J2N!, IE HR
wWE MR BH B!
Tokyo Denki Univ.!, Chiba Univ.%, “Reiya Kase!, Ryunosuke Maeda!, Yuya Oguma',

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

[1ZUHIZ]  ZnGa04 (LLF, ZGO) 1%, 4.8eVU EDOTUA KAV KXY v 72 FT5H 2
EMD, V=T =T T4 ¥ (HE :250~280nm) ZXIG L LT A A~Oi
FEENTWD. Frx KGR ZGO F /R 2 W CTHIEZER L, BREREIC/ERIED
T == VIRENRIFTEELFAEL C&. TOFT, 72— I X DEROB I, B
SRR T D ZAIC BE U 7o b h ORE 2L 7210 T <, Adn b R OME 2 0IZ b 28
ENDZEERBT HREREZHE TN [1]. & 2 ORI CIIIEEINRIBS T O~ v v
— X ARPFEICEY, T == T K DR OB LN BRI RIE T R RA LT
[F2Br L FER] 1T UDIZ, ZGO T/ Ki 1% 200°C, 10 Rl TREARL LI-%, ZhzN
A U —IRA LAFEEROFRICA Yy 2— bk Lz, fiW\WTC, BRI 2MHH L THEREZ K
SHTC 1R =—/1 (500, 600, 700,800°C) 95 Z & T, JEE Sum D ZGO @A FR L
7= MEREORSEHEEIL XRD TR L, A v B —& v A TR ISR L - #TF Au B
ZHWT, RESM (254 nm) ORH T CHRIE 5V, JEEEEIF 1~5 MHz TllE L7-.
ZOFER, Fig. 1 ® XRD A7 hL Tl 20=38 °fHiTlZ ZGO OB1)E— 7 Z R L7z
R, T == WRED LR THOTITHRENED LIc b DDIF & A ERIIT e h T2, —T5,
Fig.2 DEFA L E—F 27 1y M TR OO RN T =— /WRED EFTK
<20, RIFRBLOBME R LT, £, MHIMOEEEAIZ >SN TEY, Fig.3 ®
A = AR, A EEEEBICER OB — 7 RER ST, 2D &b,
T =L O R OV B - e E D R S, BRI L& B2 b b.

: ; : ; -4x10° P ; : 10" —
(311) 15 e
800 °C 1 10° 800°C
= ’ 3l &7
\:i N4J45
> —
= ©]
7} Z 2t 0 “IH5A¢ . -
§ N 0 0.52_(0)1 TS0 | ith UV
[
800 °C
-1+ 700 °C
L . | . | ) ) i’& ) 10* . L . . . |
20 30 40 50 60 70 80 %% 1 2 3 4x10° 10° 10" 10 10° 10* 10° 10° 10
2010 (° ) Z'(Q) Frequency (Hz)
Fig. 1 XRD spectra of ZGO thin Fig. 2 Complex impedance of Fig. 3 Imaginary part of impedance
films. ZGO thin films under UV as a function of frequency for ZGO
irradiation. thin films under UV irradiation.

[1] S. Ishii et al., J. Mater. Sci.: Mater. Electron. 35, 858 (2024).

HEE . ARBFIEO—EBIE, JSPS BHMFE 23K07116 M ONHURUERE KA A HFZEATHFSE Q23K-01 O
Rk &%= b 0T
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r-GexSn1,0:/r-SnO: BT D 1ER & BEMRAT
Fabrication and structural analysis of a r-Ge.SnixO2/r-SnO; superlattice
1.WK, 2. IHEEX
OmiBHik !, iRk, FNE' BHESR' €TFEAM: HRBA!
1. Kyoto Univ., 2. Ritsumeikan Univ.
©Y. Takahashi!, H. Takane!, T.Wakamatsu', Y.Isobe!, K.Kaneko? K. Tanaka!
E-mail: takahashi.yui.75n@st.kyoto-u.ac.jp

T NA(1-) GeOr 1E, 4.7eV DNV KXy v 7RO Z LITIA, po n Bk R—E L 75

WEAEALEBIE O RTREMEDNEGR THI STV D 2 &, N7 B O ENFIRETH D Z &)
5. AR ST 0B LTHEH SN TWA[L], £72. 1-Sn0; 13 r-Ge02 12K < 3.6V D/
YV RX Y v T EREOLT AR THY | 1-Sn0s & 1-GeO, DR TH D 1-GexSnix0x 1Z%F LT
r-TiO> Fob b CORKAREPH O E & N R ¥ Y » TERFPRE ST D[2], ORI
R E OFBAHITE T r-TiOy B Bicm e — L PR TE SH[3]12 L2 D 1-GeO2 8 % WM r-Sn0; &
MAGDETAT B EIET NA A~OIGHANFES D, £ 2 THEL ~7 G REICE T 5
BTG ORAECIFRA 2T A ZUEA % B Z T, r-GexSnixO/r-SnO, BB - & /ERL L | iR
WraiT -7,

I A b CVD iEEHWT, r-TiO2 (001) IR 1T r-GexSniO, I & r-SnO, I (R : 10
20, 30, 60s) ZARHIZ S BT OMET D52 L1128 D r-GexSnixO/r-SnOs #B#G T- 2 ERL L 7= (Fig
1. 1-GexSnixO2 D Ge & Sn DEAF LZ 111 & 72D X DT ESM 2709 L= [3], X ARET
Wik~ > B 7 (XRDRSM) HIZED D, r-SnO, HEIE DR E R Z 10, 20, 30s & Lz 7
BV TR ERICH L Tae =L MR L TWD Z LW ENI o7, £lo, liE
K2 10s & LW v 7 Uz oW TS T IEHR O 7 7 1 B — 7 MR S 47z (Fig2) .
20 wscan JETHONTZEROE—7IZT DT 4 T 47 hb, ERMEZ 10s & LY

VN DN T 1-GeSniO0: JB & 1-SnO0s B DIEE N N F41 47 nm, 0.3 nm & BAE SN,

[1] S. Chae et al., Appl. Phys. Lett. 118., 260501 (2021).
[2] C. Niedermeier et al., J. Phys. Chem. C. 124.,25751 (2020).
[3] H. Takane et al., Appl. Phys. Express 17., 011008 (2024).

0.67
r-SnO,
X9
r-Ge,Sn,, 0, 2
‘TsN 0.66 %
r-TiO,(001) ° 8
substrate
/\_/ 0.65 &
029 030 031 032 0.33 0.305 0310
Q, (A™) Q, (A™)

Fig 1. The structural design of Fig 2. (a) Overall and (b) magnified XRD RSM near 112 diffraction

r-GexSni.x02/r-SnO; superlattice. of the superlattice (SL) with the r-SnO, layer grown for 10 s.
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RF Y7974 R0V Ry ARLIE NiO TEAX v LEED
BR/I\VIFEBOEANREZSHHE

The effects of low-temperature buffer layer on NiO epilayer by RF reactive magnetron sputtering

RRERXE BIET 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

[IFCHIZ] BEIE=v4 IL(NIO)IFZEFIH1E 4.0 eV ZEL[1]. p HDIzEMZTT HEKREL TSN
TW5, F=. LI EDR—E> ST Ni ZHAEOARMERMIZEY X7 HEEZR B IHIE A 8T
O TARNURF YT TINA ZIADIERADEAFIN TS, LHL. NiO [ZHEEHAICALSZENT
EFEHE5TBRERBRIFIONIKL =8, NIO FEDORIEMIEICIERBALZANZVDOHINRKTH
%, ZDT=H.NIO TEZFXI v )LEEIET /A REE - REGYMEEHEAE A DAL EFIN TS,
WA NIO TEAX I vILEE IR A LA EZRIZE THRESNTEY., MBE . PLD &G EDEIE
ETIEEREBENFONTNS, —A. TEMNICFIRDZVRN\YZEERLZ NIO TEAF vl
EEORRICEATAHMEFIB])EDEN RAAVRZEIZIEZLDI AL HHELDOD ., D FIEEE LA
ERELEEEBIEALRNRETHS, TD=H BBV I7EEAVHERREOI XN
HETHAHH. RENO DIELFIYILBERRITER/ \YI7BERWHREH EDE, KRR
TIE.RF UZOT4TITHAAV RNV REFRAVT NiO TEAFX v )LRIEZETTLY., NiO BB/ \vD
7EBDEAMNNIO IEAFIVILBEANEZ 2B DORHAEIT o=,

[EERAZE] 2—4 VM NiBN)ZRAL., BR(ON)EREHRIZAWL:z RF Y7974 ROV R
73932 (0001)ALOs EHx LIZ NiO KB/ \wo7BEEH#IELI-DE. 500 CETHEBELT NIO TE
AX v )LEEFRRELZ, BONERITHL T, XRD RU AFM B E 2k D5 E 1T o 1=,
[(FBRRUER] K 1. (0001)AL0; Eix LICHIERFMZE LSS TER/ NI 7EBEIEMEHTEL
t=#.500°CTIERF v )LEEL = NiO SEED XRD BIFEIZFH 115 NiO(11) BT HIEMRED /v T
7EOHBERBIKREEETRT BB/ \VI7BEEALIZ NIO IEAX D vILERISEALLZVEREE
EEEEL T, B R EIRA /NS HEREHER LT, F1-. 12 S RHEIEMEAMTEZETo7- NiO KR/ \vD
7EBHEE AL NIO IEAX v ILEEARLEITE

[EMEANSKIE DI LERER LIz, CORBRIE, EERN

v 77BHY(0001)AIL,0; EfREIEAF vl NiO & O'SOL '
BOKRFRESRUBREOREBERALCENE 3 =

ErEEHET 2, EAICONTIE L ARET B, 3

(3] NO BERECEUMEENEEELE, SO0 . a "
TEARZETH BRLEXKBBHELEFE 3 -

¥ AREO—MIE. REALSHERE HELE

IRIILF—EHMAREHA, AR—X-a0=——HE+t 0.300 4 8 12 16 20
SA—DFIEIZE-STIHDRT -, Low Tempgratur(_e Buffe_r Layer
[&#%&3c#k] [1] Our group, APL 110 (2017) 181102. Deposition Time [min.}

[2] T. Ikenoue, et al., JCG 507 (2019) 379. 1. XRD NiO(111)[E#7 #{EMED Nio KR
[3] Our group, JJAP 61 (2022) 025505. I\ T7 B O MR ENE
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cEHY I 7ATADF/ AFHFE (ZnMg)O BRD X k CVD
Mist - CVD growth of the ZnO nanoparticle - dispersed (Zn,Mg)O thin films on ¢ - plane sapphire
OfFmE Hx', KA®E R, B &', A% Bt !, Id #F, R fE 12
FHEKXE - KPREEAMPENHRR |, KPRAETFHREM 2, EFITFHRM
Shizuoka Univ., °H. Saito!, T. Okutsu', K. Tanaka!, T. Kouno', H. Kominami' and K. Hara®>3
E-mail: saito.hina.20@shizuoka.ac.jp

[FT®IC] TF, BBk e LTIER SN TWD T/ RiFiE, ~ L7 #PEEL el L Cfg
HERPE LS A RS- THERAOHIEAATRE L W O Kz o, T/ R 23k L L
TIHT DB, —fRICH 7 AEIIMIEF IS ECRIA SN D08, AHFFEE Tl R
¥ v T (E)DRKEWHEREFECONY TREYFIZ, Xk b E, O/NSWF R &k S wi=
SR ORI AR R Lo, ZofETIE, NV TEICBWTE S X v U 7 b5k
5T D52 ENARAEND Z L0, BiEROM ERHIFFEIND, TOX IR MEL 1 DL
LT, (ZnMg)O #EfE L ZnO F / KiF-OfAEORITIER L, 7 74 7 HE K EIZ I A MEFR
FIRR(CVDNEIZ L 0 | SREHER A ED TV AU, Z o FiEICB WL, RS ) / ki 1%
MESETHELZLITEY, T RN I A MICE ENREBTEIE SN D, AENEEROHE
FATHE B L, BIERE L ORREIC 5 2 2 8 2 5~ T,

[BUBHERL] Zn J5EFE LT (CH3;CO0)2Zn-2H,0, Mg J5UEH & LT (CH3CO0):Mg-4H,0 % Fv>,
TN DOEFFOREN 0.01 mol/L (2722 K 912 50 mL OFiK~E Lz, ERE A 750 C. Mg
FRIORFEE 30%, ¥+ U 7 HAN)DWEE% 1.0 L/min ([Z[EE L, ZnO 7/ ki O ER X
OV 7 7 A 7 HEROE SHi(a B LW e )22 b Sz, REHERTIX, ZnO F / ki1 Z i7"
1230 kR S 2Dk T R ZUSIN LT 90 kR &8, 2D & EOF /R OWRME(Wap)
% 0~30 mg D& T2 L = H 7z,
[FEREZZ]Fig. 112, FRLZEEO X ARIE

=

n0

POMBERT, a i LORBPLETAVE 3 A A

HEE D O0DEHT DA BB S Nz, o T L0 S kst o™ ) “ofaoms 8 ™ s0mg

AEFCIE Wy BRZ WA TIZA0DET H L EW \w ; : 20mg

HENT, ZOZEMND ¢l EICRE SR ﬁJmWNMMJJ\N 10mg

BECIim I HARE LTV EE bR %M
30 45

5, EBHOHEM EIZBNTE ., ZnO ORI 5 § 3
. 20 (¢ 20 (°
IvbmAaEMicy 7 PLTWDZENDL , .
: o - R Fig.1 XRD patterns obtained from the ZnO nanoparticle-
(Zn,Mg)O RN ST Z & 2R T & dispersed (Zn,Mg)O thin films fabricated on (a) c- and (b) a-
7. Fig. 2 Wik, REORE 7 LI % vtk plane sapphire with defferent Whp,

Y APLYANRY VAT, ¢l EORETIE. @ N (b) —

Wnp=30mg T, 380nm {JITiZ ZnO F / Ki+-H A, \ T £

Kb HONLHRRE—s BR N, —, ; ' o N 30mg; “30mg

ACAHTam B LA 207 51\ /7 Ndom3l A2 hons

R0 OFHITBI S e o7z, 20 X _jéJ’ \ Voo me % / \u\mmg

I IRFNEEDE T, BB DE W S AR S o L

BHHh, TOFREIZOWTRHFNZED TN D, \ N | ey .

[BHEEI ARG D —EF1%. JSPS BHFE (21K04154) 30 40 50 60 700 80 30 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

DBIRE ST 1, Fig.2 PL f th 1 (a) c- and (b) a- pl
“ 1g. spectra of the samples grown (a) c- an a- plane
[1] 7= Bfth 2021 Rk I BLSE 2 23p-P12-4, sapphire under the same conditions as in Fig. 1.
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Ar+N ESSFBSR TR L 7= N &0 ZnO RO %1

Characterization of N-doped ZnO Films Deposited in Ar+N, Gas Atmosphere

BHEXERL

(¥R) aRJLOFBE 2

OM) X7 B4 L (D) ILIE #H%EmMm -2 ek EF L LA Ft!

Shimane Univ.t, Kobelco Res. Inst. Inc.?

°Haruki Ohmori?, Yumika Yamada' 2, Shuhei Funaki!, Yasuji Yamada®

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

B8] ZnO 384 A A — R(LED)RHHE(R
L—HF—(LD)NZJeH T HI2iE, p &L - n Bl
5D ZnO OIERIBMETH HM, n Hd ZnO
IZDWTIE, Zn IRIN72 81U X0 HeEgif i s
BrREEZHETIZENTED, —FT,p
o Zn0 OFERUIR E i Z 2 TV 5.
ZHETO ZnO @ p AULO#FFEOHIZIE, N
WMz & 108 cm2 L OEWIEALREZH T
% pHzZn0 ZEH L L ORELH DA, L
AL, —%IZ ZnO 1% O KB Zn 72 &
D RF—HERMZE>Tn AL LT T2
T H—DFINE L BT B —ME R4k
THZETXY VT OB LARAET S (A
CAHEZNR) 720, ZEL T p Ao zZno =15
LOIIREETH D, & I TR TIX, ZnO
T 7T =AM THD N & FF—1k

A TH % Zn Z[FFFRINT 5 Z L2k - T,

Zn0O DFFEN ED L DT LT D a2 iiaE S
HT ERBERE LT ZIT- T,

[EBRHIE]Zn0 L &8 Zn O RIFUR 2 FF &
AL T2ZnO #—77 > KR Zn B0 ZnO #
— 7y FEERL U=, Zn TR0 ZnO 12 81T % Zn
W 25 atvol L7z, fERL=Z—F v b
ZHW, RF-= 7% ha 2y 2 o 7¥EIC
X o T, 2&JF 1Pa® Ar+Np ZZFHA T C SiO; A
HR AT RS 2 AT o T2, BRIERE D Ar & Np DI A
T EARAEECIE Ar 7 AR 100 125 LT, N
A AFiE X % 0,3,5,10,20 & L7z,

[#55 - 522] X 1SR L7z ZnO & Y Zn
SN ZnO BED % ¢ U 7 %5 0D BT N i 4K
17 o3, BRI L 7= ZnO K OY Zn ¥R1 ZnO
FED X )T XA FInFTHol=, N i x
= 3ZBWVT, ZnO L Zn IRINO A HEIZ )32
PHF. Fv U TEEN N EEX=01TH_T
RELPY LTz, ZOZENDH, N BAICK
S THERNIZT 72 72— PR ERR L, n
BMoxy VT H#ALHLEZEEBEZ LN, Zn
HERINOD ZNOMED 3 v U 7 8 BT N it x = 5
THEML, S HICMELZEMIETHXx U7
BEIHE VB Lo T2, ZhiE, HOM
EZVRIZED N WIMOBEPTHIHE S iz
WIZLEZHND, Zn Y Zn0 FETH N it
O > TH v U T EHENHEM L7223,
BN OEEIX Zn WIRMO ZnO L D L 50
MCThol, ZOZE LD NRIMLIZEED
H O EN R OB & J71%, Zn0 NIZHFEET S
R —ME R DI X » THEZR D ATREMEN &
HEBEZBND,

~ 1.0x10"

1

E = 7no
z —o— ZnFRINZnoO
S

£

2 1.0x10% |

~

=

(=]

Q

£

=] i

=

© 1.0x10V

0 5 10 15 20
N, gas flow ratio x in N,:Ar =100:x
Fig. 1 Carrier concentration of ZnO films as a function
of N2 gas flow ratio x in N2:Ar = x:100.

[1] L. Svilainis, “LED brightness control for video display application”, Displays, Vol.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.
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In0 EOESIHEICETANFMET7 =—ILOHR
Effects of Nitrogen Doping and Annealing on Electrical Properties of ZnO Films
@FEARNLIRF, BRIRKER? WA #EM "2, KXF B4 WK B8F2, L\ 7L
Kobelco Res. Inst. Inc.!, Shimane Univ. 2,
°Yumika Yamada® 2, Haruki Ohmori?, Shuhei Funaki?, Yasuji Yamada?

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

[#5] ZnO 13 337 eV DN RFEY v T[T 0V A Ry v 7REKTH Y . FAEHE L
THEAHINTWAMETHD, LinL, A R¥x v 7 EERCIE—ROICH CRERICE -
T.pHEbnE LTk U THIEBREE N HIBERH D, n HIZHONTIE, FxlXINET
ANy B2 Y TR BT DX =y MERSRCEO T =— M2 X0 v U 7 26l L C&x 7200 p
ANZ DN TR, N IRARHAAEC XD N IR ZnO @ p AULORFIERTHOILTND D, ZE L
T p BUFES H TV ey, ZnO @ n BURIZES Th DM, p BUbIT B SAfEZRIC X 0 FRic
Xrv VT OHEARETHY . N IFMLEGEOX ¥ U T OMWEIZH LN E 725 TRV, ARAF
FECIE, NIRINZ & - T ZnO JEHFIC AR T D F v VT OMEEZB ST T 5720 ArtNo IRE TR
PHAURIELZ 2 0 FEBRL L 72 N USHN ZnO BED B D 7 = — /IR AR A7 2 3 L 7=,

[EBF1E] ZnO R, BELON ZnO & Zn DR ZE/NHT ZnO : Zn=97.5:2.5 [ZIRA L7 Zn
W ZnO ¥k % % —7 > R E LTHWT, RE~Z R ha A8y X2 U U ZYEIZ XY Sio, Sk
\Z ZnO PEDORRIEZ 1T > 7, BBIT AT 1 Pa O AN IRAFHS T TITV, Ar & No B ADfi &
(AR A Ar:N2=100:20 & L7z, B U724 0.1 Pa FREE O ELZEH1C 200~350°C & TEEREIC
T ==L, EOHRE, FprEZFHME Lo, ERFFEIX Van der Pauw (£ % V72 Hall iR HIEIC X
D, AEERTEIX XRDIZ XV EHE L7z, D72 N IR LW E S /ERL LRI OFHME 217 > 7=,

[FEHAER] K1 ICEIE L 7ZED % v U 7 EBEOT = — VIREKFEEZ 7T, 2 TORETY ¥
V724 I n I TH -T2, as-depo. TiL., EIZ Zn ZIRINTH & NIIMOFEIZBED LT, Fv
UTEEPEM LTz, ZAUX Zn IRINZ KV K&FM Zn &V o7z R —MERIEDAER L7272 Th
HEZBEZOND, —H, NolBAFES T CTHIE L7 B3 v U 7 EENMES, NIz L7
© T HRM AR LT 2  BRE 2 b D, chbo o
W% 7 ==L 5 L. 350°C LhETH % U 7 BN o | o
BUTHD . 7 == k5T Zn0 OFT-I Zn 750 —jtf§zﬁif§¥ﬂ
BEL7- EHERIT 2, B5IC. NUWIMLZZEO X v U 75 = \
FEIEREEIZI Uiz, 2 o2@hi K —PE KRBl x4 F e—2Zn:zno 2
57 2 E 7 B RBOEE DRINE LTS L% 5 10°F e\ doped 2020 \\

0 180 2})0 300 400 500

=

o
N
©

=

o
N
=3

=

o
N
>

=

o
N
o

Carrier concentration [cm-3]
=
o

=

o
7
=

% BALD, M B I Ny ik E 2 250 S B 7 7 =— L

; 1 Annealing temperature [°C]
M=NE:d J 75 B A
AR IR Sl Ly T2, Fig. 1 Carrier concentration as a function of annealing
[Z& k] [1] ILHE 1, 2024 4258 71 [BS A ESES temperature of ZnO films with and without N-doping
FREPNGEES W TR 25a-61A-7 deposited using ZnO and Zn added ZnO targets.
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T7=—1Y)J12&3 Ti F—7 In0 BABREFEO T
Characterization of Ti-doped ZnO transparent conductive thin films
improved by annealing
THBREARE!, IHBRRAI? OCM2)FRESR' MIED2 BH—H2
Kogakuin Univ., “Naoya Utsu, Shinya Aikawa, Ichiro Takano
E-mail: cm23008@g.kogakuin.jp

1. WS

a7 4 A7 LA 72 B &2 B EERIE, Indium Tin Oxide ATO)A Efi TH 5, — 77,
ITO & RSOMEREEZRTREMED 2L LT, VA RNV Ry v 72D, Ry K—o
WINCHEIRT 5 n BEIK L LT, BLAEN(ZnO)DIFFE R ANZITHOIL T D, AiFZETIE,
ZnO 2T (T R—7wHE L L THW, Ti 134 428N Zn 1231 < (Zn': 0.072nm, Ti*":
0.068nm), EREMENFRIERE CTH LD, Ea—2ob - oW U —HNZ LY ZnO fE5EHE N T Ti
JE DA S R 2 B SE D 2 e, RYITHMAAEND Z EBMIFFCE D D, £/, Tilk
2 ODMEFEE>TWH®, KR R—7CHiatk L BEXEEMEZ M ESED 2 ENARET
H D, AR TIE, FRFETTI F—7 Zn0 HERZ/ER L, BEXBIELZKTFTIE2HMT, B
ZEHEOKRAFTOT ==V U FIREZ LS TGA O, JoBiasR & B AHWTE K OV 8 R R
A2 gHE LTz,
2. EBRFGE
2-1. IS

PUBHEARIZIE, =& 7 — /2 L0 10 43 R & BEV L 72 Micro slide glass (15 X 10mm) % M 7z,
I IE~ T T at R a—F ¢ o JEEE(BC5146, ULVAC Corp.)Z FIWT, BUGHEA /Xy &2 U o
TUETCTRBIZER L=, Ti F—7 &%, Ti O Ay X@HEIZL > THIEIT 5720, Zn DA/ ¥
WA 20W CTHEEL, Ti OASE % 100~140 W TS, BEA 100nm & L7z, AR
I, BZEd L KA TEREI 100,200,300 CT30 07 =—V 7 L,
2-2. Pl A

ERIEEID Ti R—7 8L, T—R/AF—80NE0E X #4012 & (EDX-7000/8000, Shimadzu
Co.Ltd.) & FIWTHIE L7z, Ahdbfidis, M X #RETEEE (XRD: Smart Lab., Rigaku Co. Ltd.)% f
W, X BARMAE 04° L U THHT LT, Jedisi3ss s v/ e §H(UV-2550, Shimadzu
Co.Ltd), FBAIHTR EBENE & v U TIBEL, A— V20 RHIE L E (HMS-3000, ECOPiA) % U
THE L7z, 61T, {bFIRREZ X #4724 1E (KRATOS ULTRA2: Shimadzu Co.Ltd.), ¥
AL V% PL AIEEE (HR800, HORIBA, Ltd.) T4 L 7=,
3. EBRFERERVOEBLE

Ti F—7" B9 288854 Figl (273, ZnOIZTi K—79 2% &, AHDEHEO EFEEF
T ER LS80 %EMEFLIZ, BT, T=—U T TRSHRA VN EREIEDLZENTET,
—75, ERIPLRTITEZZ R L ORGT D 100, 200C7 =— U 72X » THPIERE K& KT
SHDHZENTE, MREETIE Ti F—7 &3 ENT 25 L ZnO @ 002 HO B — 7 5RE /N X
<70, IKAMC 7 R L, 103 HOE —7 G\ L EENARKE < 20, [KARKC 7 ML, 2
DZEME, TiOR—=7IZFE, Ti2N002 L 103 mIZEAL, & FRIEAILAY, CHhlmo
mEFRIERT H Z & C, PR TFICEEL G2 -ExbN5, £, T=—V 7ICL»
T ZnO OIERFZEIMEE S, Ti 28 K—s30 b & LTEA

L2 ETHEME T LI B2 b5, o
4 WE s0 |
AT, ZnO @IS T R—7 LT =—Y 2 2 %475 g 2 20
Z L CRBBEO LR LERIWROR TR 52 w1
MCTE, A%, 7 LF VT VIR ORIED 728, 100C  § | 2n0-200°
Wt COT =—U v /R L D RERIEEBET 5. £ .| e
i%jtl'"ﬂ‘k ) ) . . g 30 —Ti3.1at.%_100°C
1) Chousein Bairam et al. “Structure, morphological, optical and = L i2.1t% 200°C
electrical properties of the Ti doped-ZnO(TZO) thin film 10 | i 1.82t% 300°C
prepared by RF sputter technique”, Physica B, Volume616(2021) 0 : : : .
2) AASENTRELE, BRBLWIE - BAFORS 166 ZH 0 w0 S0 a0 0 s
2 TEWEERO FTUGT 2 U A — A4 (2008) pplo- Wavelength [nm]
21L13-115,171-172. Fig.1 Ti N—7&IxI4 2 tFEm%E

© 20245 [CHEMEBEZS 16-057 21



19p-P05-21

© 2024%F [SRYEES

RIEER IRy B2 Y T THER LIz Ir F—7 In0 ER O
Characteristics of Zr-doped ZnO Thin Films Prepared by Reactive Sputtering
IH#BRKE, OMICRFEH, EH—M

Kogakuin Univ., ©Kosuke Matsumoto, Ichiro Takano

E-mail: cm24046@g.kogakuin.jp

1. 5

B TRV R EZ FFOBREIX, TRIAVy
BCEH AL TER Y, B EMAME & L TR
KRIGWE L 72> T D, —IRICEIE BRI fE
SN DMENT, el & RS AN
OFEFRE O bA U ARAXREH I TWY
LD, ATV ULILT AZLVTH YRR
LIE T DT DRIE S OMFER AT O
TWb Y, KEFFETIE, Bblignz ~N—A L L
T, B & [RIAR ORE i S & OV R e B
EROVNVa=U L =752 LT, EW
B L U COREAM 21T > 72,
2. FEBITE
2.1 BRIEITE

AEHEHR E L THWD 7 A2 (Micro slid
glass: S111, ATRAYF T2EM) & Sitix, =X
J =T 10 Sy E e L, NI~
FTakRa—7 1 7 HEE(BC5146, ULVAC
Corp.) DFRBPENEND A N v 1 —I|TRE L
B2 LTc, £ 0%, P CHREERZ
05EAr ALY AR Z 7)== T L
oo MR BEIR, MAFFK T T2Zn & Zr
ZeEi N CRIFFIC ANy 2 L, J&E 100 nm @
L L7z,
2.2 FHl 7L

RED Zr F—7"8BiY, =3 X —orEdil
S X RS HTHE B (EDX-7000/8000, (KK) & H:HME
AN & FOCTHRIGE U7z, SeiZimaiL, 5 m
SyIEIEHERE (UV-2550, (HK)EERUERT) 2 H

WTHIGE L7z, BRIRHURE K R — VB,
A=V FHE (HMS-3000, ECOPIA £1) 12
FOME Lo, AT, I X MRIETEE
& (Smart Lab., Rigaku Co.Ltd.) % IV T X #¢
A5 047 THIE L=,
3. FEBGRER

Fig.1 |2 Zr R—7 BT 2Bl ERER~T,
Zrx 099 % R—7L7cé 2 A, FEEREMIZT
90 %A B % H BRI & 725 M3, 2.19 % TiE ZnO
HR L RISRETH T,

100
90 F 2r2.19% 2r0.99%

s0 |
70 | Ve

60 [zn0 ]
50 F
20 F

350 400 450 500 550 600
Wavelenght [nm]

Transmittance [%]

= e
o o S o o

Fig.1 Transmittance of Zr-doped ZnO thin films
4. HEE

FOSHEA S 20 7280 7T 2 F b
\ZZr F—7"Zn0 EIEZ TR T 5 & im0 k-
LT RIFREDV/NE < 720 R S 238 L
TlebeEZ NS 2, £z, HIRTLES
g oz,
2% 3K
1) AAHTIRBLE R, SR - B4
EHER 166 ZE = NHEEEROHI; ) 4 — otk

(2008)
2) Chien Yie Tsay, Current Applied Physics, Vol.13,
Issue 1, Jan. (2013)
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ZnO B DIRILWEIZLEZn(0,S)BDR A

p-NiO/n-ZnO KB EMA

Ez25%

Effect of Zn(O,S) formation by sulfurization of ZnO for p-NiO/n-ZnO solar cells

REMKE BUSET ViR 2
o FEET, M tHET, 1L BE2
1. Faculty of Science and Technology / 2. RIST, Tokyo Univ. of Science
°H. Ryu', Y. Koide', M. Sugiyama': ? E-mail: optoelec@rs.tus.ac.jp

[IECHIZ] BE=v4 IL(NIO)IE 4.0 eV DEHIEIEEAL.

p BEBMHERTHOLGOEHEREY

FEBRTHAO. IRABBEOAGER OISO ORADLSGEREREZRGOGVEER T/
ANDIEANEFIND, CNFETELIE p BIZ NiO. n BITEIEESR(ZnO)Z ALV AR E AR
AEEMFELHMELTEL[1,2] LOLLGADS NIO/ZNO KIFEMDHKENRIIERUMFBLLLELTE
LY CO—EFELT NIO/ZnO @ pn #HERETEICHEETARMEN LTI T DBEHEHNETS
nd, 5E. ZFEMER LIZAIT ZnO BEHLLEL Zn(0,S)BE A E5T0ERITER L . B
LB HEIZRY . REEAFESAF I T DBRBREN TSN LSRN H ST T pn

BREIT Zn(O,S)BMI T HILITES>THE 1 ITRT &S
[Z NiO/ZnO OBEFH - mEFFERENEN TIEH LN
NGB EICEDBER LB FIND[2,3], AAETIE
NiO/ZnO KB EtIZxtL ZnO REIZHLWLEEHEL ., J-V
BIEGEICKYESHFHEZEDOFHmEIT o=,

[RERAEK] RF I RbOVRNYFEERNT, E7ILD
YASREMR EICHFESINT- ZnO/ITO FEEITHLT, v —
LRICEREEHEES BR)EFANMBLTHIELEEFT-
f=o BRALIREZ 580°C LL T, HLEFREIZE 0~90 min D EEE
TEEStE Tz, D% RF 75 RbO2 R/ \yAEFHL NiO
SEEAHIEL[1,2], Bon=KEEMISH L TERLUKBL
(AM1.5)BS FIZHEWNT J-V BIEZEE1To7-,
IBERRUEE] H2ICSHERDEZE0, 100 mg &L. FIRF
[ZHREALEEAE 1T o7= NiO/ZnO KEGEith(ZBIL T, BRALEFRE
(239 BFAMEE(Voc)DHEEETRT . S #3K 0 mg LHLEL
T S #K 100 mg THALLI=KBEM®D Voc MRELLGEHIE
EAFEESN-, CO—EELT ZnO READ S DILEH
ZnO RNIZHFHAETIRMED—EHEHELIZILET. FYUTD
BESEMFILEIELBITFONS, TS BHRET S,
[#552] AARDO—ER(E. RREBEMKEREARREBFET
BET R X —BITARIA, RR—R R T LRBEH
R—DiEMEZI=,

[ 3C#R] [1] Our group, Jpn. J. Appl. Phys. 52 (2013)
021102. [2] Our group, J. Appl. Phys. 116 (2014) 163108.
[3] C. Persson, et al., PRL. 97 (2006) 146403.

© 2024%F [CRAYEER 16-059
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el 33ev —
1 |
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Y 7Zno NiO

1.NiO/ZnO @ Zn(O,S)BHH & D
INVRTSA AV MDHETE[2,3]

0.8 ) )
S #7K 100 mg
0.6 7
> L .
0.4
(@]
X !
S#XR 0mg
O.Z’ﬁ:{:
O L L L L
0 45 90 0 45 90
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I I =Y LEEZ A= In-Ga-In-0 DE& BB R
Metal induced crystallization using Al thin film for In-Ga-Zn-0O thin-films
EREWK' CHEN BR' BE R BN EL JIF BEA, AR 1T
NAIST?, OYuki Nishimurat, Takanori Takahashi!, Hikaru Hoshikawat, Yuto Kawato!, and Yukiharu Uraoka!

E-mail: nishimura.yuki.nv9@ms.naist.jp, t.takahashi@mes.naist.jp

[BFEE =] In-Ga-Zn-O (IGZO) |ZfRFE I o IEaERR b -5k (AOS) & HW BRI K7
VP RAZ (FET) IZHelym WVEFBENE, (KIR 7 1 & AEE, vy OFF &z AT 572D K
FEAEFEAIEE (LSI) 28R 2 £ U ~OJEHBARET STV A0, AOS 134&E A HEE O m S0 5 24
VRSP R PR L - TIERKERNKHITER SN D=0 X5 U 7 8BEOHBINEICRENH S,
— 7 THREEA 2 A 5 ¢ BliEL A1 1GZO (CAAC-IGZO) <0 A Bk LA IER 1GZO 11lE 5 RIBD B AL
TRLEF—NENT ERRESNTWAEL 5E5 T,k 1IGZ0 % v = & Tl 7 it /K48
DOERPIH S, ¥ U TEEOLREPHFFSND, LarL, IGZO OfEfE{LIEE X 600 °C
PLEEEWZDBA LSIicks 1T 5 Back end of line (BEOL) Ji BT CIHMEIERE LKL ETH
%, IRIRFEREOFIE L LTEBHRR R (MIC) IERZET LN LB Ta 2 H - A0S @ MIC
IZ Ta JB/AOS JE R M/ HHEITT 5 Z ENMbN TV, BVLELEELT T Ta JE@ 2 AOS J&H Dligds
ERERT 52 LT AOS BN D EB-IRERE G UIM S L, &E In 08 Ga B L. fifmbo
S ERDETANDREINTHBET UL, MIC O#kE L LT A0S EH~ Ta BNLRT 5 2
ENRENTEY, BEXOEEORK TAME SN DG, 22 ¢, AWFETIE. Ta OREMEE L
TAINZER LTz, fETICBWT AL A I3 TH D720, 5D Ta LY b InGaznOg D
e (g 2 BURIPE D m < CAVEIRIC X 2 BAWFHEDIK T A B T D AR E 2 b5,
Z ZCARWIZE T Al 2 V2 MIC 12 XV IGZ0 DfEt b A 5k, 1GZ0 TR D A SR04 Ji8 fl
3FE VIR \C 5 2 B R B STl L 7=,

[EBRTEE] 1IGZ0 FENED I IX A 3w # k& W=, Z —/4 » MIZiX InGazZnOgs DOBERS A Z U
T, BHARERLIEAT X Si itk EICHEE 20 nm @ IGZO A FifiE U7-, AE#% 1% 300 °C oD %E 3 55 PH A
T 1R OBMLER 21TV, ZO% X v v TBE LTAIZ 10nm R L7=, &E*x v v 7 TE%E KL
JEE1% . 400-700 °C O K& 5 BH A CEVMILER 24T - 72, IR OFE AR 1288 A& X ARE T (GIXRD)

2 I CREI L 72,

[EBRRE R - 28] M 112 1GZ0 AKE#% (As-depo.) & Al
X v v TR (S BVLER 21T 5 72 1IGZO [ GIXRD ; e
ERERZRT, v v 7B L IGZ0 FEiZii e — ¥ — 009 10-5 '-1,000(;
ARSI, FREMEELET D I LavRENT, Al Yyv 0018
Fv v BB, BB AT 2B A, &R InlcHkT 101
HIEHT S — B LT, S HIC, BVAFLERE 600°C £ F y 1w 600°C
R In TS U SRR, R In O 2 ol Y g gl
[ZAIZNIGZOH DMK L e 5 2 & TEILIGAEITL = 002 ,
fC L ERET AR THD, SHTROEF AL § M s
BEX v v 7@ IGZO oMK LMEAELTNDHI a2 2 12
GIXRD HIZEIC & » CHIfE(L L7z, £7=, 700°C 0FLEEE T 400°C
fToleBt, &R In KT 2R Z —r B3k, & =
1 A DT 5 1620 OREG LR S, f (Nocap Ioyer
REV A ZHNTESEIZBN TS MIC 2ETT 52 L MMM
DSHERS S VA, e Dt bR EE DRI kO b b,
[1] N. Saito et al., IEEE J. Electron Devices Society 6, 500 (2018). Ly
3] M2 W ekl e &1, ACS Aol Electron. Mater 4. 138 (2035). 20 25 30 35 40 45 50 55 60 65 70
[4] K. Nomura et al., Jpn. J. Appl. Phys. 45, 4303 (2006). 20 [deg]
[5] A.'Y. Hwang et al., Appl. Phys. Lett. 108, 152111 (2016).
E% & B Rim st el Sl Miethods « 2201522 (2023). Fig.1 GIXRD profiles of IGZO thin
[8] X. Wang et al., Appl. Phys. Lett. 119, 212102 (2021). films with and without Al layer

varying annealing temperature.
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BRI L-2&ER In0:BEICE 1T 518 FEROEEKRFIETME
Evaluation for thickness dependence of lattice parameter in polycrystalline In,O; thin films induced

by solid phase crystallization process

ERAEWMK OXB MR, B R, JIF EA', Bl #', #BEA 174’
NAIST! °Tomoaki Ohno', Takanori Takahashi', Yuto Kawato', Hikaru Hoshikawa'
and Yukiharu Uraoka'

E-mail: t.takahashi@ms.naist.jp, ohno.tomoaki.os0@ms.naist.jp

FL®HIZ
03 # FHW=BRDE N T o oA IL, BRDEBEE I E <, OFF U — 7 BIIMEVWVER S %
HITHIEND, T4 AT LA HOER N > A% (TFT) X back end of line TF2IZ#HE#H S5
AEY FBAF~OEHAPRF ST BN 03 OEBENELZER T 2 72 DI EfEfGm sl >
4ﬁ%%éhfﬁ@ At InpOs-TFT 20 513 100 cm?V s &2 2 5 BRI EBE E N #E J T
WAL ZEERL In0s-TFT OERNRBEIEILTF v X NVEEOHINC K> TH ET5Z R85
MTU\ZD 561 LU, 5 nm JEDEFEAE SR L7 2858 Inn0s v X005 h 100em?V s 2 2
5 BERNEREENE N S TE Y, (RO & 1T R DR RSN TW DI §iE5 T, In0s
F ¥ RNVBITDHE ﬂ@%%%f@ﬁf@fék;@%f Ko THRESND Inn0; DWPEIZE L
TIXE AR DERDRD DAL D . AW TIE, KR TEOBLE D B EFERE L L7226 5 Inn0s DR
KA % BT L 7.
EEBRAE

H RIS = Si Fob I Ar & O, DIRES H A& W= RE A8y Z1EIZ X > TIEEE 05
Ze R U 7=, iR U 72 FE 5 InpOs AT 450 °C D KRR ZEPHA T T 2 W o0 BVILEE 2470 Vit b
STz AR BN A S X BREIPT (GIXRD) 1EIZ2381F 5 out of plane I E & FH W TREAR L 7=.
F77, 03 DE w7 Z3 4 MEEIZH RS S 222 A EN S mAME - ERMAREE Lz, BEL
72 InoO3 IR D IR IE X M= (XRR) EIZ K- TR L 7=,
ERER

)@R@F%&DW%Lthﬂh@ﬁFi4lmzmnf&w PRI I E R EE AT 5 2
&% GIXRD HIEIC X - THEZR L7=. Fig. 1 12 InoOs (2 1) B HAMEF E X DO IR AFM: %2 o~ d.
T A& EEUT A T OREE 4123 T Bulk-Inp03 (10.135 A, PDF card No. 01-080-5361) & ¥ /h&
W EERER LTz, ET, EAMEFEBUCIEEKFAESFE L TEB Y, KBV 4.1 nm O HEIME
%ﬂij}ﬁ(ﬁ‘ Bulk-In,O3 0)1ﬁ ;LI/\: L %ﬁ%g L7-. In, O3
JEEEAY 4.1-8.2 nm DHEIPHIZ I\ TIX M SIME T EEL ANk
DLTEY, B FICEADEE L TND Z LR

10.20(
10.18f
10.16f

ENS. £72, 8.2-21.2nm OFPH TIXHEAME - EEK D 1014k Bulk In,04
ZALIZEAFVENC &> o 7. BLEORERDN S, ARFIEICE ook YT
2 RS E L7 In05 12380 T Bulk (ZIEVEZA R 010k
INEWETL A 1S D 7201, 5 nm LU R EE O R RS 4 10.08F %

FCTh DI ENbinoT, 10.06} e .-

10.04f

11Y. Magari et al., Nature Communications. 13, 1078 (2022). I
10.02

[
[2] Z. Zhang et al., Appl. Phys. Lett. 120, 202104 (2022). [

[3] T. Koida et al., J. Appl. Phys. 107, 033514 (2010). 10.00;————5"15"30"25
[4] B. Macco et al., Phys. Status Solidi RRL. 8,987 (2014). Thickness [nm]
[
[
[

Out of plane lattice parameter [A]

5] Dhananjay et al., J. Phys. D. 41, 092006 (2008).
6] J. H. Noh et al., [EEE Electron Device Lett. 31, 567 (2010).
71H.Y. Lee et al., ACS Appl. Mater. Interfaces. 15, 51399 (2023).

Fig.1 Out of plane lattice parameter of
In,0O3 varying thickness.
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JERE Ga-SN-O TFT D b7 Vv DR ZEEED ARy X s A B ki

Dependence of Transistor Characteristic of Amorphous Ga-Sn-O TFT
on Input Power during Sputtering Deposition
HEABEMETL Y, BHME - 7oeXPkr 42— 3 OMOCOER KB, AR B -2 Wil Fik
Ryukoku Univ. I, IMPR Center 2, OM1O(CE)Tajyo Shinoda?!, Mutsumi Kimura 12, Hidenori Kawanishi 2

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

[IZC®IT] [n-Ga-Zn-O (IGZO) icfREKI N b4 vV v LETENT 7 AFELYHEAR (AOS)
. IEREICL 22 boTEWETBHEL2FHHTE 32 LALLM TOITE 2,
Lo, A VYT RELT AZALTH Y, BRONELLEEMEORER D 5, % 2T, RBME
LLTIGZO ©A v 7 Lk ZRICHEEW 2 72 Ga-Sn-O (GTO) HREI T3, GTO IE.
FUDRR, LT ARV EEE R WIERTH 2720, WEMGOMELZ R TE 2 AOSTH 3
D, L2l GTO % F x a g7z TFT B3 2 #1375 <0 RIBES R I B S 2 5am D
DPlgv, 2T AWIETIE. A8y 2 Y v 7ETHIES 2RO R AB I 2FHEE L 72 GTO #HjiE
F v ARG TFT ZE8LL, 7 v P 2 2Btk AB ko WCEHE L 72,
(8 AE] 50 nm OEB(LIERTZ p*Si B LICRF <24 bu v zo8y 2 Y v 7T GTO %
¢ N7 120,180,240 W CIF U IC 72 5 X 9 ICHKIR L 72 o BRI W72 GTO 2 —7% v + 13 50.8
PTHD, RICHZEKEFICE Y, EHEME LT AU Z IR L 72, &EBICKEFERH S H T 350 °C,
60 min DEFTHER P T =—A%fT- 7=,
[R5 EEE] SHER L 72 GTOTFT O fmERi: % Figure. 1, 45 7--%7 A — % % Table. 1
RS, ER OB AENR AT 2icon, BEEE Y 7A Ly v an b - 24 v 7ol bR
Rohd, £-BEETEZLKT 2L, 120W 25 180W ICHAB L% LT3 &, BEETEIZO0
ISP A, 240 Wi B3 EIEBIEAMICY 7 F LTWw5, BEREOHR AT N2 E2 5 & K
HED LD B 72 0P DI AR D W BBIER M EL-eE2bNn5%, Ly LEEE
JED > 7 + b EiE ANEN CTORBEIZRIGAER S 2R Z "B L C\nwd, ZD72® GTO
TFT O¥ & 2 |ESLETH 5,

[$E3CHR] Y Tokiyoshi Matsuda et al., “Rare-metal-free high-performance Ga-Sn-O thin film
transistor”, Scientific Report, 44326(2017), https://doi.org/10.1038/srep44326

150

1E-04

b

1E-05 (a) ( )
1606 120w
180W 100
1607 240W

120W
180W
240W

= -
5 1 3 Table. 1 Parameters for each TFT
1E-09 - .
50 Vrglv) WEE fem?Vs] SS
10 120 W 26.6 2.66 0.44
1611 180 W 16.5 5.64 0.15
1E-12 0 . . : 240 W 20.2 8.01 0.17
-20 -10 (1] 10 20 30 20 .10 0 10 20 30
Vs [V Ves [V

Fig. 1 1-V characteristic of GTOTFT (a) Log scale (b) Liner scale
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RTX AR Y FZRIZEYIERTOEZXTHER L1 Sn0. ZREERE
DIELLIETEIZET S8R
Research on lowering the resistivity of SnO: transparent conductive films produced by a
low-temperature magnetron sputtering process
IEWKF !, RIEMHOIRR 2 EXRBEWRESHERAR
cConogEA B M A, EE B9 BA 3, @\ R°

Kindai Univ. !, Environmental Materials Inst. 2, AIST.?3

°(M1C)Non Fujimoto'?, Nobuto Oka', Tetsuaki Nishida?, Junichi Nomoto?, Takashi Koida?
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Sn R—7 Iny0; (ITO) ML E W AIEYEHE M (80%LL ) L ARWEREEHT (~3X10% Qcem) %
TRYTD, T4 AT LA RKGEMOBREMIAMAH SN TWD, LGP ERETHLD In 2
T HeOKRGEMOREZ X M EH L, 2ORDHENSAERBHIRSND [1], £ 2 TREM
BrORFFERFE N OB L 72> TV D, S HIZBEER ST D Si ~7 n A TR, &
N T AH A M RKEEMTIHERE (200 °C LLT) TOREMIEES KD LN TWD, DFED

e 2 TR (200 °C LAT) CoOEEMEDOmWEIEER 2R 7L, KibER
D RYLRIZEEN D, AWFZETIIHBE T EEICAET S Sn ITEH L. [RETOEKT v A
(2 &0 1B 2 IEAE SnO, TEIEIC DUV TR L 72,

Sn0, 7 Iv 7 X —4 v NEHWe RF w7 i
@ As-deposited films
Fha ANy FIEIZIY . EINEAT T A B A Post-annealed films
RIS SnOn WA (FR LT, A5y # 7 A 5 107 L,
: \ = 2 102 :
A UM A 0 B OB BT B0 5 § s T r .
IZA RO B0 ZEALL, O HAFKEL & 104 102 2
O2/(Ar+02) 1 0~0.5% L L. Hy0 2 E % 3X 10 T10° 5 <
=
Pa ASiifi~1X10% Pa & L=, Fulifhid No A i 0r2 2
20 10 S
200°C T30min D7 =—1U v F %4772 572,

0 X H0 ZHALER L SnO, 5 i%
H e h=x NVAS SN 23 — . . —~ 0 1 L 1 L
80% MR D E AT E R R 27k LTz, Fig. 112 0.0 01 02 03 04 0.5
H,0 53/F 1X10°Pa, 2 ATES 100W CTIERLL 7= 0, flow ratio (%)
HREOBEBXFEOMRE T, 7=—YU 7IT Fig. 1. Electrical properties of SnO, films

T0 % U TREERRIN L, HARFIMET L, deposited under fhe MO partial
pressure of 1 X 10 Pa at the sputtering

Hall mobility
(cm?V-lsT)
=

MR R A Fi b3 5 2 & Tho ML 1.8 X power of 100 W. The post-annealing
103 Qem OFEPRENE ST temperature was fixed at 200 °C.

[ 3CHk] [1]Y. Zhang, M. Kim, L. Wang, P. Verlinden, B. Hallam, Energy Environ. Sci. 14 (2021) 5587-
5610.
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Post-Annealing derived Mist CVD AlO/AlxM1xOy (M=Al, Hf)
Properties for High-Temperature Sensors Applications

Abdul Kuddus', Keiji Ueno?, Hajime Shirai?, Shinichiro Mouri'?

!Ritsumeikan Global Innovation Research Organization, Ritsumeikan University, Shiga 525-8577,
Japan

2Graduate School of Science and Engineering, Saitama University, Saitama 338-8570, Japan
3College of Science and Engineering, Ritsumeikan University, Shiga 525-8577, Japan
*Email: kuddus4910@gmail.com

High-insulating behavior with large sensitive layer resistance is one of the key requirements in

designing a thin-film sensor for high-temperature applications. An electrical resistance of 3.5MQ
was obtained at a maximum test temperature of 800 °C for the Al.Os insulating layer recently.
However, electrical insulation up to 1100 °C is necessary to meet most potential applications of the
high-temperature sensors [1]. The alloying of high-k metal oxides offers enhanced thermal stability
and improved inhibiting capability of the longitudinal migration of carriers. Herein, we report the
post-annealing derived structural evolution, surface morphology, crystalline behavior, and electrical
characteristics of high-x amorphous (a)- AlxTi1xOy (ATO) and AlHf1.,Oy (AHO) thin films to be
applied in a high-temperature sensor. Amorphous ATO and AHO thin films were fabricated by
solution-processed mist CVD from co-precursors of Al(acac)s, Ti(acac).QiPr, or Hf(acac).OiPr,
dissolved in CH3sOH+H0 using 3 MHz atomizer under N2 flow as generation and dilution gas (500
and 2400 sccm). The purpose of using a thin AlOy layer on top of the ternary film is to improve the
metal-dielectric interface with suppressed charge injection. The adjustable dielectric constant, k of
6.23-25.12 and Eg0f 4.25-6.38 ¢V was obtained for ATO. Fig.1a and b show the AFM images at
varying post-annealing temperatures of 0, 700, and 900 °C. In Fig. 1c, the XRD Spectra of
corresponding samples are depicted. The surface morphology varies within low rms of 1.06-3.32
nm in both ATO and AHO films, and a weak broad XRD peak in ATO at 17-28° attributed to partial
anatase phase at T>700 °C. Relatively higher thermal stability with smooth surface reveals the
strong potential of mist CVD ATO and AHO to be applied in high-temperature sensors. Here, we
will present the impact of post-annealing on the physical properties of ATO and AHO films (<30

nm) and the electrical performance applied as an insulator in sensor devices.

AlOx (~2nm)/AlosTio40y (~30nm) 50
— 2 As deposited _ Post-annealed

HfAIO, ~80nm %, 4 R,

’ " O {

EW;A/‘ i ;
- : ) o

LN IR L L L I
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1 Annealed
] @ 0, 700, & 900 °C

<
E

-
=
5

ey
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:

f
020 4
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—
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6004, “} \
400 3 IM,,L R i
T T T T T T T Y lr+rlrrrrrrrrr
200 20 40 60 8 100 10 20 30 40 50 60 70 80
Al Percentage (%) 20 (Degree)
Fig. 1a Fig. 1c

Ref.: 1) Y Wang et al. Appl. Surf. Sci. (2024), 2) T A N Ngoc et al. J Sol-gel. Sci. and Technol. (2023). 3) T P Ma, p08, Hiroshima Univ. access (2024)
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BBR 1ZO BIED UPS E— &4V URHBRE DR &R
Correlation between UPS Peak and Ozone Detection Sensitivity in Solution-processed 1ZO Thin Film
K, CO2)ER £E HEx BB HHF BN

National Defense Academy, ®Hiroharu Sasajima, Takaaki Morimoto, and Keisuke Ishii
E-mail: ed23010@nda.ac.jp
FTea iz, AV UBEICELYBEKRIE In-Ga-Zn-
O(IGZO)HE#EE k Z o A H(TFT)D K LA i (Ip) 23

Drain
® T w-av

Source

e I e e N R T
SR MERAIE TS LR LEL, cng T e
TIZ. 1GZO JEND OH M4 v & ORISICH 5 me@;g?lmzam prpdiors.
DENIGINSTED . FOSHERBII AR TH 2B, 4 @-type S0)
[l B4R CTH D In-Zn-O(1ZO) s % 4t L7z & Fig. 1 Structure of fabricated 1ZO-TET
2%, OH KOFERZDFRED oL EZLBND, o
TN F LD b ENT AT —DEFNA 4 —— 4
Ve DN EET D AREEIC O W T E T 5, e ’| ’ ;
In, Zn OEMEE S 2- 2 FF ¥ /) — LT N ”wm 132
0.1 mol/L ¥ S 72 i In: Zn = x: (100-X)DHHT £ fl Ve |0 @ et 2
MR LT, bk SO BBt p i Si il 32 =0 12%
I2 2000 rpm T 15 FpA ' = — b Lz, 300 CTOH .0 1 =
v N7 L— b BT LRRIBERL LT, Z 0% Al Bz tr o 1!
AE LK LIOTFT ZERLT, | zlsrir:::::;%/f UPS spectra -
4 24F AR, BEZIt=0F LY Vo= Vp= +40 V % U0 20 a0 o 0 100
FIAI L, t=60 F Xk 04 v 5B 550 Uy, ). In content (%)

L7256 (dloa, RF) O lo OBGRHIH, 4 2 12, Fig. 2 Influence of In content on ozone
t=120 P CO NS O S 3HE L K kg detection sensitivity (solid black circles) and
B AL 3 intensity of UPS spectra (open blue triangles).

S(S = —log(dlng | Alpa)Z 73, IGZO JED T E L [EREL  Inset shows time decay curves of 1o with (red
0 - o 21 solid line: 4 1pg) and without (black solid line:

In bt 100 %% Bk, SIFIn & EICHBT 5. K31C A lpy) ozone exposure in the sample of In
BT RKLE—D UPS 227 hL, fEAKIZ-5~4 eV  content with 80%. Here, Alpg and A lp, are
T — SR N _ reduction rate of drain currents per 60 seconds
DIERM & R" T, 7=/ I TR VF—(Er=0eV)EY  yith or without ozone exposure, measured
B V-1 eV AT DN 1okt T B B — 27 R e, from 60 to 120 seconds after the start of bias

i application, respectively.
U, TOREL In LR EEICHET S, Zov—7

102 T - Incontent
DIEGTHO, SE BSOS RIS 4 5 H & 3 | A
& 212D TRT, In = 100 %OREA fi & i # o RSN
BAaEE< =T 572D, 20 UPS v— 27 |ZBE3 | O 17
% Er &0 BVHETOET b, BEICHIE LIt OH | IS

43210-1234-5
Binding energy (eV)

[FRRICA Y > & DRSS R & 2l Rz LT
LA E 2 b D,

UPS intensity (a.u.)

|||||||||||||| b PR

2119171513119 7 5 3 1 -1-3-5
HZ R Binding energy (eV)

[1] =72 T fh, 55 82 [l %<3 (k), 10a-N403-1 (2021). Fig. 3 UPS spectra observed in the samples
[2] #5227 fih, 55 69 [l (3%), 26a-E307-5 (2022).  with each In content. Inset shows an enlarged
[3] 22 i, 45 71 RS2 (FR), 24a-61A-4 (2024).  view of the ranae from —5 to 4 eV.
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Thermal Diffusion type Indium Doping in ZnO Nanoparticles
Graduate School of Natural Science & Technology, Shimane Univ.,
°(D2) Md Abdul Halim, Toshiyuki Yoshida, Yasuhisa Fujita
E-mail: n22d102@matsu.shimane-u.ac.jp

Instead of using traditional semiconductor thin films, particle layer by coating method can increase
the options for the base substrates and lower the cost of device fabrication. This allows new materials
to be selected as substrates that were not previously possible in conventional semiconductor
technology. In our laboratory, we have been working on forming ZnO nanoparticle layers by a spray
method and applying them to TFT channels [l Although the resulting particle layer exhibits
semiconducting properties, it has a problem of extremely high sheet resistance (G€2/sq or higher). In
response to this problem, we have attempted to thermally diffuse Ga, an n-type dopant for ZnO, and
have achieved some success in reducing resistance [>#l. This time, we have examined the effect of
thermal diffusion of Indium (In), which will provide fundamental results for the simultaneous doping
of In and Ga into ZnO nanoparticles in the future.

ZnO nanoparticles were formed by arc-discharge-mediated gas evaporation method (30 A, dry-Air
610 Torr, 3 min), and 0.2 g of the resulting ZnO particles were mixed with 0.06 g of In,Os3 particles
(Kojundo Chemical Laboratory Co., LTD), and heat treatment was performed at 800°C for 60 minutes
to thermally diffuse In. The atmospheric gases used were pure-nitrogen, open air, and water-bubbled
air and then effects were compared. The obtained ZnO:In particles were dispersed in 10 g of ultrapure
water, centrifuged (3000 rpm, 1 min), and then airbrushed (7 ml) onto a quartz substrate on a hot plate
(500°C) to form ZnO nanoparticle layers 341,

Figure 1 shows the sheet resistance variation of the particle layer obtained with particles that were
thermally diffused in each gas atmosphere. In all gases, the thermal diffusion process of In reduced
the resistivity by an order of magnitude or more, and open air resulted the lowest resistance value
among the gases used in this study. Figure 2 shows the Photoluminescence (PL) spectra of ZnO
particles before and after thermal diffusion of In. A reduction in defects and an enhancement of the
UV peak and a red shift due to increased DAP emission were observed. These indicate an increase in
the electron density in the conduction band and suggest that the In atoms introduced by thermal
diffusion entered the Zn sites and were activated as dopants.

[1] T. Yoshida et al., e-J. Surf. Sci. Technol. 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 : Comparative sheet resistance. Figure 2 : Photoluminescence spectra.
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Identification of defects and impurities in hydrothermally grown ZnO single crystals by
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IKREE FIEIC K0 B LTz ZnO B 2 0B 17 3 A A RITHE 2120%, fidtEom L
BEHROHIEOLEBLETH 5, KEERIET, @mmE2R Zn0 ik & K2 2 h CREAET
DN ZOHETER LT ZnO BREETITITER E L TRM & REGSFET D, ZnO Bifksh

IZBWTEIR TSR SN DEEAD AT MRENLIIRMBIZE Tl ERZINDHEEZZHNT
BY | BHRZEILE TS TR T OFEISER L TWD A, ZOJREIEWEZICHfE T
W, AWFZETIE, B AE G (ESR) &FRIEHFMICL > T, KEEHKIZL Y FR L ZnO H
i b O K By & Al O3 A & 3R 7

FERZIIHARD ZnO v 7 Biddh GOUEREKASHR) 2 Hnic, 2o v 7 Bl 65
10X 10X0.5 mm? DK E ZDO001)HE., (11-20)E, (10-10)EZT 0 HL, E5ICEnNEha 4 Ol
FEILTS mm? DY TNV EERI LT, 4 DIZHEILTZERD S B2 Dlch o~wfag L,
v RIRETRIR DY T LD ESR AT WLV EER LTz, T~ RIREEEE T 1kGy, 10kGy,
50kGy. 100kGy & L. MAHFFREEIZ LD ESR A~ ML DZALZRE L=, ESR 227 kL
9.40 GHz CTEIfET % Bruker EMX THUfF L., ¥ = L —3 = VIZIXEPR-NMR 7' 1 75 A% v
2o 3T O ESR MIEIERE AT D= TIT o 72, FEtFFMmIE, REfMHBIE — e +FH4dE (TCSPC)
ZAWTHIE L7z, BhESEIRICIE, R 280 nm OBEHE L —F— UL 22 H L, B
A7 BT ¥ xN7 L— MEHEAEEMCT-PMT, 42, R3809U-51)i2 L - THitl L, SPCimage 7
07T LEREH L Totr Lz,

100 kGy D >~ # % 5 L72(11-20)f @ ESR JIE Tl g=1.96 I — 27 BN &z, Z oD
E— 7 3RS IR B SN oo Ted, T vRFIC L A Xl L2 b DB X
biL%, TCSPC DFfERMNG . T DOV T ITMESFTIC X > THI 40 ns DFEVFEr &K 250 ns D
FWHMPBEEL TWD Z &R INTZ, —J. (10-10)fH TIET » ~BBFHZ K 2 FrED B —
I ST, FamlcKRE B kT o7z, ESR, JeF0tIE, TCSPC Z#lAGhEL Z &

T, KEVE L ZnO O KRKGDJRIK & MWE 2 BT 2 72D OFrT= 72 A3 S bz,

BEE = OWFZEIE ISPS BHFFE JP19KK0360 D K452 13 TiihbivE L7,
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Deposition of crystalline IGZO using high-power impulse magnetron sputtering
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1. ZL®IZ

TN T 7 AIGZOIL, HESAE O IFE IR &
10cmAV ISR EDEFBENE Z/RT I LD,
T4 AT VUAHTFTE L THEH SN TWD[L].
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Study the deposition mechanism for ZnO thin films using a novel deposition
method, “Electrostatic Spray Deposition” and property measurement
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Abstract: This investigation revealed the ZnO (E; =3.37 eV) growth mechanism for solution-
dependent electrostatic spray deposition (ESD) [1]. For making the ESD spray solutions, zinc
chloride (ZnCly) was used with ethanol (CH3CH>OH) for preparing the six different 0.1 M
precursor solutions by changing the Hydrochloric acid (HCl) and water (H20) ratio. Numerous
microstructure parameters were also studied. by ESD during ZnO thin film formation.

Motivation: A very few numbers of reports have been published on the novel electrostatic
spray deposition (ESD) method which is also a nonvacuum low cost ZnO deposition technique.
On the other hand, ESD is not only easy to use, but it also has important industrial benefits,
such as the ability to cover large areas because it is simple and easy to understand. This
technique allows for convenient control over the composition ratio and doping.

Experimental method: In.O3:Ti (ITiO) was deposited on alkali-free glass substrates using
RF magnetron sputtering, and ZnO thin films were deposited on top of the ITiO films using
ESD. 0.1M precursor solution was prepared using zinc chloride (ZnCl,) as a precursor and
ethanol (CH3CH20OH) and a changing H2O ratio as
solvents for the three ESD samples. The ESD Lo
deposition was performed for 5 min at a solution flow e ‘“i”"\'“"” ———
rate of 2.0 mL/h, applied voltage of 8.0 kV during l i pa00mc ]
spraying, followed by annealing at 300-500°C in air o\ i

50 % H,0

for 5 min. The XRD technique was used to determine
% \Z[I% H,O ’

the crystallographic orientations and microstructure
i \,LL 0 % HO l |

diodes for solar cells was carried out under the
optimum sputtering condition.

Results and Discussion: The XRD pattern and lattice
parameter ¢ of the ZnO thin film growth evolution by %o [deg.]
ESD were shown in Figs. 1 and 2, respectively. The Fig. 1. XRD patterns for the ZnO films
XRD clearly shows that the peaks are exhibited at the  according to solution dependent ESD
(100), (002), (101), and (102) planes. The fundamental  deposition.

crystal growth theory determines the growth of ZnO

XRD LOG INTENSITY [arb. Unit|

parameters for the ZnO films. The fabrication of p—n
1 1TiO

»
(=

50

thin films in the c-axis orientation. As the temperature =

rises, the lattice parameter c increases, which is T sa2sh ®
consistent with the fundamental theory. This research £ ./
marks a turning point in cost-effective industrial and %

commercial  applications  for  ESD-deposited 3 sasf

electronics. The properties of the fabricated visible- 8

light-transparent solar cell structure was also studied E sul @

by ZnO fabricated by ESD technique with NiO/ZnO
p—n junction [2].

[1] Our group, Jpn. J. Appl. Phys., 63, 025504 (2024).  Fig. 2. Lattice parameter, ¢ for the

[2] Our group, Jpn. J. Appl. Phys., 67, 071101 (2018).  (002) plane for increasing the temperature.

300 400 500
Temperature (°C)
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Thermal Pressing Effect on sprayed n-type and p-type ZnO Nanoparticle Layers
o (M2) Shrestha Dey Monty, Toshiyuki Yoshida, Yasuhisa Fujita
Graduate School of Natural Science & Technology, Shimane University

E-mail: n23m218@matsu.shimane-u.ac.jp

In the realm of semiconductor processing, using semiconducting particle layers for TFT channel layers
rather than thin films is becoming more and more popular due to the wider selectivity on substrates like
flexible and/or bendable materials, etc., low processing costs, and huge area compatibility. In our laboratory,
not only n-type but also p-type ZnO nanoparticle (NP) layers were formed [1,2]. However, the sheet
resistance displayed extremely high values to prevent TFT applications. Many attempts have been made to
decrease them, here, the effects of thermal pressing on layers of n-type and p-type ZnO nanoparticles are
demonstrated.

Using an arc-discharge-mediated gas evaporation method, nitrogen(N)-doped ZnO-NPs were
synthesized, and enhanced N-doping mode (50 A, 150 Torr) provides p-type and suppressed N-doping
mode (20 A, 610 Torr) provides n-type ZnO particles, respectively [2-5]. Dispersion was formed with
ZnO NPs 0.2 g and ultrapure water 10 g after homogenization (150 W, 3 min) and centrifugation (3000
rpm, 1 min). NP-layers were formed with automatic spray gun using 7 ml of dispersion liquid at the
surface of 1mm thick quartz substrates on hotplate with 500 °C. Thermal pressing was done at 250 °C and
800 kg/cm?,

As shown in Fig. 1, thermal pressing on both n-type and p-type ZnO NPs reduces sheet resistance, and
this effect appeared clearer on p-type ZnO NP layers. From SEM images in Fig. 2, it is shown that the
p-type ZnO NP layer was pressed uniformly on the other hand, the mottled pattern appeared at the surface
of the n-type layer after pressing process. A possible reason is the thickness variation at the sprayed n-type
layers. The spraying process is influenced by the particles’ surface potential, which might cause the
difference between obtained n-type and p-type particle layers. Fig. 3 shows variations of
photoluminescence (PL) spectra, indicating that reduction of defect signals by particles’ surface defect
passivation by thermal pressing, and this was also more effective on p-type layers.

[1] Daiki Itohara et al, Vol; 2026, page 6.[2] Y. Fujita et al., Phys. Status Solidi C, 1-3 (2014). [3] Md
Maruful Islam et al., Coatings 2022, 57 (2022).[4] Toshiyuki Yoshida et al., e-J. Surf. Sci. Nanotechnol.18,
12 (2020). [5] Toshiyuki Yoshida et al., e-J. Surf. Sci. Nanotechnology. 14, 175 (2016).

After Thermal Pressed

102 _| n-type ZnO NPs
B on as-sprayed 1/ z:ép;Ps / \\rj-type Pressed
é’ as-sprayed @ ’; N b
< 00— @ 5 3
2 — M —
= N\ >
% 100 ‘ 'a
g ed pressed c
& 108 presse 3
2 n-type p-type =1
% 107 —| ZnONPs ZnO NPs ; X : :
—sum 400 500 600
p-type ZnO NPs Wavelength (nm)
Fig. 1 Sheet resistance variation Fig. 2 SEM images Fig. 3 PL spectra
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MERYE - EEHREYORHELE/L—2 B LVKRERBTT~DIERA

Application of corrosion-resistant and conductive oxides to fuel cell separators and

hydrogen generation technology
fR& KB', He 2, WE &—° /MHE #53 BK &' &F #Am*
UMERERL!, 74Ty (%) 2 BBES (%) ° IGEXFEFECARRtEV 2
T. Hattori', T. Tanaka®, K. Matsuo®, Y. Oda’, T. Araki', K. Kaneko®
Col. of Sci. & Eng. Ritsumeikan Univ.', EYETEC Co., Ltd.%,
ITWASAKI ELECTRIC Co., Ltd.?, RISA*
E-mail: re0159sp@ed.ritsumei.ac.jp

IR BURFRASIZ AT 72 B0 # 2 & U TREE ML 2 -l W T2 RE RN AFE S TV %, 2bF
FETIILAH AR AT > L AR/ —=HIZ Sn0, X° ImO0s ZHFET 5 Z LIZ L DK== MEiZo»
THELTWD B, F72 BATRAF—EFEDEr I v g VEREEAGDE TKELE
BT & D KEMIL, Bt rTRE RS MITTE IS S Tnd, 2O TH, FEiRE S FIEK
BfF (PEMWE) &, BtV KB AOMENEmNT & SEREE CTOEENAETH D
EVVH) EMBIER SN TWAEL, JiNZ T, PEMWE Cid, #EEM (0.7V) LLEICEWERM (2
Vvs.RHE) IZ& 6 ENDH 72D, B AR L—FITITHE 2 D mtERe 2 Mg &k & 8BNS RO Hivd,
Z ZCARETIE, THVE THFSEZAT - TVvz Sn0, X O3 RS L—2 D a—TF 4
YT DRIEGT, KEMA S —Z DS RN A R T O EREIT o T2,

I A b CVD 2&iE 2 W TIEIEDT Sn0,. 105 & Ti 2%
R, SUS304 JuR LicZz s L7, SEfdihtix
VUi F-V5 2 O C L RUB O B 1E G [l plc 4y O FRBTE 2 31 E
U7z, MR RRER 13, NERBRER 2458 U 7o B2 /K IR (H2SO4,
pH3) FCEBM MR ZAT o 72, F7o, BRI HIX
72h & L7z, .

HRIERE LT RIRLETO S0 Fig L G 0 T
T EOIKRETZ VX —4 (DOE) D3RI EHEM DL deposited on Ti and SUS by mist CVD method
WERTH L BAIEHAME (10 mOont) & TR SHEHE Table. 1 Concentration of dissolved Ti, Sn found
IR LT, E7o, EEAMEABRIZIBW TS, Table. by ICP-AES analysis of the test solution measured
LR X D WIS Sn =0 Ty A% = & 7z after 72 hours 2.0V vs. RHE)

50.1
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w
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T
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Contact resistance [mQcm?]

........ l DOE Target

Ti Sn
<. BAFARMHEMER R D LSRR S, Y HIELY  — _
MsitCVD-Sn0O, plated Ti ) )
FE M 72 T P AR O RO ER RURRME IS D TR iiredad T © ©
% o ( Detection limit) 0.001ppm 0.01ppm

(-) is below the detection limit

2 3CHk : [1] K. Kaneko et al., Jap. J. Appl. Phys., 57, 117103(1-6) (2018). [2] T. Hattori et al., J. Soc.
Mater. Sci. Jpn., 73, 356-363 (2024). [3] A. Villagra et al., Int. J. Hydrog. Energy, 44, 9708-9717 (2019)
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B A XBEFRAL-BIEMEBFEDER : (Na,Ag)GaO, D
Synthesis of oxide solid solutions via soli-state ion exchange: a case of (Na,Ag)GaO:2
REXZx#: BUEE? K —E. B EE2 MR EA!

Tohoku Univ.%, Toyama Natl. Coll. Tech.?, °Issei Suzuki!, Masao Kita?, Takahisa Omata!

E-mail: issei.suzuki@tohoku.ac.jp

PERDOEEGIT, N R v 7O ER R E DYt Z il 4 2Bl CHELREINN TH 2,
S MR EREOGRTFEZ, = hrE—0fERREL 2D EREHBRISTH D, &
IR CARL ERIELTEMNITE ] TE 2RV, [EFEA A 2 d, AR RE b E 2 R L7 £ &
AT MDA AN D Z L TH LWMEEW 5D FiETH S, BT, NaGaO, +AgNOs
—AgGa0+NaNOs £ H LD [1], T OIS TIHAEDDF R (RIBRIK & A A ) &AL DAR
K ERW ERIAERY) O 2NV E—ERATHLZE (BUPRLETHDLI L) BDAFT UK
BOBEN S 70D, —HT, WO ANV E—EMEE AL ERWEAIX, =2 e E—3 K
LR D KD NTERTRIIRA A SRHADNE U TSR AR T 2 IS D, AFETIE, =¥
NE—ZEDROFIBMA L A A R OMEE 2 HWT, A A AW K 2 B IRO Gz AT,
I BT, FHJREHBEIC L o TA A U RIS D A5 IR AFR RS HERI C = 2 0t L7,

TREDORISHKQ) D T & FEF MDA A a8tz xtge & L, AgGaO; & NaCl, ¥ LT, NaGaO;
& AQCl ZZiE Na:Ag=1:1 DE/LELTRA L, 300 C 48h &S 5 2 & TA & o ZHMHE %
L7c, RISHEDAER O LA XRD JIENHIRGE Lz, FH— IR ITIEI%IC PBESol,
FEART > L ¥ UIZ PAW % V=,

AgGa0,+NaCl — NaGaO; + AgCl (1) 0

FOGHQ) DA FAF LS MDA F o ZRHER T

%, FNZEh x=0.7 B LV x=0.5 ® AgxNa1xGaO, [H A
EREONTz, K1, BRI RD ToA A A8
T HNE— (H) &, 300 ClZBT 51 4 DS
WEbzr beE—FE (TS), FT AT RLX— ‘ ‘ ‘ ‘

0 0.2 0.4 0.6 0.8 1.0

(G) DML FEZ T, HIZHOTNTHE TR O /:gl\iac?z Composition, x TFAAC;%?Z

KA R L2, ENR 0 H-TS OFLGNRIEFITK . .
Figure 1. Calculated compositional

=L, GBRNERDDIEI x~06TFHEEe>Tz, ZD dependence of H, -TS, and G for the

Wi, S8R SRS 07 a0 T (1. T weck gt o

05) tBBIEL—HL7, AgGaO:!% 710CLL Tz

TERT D Z ENB[2]. Z D X 5 AR EVAR Z @ O IR ER S IC L o TAKT 5 Z LT LV,

VA EDRERING | [EURA A 2 28T Lo THELERBICERER G TE DL 2 8, $2, 55

MDRBUTE — B RIC L > TRB L ZHEMFRETH 5 Z L N FEIES T,

[1] Y. Maruyama et al., J. Phys. Chem. B (2006) [2] H. Nagatani et. al., J. Solid State Chem. (2015)
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Deposition of tin oxide film using high-power impulse magnetron sputtering
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3. EBGHR
Figure 1 i2 &% —7 > FERKLNZ—7 > MNE
JER T RT, X —7 v ML & RRER O
LEMR LD B — 7w 0.5[kWiem?]

Tdh 0 ARFEERSA: TIX HIPIMS & — KT SnOx
DRSNS Z & R LT,

Figure 2 (2 SnOx #ED R A k7 =— Ltk
? XRD /34— %Rt RS SnOy i
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Sn VU wFRECTHoT-, BET =—NITLV,
SnO IZHIET A AELM D v — 27 BB S 4,
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4. BEE
[1] J. S. Jung et al., Thin Solid Films, 747 (2022)
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Figure 2 X-ray diffraction patterns of SnOy films.
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Factors limiting growth rates and determining structure and electrical properties of
Ga-doped ZnO films deposited by reactive plasma deposition
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Sumitomo Heavy Industries, Ltd.%, Kochi Univ. Tech., Res. Inst.?, °Hisashi Kitami 2, Palani
Rajasekaran?, Tetsuya Yamamoto?, Hisao Makino?

E-mail: hisashi.kitami@shi-g.com

We have fabricated and provided reactive plasma deposition (RPD)
which is an ion plating with low-pressure-direct-current arc discharge.
The RPD enables us to achieve highly transparent conductive oxide
(TCO) films deposited on amorphous substrates at low temperature;
TCO films are based on Sn-V, Ce-, or W-doped indium oxide (ITO,
ICO, or IWO) and Ga-doped zinc oxide (GZO) films?.

We have investigated the influences of incident-particle fluxes
during film growth on the growth and properties of GZO films on
glass substrates at temperature of 200 °C deposited by RPD. The
Ga,0, contents in the pellets was 4.0 wt.%. Deposition conditions
were as follows: the oxygen (O,)-gas flow rates (OFRs) and discharge
current (l,) were varied from 0 to 20 sccm and from 100 to 140 A,
respectively. We measured the incident-particle flux of the neutral
atoms and their ions for each species quantitatively at the substrate
level using a mass-energy analyzer (Hiden, EQP300), a Langumuir
probe and a diaphragm gauge during the deposition.® We elucidated a
relationship between the growth rates, the electrical properties, the
alignment between columnar grains and incident flux (IF) properties of
Zn species such as neutral Zn atoms and Zn" ions and O species such
as neutral O atoms, O and O," ions. Note that the IF of the Zn species
depend little on OFR and I,. IF control of the O species above is
essential for the control of the film properties, discussed below.

Fig. 1 shows the growth rates as functions of the sum of IFs of the O
species for 200-nm-thick GZO films with various OFRs and I,. This
clearly shows that an increase in the sum of IFs of neutral O atoms, O
and O; ions during the film growth increased the growth rates of GZO
films. Fig. 2 shows the optical mobility («,y), intrinsic or in-grain
carrier mobility, as functions of the IF ratios of neutral O atoms to the
sum of O species for GZO films with various OFRs and |,. From Fig.
2, we found that s, increased linearly with the IF ratio. This implies
that u,,, would be determined by O-related defects, regardless of OFRs
and Ip. Fig. 3 shows the contribution of grain boundary (GB) scattering
to carrier transport defined by i, /ucg, Where ugg denotes carrier
mobility at GBs?, as functions of the IF ratio mentioned above. With

35 .
© 3.0} OFR (sccm) ",l' ]
£25¢ 1520 "
220 5O\ s
c 15 T 1
| %« 100A |
510 0 2120A
O 0.5y = 140A |

0.0 ‘
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0+0"+20, (au) [x10"

Fig. 1. Growth rates as functions of O-related
species fluxes of GZO films.
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Fig. 3. Contribution of grain boundary
scattering as functions of O-related
species fluxes of GZO films.

an increase in the IF ratio, the x,,/usg values remained almost constant for lower OFRs ranging from 0 to
10 sccm, while the u,,/ugg Vvalues tend to increase rapidly for higher OFRs of more than 15 sccm.
Considering IF-dependent behavior of y, as shown in Figs. 2 and 3, we concluded that the further increase
in OFRs above 15 sccm drastically reduced ugg: The presence of O atoms trapped at GBs become
substantial obstacle to carrier transport at the GB. We also present the effects of O-ion species on the

microstructures of GZO films.
References:

1) M. Tanaka, H. Makino, R. Chikugo, T. Sakemi, K. Awai, J. Vac. Soc. Jpn. 44, 435 (2001).

2) J. Nomoto, H. Makino, T. Yamamoto, Thin Solid Films 601, 13 (2016).

3) H. Kitami, M. Miyashita, T. Sakemi, Y. Aoki, T. Kato, Jpn. J. Appl. Phys. 54, 01AB05 (2015).
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Structural and electrical properties of Ga-doped ZnO ultrathin films with
thicknesses of below 30 nm
BALRAGLH ', EREME (B 2 ) Y HS? OPalani Rajasekaran’,
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Kochi Univ. Tech., Res. Inst.!, Sumitomo Heavy Industries, Ltd.%, Rigaku Corp. >,
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S . LY S SRS Ga RN ZnO (GZO: Gax0s A & 4 wt.% LLTF) ] @%%%H%ﬁr
GEMR: T VA U T AHM !, R Y ~—HAR O Si wafer?) DR ¢ (> 30 nm) (K77 2]
DOUWTIIHEARE 2% & OWME 21T > T 7. BEIIBIE 100nm L;LT@%@@.JXJ%U«%H%
ATREIC T B ARIEEAT CTH B, BIEIOIS RS TIE <30 nm (S A2 > Tilia 217 -
723, AFRETIZFEID <30 nm GZO HEEOEERE & MREFE & OFIRE 255505 5.

ERGE UM T T A~ 75615 (B BRI T3 (KR) (18 2V, 7 L0 U 7T 2Bk
(Corning EAGLE XG) FIZHEARIRE 200 ‘CEM4: T2 T GZO (JFEF: Ga,03 B A & 4 wt.% (/N7
AA T 7 (BK) LB SKY-Z) il A Ak % Z2IR)E (10 < ¢ <200 nm) (23U THUE L7z, base JE
J11% 6.25%107° Pa & L7z, pRIBE=RICHE 9 123 (O,) # A& OFR |X 5=OFR=15sccm & L 7.
REERFE L X BRIEIPTIE (R VU 7 #1484 SmartLab) %)ﬂb\, TEIEFEMIZ A %) 72 Out-of-plane
Grazing-Incidence (GI)* & U in-plane XRD %% iV 72, BB KL O FRHETHIIZIE, 4 %, EiR
TC® van der Pauw 752 & 5 Hall Zh3HH|E (Nanometrics 15 HL5500PC) M OV et
(KRB SioNA T 7 YA = 2415 HITACHI U4100) % FV 7=,

FEREELR X1 IR 10 < ¢ <200 nm GZO FHIEIZ IS 1T 28 1-7E A Strain® & OHAN i (A FH
V (V=Volume of wurtzite unit cell = 3(3"%/2)12: 1, e OV [ 1345 % a $ili e O ¢ $iHE - T4%) D ¢
K A7 1E % 7R 7. Out-of-plane GI }% OV in-
plane XRD HIEIZ L DT LV GZO 7 1c(004)x1a (300)
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%72 < OFR H§K & IICHATHIARII 5 47.60/ 10.010 §
DL, BREMKRT S LM LE. § 4758 S  loos
OB =60 m BETREL 200 2 47.50) | sseem” Sl

7 =5y LT, 130 nm GZO TR a4sf) | -~ (0006
TiE IS HL(<20 nm) <23 Th D, =D 47 A0H e e 10.004
B, TV O 2 B D RS 0 30 60 20 120 150 180 210
VAMNDIR L TR0, BALAATE O K & o

SO (ISR E < 7D, IR 1 B vs BAHD GLZO IR
BAID HRIFHEAET & 72 5 = L 70 il Tt

DOFEEE UhS7ev o 72) ORIEGE E 725 2 ERRHEE 5.

235 3k

(1) T. Yamada, A. Miyake, S. Kishimoto, H. Makino, N. Yamamoto, T. Yamamoto, Appl. Phys. Lett. 91, 051915 (2007).
(2) N. Yamamoto, H. Makino, T. Yamamoto, Adv. Mater. Sci. Eng. doi:10.1155/2011/136127.

(3) R. Palani, H Kitami, S Kobayashi, K Inaba, H Makino, T Yamamoto, JSAP spring meeting (2024), 25a-61A-4.
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Ga BRMBEHEDNBEICETIESX v V7BEICE TS5 v ) 7HED LR{E
Upper limit of carrier transport for Ga-doped ZnO films with high carrier concentration
EBAIIRKRE |, TRE#MBIE )’ OIJ.IZF gh!, LR #A,
STxehSY T2, BE AR!
Kochi Univ. Tech !, Sumitomo Heavy Industries, Ltd 2, °Tetsuya Yamamoto', Hisashi Kitami'~
Rajasekaran Pal ani !, Hisao Makino

E-mail: yamamoto.tetsuya@kochi-tech.ac.jp

5] Fex i3mibligh (ZnO) ROME(LA > ¥ U A (In,0,) F%& M &5 BIEERO LM
WMERERT &SRB & 20 FEER CORRE A L TE (1], T7 AEMK E ZnO Zf5miE
PRIIIIE =10 nm AT O C b5 TG IC B W CHERREICTERE & 72D o SRl A BIZE

. AR CIIARRBL I OB E () L7 2,
S U T (e =1.0x~1.1x10" em™) ZAERF L7223 5 Grain G Grain
t R (6>150nm) SHD ER—ABEE 4 13 ¢ Ik fliilﬁ?@g
Bl BAIE THRT 5 [2], A TIE ERD gy @ BIRfEIz | TS

Cross-sectional TEM image (left part) of Ga-doped ZnO
films on glass substrates. Lateral-grain-size-effect model

OWNTCikmm T Do BARIIZIE ¢ AT D FEBR{E 2 FE1Z, = | (Gight pard: R, grain boundary (GB) resistance coefficient.
X U T~ O G A fE S YA X L SR [B1 58 L (/L) EELE D EIREEZRD D,
[525% & #E55] Ga IR0 ZnO (GZO) #EIX Ga ¥R ZnO (Gax0;: 4wt.%) % JFUE (HAKUSI Tech.
SKY-Z) & L. Hi 7 — 7 LB E VDG T 7 X~ K& (FEAEM T3S ) |
EET VT U AT A MM (HOYANA326) I L7e (CEAARIREE 200 °C), M) - A - 64
RIS 4. X BREHTE  (Rigaku ATX-G) . A—/L2h% (Nanometrics HL5500PC) & UMy O BEGT
(HITACHIU4100) (2 X > Cakii L7z, ¢ (3fkE=CE 2= 5 Alpha-Step IQ (KLA-Tencor f1) |
KOFMI L7z, %% U 7S ZEHAN 2RSS TET L TOR LY < Uik RIS &
il RS COBIERE R 2B v [3] (B LKD) | AiEc iz e L,
[FEHR L B%2] 70<r<500nm (FERERL RS : 170 nm/min) (2B W CTEXIRILE p 13 ¢ BEK L3
DT 5 (R prna=2.85%10% Qem, H/P pmin=1.75%x10* Qem) BMB GRSz, ¢ HRE
« EREEIPAT R A X LA L, XRD JI7E DT> & /IMEA KR ~DFE A
WHTZ e bAE o7z, ALY~ ik FREACES S ERAN S, pistEmE EARNT
LD R (EHRRATONRT A—=5) N ¢ HREHIZHAT S (0.35(L=44nm) <R <0.6 (L=28
nm) = & ANE NI, BIRL 3 21E (0001) S T-ECA C OB B Hcofrﬁfa'éféﬁwkmﬁﬁ“é
ERGEANS gy, & UL L OMBEBMRREZEE | F v U TR ~ORRELS 503 FE RIS
RAREL 725 (/L) > 0DIMFIC LY, BHET D gy BEIRIE (), =52 em?/(Vs) 23MFH L7z,

33K
I'T. Yamamoto, R. Palani, H. Kitami, H. Makino, JSAP REVIEW 93 (2024) 96. 2 T. Yamamoto, H. Song,
H. Makino, Phys. Status Solidi C 10 (2013) 603. * A. F. Mayadas, M. Shatzkes, Phys. Rev. B 13 (1970) 82.

(0001) ECAEEIRIES
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H F—EY 7124 % In0; REABBROEIERET

Reduction in Elasticity of In,Os-based Transparent Conductive Films by H Doping
TH#RKX (M)KE TX, WF EHE, MK 7, EEF —8, #) Rt
Kogakuin Univ., Kanta Kibishi, Shinri Yamadera, Tsubasa Kobayashi,
Ichiro Takano, Shinya Aikawa
E-mail: aikawa@cc.kogakuin.ac.jp

WAL D T H L — « FRF AL R T, BRI OB RAAREREEH T L3 o 7 A BNk
WHENTWS., HERD ITO 1%, FRMEOMEITH A 7ZOWHMERNE L, BIEOBICKIR T T v 7 BNREA
THMERS D V. WFRT LT 7 ARG, BEROBAANT VX A THDIOIS IR
T, WHRZEBSELZENARETH S 2. 20, BRICTENT 7 A THEIRM T RE/ R BHIEE
T b H3 ik < RO BT E T2, 1IN0 X—ADMEFTIL, /I A LRI HEN In L BT D 2 & THRFIUHE
NI, BFHUEOEZD ZBEMEEL L LB, BTaEFED 9. /I AU PR THEIL, B L
REBDOESEL 0%V TBEBENA LTS 9. &5, TEALT 7 AMOBEWEEO/ERINTEE & 7
59 ZDOXHRERICESE, HxlIB F—7 103 (IBO)&Z X4 L L THFE 2D C& 7z, RSl %
Bl L7ofE R, ITO ICUCEcd AWM, IERE2H L, ZMEICENSD Z R0 o720, IR, Fik
PRIZOWNWTIEEI LR ERMETHD. 22T, FEMEOFELELTH RF—EUZIZEBLE. H
VIR A MTIBATLZZLETINR0 EFEASL, IO DEEERSIOEEALE LS, BAiEMmAEL
CEEEB9. ZZend, TEALT 7 AEORWEROERNFAEETH Y, BHERORBAHFFTX 5.

AR TIE, B2 IO EE~D H F— o 712 L Ao RERE H e 45, = 2T, HIEELE
FELT AHIBE T A ANT WA, BT O H R—E o VOBREZZ(LESE 570, RIEEHZZE
LS8 DH T ETKRENEEETLSHE, ZORGEET~T-.

H F—71BO (IBO:H)IX, RF~ 7 hr Ay H ) v 7 ERWTHEEZTT 7. H R—E > 7I2iEH
BENEETHD ArlH BU)H ZAE M-, H R—E o VB EOKIEIEIGO 7=, RIEE 22 &
52 ETKREDEEZEASETZ. B OEAX, B RI(ME 99.999%)% AW e a2y Z 1 v FIETITo 7.
B D728, H%Z K=" L T2 IBO (Ar DA CRilE) b [AERIC/ERL U7z, MOk, /A4 v T
Y=g VRBRIC K AR, X BRIE RIE A —
(XRR)IZ L DI, X BT 49 YL (XPS) CRF
fliL7=. KeHlicB i 2EEY, S/ AT T
—T g R E LT 200 nm, XRR & LT 20 nm,
XPS & LT 100 nm {ZFH%& L 7-.

Fig. 1 IZHRIBE DIC 1) 5 IBO:H B LV IBO &
XRR AT MBI OX 74w T 4 v T T—H%
RY. Table. 1 IZREENICHKIT S IBOH BLW
IBO OHMER, Fig.l D7 4 v T 4 T —2 LD
BONTEEE, XPSICBIT 5 0ls B2k D
— Tk AL O v — 7 mHEE (OO 1s)
ZoRd. Table.l X0, H F—I2 X B8RO
DRMER ST, ZHIIROIRE BN ERTH
HlEZLENDD. ZFZ T XRRIT X DS %
B LIZE 2 A, KESENEWIT EIEE E T

- Raw data

wg/df

1BO/0.12 Pa
FHHHHHHHHH

- Raw data

IBO:H/0.12 Pa
HHHHFHHHH
- Raw data

IBO:H /0.24 Pa
R AT LI ee N PN RSN RSN NERARRAY

- Raw data

1BO/0.24 Pa
A

Log [Intensity (a.u.)]

anns,
- Raw data

- Fitting data
08 T 15

- Raw data

- Fitting data
os T e

%R L. AR OREE L TG L. 1BON036Pa ol YN |IBOHS6P Y VAN
85 FE AME T L 7= B IR E OB TR E A L B Loz “2;(0; 23

FZELOBEMMBERTE EEZ NS D,
DLEORER IV, H F—t o ZI3EDRE L
WCHFE L, HMERE2ED SED 2 LRSS,

Fig. 1 XRR spectra and fitting data of IBO
and IBO:H at deposition pressure.

1) S. Jung et al., Thin Solid Films. 550, 1, 435-443 (2014). Table. 1 Elastic modulus, density and XPS O 1s spectrum
2) S. Alexander et al., Phys. Rep. 296, 2-4, 65-236 (1998).

- of IBO and IBO:H at deposition pressure.
3) N. Mitoma et al., Appl. Phys. Lett. 109, 22, 221903 (2016).

4) N. Mitoma et al., Appl. Phys. Lett. 106, 4, 042106 (2015). sample E'ZStI'C Delns'gy OV{S 1s
5) D. B. Buchholz et al., Chem. Mater. 26, 18, 5401-5411 m(‘(’;:a;‘s (g/cm) (%)
(2014).
6) C. G. Van de Walle., Phys. Rev. Lett. 85, 5, 1012 (2000). IBO _ 0.12Pa 228 7.06 134
7) K. Zeng et al., Thin Solid Films. 443, 60-65 (2003). 0.24 Pa 223 6.95 19.5
8) L. Alvarez-Fraga et al., Appl. Surf. Sci. 344, 217-222 0.36 Pa 226 7.00 16.8
(2015). BO:H _ 0-12Pa 183 6.89 27.8
0.24 Pa 182 6.87 312
0.36 Pa 180 6.85 32.8

© 2024%F [CRAYEER 16-008 21.1



18a-A22-8 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

In20s AARIZ &5 17 2 Bl & B ¥ 00 2= 1 W 38 1 1 < B 9~ 5 B R A0 7 BT
Theoretical Evaluation for Surface Adsorption of by-products in In203 Deposition
#X L1t KOKUSAI ELECTRIC Y,

CigH EE ! RIF &, HA L e oot
KOKUSAI ELECTRIC CORPORATION !,

OShogo Shimada %, Tomoya Nagahashi %, Yuki Yoshimoto !, Hajime Karasawa *

E-mail: shimada.shogo@kokusai-electric.com

In, Ga, Zn % & ULV EFEARIGZO) I EBEIE 2B L, St v A 7ERKE R0, 5K0=
RICHERT ANA ZDF v A AMELE LTI I N2, FRIC IGZO O FEMEME ©dH 2L v
7 2 (In203) 1% 1IGZO DEBELFHEICTR W E L KIF T 720, M4 72 In BIBRAA % F v T Inp0s BT D fiff
FEDMTH T 5, In,05 D AT 1AM &~ D 5 — B 23 Al BE 72 Atomic Layer Deposition (ALD)i% 23
— RISV SN 5, Lo L InOs BEIC 51 5 ALD 35 CIIKBERTEN AR D FRMERE 2 5 T L 5.
REAHYBEL LTV E W HER D ) EXJFHE~DOFELR RTINS, £ T, InOs EHRFER
MY ORI DO W CEIEBRY O RIWENEICE R L7z, RFFE T, H—EEEEE %2 v T In Bk
HELT D BEIEERD D In0s Rifi~DWAEEEZHEL 7=,

In BIBRMARIC DWW TIX, In0s D ALD ikt LTIAK W H T3 Trimethyl Indium (TMIn),
Triethyl Indium (TEIn), [3-dimethylaminopropyl]dimethyl Indium (DADI), Cyclopentadienyl Indium (InCp)[1]
ICD VTR 2T 5 72, RIEE T 41T In03(100)D 2 7 7Kl & v, &4 K O T 4 L F —Eag
RO X VEET 2 Lok, JLBEEE L OCRERS L L Tl GGA PBE/DNP Z{Hf L. 7T
RO EHIIE & LT TS #iiE[2]% H v 72,

Eqas = Esiab+mote. — (Esiab + Emote.) ey
T T Estabrmole [ 30 TER DRI D T H NV F — Eqap FERHD T FNF — Enole 127 T DT F N F
—ThH b, ZNZTND In HIBEARETRE T 5 BRI U 2 BIAERY) (Table 1) O © 4L F — % 5HE
L7z, v 7oy 2= (Cp)iKD CsHs 255 D
W P23 i < 75 2 72 (Fig. 1), % D 7= & EIAE ) o K 7R 88
X9.InCp % InHibkfk & L THWW G ZRAZAMY ORI IS ™I TEln  DADI  InCp
DRI N5, —J7T InCp & 72 Inp0s DEUE L, il In Ff
BRfAR & R L CER(<200°C) TfTh N Z L3I Tk

Table 1 In precursors and by-products of adsorption

C;H;-

by-product CH, C,Hg N(CH,) CsHg
3)2

D [3]. AH O R VE ICRIEREE OMET B BT H %, 0 .

RHFERTIZ, BHEERX 7 A2 AN F =2 LB 6N 25 A4 z o

YD K EE D RIERTFTE & . ARG 2 7 v 7 L j "

fLr7y 7 CEL 2 MAERPREOR IOV HET 5, £ Cat,N(CT,

[1] H. Kim et al., Int. J. Extrem. Manuf., 5, 012006 (2023). [2] A. § .

Tkatchenko et al., Phys. Rev. Lett., 102, 073005 (2009). [3] J. L ot

Elam et al., Chem. Mater., 18, 3571 (2006). Fig. 1 Adsorption Energy of by-product on In,Os surface
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BMESHASTCTOEE UVEBHIZEB IBOTFTOERTFY S RAHE

Improvement of hysteresis in IBO TFT by UV irradiation at room temperature under oxygen
atmosphere
TZBEX °(M2)IUF KE, KZE TX, )l Eh
Kogakuin Univ., ©Shinri Yamadera, Kanta Kibishi, Shinya Aikawa
E-mail: aikawa@cc.kogakuin.ac.jp

T E'NT 7 AR BRI OB AR BENE R T A E D, TRV TAT
4 AT VA HEBE N T A% (TFT) OMELE L THEHINTWD . /I A R5eFE % In03 12N
T 52 LT, EHRIRBEENN BT 5 2 ERHE I TND D Fx 1T/ A2 BRI OWE SR O i B
TR —=NENRTFE (B) 28N L7z B-doped In,0; (IBO) ZBHZ L, 7TE/NT 7 A EBENE N
EWAELE A Ay x ) o CTRIES LT IBO TFT (2 CEAF/R Transfer HiE 2B LTV 5208, &
ATV ANEFETLENH D Y. ZHUIREVLEEOD a-1IGZO TFT I bEEZ S, VBM B Lo+ 7x
YU T EWOEEDH DL THETH I L BMESN TG, FOTFEE LT, mIRELEA AT
DTS, L, ZvX T TN 7T AF v 7 FEMIIEAEI RSN & 5 728, BV D HiED K
DHENTWS, REBLELE LT UV BENHE ST D A, BMETIORW O3 2 ESEDHZ T, 1K
B COMREIZENTWDTEHTHDH., LnLRRDb, ﬁé;l%iiﬂiﬁ?ﬁfmﬁ%ﬂﬂ%ﬁ&%1¥5%\%ﬁizﬁok. v
TAF v I EROBEBRMEZEZ D &, RIMBSWLENZEE LW LD ER UV &LLE%Z) ARAIRTHDH. Z
NETIZREAFIZT UV BE L7 TFT 235 L CE 7203, BMEFRBK T COLBIC X Kig/efpitkdcE
NSO THRET S,

AHRUE S 4172 Si02 (200 nm) /Si Fitl I, IBO F ¥ X & A XNV~ A7 LT RFE 7R b2 AR
v AT 15 nm R L7=. ¥IiZ, Source/Drain #Efr & LT, RF~27 3% hr XX ZTTi (50 nm) % HE
B, SiERES— FEMETDHNNY 77— TFT Z28UEL 72, HBITkHE % 725 P& (Vacuum, Air, O,)
TIZTHERT A 15, 30,60 min & 2 LS8 UV (A =365nm) R 21T > 7=. Transfer fpifld~==7 /171 —
N—=|ZHHE LT — A « AV ¥ —=2=v | (AgilentB2902A) % AT, =i + KEJE F T Ves=-40~40
V TAAL—7 X8 Vps=1V —EE& LTHIE L.

Fig.1(a) I3kE~ 725 BHAL (Vacuum, Air, O2) FIZC UV BiE & 15 min Jii L 7= TFT @ Transfer f#ETH 5.
EBZH%E%% X LT Air X° 02 N CTHST &7z Transfer £ TIE Viys OISR Sz, 2RSS

ZO B FEL, AN H ) VRS T2 1BO F ¥ RVIN D §5#E S EESE & 1SR 22 FL(Vo) (2 BIE 9~ 5 K fih
é"fbﬁ'ﬁﬁ’] WD &/ 2 S ICEIRT 5. £72 Vacuum FPFAR T A Z VEEZ R L2 2 Enb, FEAT
D O N AT U ADRIK E 725 RIGEAR S ¥7= 2 & Z2/RIB L CTU\5. Fig.l(b)E L U(C) 1 Air,0, T
T UV BN Z 2L S 72 L D Vi & Uee TH D, Air I O FRPAS T TIZRRH IR B 577,
Viys S8 U pee DSEEIN L7, O IRE DO EWIRBSKH TlT UV BIHZ X - T, 995G IEFE OR G %2 MD
M-O FEE MU T2RER, pre O BB o2 EZ 60 5.

T T
(@107

-af As deposited
Vacuum

F Air

30 T T T T 15

(b) ©

< 1077k 20¢ % 10f /'//4
i 2 c
=~ 107°F 2 £
> < [
_9_ :“ [
10 10+ = s
1070k ] Ai [
B . 0 H
107" // i
= — 0 L 1 1 I N ' \ i
et \ . Vps=1V] 0 15 30 60 % 15 30 60
-40 -20 0 20 40 Time(min) Time(min)
Vas(V)

Fig.1 (a) Transfer characteristics under UV irradiation for 15 min in Vacuum, Air, Oz>.
Relationships between Vhys and UV irradiation time (b), and pre and UV irradiation time (c).

1) N. Mitoma et al., Appl. Phys. Lett. 106, 042106 (2015)

2) S. Aikawa et al., IEEE 20th International Conference on Nanotechnology (IEEE-NANO), pp. 202-206 (2020)
3) 1L, 25 70 [ MBS R A%, 17a-PB01-20

4) Y. H. Kim et al., Nature, 489, 128-132 (2012)
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Mist-CVD {£% 72 In-Sn-Zn-O HEOHERE & TFT Feitk
Deposition of In-Sn-Zn-O thin film by Mist-CVD and TFT Characteristics
AR (M)A S M2y H FH— LIMDILE T BEE LEK BHE?
Nihon Univ."2,Fumio Horiguchi ), Shoichi Fukuda', Keigo Ebato', Kousaku Shimizu®
E-mail:cifu23005@g.nihon-u.ac.jp

[(BEE] B8R T A 2ERIZB VT2 A MBI R & i Ch 5, P THEBHER Y =&
AEEWHEEEZ EH TS, Mist-CVD [ZA/ Ny X ) 7T 7 X< CVD TR TE DD
a A b ARBRBEAM & WV o 2FEAH D, T AT Mist-CVD 28 TR 12 L72IRikE REF T
JESH, BREZER ST L HIETHY BEEALEL LW ATHLZ ENEATHS W
21, AENE, TFT fERITHE U7z ITZO 1ERSRI: & IR 38 AL B 2 FH N T2 B i 70 T RE 7R e 3
e nt LR 2 s+ 5,

[EBRFHE]  Mist-CVD % iV 7z ITZO AR O ZEH IR E % 250°C 2 5 300°C £ TOHiPH TA1L
S, ITZO MBI U7 Rb 2 it L7z, £72 0 AE SPajit& 6ccm M ORUIRE R 2 VT
#HHI L 7= Hot-Wire IR 600°C D {1 T Hot-Wire CVD 5% W 7R FIREEFRALERIC X 5 RHlidmbe
FATH U T BRSO 24T o 720 RFAM 5 IR T RREE S JEIE . XPS JIE 2> B 3 L 7=,

[EBIOEE] Figl IV RXy v 7L EEDOELZ =T, Figl L0, EHIEEN
270~280°C CIE ITZO 23FFD 3.0eV fife DNy R¥ v v 7 &2 FH, ML — b mEmunZ & avbo
%, Fig2 IZ XPSHIEN &AL Cls OFERART, Fig2 L0 FREEFRLEZ 10 5500 1
179 2 & THERICTEET 2R TH D LR %2 FER-COOH)PMER L T\ 5 Z & 2R LT,
DLEDOGMEZRAWD Z & TRERD TFT 73 AOMREM L2752 &N TEX L LB 2615,

T : 5 : : 1 . R-COOH C-0 C-C !
| Deposition rate ] R I B e
I e /\ B oo 35
- 5 L
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr s E 10min N
< 8N S 3 = z ]
L, T SR\ T S 4 25 = = ]
o 2 i g
S o g i
s I\ .+ \i 1 1, < g S RS
c =] = :
S r : : 1B = I~
30 |- ; X S SR 1 :
,,,,,,,,,,,,,, : : 158 i
[a)
i i S— L ;
‘Bandigap | as deposited ;
L = N
240 250 260 270 280 290 300 310 92 290 288 286 284
Substrate Temperature ['C] Binding Energy [eV]
Fig.1 Band gap dependence of substrate temperature. Fig.2 C 1s dependence of atomic oxygen
(5%t treatment time.

(1) B N RS M 18, ) 1 TR R PR 2 26 44 5, 29 (2012)
[2] Hiroyuki Nishinaka et al.,J. J. A. P. Vol.48, 121103(2009)
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CO: VY —IsRICMITT=
BEIAER La F—F In03 TFT /84 7 AR bk L X5
Bias stress instability of solution processed La-doped In,O3 TFTs for CO; sensors
TEBREX, O(M2)/h# X, & 188, ) His
Kogakuin Univ., “Ryota Kobayashi, Bowen Cao, Shinya Aikawa

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

I, A BOBHTEREER CO, I —DRFENRDONT VS, FREOE T —MMERINSH, B{LE&K
BEIENT VY AR (TFT) IMERA B TH L L EITHHLIZEBND L ING, loT AIYFZ ALV S —DF ARE#E
o TS, B LY TFT 23 —DREITEE U TOLKONREINTOD D, In0s IMERREEFH D0, FRAEN
A Y=L UTHIRINTV S, LNUENS, CO IFMEEHNIBD TRERNATH D720, HAREZM EIED
B TIMEEHEL T O TS, BEMB EDZDHIZ, COUTTEEIEREMABIOTIVAY LEEBEPI VXA ROEM
MEREINTSY, BT La IFEEEEMETHY COUFUTEVIRESERTIEMEINTVB[L). £z, La K
—¥ 7%, TFT @ bias ARV ARZEMREIZENENH S, Wang Sl In203 A D La R—FIZE VAW In203 TFT D
bias ZEME KICHBTXLILERELA[2]. LaliBREAEHET AT —DE N0, BIERZEMDERL R
SEEEALERIBTIIENTEDDTHS. 20 bias AN ANLZEMREL, TFT 21 TDH AL P —IZk>TIE
WIZEETHD, L\ HDE, BEBEEDY 72 HAREBIZEWVWS TFT AR TIE, ZOVT7 BT AHEDE DD,
BOERERIZEZEDZDMNEFINTERLE>TUEINSTH S, TITERIMETIE, BITHEESEIIAR IO
La-doped In20s TFT 2/E&L, bias AN ARLE MM A 1THLLEIZ, CO2 H ARV Y —F@Ic M -5l tE R
HIZeEERET 5.

SiO2 200 nm £ Si MR EIZ, RPLTF—MMEED TFT 2/ERUL. BBV U L% 2-ARFY TR —IUZ 0.1
mol/L DIEE THMEXE In0s BIEFABIRETHEELU -, £/, ISV 2% In03 BIERKIFIRIZIARRE X, La-doped
In20s BIEF RIS 2 /BRI, La BIVIBEIX In I LT 3 mol%ed U=, IV ba—b 32 7 ILe LT, La B 5L TV
W INOs BIBRARIETR DA% F M =, Z D%, La-doped InOsRIEFREIRIZ T £ F V7 R b 2 BRI B L. SIER
HIZAFHAFINTIVSH &ALV T—R, AZNVRAZEDIF UV BEZITV, BKMBRAKME N Z— &R L.
FOE, BIBRABEE ALY I—N, Fr RIVBEF KL, KSH 100 °CT 10 min BZIEH#, 450 °CT 60 min BER% 1T
o7, BRI, I|MPUIIEGREIERIZEY Cu % 100 m BB L, V—A/RLAVEME U TFT 2/E8IU/~. Transfer 5L bias
LMD, EEENGA—& - TFSAFEENT |-V 8T, Negative Bias Stress (NBS):RERZ1To/=. £
72, X REKREFHHEEXPS) & AV TTF v IV REORESIREES FHH L/,

Fig. 112 In203 TFT (0 mol%)3 £ U La-doped In20s TFT (3 mol%)D Transfer 5% 13, EH5D TFTIZEWTES
—MNEERENESN, TFT EUTEMETEILHRERINZ. 0 mol%E L LT 3 mol%IdBHEEE (Vi) A E B HIZ
VIR, ARV AVERAEA Uz, ZHUd In®* (0.81 A)&DE Lad (1.06 A)DAAVEZEINKRIWVED, La R—T 12k
DB REEDENDE L, BEEEDIHITIZEN-/-2E 25N 5B[3]. Fig.2 12 0 mol%d LT 3 mol%d NBS #Ex
IZBIBAP BRI T AV 2R3, 3600 s BED AVa 1%, 0 mol%, 3 mol%T—5.5V, —10.5 V & 3 mol%®D
TFT Tl bias REEMENEEICRONZ. ZOZEEDLLITEERE N —TICHFK T 58 4-0H EOEEISRRET
% [4]. ZZTF ¥ RIVERED-OH E % FM§ 5721 XPS %1T>7%. Fig. 3 1 0 mol%d L UF 3 mol%iEfED XPS ARY
MV TH 5. KEB LR DEER Y —2 (0c)ld 532.5 eV IZALE L, Oc A4 0 mol%, 3 mol% T 7.37%, 9.53%& 3 mol%
DIEETIE Oc A DHEIM U7z, Tk La TTROEE L R —F 12 &V giBRAETR N T1EE A La(OH)s HMER XN, 5
2RRAKIZEYD-OH EVRDITERINSZEEZONS, ROIZEKINZ-OH EIRHYPEELOREL UTERT
57-%, bias ZEMDNEMALZEEZSND[4]. ZDLH7%-0H HEEBVKRE, RECWM2HET /20D, 7=—IFiD
UV ALEEDSRETHY[3], TORERIZDOVTIIY HBE L.

[1] N. Mizuno, et al., Sens. Actuators, B, Vol 13, No.1-3 p. 473-475 (1993)

[2] W. Wang, et al., Phys. Status Solidi A, Vol. 219, No. 3 p. 2100590 (2022)

[3] J. C. Park, et al., IEEE Electron Device Lett, Vol. 33, No. 5 p. 685-687 (2012)
[4] W. Cai, et al., Appl. Phys. Lett. Vol. 121, No. 6 p.062108 (2022)
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Fig. 1. Transfer characteristics of In,O,
and La-doped In203 TFT.
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Fig. 2. Shift of threshold voltage of In,0, and
La-doped In203 TFT by NBS test.

16-012

Fig. 3. Typical XPS spectrum of
In20zand La-doped In20s thin film.
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Evaluation of the optical and electrical properties of Cu:0 films

deposited by DC sputtering using Cu/CuQO mixture target
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School of Engineering, Tokyo Tech,
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OAkio Sekiguchi ,

Shinsuke Miyajima
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1. WFEEE R

4 Vi 5 7 S OR B EE L IO AR D
BIROMENIA L, BEEhR K GEMEE S L
THEEIN TV, 1 TH, CuO/ffidh Si ¥
> T DORGrE IR E LR O 2 FIV TS
D HINERE DS W WFLE 2l 2 TV DL —fiR
FIC CuO 1XUGHE RF A%y # THIEES
D03, R BEROWE 3R 53 [ O NG 72 HAE 25
LW MEAEZR LTS, AT T
1T Cu & CuO DIEREH—% > F(Cu: CuO =
10 : 9)Z 7= DC AN ZIZ 8D, CuO &
DEETERITKT U=, AFge ClIiup L=
Cu0 % JEZ2 1) « BRIRHE OB D> &R
L, CuwO EORHEDM EEHRELT-.

2. EBRFE

FREORAE S —7 > FEHW DC ANy
A2 LY, BagleXG /T AH EIZHERREZ
L7z, 7/v=+4) 04 Pa, DCFES S0~
95 W, ZEBMEA/ L &9 S T CRIEM
300nm FREEIC 72 D K O ICBE AT o 70, S
#%, Cu:0 OfERILIEED 72D, NeFEBFHEN T
5 BB 24T o 7=, VERL L 7= I O FEAfh
& LT, UV-vis IZ X2 & RN RHIE,
= VIEOGEE R E 21TV, SCFAIFr
PR OVEE SRR A et L7z
3. EBHR

Fig.1 |IZDCEI50W & 95 W CHRIFE L 7=+
YINDX ¥ U T HEHURE O BALERIR K AT

Y. v U T IRHER IOGEE R A T 5
ZEICEVER L. REERTEDOX Y v
B2 TR L=V o 702 450 nm D HEAEA
BSTL, vy 27 A ARAEIZEDHNE L7z, Ul
PRI as-depo IRFEEN S 300°C £ TOEMILER |
T T, IEER A E T > 7. 300°C
Z BT 400°C UL EOBGLEE CIR PR R I3
L, 600°C OEVLEECIX 300 nm LA EOHEHE 2
o 72, XRDHIEDFER, 400°CLLET Cu0
DE—ZRENEM LT &nn, BULER
JE DB LE D FEEPEDO L E R v U 7 ik
EOBMEBBL WD EHEIEND. 72721,
BURE DTV D F v U THLHURE X Cu,0 KB
BT T2 TR Wiz, & 5725 St
OB GO B NELE B HRD.
Eirza)

AWFZEIE. WL KREAICHE S THRT KD
2| &2 [STAR] oA 7-.
051 o sow ®
T 0.4 BW
f%”o.z
é 0.2
“ o1 . ° . o

as-depo  200°C  300°C  400°C

Temperature(°C)

500°C  600°C

Fig.1 Dependence of carrier diffusion length on
annealing temperature
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AHINTL SO B E~D 7 T v 2 7 Y —EBE Er Hi’I CeO, DELE
Growth of thick Er-doped CeO: free from cracks on a mesa-patterned SOI substrate.
1. NTT ¥R 2B J2T, 2. AACKEE, 3. KFIKRE:

OFEZERZ, RBM, REZ?, BAERES, LS, EHEH!

1. NTT Basic Research Labs., 2. Nihon Univ., 3. Yamato Univ.

T. Inabal, X. Xu', T. Tawara?, H. Omi?, H. Yamamoto', and H. Sanada’

E-mail: tomohiro.inaba@ntt.com

[T D] Fex 1 LBEHRER CEET S Si K EA T v T HEF ATV OEHZDI L,
SOI F:Ak EIZpE L7z Er IR0 CeO2(Er:CeO2)DAff 58 21T > T & 72[1,2], Er:Ce02 % W\ &1
AEY DAY AR 2 < T 5720121, Er IINEE % ppm 2 ICIKL L, Er A A R0
FIEAE NN DAARREFN 2 i3 2 BN H D [3], — 5. AT VEWEICKE L 72 558 - )
B AT A7-DI0E, CEMAEERT2 Er A A ORELEETH Y | KR ErCeO2 7
a2 9D 2 LM —DODfERK L 72D, Lol SOI MK E Er:CeO, I1FME A 180 nm %8 %

% & SOl b & CeOr, DEMEIRIREE[4,-6)IZKEIR L 72 7% 54
OTHIZED 7T v 7 PEAET D, A, AN TEE L7
SOI #tR & V5 = & TR UOT A& &+, Er:Ce0, O
g R 2 K5 Z STk L= THis 45,

[EBRFE] 7+ N YT T 70, RISHEA Aoy F o
ZIWZE VRS 6 um O AV A HE L7= SOI FEAK(Si(111)
90nm/ Si0, 5.2 um/ Si(100) 670 pm)iZ Gd03 /& (5nm)Z A L
T CeO: /& (t nm)% MBE TikE L7 (Fig. 1), HEHAIC,
AN T % LT 70 SOI R _EIZ b RIsk O i s %
PERL U 72, AV T H A XiZ—3 A 50, 100, 150, 200, 300 pm
DIEFHTEE Lz,

[EBHEER] A VI TAEOE = 240 nm) TIE, 25D
77 w7 GRRED) PSS, 77y 78T 4.0X10°
(um /um?) Td - 7=(Fig. 2(a)). —F T, A PIMLAE 238
(t=240 nm) TIEA VM LORE STl LT 7 7 v 7134a
< Bl E 727> T2 (Fig. 2(b)). NI 2 #h0(z = 500 nm) ¥~ 5%
L. VT OFESLEEN A FIMNLOY A XNUKLFE LT
(Fig. 3), Fig. 3 OFERIZEHFEDOAFITHT 26D THD
23, BLIAD 50 pm TohIUX, BT A 2 2FRT 5
72O OHE 50 pm, £ X 15 mm OR GO AP NI T 7 v
77V =B ERS 5 Z b b TE e, A RO RIZ, T
NA AP A X B L@ A I Laed & T, 7
Z w7 7 ) —72EE Er:Ce0, % SOI AR LIZkETE 52
EETRBELTEY ., AFREIL EnCeO, & W omahs4 v
F o TR AE ) FBROLAFME D EEZOND,
235 3Tk : [1] T. Inaba et al., Opt. Mater. Exp. 8, 2843 (2018). [2] X. Xu
et al., Opt. Express 29, 41132 (2021). [3] F. Chiossi et al., Phys. Rev. B
109, 094114 (2024). [4] S. Sameshima ef al., J. Ceram. Soc. Japan 110,

597 (2002). [5] H. Watanabe et al., Int. J. Thermophys 25, 221 (2004). [6]
J. -H. Zhao et al., J. Appl. Phys., 85, 6421 (1999).
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50 ~ 300 pm
 ——

tnm CeO,
Snm Gd,03

Si (111
90nm____ 1t Mesa-pattern
52 um Si0, (6 um)

Si (100)

670 pm

Fig. 1 Schematic illustration of the
sample structure.

Fig. 2 Microscope surface images of the
samples grown on SOI substrates without
(a) and with (b) mesa-patterning.
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Fig. 3 Crack length density of the
500-nm-thick Er:CeO, samples as a
function of mesa size.
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SR+ CVD ATHHELI-EBEE Ge F—7 0-Ga.0: HEMDERFFiE
Electrical properties of Ge-doped a-Ga20s films with high electron mobilities
grown by mist-CVD
RABREL ! RERITIREE 22 g3
OEW &l REMZ B BEL B ML &F @XKIS, AR BA!?

Kyoto Univ. !, Hyogo Pref. Inst of Tech.?, Ritsumeikan Univ. 3, °Takeru Wakamatsu?,
Hirokazu 1zumi?, Yuki Isobe!, Hitoshi Takane!, Kentaro Kaneko!®, Katsuhisa Tanaka!

E-mail: wakamatsu.takeru.45e@st.kyoto-u.ac.jp

Ga03 [FHBY A RV R¥y v 78BS LT @~ [/
PR —F S ASOIEREIE STV, Ga0s D s 0
LD T D 3T K W GaOwCaO NI F ol o
WEMCRERRIBTETHS I % MEERIIRE -
(3% b OVDNEIC L ) AR Y7 74 7M. E g O
BB ATHE T 5 = L M BIER ST 5, HoxiEs 70 e ] et
Z h CVD % VTR L 72 Ge K —7 0-GagOs 5 [Ge)/[Ga] concentarion ratio in source (%)
KT 66 cm2V Is T OBENE 2R3 Z L 2 5T ) g 100 o
L, L LA, Ge K—7 a-Ga0s DRI % L T A ,
¥ U TSR ST A o TR Y, 2 TR jé :: d °
FRTIEEBBE LT Ge F—7 0-Ga0s HiEIZ D\ E Ll
TR & OMEIRIC B 5 Hall RINE % 7L, |

ur $ﬁﬁ]iéqé_f‘r$ %ngﬁﬁ L7z, Carrier concentration (cm™)
- . ’ . i Fig. 1. (a) The carrier concentration as a
I A L CVDIEEZAWTIFRL 72 Ge R—7"0-Ga:0s function of [Ge]/[Ga] molar ratio in source

WIEIT. T4 N Y57 4 B OIS A, Solutions and (b) the electron mobility as a
A . function of the carrier concentration in the
Fo T EHNTZ a— _"—HIOREEZTER L. vander a-Gaz0sz thin films.

Pauw 512 £ 5 Hall i 3R0E 21T - 72, X 1@IZJFE

E N Happ
e N
Wi o Ge & Ga DENMREL L F v ) TEE LD sy N fror
— = ;‘ \‘\
R AR, £, MO x ¥ U THEE L BB = i
,9 n“lolﬂl\,‘-(" T
L OBMRERT, WTHOF ¥ U 7 EERERICE =0l odg%wﬁﬁﬁﬁ
THEFBEEITN 60 cm?Vist Bl E, KT 99 2 .0
0 5.0 Il:)ﬂ 150 200 250300

cm?Vist ZoR L7z, 2 \ZEBOX v U TEEN )
Temperature (°C)

1.5x10Y7 cm3 DR EHI % B B TR 8 E O R E Mk Fr:  Fig. 2. Temperature-dependent electron
- ~ mobility of 0-Gax0s film with ngr =
T, F v U T OMEEE LB E LT 5. B8 1.5x1017 cm 3. The lines are calculated

oy . - - <= _ value of electron mobilities limited by
LA K DHELDA KR TH D Z & BRE S Tz, polar optical phonon scattering (zeoe),

AWFFEO I, #EEE TICT EABANORYE~Z = jonized impurity scattering (i), acoustic
Y= b (JPMI0O0316) | DEIfAZIT/2bDTH S,  deformation potential (uapp), dislocation
SCiR [1] 3. Appl. Phys. 135, 155705 (2024) scattering (uadis), respectively.

© 2024%F [CRAYEER 16-015 21.1



18p-A22-2

© 2024%F [SRYEES

SE85MISAYBESMERMERR

SX FCVDIZ& B rh-1TO E~®D (Ga, Fe),0; DFZEK & FEa0E AT
Growth and optical characteristics of (Ga, Fe),0s3 alloy thin film

on rh-ITO electrodes by mist CVD

R =M RF

Ciifk B, BF M, & B

Kyoto Institute of Technology, “Ryo Kondo, Kazuki Shimazoe, Hiroyuki Nishinaka

E-mail: m3621021@edu.kit.ac.jp

LT 7 235 eV DRy R¥ v v 7%
O N2 v F U TT L ART 5+ b T
4T 7 B~DISHABEIFRFEN TN D, FED 7
N—TTIX ATV U LDOFEERETE O Tl
HANY RFE ¥ v TPRREV 0-Ga03 & I A b
CVD ICX VR 2T v & afEiEs b oEEN
METdH 5 rh-ITO BICAE ¥, REMHEED
TH 8T 4TI 2N EFRE LT, [1] A4
72T, rth-TO iy Ry vy 7o o=
T U7 HAD a-(Ga, Fe)0s IR A i X
B, 7+ N T 4TI EDOEEIToT,

11X, XA K CVDIZL% rh-ITO/c i~
7 A T HAR D (Ga, Fe),03 IR N D XRD 26-
o OFERZRLTND, HF D Ga D EERITA]
BRARYA IR T ORAR RS U RS R A
5.2 %, 0-(Ga, Fe),03 D t°— 7 1%, I8 D Ga
LAY 20% F THIANT 212230 T B
7 h L7z, LU 40%70> 5 e-(Ga, Fe),0; D E
— 7 LI, 80%LL EOEIE TII v — 7 1 3EIH
ENeotz, Zh b DOFER) 5 (Ga, Fe),03 D
AR IR ORI Lo Tk H 2 &
DR EIT2, WIT, (Ga, Fe),0s IRAbTEIE D S5
FEEZ TR D 72012, MR E LT 7,
BRI X . IR D Ga JREEA RV &8
KEMIZZ7 FL, A CVD IZ X %(Ga,
Fe)0; MR DERIZ L W N R¥ vy v T
V=TV TRER SN END o T,
#12, th-ITO THEREM EIZAE L7 (Ga, Fe),0s

DT A ZBWEL FFET D7, 3 » b
—BM L L THET D LERTH D
PEDOT:PSS %M\ C7 4 hT 4 7 7 ¥ % {EHL
L. TIUD D RREREZIE LTz, ok
LR YED NS BN LB AT L 2 A
R D Ga lbEOBIN L & HIEERMC Y 7
DT ENRDhoT, &6
Ga,03 O DUV FHIk DRI 2 F5O e gk O &)
PEZ FERE LT IR W27+ h T4 7
7 Z DFEMIRRRESS B EREIZ OV TS
& 0179,
[1] K. Shimazoe et al

W2, TEIILT 7 A

Mater. Lett. 15,

134282(2023)
a-Al,0, 1
rh-ITO a-(Ga, Fe),0, 0006
0006 0006 1

I i I R Bk B |

XRD Intensity [arb. units]

36 37 38 30040 AT A2
260 [deq]

Fig. 1. XRD 20-o scan profiles of (Ga, Fe)203 thin films.

(Growth temperature 415°C)
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Gaz03 Thin Films Grown by MBE on Ga203 (010) Substrates Treated by Nitrogen
Radical Irradiation
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VIR~ 13, €5 (N) 7V WAVBEHICE D GayOs ~D N R—Y' 2 7 ik i-, fEE. [
7 AL RET IR B N 28 AT5 2 LTl Ly, ZDaHiE
FKEITFEOIEFITENEIRICE EZ > TEY, N R—E2 7 FELE LTHZITIZEN -T2 [1],
Alal, N Z 2B VE LT- Gay0s (010) Hibk 11 GayO3 Wil D 4y F# = & Z % 3 — (MBE) i
FE&#17T9 2 & T, GaOz HIEA~DN R—t o 7 2R -0 THRET 5,

MBE i E=WNTRF 77 A~/ L VAR L N 7V h /% Gax0s (010) FEARIZ BT
#%. Held THI 200 nm JE D Ga)Os 2 R L7z, FENTEEIL 620°C, FEREFHR DN T ¥
JIVERERER 0y (ZBALBEL) . 143, 57D 3FMETITo 72,

oz 3B, TRA AV EESHTESIMS) IZXE D NBEOIES FH 7 e 77 AL
ZRIRT, NTUBVBERR 108 50 TiE, 04 (BE8EL) &L TR—HK
<, D 3~4x10" em? & EIEE O N 28 MBE & L7- GaO3 EAIZHE—I2 F—E 2 7
ENDHZENSMhoTz, K 2a), (DIZ, N T2 H VIR 04 & 54 OB 2 5 [
TIEESEL (AFM) 8% 2 N2 R, WaEHRIC B/ T 7 4 0 UV —ICR& 22T Rz T bR
P, BT TR ALEETH o7 RMS ~0.7nm), £72. XEREHT (020) 2 v 7 h—7
E— 7 OEMRIC & 2T o 7o, LLEDOFERNG . MBE BURRTO B KT ~D N 7270
NVIBE T ' RIZLY | GaO; HIEOMEMME Z 72D Z LS W—I0EREE N F—¢
VIMWARETH D T EN o T,

ARFZEIL, A ICT BEAHINOMERRE 7Y =7 F (JPMI00316) KA = A5
AN ABIEEITOTE - EREFE (REHEEFE) OLFte<0 LD Th D,
[1] B0 532 i w, B B, 56 84 [RGB AI R S i TR 20p-
A302-15

1 023

Nitridation

& 0 min

£ 5.0 nm
o

c

g

o
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[e]
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. . . =t 0 nm
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Fig. 1  SIMS depth profiles of N Fig. 2 Surface AFM images of MBE-grown Ga;03
concentrations in MBE-grown Ga,O3 thin thin films on Ga,Os (010) substrates nitridated for
films as a function of nitridation time. (a) 0 min (w/o nitridation) and (b) 5 min.
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18p-A22-4 BESEISAMES AT LHHAL HRTFME (2024 £IAvLEN2RBEAVF1Y)

MOVPE ;£I=& % Si F—F B —Ga,0;(010) RETEX X v ILEE
Homoepitaxial growth of Si-doped B-Ga203(010) layers by MOVPE
RRBIXREL' KEBBE#ASH# > RREBIX FLOURISH, XEBE ATI =4t ¢
OMNEM Mig!' O FX #ith 12, M)REWL &L, M)FR KE!, EL4K BIES,
ok FIE #E —EY DB B2 # BSERY BRES BE S
Tokyo Univ. of Agric. and Tech. !, TATYO NIPPON SANSO CORPORATION 2,

TUAT FLOuRISH 3, TATYO NIPPON SANSO ATI CORPORATION #
°K. Kubotal, J. Yoshinaga'?, T. Okuyama!, Y. Terauchi', S. Sasaki’, K. Ikenaga?, K. Shiina?,
S. Koseki?, Y. Ban*, and Y. Kumagai'?

E-mail: s247880x@st.go.tuat.ac.jp

B-GarO3 (TIEV VN R v v 7 (~4.5eV) & A L, BiRG LA 2 ik s TR T & 5 2 L 2 Bkt
RANRT =TS 28 LTHBE SN TS, AT —=FNA ZDO R 7 Mge LTHFy U7
B BRI (~10" em?) S U2 BV ~10 pm)n BUARE o B X F 2 v VBN ESR S, /RN T A RAHE
FEMHVPENEIZ Lo TR SN TE L, —FH, Y7 V=7 TIEAL—""y FORH» O HHEER
LABAE(MOVPEYEIZIER L, Ga Iz b U AT /AU 7 A(TMGa)Z H -, Sl B-Ga05(010) 748
FETE X XUy VEEOEEKEELS pm/h)ZER L VD D, &2 THEL BERIZ Si K—7
ENTz n M B-GaxOs RETE X X v VKR K 5%+ U 7 HEHIE 2R -0 CHET 5,

RERURE A » b 7 4 —/L MOVPE (KB H i FR2000-0X) % HV Y, TMGa & O 5T A | Ar
ZX v VT HAL L, TMGa AEEE 1.8x10% pmol/min, VI 45k 970, pE 77 3.4 kPa, ik
FIRE 1000°C T Fe N— 7" fafa: B-Ga03(010) K L2 1 ym DT > R—T7@ElE%., 7 b
FAFNT T A(TMS)E R—E > T HAZHO S um ED Si R—7 g x ik E L=, SiEE(Si)I
XF A —4 Rsi (TMSi/(TMGa + TMSi)) % 9.7x10°% ~ 8.0x10* O #iH TA b ¥ CHIE L 7=,

Fig. 1 {2 SIMS #I7E T & L7 [Si] R V=i A — 10 e
RGBT U T 1 0 R A7 :
R, Rsi DZEALIZ LV [Si]%& 105 ~ 10" em™ DO
P CRIERICHIES 2 Z LR T& 72, £/, [Silic
BRELWr BEOLND I ENDL, SiBEW R
— L L THEEL TWD Z &R ST,

ABFFRIT KB E ICT BB OMZERR 7 1 : ,
Ve s b UPMIOO3IS) KlEfCE =55 2B |
WHAROWT - SGEER CREAESER 0% e W w @ e w o
FREEZTFER LD TH D,

1) J. Yoshinaga et al., Appl. Phys. Express 16, 095504
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18p-A22-5 HE5EEFANEF AT LIRS WETHE (2024 KRAVLEN2RIBEAYSMY)

FUAFILE YD LR MOVPE 2K % B-GaOs iR A H =X LORE
Study of MOVPE growth mechanisms of B-Ga20s using trimethylgallium
KRBIKKRI' KEBEEBHKASH 2 REBIXFLOURISH, SHMEARASH
OM)FR KK, M2)BL &, M)EH WE', O)FK it 12
ERK #IES Bl EAY BE EE
Tokyo Univ. of Agric. and Tech.!, TAIYO NIPPON SANSO CORPORATION?,
TUAT FLOURISH?, Gas-Phase Growth Ltd.?,
°Y. Terauchi!, T. Okuyamal, K. Kubotal, J. Yoshinaga'?, S. Sasaki®, M. Ishikawa*, and Y. Kumagai'*

E-mail: s245071t@st.go.tuat.ac.jp

MR ST —F S ZREE B-GaxO0s 1A FEDFIRA R XV EiE A L7 A BERTE D
ZEMD, TOEMAETTIEL XUy VEENER SN TV, FTH, IHERFAED ST
WD A RS B SRR (MOVPE)E TlE, Galiic b U =F 4 Y 7 A(TEGa) & AWV I-5E ., &)
ORI 72 R TR (O S T F8 U T TEGa HIR D ALK FE D SEAIRBEIC L U @i B-Gax03 D AR A3
AREL 725 1D Lo L, MERLT S AERUCME L 72 B E KU 7 RE(~10 um) D @l
FAKEDIERNTEGa IFRE Th H, £ Z THA L, TEGa L W AKENEWN MY AF AT Y 7 A
(TMGa)IZFE H L., K, KBEAMPIGYD 22\ EME B-Gax0s Dl ik F T pliZh L= 3, L
L. TMGa z MWWz @mflE B-Ga03 il DFEZETNI IV EZH LT > TR, AHFFETIE,
FERFRIZEIT D TMGa DEV RIS LN Op & DFRUGURBE) A 1 = A L EZFAE L O THRET 5,

LA~ k74— MOVPE #FIZ TMGa, O % Ar ¥ U 7 H A THAE L, EWRALEE LD
ZEPERICE D T A2 7 7 LI TREHAVE &8 EF(infiTOF-UHV, KANOMAX; 43 fi#hE
3000-4000) CH#HT L 7=, %FNIE 11 20 Torr, TMGa #4543 )£1% 2.0 x 102 Torr (Z[E E L 7=,

Fig. 1 {2 1000°C CHLIl S V7= 7R D v — 27 58 EE O VI S HE(O/Gayik A e &2 737, VI it
fa L DYENNZAE 5 CoHa DI & CO, DIEINA L B,
VIIIL = 700 Tl CoHa D B — 7 AL GEERREEE) L
720 ZHUE TEGa A (VI = 100)i2kt L TR & 7214
ThH V., TMGa R EME B-Ga0s BRI IEm VI ik
KA H IR Z & BT DR TH D,

ARFFEIL, MBA ICT BEAEAMT O 7 7 Y =
7 | (JPMI00316) IR AR = 7 /S 2 BRELEL T D ,
P - EAEFE BEEESEEY oFtrToEs 0
LIZbDTHD, 100 Input VI/III ratio .
1) K. Ikenaga et al., J. Cryst. Growth 582, 126520 (2022). Fig. 1 Dependence of relative intensities of

N
<
N

102

Relative intensity (arb. units)

2) K. Ikenaga et al., Jpn. J. Appl. Phys. 62, SF1019 (2023). gaseous species on input VI/III ratios at
3) J. Yoshinaga et al., Appl. Phys. Express 16, 095504 (2023).  1000°C.
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I A BMCVDIZL S Si F—7 B-(ALGa)0: BIRD - ¥ F ¥ ¥ VR E
Epitaxial growth of Si-doped B-(AlxGai-x)20s3 thin films by mist CVD
FESTEMHMERE L, 394 X727/ nv—X2 LK #EL, =2 B2 fEd Hz!
Kyoto Institute of Technology?, MIRISE Technologies Corporation?,
°Shoma Hosaka?, Hiroki Miyake?, Hiroyuki Nishinaka!

E-mail: m3621040@edu.kit.ac.jp

SO D A ELE LT, A RV RE ¥ v TME~OHIHEREE > TWD, HTH
B-GaxOsid imV ik B E = & /3L 7 SR BN - BEMEN D, RERIEHZED TV B[], £
72, B-Ga0s3 & 0-ALOsDIEAL T & 5 B-(AlGa1x)20s1%. B-Ga0s & D FLf 2 4 i D 2DEGSE % 2 ik
T 5%, Ga0sDT A RISHIZRIPEIR VB TH H[2], KB 7V—7"TiEI A FCVDIZ LY
B-Gax0s D FNCH Y FLA TR Y . EVEEME(2368 S/em) % F5-0Si K — 7 B-GaxOsi# I DAk £ 12 b
KIh L CWB[38], AAFZE TIEGa03D T /XA AAIZHNIT T 2 A FCVDIZ & 5 B-(AlkGayx)2037H 5
~DSi R—7" DIgat 217572,

Fig.1(a)i%. Fe-doped B-Ga,0s (010)%:#k LiZ I A F CVD 2L > T Si F—7 L7z B-(AlkGar):03
MO XRD 20-0 Z/RLTW5, Figl@ kW 7 v 7)o VaM4E)EHOEEMEEZ
B-(AlLGa1x)20s DR E SR 4D, Al FHEL x 122UV CTiX Oshima & O#HE[4NIZEESVW T,
B-(AlGai1x)20s WHIEDO B — 7 AriE L 0 HH L T\ 5, Fig.l(b)ix B-(AlkGaix)203 RO ik 1 iE

(RSM) Z/RLTEY ., Figl(b)X v B-(AlGai):03 N B- Ga203 B L Tae—Lr v Mk
EL QWD AR TE 5, Fig2 (TR TOR—LVHIEMTEICL DX v U TEE L BEHE OB
fRER LTS, ¥ Y U T HERERIC m\fttixaﬁm\%%hf“ﬁ>?§f%n B IRVEPTENE 1.63
x 103 Q-cm Zfiék L7z, ZUd MOCVD (2 X R[5 PCi 3%,

(a) [Reference]
B-Ga;Ofsubstate] [1] M. Higashiwaki, et al. Semicond. Sci Technol. 31,
034001 (2016)
[2] Y. Zhang, et al. Appl. Phys. Lett. 112, 173502 (2018)
[3] S. Hosaka, et al. AIP Adv. 14,015040(2024)

/ f\* ~ [4] Y. Oshima et al. Appl. Phys. Express 9, 061102
(2016)

| | B-(Al, 1sGac 84)203
\

Intensity [a. u. ]

e [5] F. Alema, et al. Jpn. J. Appl. Phys. 61, 100903(2022)
(b)
100
B-(Aly 16520 84)203 - .
420 2 .
/ E to.
O ° ° b
- : 10 . . .
R % . .
/' 2
B-Gazog[SUbStrat 1 1018 1019 1020 1021
420 3 Carrier concentration [cm™]
Fig. 2 The relationship between carrier
Fig. 1 (a) X-ray diffraction 26-w scan and concentration and Hall mobility of
(b) reciprocal space mapping of Si-doped Si-doped  B-(AlGaix)20s thin  films
B-(A'o,leGao,M)zOs thin films. (X>0.10).
© 2024%F [SRYEES 16-020
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18p-A22-7 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

SR FCVDikIZK D (-201) B-Gax0s LM NiO L& B U (i
Growth and Characterization of NiO Thin Films on (-201) p-Ga20s3
by Mist CVD
RBIEBHEKREL, S534X THU/RD—-X? ORHF K, == Ml 2 @Ed E2z!?
Kyoto Inst. of Tech. !, MIRISE Technologies Corporation?,
°Gen Yasui!, Hiroki Miyake!? and Hiroyuki Nishinaka!
E-mail: m3621048@edu.kit.ac.jp

B-Gax03 1347 4.5 eV DEWT A KAV R¥ v v 7 ZFFH | 6 MV/em #8 D fbiahk 5 5 LR FE & il
R RIEIC L D HESR AV ERIFTEETH D Z L b, AED /Y —F 34 2SR S
NTWD, L, W7 7872 =P FEEET, EAPHCHE T2 Ens p I F—E 7
NNEETH Y [1].MOSFET X° SBD 7¢ & D =R —F 7 /A ZADOWFSEN K A-% 5D T X 72, B-Gaz03
DFERIZANT T, OB EER E O~T v pn #EEPRFT STV D, NiO X, K13.7eV &
WO RS Ry T2 ff0 p R EERTH D 2 Lnb, ~T nEG /U —7 /34 A~
DISHANR LI IN TS, B-Ga0s I NiO ZlE S W72 p-n ~T v s ¥ A 4— Nid 2016
LT Y. Kokubun 512 K - THID THEIESNT2[2], BN TZT A AMEREO B I m mE 7oz 6 R
23RO BILD, ARBFIETITAERPEOENTZ NIO BIRA AT 5 Z L2 BEE LT, (11)NIO &
DA ARFEE DHLELEY/ NSV (-201) B-Gax0s HARIZIEH L, I A M CVDIEIC L D ~T r=E X *
¥ VR & ORHERHI AT o 7,

Fig.1 (2(-201) B-Gax03 ™ NiO #f5D XRD 20-0 A ¥ ¥ > 71”7 7 A V%R 7, Fig.lllmd &
INTEHT =213 7 77 U P a D B-Gax0s Hitl LIZHR L7z NiO D @\ i a4 7R 9
ZEDIRENTE, TUZT Y TUNGRO LA BEE L AL — MMIK 2.1 nm/min TH o7z,

WAZEHNBLAEZ XRD ¢ A3 v A2 Ko TRE L7z, Fig.2 1Z(a){220INiO & (b)B-Gax03 Z 4%
NDOAFy 7077 A0 ERT, Fig(@Ilr~d X 912 NiO HiFEIZIX 6 > DO — 7 BNEIZ S,
AINELA LTV D Z &R E Tz, Ak, {220INiO [EHFEHIZIZ 3 SOV — 7 N SN 5137
D, 2[EFE R AL UBFAET H T EIZRY 6 DO E— 7 PBIEI NI Z LR REIND,

INHDOFRERING | ARAFFETIXI A b CVD iE% IV T(-201) B-Ga03 -~ NiO 7D — & & %
¥y VECR & SRR LT,

[1] J. L. Lyons, Semicond. Sci. Technol. 33 (5), 05LT02 (2018).
[2]Y. Kokubun et aI Appl Phys Express 9, 091101 (2016).

T 1 r 1 T T T T |
B Ga203( 402) r (a)Ni0{220} 1
= _r 1
c = :r 41
e NiO(111) = ]
5 3 ]
2 £ [ (b)p-Ga,0, L
8 gl L
g 2 1
& ol (-401) !
L__ 1
T I T R T N R
35 36 37 38 39 40 0 50 100 150 200 250 300 350
20 [deg.] ¢ [deg.]
Fig.1 XRD 26-o scan pattern of NiO thin films Fig.2 XRD ¢-scan profiles of (a){220}NiO and (b) B-Ga,O3
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18p-A22-8 BSOS ML AKELHMES BETHE (2024 KHAVLEN2RIBEAYF1Y)

S X b OVD &IS & % BIERIE MgZn0/Mg0 & TILAT O RUVBRFREDH/ERE
Growth of Rocksalt-structured MgZnO/MgO Double Hetero and Superlattice Structures
by Mist CVD Method
I¥RK!, M EXER!, BE RfT, =5 €%, B FK§ ",

o g5, AH &' EBEZ '
Kogakuin Univ.!, °K. Ogawa!, H. Aichi', T. Mitomi!, K. Tanaka',
T. Yamaguchi!, T. Honda', and T. Onuma!
E-mail: k-ogawa@cc.kogakuin.ac.jp

LI U] At~ 7 % v 7 AHEH(RS-MgZn . 0)iE, /N> KX ¥ v 7 7.7eV O MgO %
AL LN Ry v TEFANARETH D Z LD, REEINR - BZ2RIMEOFIEMEIE LT
MF SN 51,2, KRR N—TIXZNETIZ, T A b CVD JETHME L7z MgO Ji B 51 &
L)L T 7R RS-MgZn O HfRE IR 2 pli s L, SR P85 7 Y — KL r vt A(CL)
I KV R 187-223 nm D EZZERINIR, TRERAMRTEIRO B — 7 SO A BRI L 72 [3], AFEKTIX. &
%D EL 731 ABRFE~OREMZ B T, FEZZEICHGET 2 I A CVD VAT LS
L. RS-Mg.Zn;,O/MgO ¥ 7 )L ~7 1 J QNI A1 % BUE L2 NEIC OV T 975,

[32BR] X 112753 MgO(100)H:A4K | RS-Mg,Zn,.,O/MgO % 7 /v ~7 v il ORWEAEIT - 7=, Tl
D MgO TV x 1, RBIBRARIRH O Mg & Zn OFE /L (Mg]h=[Mgl/(IMg]+HZn])IZ X V) 375
A[RE[1,3]CTH Y . F72 D MgO EI/L533 D RS-Mg Zn;,0 HIZ T 5720, I A M4 % 2
DY L7, Mg, Zn ORIBEARIZIE Mg(CH3CO0)24H,0, Zn(CH3COO),-2H,0 ZfEH L. 5 {5
U 7= WERR KRR\ S IA i S 7, JRRHAIR T O & F A 4 /VREIX 001 mol/L & L, Mg & Zn @
EVHITENEN[ME]=0.9, 1.0 & L7c, FEHAKRZEERIRE Ik I A MRIZL, ¥ U7
75 A(02) 4.0 L/min, FBR A A(0,) 0.5 L/min Oy ESAIE T, 700-725°CITINEA S U7 SOSE ~AG L
T, 210 ofEER R E #1772,

RS L Z22] X 2 ([2HUE L 72 RS-MgZn,.O/MgO % 7 /L~T v k5D M FE-SEM 4 % 7R~7,
2)lE 2 A MEEIOMAEEI D B 2 OB H A LA X — SV EGRT T235A D FE-SEME TH D |
2Oy BN, —FH, XA LA E— IV EFRITBROWEGE T CRIELT XY T v ~T e
RG] 2(b)] Tl BIRICENWTE Yy hBBLONRD 0T, A LA U F—SVORIZE T H I A
NEAE DA 1R R ONH A FRIE DI L0 FIRE N —FFICED Y | By PR LI EEZD
5, B2 T 3B AFM JIEIZ I 2 3 ERPEFARRMS)HL & 13 0.65 nm TH 0 | JFE}
REMFEHI A b CVD ¥ A7 AT K B2k fm O BB 2 R T 555 R 35 bivic, FEERTIE,
FEREE 2 0 L7287 S O BUYEIC W T L R T T 5,

[BEE] AWFFEDO—ERILXY 2 M, BHFE(22K04952) M N4 BE KA IERT P 0 ¥ = &
MIFZEDRERB) & 52 T T2,

[Z%&3CHk] [1] K. Kaneko et al., Appl. Phys. Express 9, 111102 (2016). [2] T. Onuma et al., J. Appl. Phys.
134, 025102 (2023). [3] K. Ogawa, et al., Jpn. J. Appl. Phys. 63 02SP30 (2024).

(a) with time interval (b) without time interval

M90 epitaxia film
RS-Mgzno =

— epltaXlaI film

Mgo (109
subStI’ate

5.0 um

Fig. 1. Schematic diagram of RS-  Fig. 2. Surface FE-SEM images (a) with and (b) without time interval
MgZnO/MgO double heterostructure ~ while changing the precursor mist supply in the growth of RS-
grown on MgO (100) substrate. Mgo.92Z1n9.030/MgO double heterostructure on MgO (100) substrate.

© 20245 [CHEMEBEZS 16-023 21.1



18p-A22-9 BESERAMBS AELIHAS HATFHE (2024 KRAY LED2RIBET Y T1)

= R bk CVD &I & %A 1EHE MgZn0/Ng0 B FHF O H F BHBIKFLE
Well Composition Dependence of Rocksalt-structured MgZnO/MgO Quantum Wells

Grown by Mist CVD Method

THERX, OB R, /M EXE, =8 &%, LO 15, 4 &', B3 £&'
Kogakuin Univ.!, °H. Aichi', K. Ogawa', T. Mitomi', T. Yamaguchi', T. Honda' and T. Onuma'
E-mail: cm24001@g.kogakuin.jp

TSN « BELZ2 88 D UV-C JCIRIER . Y Wl B S /B CRIl &N T\ 5,
FEIZ, COVID-19 % 2RI H IR O T EIT 2R ITIER LT\ 5, FHEEERR L~ 73 v U L
(RS-Mg.Zn 1 0)iF x>0.61 IZBWT/NY R¥ ¥ v 7 E, 28 5.73 ~ 7.7 eV L7200 BREES - HZ8%
LED oMk L THIRF STV AU LED OB EIZITF v UV 7O LIADEHE LT, &
FHANEL BRSNS, Y7 L—712 L Y RS- Mg, Zn;.O/MgO D/ KT Z A4 A2 M x=0.6 LA
FIZBWTHE AT T ERDZENHEND LN TNAOL, 22T AIFFETIEI A M CVDEICE -
THLE L7z RS-MgZnO/MgO ZE & 1 FH P2 31F 2 H 7 J8 OFBURAFIEIZ DV TREt L7,

BN D Zn & Mg ORIEEAR & LT Zn(CH3COO0),2H20, ¥ LT Mg(CH3COO0),+4H,0 % fifi
L7z, RIEECTH DK L HERRORRE 2 4:1 & L, HFEOMAL L, RS-MgZnO A D Mg &
Zn OYE & (Mg]"=[Mgl/(IMg+[Zn))Z & 0 b &8/, REIREX 725°C. v U 7 4 A(0)
OFEEITE 4.0 slm, AIRY A (0) D EIL 0.5 slm & L, MgO (100)H:A EIZfs=A21T - 72, R34l
E LT, [Mg]*=0.7 & L7z & %, RS-MgZnO ¥ X MgO Dk L — MIZHE4 5.7 nm/min, 9.5
nm/min TH Y, ¥+ v 7JEMg0)30nm, FEEEEMgO)10nm, H7JE(RS-MgZnO)3 nm, /3> 7 7
JE(Mg0)200 nm % BAEREE & LT, ZHZ4 189, 63,32, 1263 sec TI A h &M L7z, 728, JF
FIE ¥ X OEEERE o S 503 10 JEH & Uiz, BUBHER 7 M /1 BEMEE(AFM) 2 -V TR ImBIEE 21T
VY, X BRIEIFTEXRDWE & 5 b O R 217 - 72,

1(a)iZ AFM &% ~7, - : :
RMS 1% 030 nm T v, B FRUESUEL
B &S (o D 7O T B
b, X 1(b)IT 0-20 /3% —
VOEAEE I 2L —T 3
UHER O ZRT, +1, 0,
-1, 2 ROV T T A hE—2
DML S AU, AL S A
‘ﬁk%%ﬁﬁ%%éﬂfwé o H T e T as as
ZEDNIRBENT, v 26 (degree)

2 b—va bR LT Fig. 1. (a) 5x5 um? surface AFM image of 10-period RS-Mg 73Zng 270
HEJHIEIE 13 nm T o7z, 4 (3 nm) / MgO (13 nm) MQW grown on MgO (100) substrate.

Hix, < @{m@ ﬁéﬂﬁi@%ﬁ\ﬂ@ (b) XRD 6-20 patterns near 200 diffraction peaks.
FERE GO CilEmT 5,

_ Mgo 200

Measured

5.00

2
Intensity (arb. units)

ARFFEO—FEF Y/ VHEL BHFE(22K04952) K OV 2B KR ARF T 7 v ¥ = 7 MfF4E
DT EZ T T2,
[1] K. Kaneko et al., Appl. Phys. Express 9, 111102 (2016). [2] K. Ishii et al., Appl. Phys. Express 12,
052011 (2019). [3] M. Ono et al., J. Appl. Phys. 125, 225108 (2019). [4] T. Onuma et al., Appl. Phys. Lett.
134, 025102 (2023). [5] K. Ogawa et al., Jpn. J. Appl. Phys. 63 02SP30 (2024). [6] M. Matsuda et al., The
41th Electronic Materials Symposium, Wel-11 (2022).
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18p-A22-10 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

MgO EREBFEELEZIER T ¥IL MgO-NiO-ZnO ED{EH
Epitaxial Growth of MgO-NiO-ZnO Film Lattice-Matching with MgO Substrate
RABETIrf CffH EXEB, tzt 52, =€ E5H
Kyoto Univ. °Shintarou lida, Takumi Ikenoue, Masao Miyake

E-mail: ikenoue.takumi.4dm@kyoto-u.ac.jp

MgO-NiO-ZnO Edh -5 A&IX, NiO & ZnO DOFHAILIZ LY MgO Hpk & DREFHEE A FIRET
b, IHIZ, MO FREIESCT Z & THRY RX v v 70Kk 7.8eV £ THERT 2 Z &3 Tl
INd, ZNHDORED G, MJO-NIiO-ZnO 1XREES LED 7R E~NSHTE D WIS TV D,
TrITTNFE T, A K % ZR#RL D MgO-NiO-ZnO Z/E#L L, MgO-NiO-ZnO Dk &
P EBOBBREH LN LZ, £72, MgO ZMX TITHMEEZITUN, NiosrZnossO M4 MgO
WEMFEATDH I E2WE L[], ABFZETIZ, MgO ZINx, MgO At Bicks 184 Lz
MgO-NiO-Zn0O = v° % %3 ¥ VEZ T 5 = & 2T,

MgO-NiO-ZnO % X %  CVD #£7T MgO (001) M EICHIE L 72, KB ITHOTEFLT &
b N HEKYAIE & RIBR AR & Lz, BRI 600°C & L., ¥+ U7 HABIOERT A2
WIRERER O, AIBRARRKOBREEZEIF Y VT IV AREO,EZEZDHZ LT,
MgO-NiO-ZnO MEDREAL % HilfH L 7=,

BN EOMARE XPS T4 % &, [Zn0]/ (INiO]+[ZnO]) i 0.33+0.03 THh-7=, Z DfE
D5, K TEEGRHRFTE D, MgO fAkIT 0-0.81 O#FFH THIEI CE 7=, Wik~ v 7 E2HET
HE Fig. 1 IR T X902, EREBEOEY—27 1 XE2>TEY, 554072 MgO-NiO-ZnO JEEA
MgO AR & FHEA L TWD Z L 2R Lo, ER L72 MgO-NiO-ZnO EDZEi A~ 2 kL)
DRI LN R¥ Yy v 7% Fig. 2 [Z-d, BlBnblE 2 DORINABIE I, Ko xr¥
— M OWIE 3.7-4.6 eV, mT=R/AFX—MOWINE 5.0-58eV Tholz, WTILOWINT R /LF
—b MO FARRDOEIIZE > TREL 2D Z E¥bhotz,

Intensity (arb. unit)

7.30 . I 1E40 6.0
.
. *
7.25 55
7.20 i 4 | 1E- < .
S \ 12 250 .
Ers g
N k=] u
o g 45
7.10 - 1E-4 @ -
7.05 40 -
. . * EgZ
[ ] m E 1
7.00 1E-6 35 2
320 3.25 330 3.35 340 345 350 00 02 04 06 08 10
Qx (nm'l) [MgO]
Fig.1 Reciprocal space map near MgO (113) Fig. 2 Relationship between band gap and MgO
of Mgo.19Ni0,52ZN0.200 composition of lattice-matching MgO-NiO-ZnO

References: [1] 8xH 5, % 83 L AMEL AT 2GRS (2022), HALK)INALF v /3%, 21p-B203-8
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SiO RFEMIZ X B B-Gaz03 SBD D Y — 7 B~ D&
Effect of SiO2 passivation film on leakage current in p-Ga203-SBD
=EEEHBRASH ENRBIR ST ZERT
B MR, Mk BE, HHE FEY, B R, o ORE EER BT, B 3K,
nHiE e, #51 2R
Advanced Technology R&D Center, Mitsubishi Electric Corporation,
Ryuji Sakai, Takuma Nanjo, Yohei Yuda, Tetsuro Hayashida, Munetaka Noguchi, Kohei Ebihara,

Rina Tanaka, Masayuki Furuhashi, Tatsuro Watahiki
E-mail: Sakai.Ryuji@cw.MitsubishiElectric.co.jp

XLDHIZ

B-Gax03 1%, SICR° GaN LV b R&E 7N\ ¥y v 72 HT 58 TH Y | R T
—AA T T TR ZAHOMELE LTRSS TV D, gy b —RUT XA 4— K (SBD)
TliX, S LD T OREGEEEICH WD FHFEER E LT B-Ga0s LV b RERANV Xy v 7%
FOMBEINVETHY ., TO—o2>DEMME LT SIOERZEITF b5, Fex b ZuE TIZ TEOS %
AWl 77 X~ CVD {EICTHRE L SO, akiEEeE L7 4 — AL N7 L— MO
B-Ga203-SBD (2B W THENT- A2 EIE L TW A1), 7272 L., HEREFIESCHERIREIC L - TidY
— 7 BIROBEMCMEDLL & Vo TmEEEEE RITTHELHY, ZOMKRBIRAI=XL0D
RN MEL L SNTCW5, Alal, &7 & TEOS Z W= 2 il 7 X~ CVD {5 CTHERS L 7=
SiO, A el & L Ciii il L7z B-Gap0s-SBD ZAERL L, £ DORMEDEWEZMREE L 7=,

£ B

AEOFEIZ N B-Gax03-SBD (Fig.l) 1%, F—E U VRELEI 2N Zh 1x10% cm® &
0um & Licz Y =2 AW L7z, £7°, Emamic TilAu ZHERE L 72512 470°CIZ TEL
WBRZATI2uN, Y — REMZ B LTz, RIZ, REIZ NilAu 22572 5 448 100 um OMET /) —
NEMZ A LTz, RIZ, REEEIZT /) — NEMEZED L5177 XA~ CVDIZTTEOS  L<
X T 0% Sifie LT, FAFH 210, 350°CIC T SiO A HERE L7-, Hi2ICT / — REM Lo
SiO % BHF IC L5V xy by TF U7 TERELE, 728, DT DIT SiO, A HERE L C
W W VB ERLL 72,

i R

Fig.2 (2, {E#L L 7= 3 FifH D B-Gax03-SBD 23\ THIE
LU 72 E 5 10100 1-V RerE 2 773, B 18] 1-V RPETE, Si0;
R OA S L OHRE RIS T, 1ZIERE L 7o n"-Gaz03(001) substrate
oo TN DNETFEEEND AL Dz g v b —
AN T ES EEMERIIENE 1.14~1.24 eV & 1.03
~1.07 ThHotz, —J., WHm -V FFETIE, SO, fri#

Fig. 1: Cross-sectional schematic

WA K UHER R (7 L C B AR B AR 05 of B-Gaz0s-SBD.
I SO IR L TR L T BT ) 10—

— 7 ERN R L7, TEOS % MW THERS L 7= SiO2 10° —TEOS—baseéSiOz
PIRER L LA T T Y — 7 BN 1 f|— SiHa-based SiO3

HRER LI otz — ., 7 EHAWT Sio #HERE L fi’ 107
AL, U — 7 BN A~5 T A58 s s 2107
Fe TRLORERLY ., 7 — RERIEREZICYT % B 10°
FHUNC 350°CIZ T SiO, A HEFE L 7235 512 BV Tl 5 5 10°
POV — 7 FRNEL D Z LRI SN, BETIL, 10"
INHD SBDIZRBIFD Y =7 AR — 7 A=K 1 10"

COVTHR L R RIE SN T BET 2 TETH D, 0 O ey

[1] Y. Yuda et al., Jpn. J. Appl. Phys. 63, 02SP66 (2024). Fig. 2: Reverse and forward I-V
characteristics in f-Ga203-SBDs.
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18p-A22-12 HE5EEFANEF AT LIRS WETFHE (2024 KRAVLEN2RIBEAYSMY)

(00)E AL HVPE TEEEREERILH D LS a3y F—IYTFHEAF—ED
FS5—RIaDETE SEM £
Cross-Sectional SEM Observation of Killer Defects in (001) HVPE-Grown
Thick Epi Film B-Gaz203 Schottky Barrier Diodes
EEXRBREL, (%) /RNIVVJRZILTH/A0—2 TDK(H)?

(M2) OKXIFE ", EAKRAT? & Kih2 HK #° BA =£° JIIF=E®
KAz B &

Saga Univ.!, Novel Crystal Technology, Inc.2, TDK Corporation?
(M2) ©Yuto Otsubo', Kohei Sasaki2, Chia-Hung Lin2, Jun Arima3, Minoru Fujita?,

Katsumi Kawasaki®, Toshiyuki Oishi', Makoto Kasu'!

E-mail: kasu@cc.saga-u.ac.jp

1. [ZFC®HIC ST, V=7 ERBIALTND Z E0Dno
filEl, FHxlTEEE LD 7= HVPE = B % 7=
20 um ([ ZJZESL L7 SBD Z4ERIL, =3 v g
VARSI BT oo b T A, ShEsa K w1
IvA T alERXFT R THHZ L E R
L7=01). AN, Z0fEE U — 27 EHRO A
S ALFERALNI LD THRET 5.
2. EBAE

BlEENT, (001) 1 EFG  B-GaxOs Jutk EiC
20 um JEDBR-Ga,03 & HVPE fiR L7 it/ SBD
ThD. FHERMNCNI/Au >3 v M —EBMETE
B L, RO Ti/Au A — 3 v 7 Sk
R L7z, SBD (Zifi G mEEEZ L, £ U7
U — 7 BT L DM 70 58 2 B m A o 8
FE CCD WA T Z#EH L= v a VR
WEETHIZE LT, SBICFDF T —KKa% AFM
tvrrubny X MENRT T 7 40— CHIE
L, Wi SEM BlE2 21T 572,
3. BRLER

X 5 — RO Wi SEM Bl2248 2 1 1277
Mg 2.8 um, EX 0.6 pm DERH Y, (100)
i, (-102)m, (001) i CHERk S CWnH Z &
Nbhot-., K21k, EiofdEcwizmnN
AT A-50 VHNEEOBERDHADOL I 2 b—
va VORERTHY, HOTE (#1, #2) T
ERET L CTRY, YHE & L T 2 1%

Fig.1. The cross-sectional SEM image at the killer
defect.
#1#2 @—50Vv

Electric field
(108 V/cm)

==6

»

N

TN

o

0 2 4 6 8 10 12 14 16

@D 0.53 MV/em [ICERNEEINML TWAZ L 3b Distance (um)
o T,
4. FL®H
PLEX Y, JERESBD D% T — KMt~ A 7
niETHY, FOATERETL, FhICk [1] KEMEL fth, % 71 BUSAMELSATRE
sk [25p-61A-11].

Fig.2. The electric field distribution at the killer
defect.

)

%
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SESSEICAMEFAUTAMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

S X MEESHEEFEETHERLI- Nb F—TF TiO, BEDEEE & BEDORER

Precursor-solvent dependent of film structure for Nb-doped TiO; films fabricated by mist

chemical vapor deposition.

PERRREL ', RARBRE? IaGfEXE S

LB KR 4

HEREAN !, FREF, MFER, FEEX' PHER

) 3=

ilse 2 EKREAZ &FRAMS ERREY —BAB2 UAEE'

Chubu Univ. !, Univ. Tokyo?, Ritsumeikan Univ.3, Okayama Univ. Sci.*
°R. Naito!, M. Yoshida, A. Onoda, M. Ariga', A. Nakamura!,
T. Sudare?, R. Nakayama?, R. Shimizu?, K. Kaneko?, Y. Sato*, T. Hitosugi?, N. Yamada'

E-mail: n-yamada@jisc.chubu.ac.jp

(#S) 774 —¥HD Nb F—7 TiO, (TNO)
Wt Z AT 2 EEEMECTH AN, Foxi,
PREHEEME N L — 2 OLRFER L L CEMLZ MK
FLTWD, FERRICET TE, ZEeOBLE»
5 KVEHE 2 B & LT TNO M4 1Eil4 2 = &
MWEFE LW, Fox 1TKEKZ V- I A MEER
FIHERE (mist-CVD) 75 7C TNO & ERl4- 2 =
EWZHD A TS, ZOHF T, KEERHFRED
TNO IR A 2 N iE 2 & 2 2 L2
Do TE T, ABFEIE. Z OEBEMEE ORI
B 2 A R OINELZ H & LT 5,
(EER) KA (RIBRIR A) & A & — Lk (Fi
BRI B) M6 TNO A /ER L 7=, AiBRIA A O
WEIX, T X -V AF Y 7 a— VRS A 4
Ly A=A T T U= AL BIERIK B O%
BlXF 2 =ATEFALTE b=t =FTx
F¥Y RThbH, EFEERIPDY =7V —2AK
mist-CVD {5 C, 225°COMET )V U T A BT
E/LT 7 A TNO HIEEZEMR L, BZET =—/LAL
B (700 °Cx1 h) ThEidb W7, EEMETBH
&% (SEM) THREBHIEZITV), vander Paw £ T
|’ (p) ZFHm L7,

(FEREER) FIBKA A ERIBRIA B O ERL
7= Wil SEM 4% Z L4 Fig la & b ITRT,
AIBRIAR A HFEOWEBRITY > 7 W FEE L 7= R
REENEE SN (Fig. la) . —J7. BiIBK{AB
DD IV 7o 23 5 ST (Fig. 1b) o HiiBR
A HREORERGED p 1%, AIEEA B H3E 0
BIEOZN L VK LHIRE -7 (ENEhp =
2x102Qcm & p=5x10° Qem) , KIFEHIED
LA U HEDNER SN DR 2R 5 7
OB LT T AR KB DVNE A F J — ViR
TWEMF L, R¥ETDHE CTORRMZFHAILZ, A
H )=V, BRI b EWIRE (> 220 C)

© 2024%F [SRYEES

TAREREFMASH T 5, 7477 A |
(LF) BgPIn@gissns (Fig.2) . 29, Al
BRI B HIFE TIX I A MR A I A 53,
TR 2> B B &35 R KU K& » TR R AN &
T2 EDRBE I D, RRIZ, K TILLF 34
NS N hoT-, LI T, RIBRA A H%E
TUE, RIS AN AT LI R ISR T L,
Vo RERE LSS E s b B bND, 7R
B, BEEME L —2 M THDH AT LA
(SUS304) ETIIAKTH LEBSGNEE S Z L %
HAH>DdH D, KIEHKZE V- SUS304 £~
JETERC DWW TS H R 5,

€)) X

500 nm

Fig. 1 Typical SEM images of TNO films deposited from
(a) aqueous and (b) methanol solutions.
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Fig. 2 Substrate-temperature dependences of evaporation
times for water and methanol droplets.

(BEXH
1. Furubayashi et al., Appl. Phys. Lett. 86, 252101(2005).
2. Naito et al., Jpn. J. Appl. Phys. 63, 045504 (2024).
3. Leidenfrost, De Aquae Communis Nonnullis Qualita tibus Tractatus (1756)
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BEMNb F— 7 TiO2 BIED I X MeE#FEKIZE TS Nb ROBRE

Evaluation of Nb Sources for Mist Chemical Vapor Deposition of Nb-doped TiO; Conducting Films

HPEBRBET ', RABEHE 2, IIfEK3
ChMEE BEEX' WEEA' BELC2 plRE?2 FKEKXZ
EFREARS, —AR? WWHAER'
Chubu Univ. !, Univ. Tokyo?, Ritsumeikan Univ.
OA. Nakamura', M. Ariga!, R. Naito!, T. Sudare?, R. NakayamaZ, R. ShimizuZ,
K. Kaneko?, T. Hitosugi?, N. Yamada!

E-mail: n-yamada@jisc.chubu.ac.jp

[IZCHIZ)TF X —FBR TIOITNb & K—7' L
7z (Tii.Nb,O2: TNO) H#fRIX, v s M &b
R ENZFF OB EEREE CHL V. T E
T3 A MEZHERE (mist-CVD) ¥ TV WV EEME
D TNO HEENELND I EERE L TE 2 2,
IR D Nb JRE L C=4T7 = hF v K

(Nb(OEt)s) <t b =47 [NbCls] 23% % 73,
A & 7% CIXRIBRARTE IR I3 2 Nb il
BONTEBRBE N2 D, > T, Nb OEV IALES
TEMEALR N2 AT REME B 5. B A A B L
PEAEEN E BITE W Nb JRERINT 52 LT
TNO DO MEfER FICEETHD. £ 2T Nb
JE & LT Nb(OEt)s & NbCls % Ehfefat L7-.

(E8) F=ALTFALTEFF—F

(TiO(acac),) D A ¥ J —/LIAHRIZ Nb(OEt)s & ¥k
I U 7= RiTBRAYS IR (B A) & NbCls Zdshn L 7=
ATERIAYA TG (A B) @ 2 A ¥R L7-. —h
HEHWT, 500CIZHNEL L 7= LaAlO; (001) E
~ mist-CVD 75T TNO EEZHKEI®/. £
#%, 700°C THEZzE 7 =—/L L7=. X #[EHr (XRD)
#E & Hall ZVRHIET, #EdfgEds & BRSNS
I L7z,

(#EREEE] X1 IRENZREIN XRD /35 —
UETT. MEEFIEIC<001>EE LT F —
B TNO I AR LTz, milRlO e & FER Y,
AT =L LT<IR>EI RA L b EA
Tz, W XRD BIEND, M RAA L EHIC
TEXX VY LEEL TSI L 2R LT,

2 \CHIBRAIRIGE T O Nb B (Cw) &
BRE () EOBFEERT. Nb # F—7L
TABHZ B W TIE, Nb JRICE S TR ne (>3 X
102 ecm) 235 54172, Nb JERIZ NbCls & AV 725K
D ne 1, Nb(OEt)s & HW2HAD ne L0 H°
RRELBRHHAN LN, ZORREE LT,

NbJRIZE > TONb OEL Y AR EN RS, D

WIZ@Nb OIEMHALRBERD Z LR EZDND.

HIE, QL@ 453 D= Nb JRE %
KWREICHET D Z I HATHS., FKROE
@O AFIZHONTIEY BfET 5.

Intensity [arb. unit]

! | ! 1

20 80

40 60
26/ w [deg.]
1 TNO EIRDES XRD /82— (L BRAHFE T

TR B ). * I LAO M 00/ (/= 1, 2, 3)EH#.

1.5¢ A
[ . o
(?E 1F ]
§ I
S I u
=t [
= 0.5f A .
N [ L
O :-I 1 1 1 I_-
0 5 10 15 20
Cnb [%]

2 ZREFRE (n) ® Nb EILDE (Cn) KREFMHE (M -
BRALEK A BRBHHK.

[#tF] ABFZ21%, NEDO BhpkE3 (JPNP20003) O
FTHEEZITCERIN-.

(%5 X#)

1. Furubayashi et al., Appl. Phys. Lett. 86, 252101 (2005).

2. Naito et al., Jpn. J. Appl. Phys. 63, 045504 (2024).

3. Xu 5.5 70 [ SRS RFEZLINEEES
16a-E102-4 (2023).

4. IWH B 71 W\ OSBRSS RFRWNHEHS
23a-31A-2 (2024).

5. EEGE 71 B OOSHBMEYES BEVIGERS
23a-31A-3 (2024).
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Sb &ML 1= r-GeO, BIED r-TiO ZER L TORREE
Crystal growth of Sb doped r-GeOz2 thin films on r-TiO2 substates
Patentix (X4t !, IMEERFHET 2 ImEXRELBRCARREL 23
CRE BRth12 K BE L RE BH B R &F R
Patentix Inc.!, Col. of Sci. & Eng. Ritsumeikan Univ.2, RISAS3,
°Toya Yagura®?, Yuri Shimizu'?, Toyosuke Ibi', Isao Takahashi', Kentaro Kaneko®?

E-mail: t.yagura@patentix.co.jp

UL RTUA KA Ry v F(UWBG)HERD—>Th 5L FLREE b L~ =7 A
(-GeOx)lE, ERZ2NY R¥ v v 7 (468eV)& b hH, R—E 72k b p ML n Mo ER =S HIH
MARETH 2 2 & BEHRIIC PR SN TVD[L), £D7H, Si% SIC Rk, <7 — 8kt
D 9 EILL % 5 52272 Normally-off 10> MOSFET ~D &N AIRETH D, LavL, BWLE
HTH D NF A L ELERTH DT 'L T 7 ZH, o AFHEEZBINICEE SE 28R
HETHY [2]. FATHZETH T BN 7 7 AFDIRENRR STV A[2)[3][4], % 2T, AWF%ET
L, R K—v o 7 L Db b WFF L[5]. WT UEER b D K— 32 k& LTS
B3 20N Sh Z Al & L, SRS T OREaa R &2 72,

RETFEE LT, ZBEOI Ak CVD #EEEZHAVTTo 7, AT UEE BT 4 > (-TiOy)
D001 EFEA Z VY, T8 by, =& 7 —)b BRUK CEFR TS Lo, BIRITE - —k 2 b
75 Ge :Sh=1:0.002 & 722 X 5 ICHIBRMAEIK P OWRE AT L, v U7 WAL MR ZEINL |
FRRIRE A 650~900°CE TA b S H 7o, K LIZHEMEIRE TRIEL 2V 7LD 20/ A F ¥ X
HRIFITIEIE (XRD)#E A2~ 37, ARIRIREE 23 700,800, 900°C O
R, r-GeO2(002)IZ HI>k 3~ 2 fifidh B — 7 D3R STz, R— ~ r-Ge0,(002)
B 7 2 T o TR WIEATHFIE[4] Tl 700-775°C DIEH
(B Growth 7 ¢ > R TORSREDNHEZR S Tuhiz

D3, AWBFFETILZE D Growth 7 « > KU % KIBIZH 2 2 E o
W COR MR E 2 R LTz, & 52, 800°CTO r-GeO,(002) g

D E— 7 2B B FAHEE TT9rcsec TH Y, FE—2 T = |

X e %2 79— 7 OAEE (XRC-FWHM) L 838arcsec igfmﬂ _—

L 720 TR DA (E(900-1500 arcsec) [4] &L V& B )i

650°C

DIa) L3RR ST,

60 62 64 66 68
[1] S.Chaeetal., Appl. Phys. Lett. 114, 102104 (2019). 20/w [deg.]
[2] S.Chaeetal., Appl. Phys. Lett. 117, 072105 (2020). Fig.1 XRD 26/w scanning profiles of Sb
[3] G.Dengetal., Appl. Phys. Lett. 119, 182101 (2021). doped r-GeOz thin films on TiO> substrates.

[4] Erratum of “H. Takane et al., Appl. Phys. Lett. 119, 062104 (2021).”
[6] HERH, n# TR, 2020, it
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n BEEILFILEE-BIES LT =D LEEOER

Fabrication of n-type r-GeQ; thin films.

FKIEE Y, RARG Y, KREEH', BHER', £FEXHB"
Patentix #xX &4t |, MafERETL ’, UMmEAZIEARECAAR L4
Y. Shimizu'?, T.Yagura'?, T. Ibi, I. Takahashi', K. Kaneko'”
Patentix Inc.', Col. of Sci. & Eng. Ritsumeikan Univ.2, RISA *

E-mail: y.shimizu@patentix.co.jp

RO NT —=F A 2L LTE RN Ry v 7 (4.68¢V) Ha b b p MED
n RO UG BRIV TR STV DRIV F UG b 7 v~ =0 L (1-GeO2) 23 E
HEN TV, ZOHBE LT, R—EUr 7 FHHECKY pBlE n BOERNATRETHILIE,
Eifli 72 Fin-FET Mt & VERL- 2 BN MEC /D — 8 (KT 8G9 EILL |- % 5 8 % Normally-
off B> MOSFET ~DISH b AHEL 2 5716 T D, LA L7RA b, 1-GeOy DEIFIZR LD
REL TENAT 7 2R ENRAE LT WEDN L EEM 2 b S BEAHREOERA N EE T H
| e b Lo WER B R X(1-Sn0,) & D IR A TN (r-(Ge,Sn)02) T n BURE SR STz
Bl, A2 TlE, 73 ZICHOBLEIZB W TRE TIER < r-GeO, HLFANE T D EEM: I
MEETHDH720, n YRR O R AT - 7,

B TFEIIL B 2 2 - CVD HEE 4 O OV F UEERRL T & 2 (r-TiOo) (00 ) T - 7=,
nfl F—s3 h & LT Sh 2V XBREHTRIES & Hall FERHE 2 IV TR TS L OV
KRR 21T > 72,

O R EZ X RREFHEEIC L 0
R 24T > 726 H, 1-TiO2 & 1-GeO2 @ 002
(ZHRT 5 B — 7 3RS T E LM AR 287
S, MLOREEAICHR T % B — 27 3Rl
IR TZH G BB T > 72, IRIZSb R
—/8 2 b ORISR T TOMASR B2 A& , ,

L&, ZNZHOY 71T Hall ZVERIE | ol Eopmcanraton e Guo%)
ZATo7c, KM 1TIDRTEDIZSb R—s30 |
O RTERAVER T T OHA S B (mol%) 7 3. 5. Fig.1 Dependence of carrier concentration of
7 mol%MDE: . 102%m’ B DET- X+ U 75 Sb-doped r-GeO, on molar ratio of Sb to Ge in

1.00E+21

1.00E+20 | [ ]

Carrier concentration (cm )

1.00E+19

FE M FER X . E 7 4A B %(mol%) 2 source solutions.
Smol%DIFDOBENEEIX 12 Th o7z, FRY HILFEM 72 B XN & &R R iz
TERTHTETD S,

[1] K. A. Mengle, et al. Appl. Phys. Lett. 126, 085703 (2019). [2] S. Chae, et al. Appl. Phys. Lett.
114, 102104 (2019). [3]H. Takane, et al. Physical Review Materials 6, 084604 (2022).
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P-FYRILESUCRAIZRAIT-IERE Ga-0-S BEDER
Fabrication of amorphous Ga-O-S films toward realizing p-channel transistors
RIXPEEIL, OM)OMHE B, BE MM, HEHAL SRAT!, XRH!
Tokyo Tech., Dept. Chem. Sci. Eng.!, °Takamitsu Funada', Kazuki Koreishi',

Takuto Somal, Kohei Yoshimatsu!, Akira Ohtomo!
E-mail: funada.t.ab@m.titech.ac.jp

[#5] JESE In-Ga-Zn-O(a-IGZO)NZARFE S D n BUBIHIESE LY 15K (TAOS) X, =&
BENVEDOHER N7 P AZMELE LTRHEINTWD . b IZPLE L= sEZ <3 p B¢ TAOS
DIPAFE S LAUE, TAOS DICHEIH A S HITIKT 5 Z N TE D, Frxld f-GaOs 1T 7874
ELTESREZ, m—A%x U7 OIEHALOTZDITHEZRNT 5 2 & Z2MET L TE72[1]. AuF%E
TiX, p M TAOS PAJEZ HIE LT, 7L A L—HHERRIEZ VT a-GaO i & FEEHE Ga-O-S(a-
GaOS)HMilE A /FRL L, flix OFRELZ ST DO THET 5.

[ 51£] GaOs Hififidh & GaS Zftigh 2 ikl e LT, =i - BERFRHR T TR I a-GaO &
a-GaOS Wil 2 Z N Z UL U7, XBRECRIE & SN ARAM 0 61 & 0 IR D &t
FetEZ ZNENEHME L7, F72, B L0 ERESEE) 2 HIE L.

[F5R] X BREHTRIED ST X TOMBIIIEME TH D Z L3 o7z, Fig. 1 I24—7 v M
HE(T-S)PEME 2 25 2 TIFL L 72 a-GaO MIEDHERL KO p 2717, T-S HEEDO A T W IR D
BN, p23 i Lz, Ziuid, T-SHEESEVIE ERRIET v o R— N O T A D3I
BOAENICLS WD TH H([2]. Fig. 2 ITHEFR T HE(Po)E 2 TIERL L 72 a-GaOS BED K &
Ny R¥ X v T (E)%T . Por <003 Torr TIE, Pox K FICHEWERRLOE 238 L, Hitfb 7Y
U AfEdh(c-GaS) DAEIZIT DWW e, —5C, Pox > 0.05 Torr (31T DB EAR TIX, FRE T ADIY
ABDPEESNTZZ L E2RBL TS, FT2, PofK FIZHEV Eg 13 a-GaO DN & HFRIZHEA L
7o LLEDORERIE, PoxlZ ko T a-GaOS KD SR AHIH CTE 2 Z A2 REBEL TN D, G T
1L, EREOMAL & BREFHEOFERIIC O W T hiEEm T 5.

[1] & sdniE i, ZHe8MIG HMBL - FREFINH#IES, 19a-233-10 (2021). [2]J. Kim et al., NPG Asia
Mater. 9, €359 (2017).

. . 10" . . .
55 Y 55k -2 = - == 3.81eV (a-GaO)q 4
S5 5556 gcem? (@-Ga0)” """ 7]
= \ .1109,-\ - g cm™ (a-GaO) e.a
£ o LE E =
(&) 110" O o ] 3
2501 o =sop #® T 25eV(c:Gas) |
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Fabrication of In,O3 thin film transistors using In(OH); as PLD target
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HE O3 OB Z . AL L OKBEHRASE D LIV EIRICBIT D IEME IS E L E
fbSH, ZE 300°CREE CMEN T HZ LT Lo TOKFFRE LRIRFIZHE S L R AR S 72 Inp05 A
TERF 52N TEDU, ZHOUTERL . IO HIEATEMELT52L T, BN RBEE ure ~140
cm? V7! s OEBENE TFT BMERICE LU, KFEEARASELFIELL T A0 XU TR E KR
T A% F %N —PIZB AT 2 I77EMR0 | PLD BUBEIRHE T v o 7N — N DO — R R 2 i | il 32 2
ETIERFOKG IELTEANT L HIERIR S STz, Lol BIE XL EMEICR-ERHY | 2312
FPEDME, ABFFETIR, IR RIRE 2SI 35720, In(OH); % PLD #—7 v L THWT
203 TFT ZAERLL 7248 S, Sk D FIETERIL7Z TFT LRl GR A2 TFT OVERICAREILT,
KER O In(OH)s ¥k % CIP AL, 28K, 200°C, 24 h BERK 3524 T PLD ¥ —47 v hE L7z, =
& PLD (ZXY In(OH); #EA/ERIL . 225 H . 300°C THEL T HZ LT IngO; WL L7-1% . AL~ R
ZRWZRIA 7 ACXY TFT Z2/ERILT-,

R as-depo In(OH); R DKFIR I, 5 x 102 em 3 THY | [FI S THUIE T InoOs il (3 x 102
cm ) LT 58 1 HiLA EZLDKFEE T T EN 530 -T2, EBSD O, as-depo In(OH)s /K3
BB CHST=DITXL, 300 CHNELIZIE 2 pm BL EOFE R D Ino 03 HEEIZZ LT (B a) . — 7,
A St CYERIL 72 as-depo InpO3 AL 200 nm 1FE DG S0 | IEVE ICH RO ZELIZ RSN
727572, In(OH)s #—7 > N FIWTHERLL 7= TFT OB B (upe ~95 cm? V! s ) 134D 7 1k CHERL
L7z TFT &L CGlRERNZEno0o7= (B b)

X #k [1] Y. Magari et al., Nat. Commun. 13, 1078 (2022), [2] P. R. Ghediya et al, Preprint at
<https://arxiv.org/abs/2404.03856> (2024).
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Figure | (a) EBSD images. (b) Transfer characteristics of the In,O3 TFTs (Va=5V, L =200 pm, W = 400
um, Ci =3.45 x 108 F/cm?).

© 2024%F [SAMEZS 16-034 21.1



18p-A22-19

© 2024%F [SRYEES

Impact of in-situ AlOyx passivation on 2-nm-thick InOy
for performance and stability improvement
O C.-T. Chen?, Y. Yoshimoto?, W. H. Chang?, T. Irisawal, and T. Maeda®
!National Institute of Advanced Industrial Science and Technology (AIST)
2KOKUSAI ELECTRIC
E-mail: ct.chen@aist.go.jp

1. Introduction

Atomic layer deposition based (ALD-based) oxide
semiconductor (OS) is a promising channel material
for back-end of line (BEOL) transistor owing to the
characteristics of low temperature deposition, precise
thickness control, and excellent step coverage for 3D
structure formation [1]. Indium oxide (InOy) FET
shows great potential for BEOL applications thanks to
its superior current characteristics even in extremely
thin channel condition [2], although the reliability and
stability issue remained an obstacle to achieving
commercialization. In this study, we achieved 2-nm-
thick InOx FETs with excellent electrical performance
and high stability by using in-situ AlOx passivation
without additional annealing process.
2. Experiment

The fabrication of AlO,/InOx FETs started with the
deposition of 2-nm-thick InOyx thin film and 9-nm-
thick AlOy passivation layer by using PEALD on 20-
nm-thick SiO»/n"-Si substrate at a chamber
temperature of 100°C, 150°C and 200°C. Then, the
active area was defined by using the wet etching
process. The 50-nm-thick Ni S/D pads were defined
by a lift-off process after selective etching of the AlO
passivation layer. Finally, 150-nm-thick Al was
deposited at the back side of samples for the back-gate
control. It should be noted that there was no additional
annealing process after AlOy layer deposition.
3. Results and Discussion

Fig. 1(a) shows the current characteristics of InOx
and AlO/InOx FETs with the same channel
dimension. It was found that the overdrive current was
greatly improved after AIOx passivation, whereas a
negative shift of threshold voltage (Vi) was observed.
It is believed that the change of electrical properties
was attributed to the formation of V, at the interface of
AlOy and InOy due to the strong chemical reduction by
the Al precursor [3]-[5]. Furthermore, a superior
hysteresis characteristic is achieved in A1O/InOx FET
thanks to the AlOx passivation, which prevented InOx
channel from CO-based contamination during device
fabrication and impurity from moisture for degrading
thin-film quality [6]. Fig. 1(b) shows the deposition
temperature dependence of the field-effect mobility
(Ufieta) and Vi, which was extracted by the constant
current at drain current of W /L X 107 A, where W
and L are the channel width and length, respectively.
A significant mobility enhancement was observed in
AlOy/InOx FETs compared to InOx one at the identical
ALD temperature, attributed to the V, formation for
increasing free carrier. Furthermore, a monotonical
increase in mobility at higher InOy deposition
temperatures indicates a reduction of deep trap,
typically generated from exceeded amount of
impurity. On the other hand, the negative Vi, shift due
to the formation of V, was the trade-off of AlOx
passivation. An additional technique, such as post-
deposition annealing or utilizing a metal gate with a
higher work function value, should be considered to
compensate the negative Vi, shift.

Fig. 2(a) shows the results of the positive bias stress
(PBS) and negative bias stress (NBS), where InOy

FETs and AlOx/InOx FETs were biased at +10V and -
10V, respectively. The dramatic Vi, shift is found in all
InOx FETs without AIOx passivation due to the
contamination from the fabrication process and the
exposure to air. On the other hand, the stability was
greatly improved when the AlOy passivation was
applied. The AlO,/InOy FET fabricated at a maximum
process temperature of 100°C still shown a large Vi,
shift after 3600 sec bias tests. The device with AlOy
passivation fabricated at 150°C provided the best
stability results, which might be attributed to the small
amount of carbon as a stabilizer compensating for the
exceeded amount of V, [7].
4. Conclusions

The impact of in-situ AlOx deposition as a surface
passivation layer on extremely thin InOx was studied
at different process temperatures. The InOx channels
with AlOx passivation provided superior electrical
properties in terms of overdrive current, mobility and
stability. It is considered that in-situ AlOy passivation
on InOx channel can be a critical strategy for

enhancing the performance and stability of OS FETs.
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EOREZRFF ST, BT NA AL =TT AE Y T3 ABAOJEHNER LT 5, 572
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TE 5720 \mmﬁwzw@ﬂﬁ_%ﬁém1w64%Imxwmﬁw ZHWOL D AE R
B, RIERFIC R VBRI 2 LB LT 20550835 0 | IRF 7T XA~ % 7= PEALD Tl
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& % PEALD CHUE L 72 InpOs &2 Wit k7 o2 4
DBEBLZMFFHEIC OV T HHET 5,

Intensity [arb.unit]

Log (Intensity [arb.unit])

[1]R. L. Weiher, J. Appl. Phys. 33, 2834 (1962). 20 25 30 35 40 45 50 55 60 65
[2] M. Si et al., IEEE Trans. Electron Devices 68, 6605 (2021). 20 [deg]

[3] Z. Li et al., IEEE Electron Device Lett. 43, 1227 (2022). .

[4] H. Yeom et al., J. Mater: Chem. C 4, 6873 (2016). Fig. 2 In-plane XRD profile of
[5] H. Kim et al., ACS Appl. Mater. Interfaces 8, 26924 (2016). In>O5 thin film.

[6] F. Mizutani ctal. , AIP Adv. 9, 045019 (2019)

© 2024%F [CRAYEER 16-036 21.1



18p-A22-21 HE5ME MRS AKE LIRS BETHE (2024 KkHMAVLEN2RIFEA YY)

$ B AT B BT £ 15 F L F- B Ak 4 F Ak

Highly efficient water molecule heating based on semiconductor stacking fabrication technology
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IRRF MR D2 < 1T 3pm H 5 T & O MR IREN k3 2 WIN &2 FfS 7=, /N2 R8T

A VB F N — 2 BRI R AN E B STV AR, SRy le N0 RS2 7 ¢ L Z(Z
SiOx/TiO2 72 & JEHTHEN B2 DG OFERLIFNIN U DL 2 DB 22 E MBI & i RE b
DI DEELEET 5, S HITKHRIAEBEOINEZB U TR R LA O DS B INEC
TEHEET, TR —PEOETEHNTND, £ I TRIFETIIREWEITE (h=2794) %
FFO a-Fe03 b & Lica T X SEEACYEEIR 2 W B BR L BRI ET 5, &6
W & L TKROBIRAR Y hVIZER L, wmm% i UM O R 2 RO 5 8K L JE i
RT—EHTICEB L, X — ORI & D @R RS BOK o T INEE M3 5,
R CIIkR % R VERRE A FF o= 7 U & RIS RR L R O H T b FFITHE T ARG O/
S (1.3%) #HAE TH 2 @B SR o -Fer03 (n=2.794) & AKEIT 18K o -Ga,05 (n = 1.74P))
Z AT 3pm # A& L, 2pm # K& O dpm #542 RST 2 FERS AR ARG LT, ZHUIc kY
Fig. 1 ® X 512, FRAMRIED B B SRR D 5 B 2um #5 K O dpum HHIE R BHI RN S
. BIREES & UC 3um 2 B TRINRO BRI 217 9 K TIMEVERET 5. 7RBZEIEO K
TFF6 M TH Y 30%DT RN F—RUENPHIFTE D, ZEPBUIIA S CVDIEIZLY m i
sapphire JoMR FITEOIRE L7z, o -FexOs DARIREIL 475C,  «-GaxOs DR E L 500CTH Y |
D7p< b 500°CLL NICHIT BRI ZEMN I CE 5, REt L7 ZEIEORAJE OMRE K O, Wr
M SEM BlIZZIZ X 0 IE L= 2 EIEOIRIR, F7-5GHIE & DA% Table. 1 12777, &EOBEIX
R T%LL T D %T%OtoﬁgZVﬂ#&UMEbtt%%ﬁ(ﬁ%# WU - FimE) %
TRT, 3um H OB R IR FHEFRRE O @V ME A /R L, 2um 7 & O 4um 7 & R 72 SCBHRAVE & 7R
L7z, F72i - HaRIMREEIRIC TRV L 722 < | I ARIMRBEIR O W & & 3G L 1RIT—H L T
Wiz, ZORERER?DFAE SNz 22X =R EOBEDFIL 24%RETHDH LB X BN,
a7 K BEERRE AR X D 7 g - BERR A Fr o T ZBIE EBL L= 2 L 2 RIe T 5,

Table. 1 Film thickness of Ga203/Fe203 multilayer

Layer Designed Measured Error
thickness [nm] | thickness [nm] | [%]
GaxO;3 350 341 -3
Fex0; 273 278 +2
Gax0; 263 259 -2
FexOs3 254 244 -4
GaxO;3 382 407 7
Fe203 19 Below limit -
Fig. 1 New drying system Fig. 2 Optical properties of Ga203/Fe203 multilayer

[1] S. Jun et al., Drying Technol, 21, 51 (2003). [2] Y. Kondo, J. Surf. Finish. Soc. Jpn. 66, 300 (2015). [3] L. Qrlovskiy et al., Fusion. Eng. Des., 86, 1290 (2011).

[4] M. R. Querry. Optical constants, Contractor Report CRDC-CR-85034 (1985). [5] H. He rt al., Phys. Rev. B, 74, 195123 (2006).
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Characterization of bonding states in SnSQj fabricated by sulfur vapor annealing
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Kogakuin Univ., °Kento Moriya, Daiki Watanabe, Daiki Ogawa, Tomohiro Yamaguchi, and
Shinya Aikawa

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

FR(L )8R E R & TR CEIRN: 2 R R o Fr 2 Fi B, EIHKBGEM 2 & o
7B T N4 RREAHFE I TW B[], L L, fliE 2 Rt o wigsE 2p il
BECHRINTEY, F—VAMNERPELSBHEME 720, A ERELE XY VT
) B % Ffedafii 2 72 p TEHRA LY FER O EN TV 5[2]. 2o Z & iEpmiEEZH
WBETFAAL ZEHDOKRELRFEE o T b, BnF—AGREE 2> Sn2t% p B
VPR B RS ER I N BT, SnSO4 1ZNY F¥ ¥ v 739 eV, T—AHEREE 0.88 DG
V% 3 p BLUEAEER S L CBlEmRIE B, BhREME o TWwW3B[3]. LA Lk
5, HEARMELE L CORITMZE IR K, EEBMAMEEBER I REI LRy, ol
25, AL SnSO4 W% EERAVICERLL, ZoPM#E s X OESRMEHE 2@ U T,
SnSO,4 LD p BLEHEMAR E L COTREEEZALICT 22 L2 HNE L TWwa, o
TOMFETIE, &8 Sn EEIC N L LT = — A 2+ 2 & CfERLL 7228, SnSO, DkE
mihE e — 35 2 L RMER L CTE 4], RFE T, LT = —AREOREHE T AL
{b.23 SOZ DFEAIRAEIC LI T REICOWT, HEIRBICER L CiHi L 7z D Tt 37 5.

BAAUAE 1 pum £ %2 Si FEiR RICEZEZGEREZ VT, )& Sn #ilE% 100 nm 245 L 72.
Z D%, WMEMARKLEBESZBAL, HZEEN MBS 2 Z & T Sn #E I LTt
b & WAL Z [FRFIC T o 72, 7 = — VIR 300°C, 7 = — VIR 30 min, FRESHIR 2 g Z[EE
L, BEFEHN ZES 11~71 kPa DHIPH-CZAL & & CULE L 7=, {EBLL 7231: X fOCETFD
S¢HIE (XPS, JEOL JPS9030) THiti &Ik RE % FF-ifi L 7=.

Fig. 1 ICEEFE 7 AJTT] 71 kPa St CTHUEE L 72 SnSOx D S 2p XPS 2 <7 b L ZIRT,
SO2 1%, FiALEEENTOMBIC X D IEELL 72 ST LT O JR P3G % & & TAK X
nNpeEZLND. ©— 2ot eiticlRaTs 2L, Figg 1DS2p A7 XY, 168~
173 eV DFEA T ANV F —FHIKIC SOL2™ DIED SOy B EETNTWB T L2 oT-.

Fig. 2 ICERH AENZCICT X % SnSOx D SOL~ & SO D v — Z kgl 2R 7.
ek /7 AEJ123 11 kPa Tl, BRFEMIGEI DRz, ST O JET2 3 DD AfA L7
SO BRI ZHOT WD Z B ol-. BBEHFNATENZEMNT 22 LT, SHICO
24 OFEEL L, SO MM 2 TH o 72720, EVIERE N ZET1DS SOL™ 5 D
WimcomnsEz2bh 5.

TDZEhb, SOL %% L &L SnSOJEDIFHIC 5\ Tid, R ORI 3 E
RN FGRA—RIChDEERD.

0

[1] K.Tonooka et al., Thin Solid Films. 445, 327-331 (2003). \

[2] S.Jueli et al., Adv.Mter.33, 1 (2021). \
[3] H.Yaoqgiao et al., Chem. Mater.33, 213 (2021).
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Fig. 1 S 2p XPS spectrum of SnSOx thin film annealed at O,: 71kPa.
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Preparation of SnS thin film by sulfurization annealing: Investigation of high purification by
changing the amount of sulfur powder
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CIGS L U CdTe £ AGEMIE, MOEEFELFEHL T 525, In < Ga D3 A ML
Cd oFENC X v, REMESRD SN T w3, SnS IFFE VIR (o> 10°5cmD) %3 b,
WITHETH % Sn & SHEFICHFET S L e bic, EHNE, FERax FREW 25, K5
EMDOWRIARM R E L THEHR I N TWB[2]. LA L, SnS EIEOMERIRHICIE A 3 2 A
25, KEFBEMOHERAE T 2 C LML ko T3 [3]. T OFREICH LT, Hegde & B0
BTk o TSNS HIHDOEM A2 1T o 7223, HWENICHE I NS SHEFITH 2720, SY v F Lk
h, BXFHEOKRTICER T % SnS,, SnSs DIRA DR T 5[1]. —7F, Vinaya b (3 A3
v B )V ZEICX 5T SnS HEOERL A 1T o 7228, BIRE S ot S JR 1 DEEL S 2
D, SnSEIEAN D S EFE D L, FEAMPIBTER S 2 L L Tw» 5[4 AL THW
5 ARREEE L, chbomEL IR L CREREMKEE2 RS B LI bR TE S
W, fiih S Bickl4 2 SnS B TEMBFES LT, REATA— X2 HFERLLT VA
Uy b L. ARZETIE, RAENEEICK > TEBLL 72 SnS 23l L, T RIAMYI 0 &H BH
Dl SIFEMKEZHEET 2L A HNE L.

EHUMBVH B 72 2855 % VT, Siooff & Si A B Iic 4 )& Sn % 100 nm A L 7=, BRI,
b7 = — 3@ % T 1K, 250°C, BREMER (B4 7 4 v LRDEMEZE, MEE 98.0%) %
ZNZN004g, 049, 4g%EENCEAL CHRCAEZMEL 72, GRACLBERTIC, BRFNZ
0.5Pa £ CEHZEHSAZ L7, e RIZ 2000CTHIEX &72, WHE, I CHRGHTIT-
7=, VESLL 7= 380 o0 il S PE 2 X SR EIT4EE (XRD, Rigaku Smart Lab) % F v T 2FAfl L 7-.

Fig. 1() IR MK % 0.04g—4g TEL T TIEEL L 72 SnS ® XRD »¥% — v %789, Fig. 1(b)
1E, TR 30.5 ofHEDILKIKITH B, Fig. 1(a), (b)ICRT XS, MEHMEKES 0.04 g 2
O 4g M5 L, SnS(004)[HIIC—FF % v — 7R A PRE IS L 7z, ¥ 72, Fig. 1(b)
XD, 004g, 04g TIIHHEAMPICHEKT o -7 DBBUITE L2 o072DICH LT, 4gT
13 SmSy(03 1) IC—3 T 2 ¥ — 27 HHER & : . .

e, SRR, SnicHLCGEBlL s st (@ 2 ® g
I, B E 17z SnS A & SnpSs ICAHERHE L ik %
72t FE R bRBE. miwssmath e

CRLORES L, BREAMIE ST A T W\NW
SnS WO EELIC 13, BB IC (5 £ | .
FREM KBS EE AT A — X CHEEE | i
Reference = H
[1]S. S. Hegde, et al., Surf. Interfaces. Vol. 10, pp.78-84 (2018). H
[2] M. T. ISLAM, et al., J. Electron. Mater. Vol. 50, No. 6 (2021). H ”’WW"VW
[3] L. A. Burton, et al., Chem. Mater. Vol. 25, pp. 4908-4916 - i} bods
(2013). . ) X gt | |y .
[4] V. K. Arepalli, et al., Superlattices Microstruct. Vol. 122, pp. 20 40 60 30 31

20 (degree)
253-261 (2018). Fig. 1 XRD patterns of SnS thin films treated with
[3] F. Ballipinar, et al., I. Alloys Compd. Vol. 728, pp. 179-188 sulfurization with different amounts of sulfur powder.
(2017). (a) whole region, and (b) enlarged in the dashed square
in (a).
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EIREA 7 0 22 K B SnOEEDVER] & 4 284

Properties of SnO: films grown by low temperature solution process
ALKRT, CM)=BE =777 &, MHEH
Nagoya Institute of Technology., °Ko Misato, Madan Niraula, Masaya Ichimura
E-mail:k.misato.459@stn.nitech.ac.jp
[T ®IZ]

Sn0:(TV A RV Ry v Fafo n BEERTH Y | BERAMERC 0 7 20 1~ KBEH
O nBPEEKRE & LTIV TW D, AR T p B 7 CdTe #idh & SnO: &2 K 5 p-n ~T
RS EER L, B & LTOISHZ BFEL T D, Ll #b 7 CdTe fiffhld @i 7
P 2259< ., MO BESFMENAMLLTLE S ), MR THIETE 5 Fr y 723EE DI
HL THR&HZEITo72, T2 TR Ry FERFRIEE IV THUE L7z SnO- ORI & . /ERL
7z CdTe/SnO: p-n ~7 BH#EG DEXFFEIC OV THRET D,

[EBRTTIE]

Na:SnOs Z ZKE KR L T 50mM HIBRAIEE 2 /B D | Gl 82 1TO 2 T L 60COA& » b
TL— FTARE S, RICRBHZZR-KT
Wi L CTER 7 n— TS, ZOLRE
ZHEHR Y R L THERE L TR b7z iga 100
~300°C TRET =—/V&FT\, X um @ SnO
MEAAFRL U 7o, ARBE L 7230BHE, AES 12X D
T 21T, S HICHEZEAEICE > Tn
BT LIRPURREZ1T > 7o, T D&, p
V7 CdTe Fidh EICHERE A 1TV, p-n ~T

dH(E)/dE

mEEE R L7, S LT CdTe MICIE 200 400 600 800
Au, SnO: |2i% In BEE KA L. Eit—EE Kinetic energy [eV]
HEZAT o7,

Ed =

Fig. 1 AES spectrum of SnO: film annealed at
¥ 1 IZHERE 412 100°C ,200°C ,300C 7 =—

NEATS T2 END ABS WIERREZRT, 20
MRS 300CT =—MIHZ O/Sn 23 22 T, [x10® 77—
BONZET Sn0: E B X BN D, [
2 V/ERL L 72 p-n ~T B A OET BT R
Pz R, BRMEDBIE S L, i m A
T AFNFRZH ERAME< IR b6 Tnd 2

different temperature

N
T
1

Current [A]
=

ERMERENT-, EBHIT, ZOREHZ L Dy # 0
DIRHNRAEETH H Z & bR I LTz,
- R D
Voltage [V]

Fig. 2 1-V characteristic of p-CdTe/SnO
1 : T.Li, M.Ichimura : Materials, 16,5273 ,(2023). . )
heterojunction
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BRAFSHEKRN\YR YV TERERT=—)VTI12&%
SN0 2 —4w kb M SnO FEREE
Optimization of SnO fabrication using SnOz2 target by sputtering and post-deposition
annealing in reducing atmosphere
IR, OM2)/H M, KZTE TKX, M)l EH
Kogakuin Univ., °Tsubasa Kobayashi, Kanta Kibishi, and Shinya Aikawa

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

B L ARE, A—MBTp BLU n AR TXDLERLLTEEINTVS D, p BIZEZ RS SN0 Ik, NV RS
BKEL, BEENEND, BWELBEELRD p BB YPEARFTES 2. ANy AT0 ATEEINS
SnO FEIL, Sn X SN0 Z—7w b FRIE UTHWT WS 3 49, UL, SnO & 270 °CEA EDEIR TAHR{LKIE(ESn0 >
Sn30a + Sn > 2Sn02+ 2SN)AET 5728 4, I AR EEAT B A/ XTI, SnO Z—7 Y MI& S SnO ERED 43R
BRI, £z, 8 Sn &—7 v 60 Sno FEEIY, FIRRROEEE AT ATREDEREIZHED, 4—7T Y MyeR
RALEYNT TR ATV AREEFILUTUED 9. ZOBEREITKL, Hsu HIET/NA RS Sn02 Z—7 Y b AW, &
BEOKZEFHS T CEITITDIL TS0 RO EET-729, SN0 Z—7"y M, /KRl Sh & —7" MR{EZEE SnO
B—2y MIHARIBD TEE L0, [RHFII ANy AEEE B IRD2ILNTES. Z20—F, BEEKRIZLS
BT TOER 0% 1000 °CUL ETORREILE DMRRERD, KRIBAIL DA ALRMPIEEL LD BERDESE
EE DT 8% Sn0: DFRILK T LD SnsOs DAL "DEERIND. B4 1L, EAKFBIRETOETLA/ WAL 800 °C
DT =—HM SN0z % SNO ILBITLTEXDILERELTX/- 9. UHL, 30 DREIDEEAEY =—IVTIE, RELKIGE L
HIZ SNOx FERETD Sn DI L EIZ I D EBIEDEEB M N Lz, T TRIFZETIE, ZOMBEERTS/-0, 7
=V EHORHEIZEVEAZDTHRET .

RF X7 A RAYV AN R V7% FWT SiO, 1% Si ZEAR_EIZ, SnOx &R % Ar/H, A KT, 100 nm IR L. &
=2 ME SnO2 2 FWY, BREEE 1% 0.15 Pa, Ar IZ8 92 H: DEFE (HAAN 3 3%DT A —I VT H A% FW/=. RF /N
7—I% 300 W TRRIEL. BREER, £ EEES Y TINEEEE % AT ArH: FFEIK(H2/Ar: 3%)T 400, 500, 600, 700,
800 °CT 1 37 =— V& fT>7=. BEU-#RIL X $RHE T 26T (XPS, JEOL JPS9030) THE A RRE % B 1A L 7=.

Fig.1 12 300 W THEUEL /= SnOx KD Sn 3dse BB D XPS ARZMLEY, &S DY — V7 HEREE 27T, 400~600°CT
7 =—=I)VERUZEL, SN RO MEL SN0 BRI TH DI WHER XN, £/, 7T=—IVIBE DB S K5
B U, SN R DEIIASHERR X N2, Zhid, 7 =— VBB DN AEVE T ANEML TSI NEZ SN,
700°CTY ——)VEHEL-ETIL, S ERODKIBRFADE S R DRIBZIEIN AL, S D 23T BRI 2o 7=,
I, 700°CDIKET =—I7A3, SnO; fEE BT LD
L TSNOBEEIZ L /-eE 2605, 72— IVEEL
800°CIZIEINX W/ fETIL, Sn* o WA 720,
Sn2* AR DARIBEZEA & Snd A DARITEZ: SN A ESE 60
Xz, 2, 7= — VIR C—E SnO 125 /- fEAY
BRI X2 T, M ERIGERILAZE
NEZO6ND.

DA EDRERIY, ArHz FR 1 97 =—JVTI& 700 °C
TH&E SN0 A NS WEENESNDZENDHI-
7=, 20k
References
1) E. Eqbal, et al., Materials 247, 211-214 (2019).

2) Z. Wang, et al., Advanced Materials 28, 20, 3831-3892 (2016).

3) J. A. Caraveo, et al., ACS nano 7, 6, 5160-5167 (2013). o+ ) ) . ) .
4) T. Yang, et al., Materials Letters 139, pp39-41 (2015). 400 600 800
5) K. Strijckmans, et al., J. Appl. Phys 124, 241101 (2018). annea"ng tem peratu re [OC]

6) P.-C. Hsu, et al., ACS Appl. Mater Interfaces 6, 1372413729 (2014).

7) E. R. Leite, et al., European Ceramic Society 21, 669-675 (2001). Fig. 1 Peak area ratio of Sn**, Sn?*, and Sn° for the fabricated
8) L. Xue, et al., Phys. Chem. Chem. Phys 22, 19275-19281 (2020).

9) /INBAAth, 2 84 ESHMEERMELAMFEES, 19p-A302-13. SnOx films annealed in Ar/Hz atmosphere for 1 min.

40r Sn2+

Content [%]

Sn?
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TEM #£2% A\ 7z TiO: (001)EAR LV FLEL GeO, BREDIEERENT
TEM analysis of rutile-type GeO: film on TiO:2 (001) substrate

1. 1K, 2. 4K, 3. WALK, 4. SIafER, cmRMmE 1, BRI, KE5RE?,
BYH—ER 3, BRE!, BEER, TR BEBAL
1. Kyoto U, 2. Hokkaido U, 3. Tohoku U, 4. Ritsumeikan U, °H. Takane!, S. Konishi', R. Ota?,
Y. Hayasaka®, T. Wakamatsu!, Y. Isobe!, K. Kaneko*, K. Tanaka'!
E-mail: takane.hitoshi.33v@st.kyoto-u.co.jp

47eVDONY R¥ v v T5AH L, Witk R— 8o 703 ake & TRl S5 0 F L GeO, (1-GeOs)
X, AT A KAV Ry o FEEERE LTHEA SN TS, Fxld, ATFNES % 1-Tio,
HASAEER FIZ -GeO, =X F U v VR Z(ERICE 5 2 L AR L72[1,2]. L2 L, r-TiO, 24K
EOATEZE L X L 1-GeO, #HIFIZH N T, £ 4.3% (a ®7H) O AREAEEICN L
T, MEEOWRA AR LT2[1,2]. FEBRALEE DD r-GeO, #FEIZIHWT, Bz 5T
HEZWIONIT D2 &1E, 73 AELERFOEFEMER O DICARAIRTHHETTRL, -
GeO, DI PEREIZ B 5 By /e 21525 ECHEETH L. & 2 TARIFATIE, TEM#
2% T r-TiOy (001) FEt b r-GeO, WK DA AT % 5 72

r-TiO,  (001) AR BT r-GeO, #iflE%A I A b CVDIEIZ KV pkE S H7. ZoFEHIXF L T,
[001]33 K ON[110] 57 181> 5 TEM 822417 > 7=. WM x4 % SAED 4 (Fig.1) 3 X Ui EDX
SHTED, RELZEEBLVTFAEEEZRT 5 G0, THhDHZ &, b NT, El b EE~D
Ti DILBOA 2N 2 L PR S N7z, E£o, THREETRMEICIT W TEM & L0, EENICH
W, oA, BEWMSRELTND Z ERREBIRE (Fig2). 512, Fifi HAADF-STEM
Bl v, MIENOIRENLO A, b=<100>,<110> & 72
D= =AY MEART L2 EnHEE ST (Figd).
W H T L VM7 TEM T OfE R 2k 5 .

AEFFED %, BHFE (21HO1811), STHEZEE [~7
UT Vs ) y—F A 77 i (JPMXP1223HK0049,
AtimE RF) O3 AT ERI T

[1] H. Takane et al., Appl. Phys. Lett. 119, 062104 (2021). Fig. 1. SAED pattern of r-GeO,
[2] H. Takane et al., Appl. Phys. Lett. 120, 099903 (2022). film viewed along [100] direction.
Erratum: [Appl. Phys. Lett. 119, 062104 (2021).]

Fig. 2. Cross-sectional DF-TEM images of r-GeO> on Fig. 3. Plane-view HAADF images of
r-TiO; under two-beam diffraction condition with (a) -GeO, with the projected Burgers
£=001 and (b) g=002. vector of (a) be=[100] and (b) b=[110].
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SA MOV RIZK VIER L -ERL S EIR DO RNEZ L H15EZE L
Property changes of ZnO thin films grown by mist CVD with heat treatment
BAILK ¥RLY, #B#F2 CB)AE N L (DKM #Esk!, M1) MH 2!
JER e 12
Sys.Eng.'.1, Res.Inst. 2, Kochi Univ. of Tech.°Ryosuke Ohashi?, Tatsuya Yasuoka?, Tatsuki Okada?,
and Toshiyuki Kawaharamura!?

E-mail: 250031m@ugs.kochi-tech.ac.jp, kawaharamura.toshiyuki@kochi-tech.ac.jp

Hi 5L
H 5

U, LR ERLT IR L LT ORLEED 2 FEO—DICKEE F TSRk
REMEE 2 VERLATREZ: T2 A b CVD ) BH D[] ZHTREE 25 cHk 42 EGTe I A P &2k
LB RS D 2 L THREEIR A TER T D FIETH D, £, RRE T TORMBED =%, KRiF5E
THW LT R (ZnO) R e & DOF bW -8R FRIZE L T 5. ZnO LR TN R v
v 7 3.37ev R O LM/ L) FEARTH Y, BIEME L TREELST 4 AT LA 70 E~D
ISHABEIRF SN TS, £72, ZnO OFEMEEII AT v VY HEETH Y, cEifdm Lo W
B ThdH. LI ->T, Zn0 #EEO B LEHUZ I TR RIS AE ORIE S ZnO FEFFEA~D % AL
BRIZ X DR EREIC L 5 c HHBLM OENMEARRIK TH 5. AFEERTIE, I A N CVDIEEZHW
TYERL L 7= ZnO HEMEIZ 3 L CRVLER 21T o T2 B ORI DWW THIET 5.

FERFG
F7, Zn0 FEIEOERUTEE L, RWFREDOFATIIE[2) 2 5512, AR 11 ¢ #lifidm Lo9 0
SRR A3 H U 72. Zn(acac), & B RS LT, A &% 7 — L& EDA, H20(90:3:7) DR AT B Z A
fiff U CIUBHRIR & UTe. IR OAA IR B 2 20 mmol/L (12 & L, IR E 22 s w7-. £
THERIL =Y 7D 5 s, b cHlifidm L CWVD EE X BN D Zn0 IR L CTix ZRIRE T
T XRD HIE &7\, JIER O ORI OV TRl A L7z,
iR L B
Fig.1 (Z/ERL U 72 sRIBIREE 150°C A5 450°CIZ T T D ZnO D> XRD JEfEf % 19,77 7
D002 E—7 LV, cHE AR BIHE TH - 7D 200~250CDOIREH TH-7-. ZhiZxkL
T, 300°CLAMED 5 P42 (002) B — 27 5REE 238D L,(101), (102), (103), (201) O & — 7 23 HERR S 4
oo 2O EDD 250C~300CHAZIB W TEAERMIE L TW D EHEZR SIS, LR ->T, LV E
W2 el g 5 & B2 HiLd 200°CHUED ZnO HEIZ%E L, 200°C~800°C D KA FRPHA T CEVLEE
Z4T->7-. Fig.2 |2 XRD JIEFEFR 27~ Fig.2 X 0 BVILVERIE FE O HE NI £V (002)H & — 27 TREE
HMLTWD Z ERfERESNTZ. ZOZ b, BRI X 5 c mbdmdENIIFF S LD, FERY
FIE &0 FEZ2 IR EE SRR T T Zn0 EREORIERE R, #7322 BRSS9 5 ZnO D24
HIZ K DREZA L, BVUERRE O AFM B72 EORER L T B2 L X T BRIZOWTHEZIT ).
[1] T. Kawaharamura, JJAP 53 05FF08 (2014), [2]Fd 3Eme, &4 LA R FHE L= rimSC (2018)
| (Ofllj;]OLi

%
|

e
=
=]

9 o]

!

Intensity [a.u.]

00207

Intensity [a.u.]

0 20 30 40 50 6 70 80 10 20 30 40 50 60 70 80
20/0 [deg] 20/0 [deg]
Fig. 1 XRD measurements at ZnO deposition

Fig. 2 XRD measurements of 200°C deposited
temperatures from 150 °C to 450 °C.

ZnO thin film in 200°C to 800°C environments
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Cu, N #7550 ZnO FIROBIEFED RN E R EIKFIE

Dependence of Annealing Temperature on Electrical Properties of
Cu and N Co-doped ZnO Films
BAXET, ©(m2) BiEsE, BES
Meiji Univ., "Masaki Tanaka, Hiroshi Katsumata
E-mail: ce231049@meiji.ac.jp

[1zC®iz]

ZnO (FRfbHigh) 1£3.37eV O KX v v 72 o n BPRERTHD, UA RNV KXy v
D3O AIAEIR COFEENIET I @ W T DI TN T A ABWEMM R E L THER S Tn
%11 LU, ZnO [ ZFEFEZE LM Mg 72 &0 R —PERIEIC X % B CHifEZV RO 791 p
HE RS RS R EE 2B & LT BTV D, AIFZETIE p A ZnO WO E B9 LE L
T.CuE NOHXITNT 78T H K= 7 hilAiz, RE~xZ7 3 bardbx, Ny XY 7RI X
D Cu, N IR ZnO FERLA R L, Z D% OBSLEIRE A ZnO O BRI KT T 8L
FEAM U 7=, FERR U7 S R EA T O p J@~DISH B L TV 5[2],

[5E871E]

ZnO X —77 v b (FiFE: 99.99%, ¢101.6xt5 mm, EfiE(LFZERT) @ Lz, Cu Fv 7 (il
J¥:99.99%, 10X 10 X ¢1 mm, FEELEAFTEAT) Z RO PRIC 4 B &, RFE~ 27 % b 3tzoNy
Z U U VEIZE D (A N2 B KOOy AR TA 5T T A Eitl (Labo-USQ, 20 X 20 X 0.5 mm)
12 Cu, N U000 ZnO #EER %A 200-300 nm % L7z, H AFREIL 10scem. AT Ar: 02: No=1:
6:3 & L7z, T, No FEHZTITT 650-900°C TH 4 | BBV 24T > 7=, HIEOSHTEL L
T, SR, X RRET, e - KA, A RESE A e,

[0 & 552

Fig. 1 {2 Cu, N L7/ ZnO #fi50> XRD A7 R L OBGLBLIR BRI 2R3, BVLELRE 2 &
BHECAPEDZALIZ R By 7=, Fig. 2 (2 XRD A7 kB3RO 7= ZnO (002) O FWHM

CEENE) 38 X O — 7 (L OBGER R Z2 R 3, BYLEIRE % LiF 5 & 650-750°C D
FH-C FWHM (380 L 7=, 800°C T FWHM |30 L7 HICIRE 2 EiF 5 & L 900°C Tl
RUTZ, A= AZHRBIE XD . 650-750°CH L TN 900°C DI p BURE A /R L7273, 800°CH LT
850°C DML n BURE & 7R LTo, BRHEZEAL R —& U CTHER T 572, BRBMEEA N T n Y
RENRGELNTEEZEZOND, TNHDOZ LD, 800°CT FWHM 238340 L7 J5A & L CTEVILER
ICE > THENPBE L= N EZ 55, 900°C T p AURENS SN -IRA & L CIdmsniiEse
BULHRZ LD R— %0 RN E Z BN D,

——— — — 0.54 34.72
HE = i -
_ E=es < T = 0.53 F PY FWHM 4718
s F 900C T g ® Peak position o
A ® 052 b
S F 850°C 2 34.70 3
E AA A [=)) =
5, c| 2%  { 34.60 S
o 800 = 69 .8
g f - 750C % 0.50 i
e ¢t = 49 3468 &
o [ A A 700C M K
X 3 0.48 34.67 d‘f
X F o, R 650°C : ®
o T T T TR N TR WA TR TR NN TR TR SR T NN T WY T SR M T T S 1 047 |||||||||||||||||||||||| q 3466
30 40 50 60 70 80 650 700 750 800 850 900
20 [degree] Annealing temperature [C]

Fig. 1 Dependence of XRD spectra of Cu, N co-doped Fig. 2 Dependence of ZnO (002) FWHM and peak
ZnO films on the annealing temperature. position of Cu, N co-doped ZnO films on the
annealing temperature.

(11 N\ B ISHEE, 82, 10, 852 (2013).
[2] Atsuya Sasaki et al., Jpn. J. Appl. Phys., 57, 041201 (2018).
[3] HIH FEks, BER #, 26 84 Bl MBS K Z 2Nl 2, 21p-P09-21 (2023).

© 2024%F [CRAYEER 16-078 21.1



20a-A22-8

© 2024%F [SRYEES

RERENYT—OB In0 EHE Y OENGEEFTE
Characterization of pressure response in a surface mount package ZnO pressure sensor
EFRIRtEVE, EFX? OEfae', “HhEz', BREME MEHEH' MERER’
Iwate Ind. Res. Inst.!, Iwate Univ.2, “H. Endo!, T. Nihei!, K. Meguro', H. Oda', and Y. Kashiwaba?

E-mail: haru-endo@pref.iwate.jp

1. [FCHIC FxIiTEEEHRELEE %2 H
L., B —EBREWME S LT ZnO Ft Z i
ALEEED e PR EEDTEZD, ZNE T,
IR CORFWNEA v B —F v AE T 24
% HRYTEEPT MgZni O 52 pE U 72 fE)E
TEBRFZIRE YL, SRICBT 2 EFUEOLK
EH LI R 2R Lz, 72, A v E—F
ARFEIZ DWW TSR - KRB L 2 o2 R
DIRGE V2D T X723, |\ N TOETIIGE R
BT 2 B ISULR BITMGETE Ty, £ 2
TR T EAE v F v 7 AR FERER S
v /r—3 (SMD-PKG) (ZHS. T, PO &
L CEIRIZI T D ETNSENERHM 24T 72D T
5T 5,
2. EBRRUER FEBRICITE @7 — N ZnO
Fop ((0001) ; U AE R BH) 240 0 L7 ELp I
~VTRF 728D PY(80 nm)/Ti(20 nm)%& 1.5X 1.5
mm2 P AR F—=0 T 2.0X2.0 mm? VA
RHE AT LF v 7Lz, L7z SMD-PKG
X7 RSB (S 6.5X6.5X1.01 mm?, 7 /L3
PKG; 5 EF#R) T, AuGe EiRIZA 72 JEE 100 pm)
ZEZ2h 650°C20 43817 =—/L L CEEMEL . ZnO [+
eV FoT DO HEXAR T AT LT, 7255,
BREPTOY =—/LTHFEIN 10" QEND
107 Q B ~MEHHULL TLEI 728, 600°C 2 FEfHEE
FHRCTEULHETAHZLT 10" QBEETEEFIEL
1o XAT 77 HIFEE 100 pm DA 23V HITC|
SMD-PKG DU 75~ EZ AR v MNaEHIZLD
EEL, EHvYF o7 D Zn EIZHRLTZ LSS
BN A AT 77 LSS CEEE L7,
JEGENEIL, SMD-PKG DX AT 75 WA
28R CHEE L 7o AR 2R S CHIINL . [ HE
BRDOENEEZ TRz T o7, E '
N, EEHRHT —ZINES AT A (CN-0350; 7
FulF R R) ~EAT 7T 5L SMD-PKG
I MR A 7 o — 7 TR L CRIE LT, 7233, N
THENIFT . EAMNIZELAE N ZE—FEL
(LSMSB-5K; S%_77VIH) THIELF YU T L
—>ar i,

Fig.1 |2 EMEZE&ET] 0.7 MPa CHEEHL 72" A
COJETEIINC 33 28R [ KA XN
LI oS EEZ R 3, EIIEIN
LR A LT EBENE — VIR L%, BV TN
HIRPTERIEOA e —F L RAZEYESTTE
JERE R U, JE A EIINAEBRE L6102 T IREICBIZEL T
W5, Fig.2 (ZIZFEIINE F3% 0.7 MPa 2>5 0.05 MPa
FCEI T THANEIEEE S BEEL- A EE
BRI AT S T2 Kz~ 3, FUINEIZx LT
I A BIEDNBRISN TWDZEND, NV
ZnO FEZEZJEHE LTz ZnO JE P32 O]
METEEPH IRV =T ISE T DT e ah -T2,

3. F&&H ZnO £ /1Y F v 7% SMD-PKG (25
U CIEI NGB MEZFAGL . FUINE A ickL T =
TIZEM T HZEEFERELTZ,

1000 T T T -||

Pressure

500 .
Diaphram

oF

-500F

Output voltage (arb. unit)

-1000F

0 500 1000 1500 2000
Time (ms)

Fig. 1 Output voltage response to applied pressure

at 0.7 MPa. Inset shows optical photograph of the

packaged sensor. (Diaphram size:5.9 X 5.9 mm?)

600 fF T T T H
® Average
.'*g 400 — Fit E
=
_g 200 E
- or y=1973.8x - 882.59 |
=N 2
& -200F R™=09971 4
©
Z -400f g
2
£ -600f -
o
-800F E
1 1 1 1 1

0.0 0.2 0.4 0.6 0.8
Applied pressure (MPa)

Fig. 2 Output voltage as a function of applied pressure.

SE Xk

1) EBEAZIEDS, FEFF 5256423,

2) EBRAZI1ENN, 2021 5 68 ES W T R E T
AR S . 18p-Z33-8.

3) H. Endo et. al., ssdm2021, J-2-08.
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BiEEE MgZnO BRD /Y Rt E 1T 5P
Optical Property Near The Band Edge of Rocksalt-Structured MgZnO Alloys
T¥BRX, BURIK? O=F ®%F ', /M EXER', A R, BK RE ',
AH &7 WA €5, ¥H ', BiR £E&'

Kogakuin Univ.!, Toyama Prefectural Univ. %, °T. Mitomi', K. Ogawa', K. Tanaka', R. Nemoto',
Y. Ota%, T. Yamaguchi', T. Honda', and T. Onuma'

E-mail: cm23066@g.kogakuin.jp

I U] EEMER (L~ 7 %> U AHEH(RS-MgZni«0)i%, 7.7eV O MgO Z il LT/
R Y TERNARETH VD . RIS - BEEERINROFRICFEFHELE LTI SN 5[1-3], Zh
F TIZ MgO E /L4733 x=0.65~0.99 D RS-Mg«Zni O #fED 7 + h VI vt A(PL), 74 hL I
X AFHEPLE)IE DOFE R D N RigiE &R EO R A2 L T X 72[4,5], AGHTH
Tl BEDORZ 508 2872 12| L, @i, AT MVOIRBERIFNED BN Rt
DIFRHEIZ DWW Chifiam L2/ R 2 ST 5,

[5ZB&] < A b CVD A2 L Y MO (100)F:HK 12 RS-Mg«Zn; O iK% & SH72[6], BiBRIAL
TR OVE I IR FUEHMg(CH3CO0), - 4H,0 & Zn(CH3COO0),-4H 01 & U7z, FEHAR H D4
JBA A EAPREIX 0.0l mol/L & L, Mg & Zn DIREENEEL S W7o, BREIRE 700 °C, %
RIS 5~60 min & L7z, D MgO € /L4331 x=0.65-0.92 T, BUEIT 40~290 nm TH > 7=,
FE, FHIE T, A EZETER L VUV 90 2T A2 W3], KIRICITEKES
YT ERV, GNERIC I Al LTt EE L CGRENCIBE LT,

[k 5 & 5 42] Fig.1 12 RS-Mgo.73Zno270 5D 6 K IZ351F 5 PL, PLE[4,5], KA A7 L (ahv)?
®YF RN —DT 1y FERT, PL AT MUZIE 577 eV ICE— 27 BBz, BlloxL
F—%&551eV &95L, PLE A7 hLE6.09 eV TIH END 6.76 eV ICE—7 BHINT-, =
UKL, R AT M S ERANC L 2 EE T IRE B, 6.78eV ICE— 7 Z8IHI L 7=,
S5 (@) N TF=R N X —DT 1 v MIIE, 6.8eV HUTIZBde st ERY & [K=x /¥ —
MNZHER BHENBH SN Te, EEEBEZRE LT Taue 712 v M 21T 9 EWRINEHE 591 eV & 72 -
7o TNOOREREZHETHE, KIFAXZ NLOE—27 & PLE BE— 2/ R —T 52006, T
RCORNREFEREZ KL D EEZ LI, (ahv) M T=F VT —D7 1y NORMMRNLH
ERY Y ZHUCHBET D Z ENRBEN D, KL — NI SN A PRI, RFTHIZR Zn Bl

GZ_J: %)7:]—35; 73/’(/1/@?%'5%[2,7]\ if: Wavelength (nm)

WX [Zn]"EE T 7 v 7 BlIICAS D & 300 260 220 200 180 160
EZHND, YA, MgO E LA ERR @ T RSMgg 152y 0
BERTEME A b CRET . ]

[Ex. 160 nm i,
I PLE Det.

[BEE] AR —IL ¥ ) . Voo
BHAFE (22K04952) J2 ON T2 B R v &
e 7 a ¥ =7 MNFREOE %%

776

PL Intensity
(arb. units)
PLE Intensity
(arb. units)

(% k] [1] H. Kaneko et al., J. Appl. <~ 8
Express 9, 111102 (2016). [2] T. Onuma et % o
al., Appl. Phys. Lett. 113, 061903 (2018). [3] £ 6 S w
T. Onuma ef al., J. Appl. Phys. 134, 025102 & 4} €5
(2023). [4] ARAAt, 25 71 [EDG AR 32 %%
[AFFUNRIAR, 232-31A-5 (2024). [5] o I 12—
=EAh, 571 BISAPEEREFEN S 0
A, 20a-31A-6 (2024). [6] K. Ogawa et = 4
al., Jpn. J. Appl. Phys. 63, 02SP30 (2024). Photon Energy (eV)
[7] L. Gorczyca et al., Phys. Rev. B 101,  Fig_ 1. (a) PL and PLE spectra, (b) (a/v)* versus hv plot and
245202 (2020). optical reflectance spectrum at 6 K of RS-Mgo73Zng 270

film on (100) MgO substrate.
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SR+ CVDEZEA: LiGasOs MIED T EX ¥ v L E
Epitaxial Growth of LiGasOs Thin Films via Mist CVD Method
RABRTIRf Ozt 8, ERN % = EH
Kyoto Univ., °Takumi Ikenoue, Ryo Horiuchi, Masao Miyake

E-mail: ikenoue.takumi.4m@kyoto-u.ac.jp

Ga03 IZREIND T A RN KX ¥ v WA E8IKIT, NU—FT A 2 E~DsH A
FIZHEHSNTWDL D0, p BUERKEEE WO REEA A TWD, T, MgALOs & [RERD A
UM A % LiGasOs 7% p BBEENE A R 2 & AN S 72[1]. LiGasOs D /3y RE ¥ » 7
1L 5.2eV[2] & Ga03 & [R5 T, A /172 p R EL & 72 D RTREMEDRN B D, L L7223 6| LiGasOs
O p BEEMHICEAT 2ME TV, I UTHRAELD A=A LG RKMIAT, v U 7 REH
EHFEHEN TV, AHEHESTIE, £ R b CVD EE V- LiGasOs D= B4 F v JLAL
RIZOWTHET D, £, #kx 254 0BMEIC X 5 p B LiGasOs MK D B RS ED A Iz
WA LR IC oW T H T 5,

LiGasOsg M X BRI D I A h CVD IEIC K W B L7z, Li EHZIX Li 72T A7 & b —
N, GafBHZIX Ga 7TEF AT Mr— FE AW, {bFEmIL L 72D X9 ITIRA LTI KER %
FBHAIR & UTe, AR % 700-884 °C, R A A W BR ETITEHR L LT, 77 A4 7%
IR 21T > 72, 4 11345 S 4072 LiGasOsg

111)

WD XRD /X% —v T D, CHY 7 74T 3 S & @ -

© o8 8 <) I
bR Blo (111) Flf L7 LiGasOs 23R E LT <, els e <

8 2 R o Q
WD ZENPnD, T AL CVDETIE, W o = SIS © S

£ [700°C - =IO

TREEROELLEBFEH AL LTHAE g
= LiGasOs ST o v VRETHZ L% 3 “JL\J\.J )
R L1, WS A L 7 LiGasOs 75 10° § |0 e ot
Qcm L EO B ThH o= Dlcwt LT, B ~mwkmmek
THUE L 72 LiGasOg I, / v R—7"THJ 1 Qcm 884 °C -~ jk " ol ]

DA R L, T LiGasOs M3 A — -
MEC LY, % U 7BE 152x108em3 10 20
BEE 6.0 cm? Vst o p BLEEM AR 2
LR S, #E T, BB X 5E
GHEEDIIT SN T HWET 5,

References

20 (°)
Fig. 1 XRD patterns of LiGasOs
thin films via mist CVD method.

[1] Kaitian Zhang, et al., Adv. Electron. Mater, 2300550 (2023)
[2] Walter R. Lambrecht, J. Vac. Sci. Technol. A, 42 022705 (2024)
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Ni/p-Ga;0; > 3 v b X —[EB T S DEREKFHEDER:
mELEFRIZHED p-GaO: lBFHLIRD LR LIEEFEDET

Characterization of temperature dependence of Schottky barrier height in Ni/B-Ga:03
combined with XPS study on valence band structure of B-Ga,0;
WXI', /RILHYYRELTH /D2
BARE', EAKRAT? IREXAE®, hERR ', MKIER ', sTEES '
Univ. of Tokyo', Novel Crystal Technology, Inc.
A. Munakata', K. Sasaki’, K. Ema?, Y. Nakano', M. Kobayashi' and T. Maeda'

E-mail: munakata@wbg.t.u-tokyo.ac.jp

(b ATV 7 A(B-GaO03) I LR E N DARIR IR ST —F 8 ZffEFE L THIR ST D, 2
FTH AL, (001)if B-Gax03 > 7 v KF— 31U 7 X A A — R(SBD)D ke R & O FEAR AT AT I
BVE U -IEH(TED) 7 V&2 WD Z & C, Ei-EEI-VRE, A E-BHE(C-VFE. IPE 12X

2 HEFPE D B INIREHRHIFEC— B LDRERFEEZEON- 2 L aWmiE Le, £7o. WS
S OMRERAFMEE N XY » TORERFMER B L2 WREZFH 2720, XPS TiliE 14
EER(VBM)D = )L X — DR FE AL 2 fi i L7z[1], A% TIL, BEER X OIREHREE VBM
DIRFEARAEME D BRI DWW T EBRICER T 5,

%5%6:&(001)@ n i B-Ga,03 SBD % F\ 7=, iR Gax0s 5l 12T A R&AHRE R E(HVPE)

RV IRREE Gazos):%: 10 ym RETEX XY VR Le, = EREOFER N —%E L C-V
EJ: D 5x10% ecm™ TH o 7=, :1:1:):2%@ Schottky AR & L T Ni/Au, FHAEEHE (2 Ohmic ER &
LT Ti/Au %735 L=, XPS OHIEICIL, BEXWFHEZAE L 7o 5 h, Rl EmH
RV 8]0 L THW,

X 112 XPS /B4 54072 VBM LD A7 RV OIREE &R d, ARl 1L —,
e IsRE TH D, HIEICHBITD VBM T Ers—4.11eV TH Y, VBMIZIRED FH & L H KK
fET AL X — NN T b LT, _@#% . NN RX v v S (E)MRE L L &bk T
ZoRal of‘aﬁﬁnm*%é:/\ﬁﬁé[z] X2 (ZiZ, VBM &Ba’é%mé(eq')b) 1IOZENZEIUZDUNT
IRERAEZ R, BRlEE T, M2 L @ﬁﬂéﬁ&] X VBM - Eps. X2 FRIOHKEHRIE 100 K (235
T AENS DB ETH D, ZOIREEBICE W TENENDOIRERFEIEIIIERIE TH LM, 6
GHNCERTIERT 52 & &5 & E 13-1.15meV/K [2], VBM /L 0.81 meV/K, e¢y, 13-0.27 meV/K
TR L% LTWI: LCW5, KHHRERIL Eg+ VBM OfE(-0.34 meV/K) T 1 | fREH;E(CBM)D
IRERAEICHEYS T2 &5 % Emé 5B L Tl dh 5725, CBM DIRFERIFMEGRER) Xedy
DOIRERAFME LR~ L T\ D, ZOFRER LY | B-Ga0; DFEEER X DR ERFEMITIEE EFC
££95 CBM DAR T % Sk Lt%@ﬂ@é EMbND, D EEDAY RO %X 3 12577,
Si <> GaAs TIHRRRE R & O FEEREMEITIRE A N R v » 7O/ & RIRRE T 573,
B-Ga,03 TiX CBM 7217 T72 < VBM HIREICK L CTHEIZEILT D720, N RX¥ v v 7 OIRE
IR 2 BRI, FiE R S ORERFEORIFITIEE EFIHES CBM OIRFThd &
BEZOND, TNOOFRERIIET ) U LE LT A ADOREERTFEEZZBET HBICHAEETH D
b BR/TA RE v v THEEROYMEBIRIZIB W TEELRMALTSH 5,

[ZE3CHk] (1] M5 fth, IS 25p-61A-7 (2024). [2] L. Cheng et al., J. Phys. Chem. Lett., 13, 3053-3058 (2022).

<-4.0
1.0 3 VBM —0.27 meV/K
« 100K ~
n=4.1 o _. CBM
. 200K [ria -
0.8 . 300K a 0.81 meV/’K/—"’ ‘ [~ - -~~~k ~CBM
5 ] s % ~0.34 meV/K
$.0.64 g 43 a-"" e,
z 100 200 300 Eem - --F1--mmmm - === Ers
g 0.4+ 0.00 Temperature (K)
- .00 <0
£ ] Ers—4.11 eV _ Qoo &Py E,
0.2 E ~\\<z ;0(.)27 meV/K 0.81 meV/K
1 E—O.OS- E +VBM \\? [ o __v_VBM
0.0 — f g .
6 4 2 0 —0.34 meV/K VBM
Binding Energy (eV) _0'10160 200 300 Metal ~ Semiconductor
Temperature (K)
Fig. 1. Temperature dependence of  Fig. 2. Temperature dependence of Fig. 3. Schematic of
valence band spectra of B-Ga,Os; valence band maximum (VBM), band diagram.
obtained by XPS. barrier height (e¢y,), and (bandgap
(Eg)+ VBM).
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LiNbO; E#x & & FEATRIBELL a-(In, Fe)203 & a-(In, Ga).0:; DFERF

Exploring of Thin Film Growth and Lattice Matching of a-(In, Fe)203 and a-(In, Ga)203

on LiNbO3 Substrates
REBIWEF CP) BR s, AP &
Kyoto Inst. Tech. °Kazuki Shimazoe, Hiroyuki Nishinaka

E-mail: n24a0001@kit.ac.jp

o BER(ETT U 7 A(0-GaOs)l T Z DR E 723 R¥ ¥ v 7 (5.3eV)I b,
BtE LTHR SN TS, 0-GaOs IZTHELTEM TH D720, B 7 7 A 7 (a-ALOs) FEMR 722 £ o BRI
WEICRET 20 8NS5, BFERKE O I A~ v FIC L - THEBENICA T 5 XMk, ISH

Lo Lo TND, 2T, AW TIIERE H
WELT=4T78Y F v ALINDO)ER Z WD T 7
0 —F & fREt L7z, LINbOs (X2 m i =7 « v & F 2
WE L THETIES VBT S, 25T R3c (2
B L. 0-Gax0s D% E M & LT %072 a-ALOs (2
FEFITEWFEREEEZ A LTS, M1IRT LI
LiNbO3 @ a fifif£1% 0.5148 nm TH Y . 0-Ga,03 & D
FIAY Y FIE32%E, BT AT EDI AT YT
4.7%) X v /hEv, EIZ, [F U5 iaiEE CTd 2 rh-In0;
L DIREEIETH D a-(In, Ga),0; 1L LiNbO; & A% 14
BT DHHRMBEFEIET D, Lo L, LiNbO; £:#i I EHE
Ga)0; ZE L7268 «Gax0s N ET S D, 2
T, AWFZETIX LINDOs TS LTy 7 7 @%
K& LZE O E~ a-Gax03 & O a-(In, Ga),05 Dk E %7k
Tz,

X 12739 K 912, th-InyOs ~ 0-Fe;05 Z A b3 %
Z L T LiNbO; LIS FHEETRE TH D, K2 IZI A B
CVD % W TR E L7z o-(In, Fe),0; %D XRD 26-0
BEFERZ T, 2 TO In #LAL T o-(In, Fe)05 Dk
RlCEIh Uiz, —J5 T, In fLARIE 50%LL Tl Inp0;
DELEATH S bee FE ODAZBEENE L T2, Zihu
In FHACLE OBEINZfE - TR E DT I A~ v F N
RKEL BTV B THD EEZEZOLND, In kit
30% TlE, 1ZIEHE IS LB E— 27 BE S
. ofEEAICERT I E—7 B SR o
72o &2 T 0-Gax0O3 XN a-(In, Ga),03 DD 7= D
LiNbO3 & FITHE T FEA L7z o-(In, Fe)Os KDk K 1T
I L7, % HIX o-(In, Fe)03 ~? Ga0; K U(In,
Gay0; DR b HRET D TETH D,
£E 3k K. Shimazoe, et al., AIP Advances 10, 055310 (2020)
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Bandgap [eV]

10 T :
o° I LiNbO,
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i
4 ] .
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2 | ! .
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0 1 1 n : 1 1
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Fig. 1 Relationships between lattice
constant and bandgap of the oxides
used in this study

[In] O%I * a-(In, #9)203 ((5006) " Linbos

{ bee-(In, Fe),0; (400) [
1 bece-(In, Fe),04 (222) i|*
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a-(In, Fe),05 (0006)

=} [In] 50%
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g {
© 1
=1 [In] 70% |
0_7 F | 1
gl .
E= 1
o [In] 80% .
x| * i
| [In] 95%
*
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*
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Fig. 2 XRD 26-w scan results of
a-(In, Fe)203 thin films
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BHIESXL—KICE SN F—TFB-Ga:0:TEX F v LIEDER
Sn-Doped #-Ga:20s3 Epitaxial Layer Grown by Liquid Phase Epitaxy
ZFHRAELEHRASH HEHRM
Opt FIE, HFT AR, XTR XB, EX %%, HE ¥, =M &k
Tokyo Research Laboratory, Mitsubishi Gas Chemical Company, Inc.
°Zhijin Chen, Hiroaki Tadokoro, Taro Takakura, Miyuki Miyamoto, Susumu Innan, Teruo Kamura

E-mail: zhijin-chen@mgc.co.jp

B-GaxO3 IZIR Y RE v FEHFH RN ORKIEIC X D B AR fEm Th D, T A A
AR T R R AR S LT STV D, IR RIED —>Th Skl =¥ % % v — (LPE)
BB Z T R RE TSR 2 B EIC o B2 XU Y LR E TE B 720, @Akt fh & Eid ¢

S5 ENTE D, FH DI P-Gar0s FMIC LPE 42 WM L 7oA T B X % v ViR 2 BEIC#
A LT B-Gax0s D/XT — PR B~ O AIC W Tk, ITEOBLRFHE 155 72 I BffioT
RERBIZN—TTO0END D, 2 TARBEERTILLPE EZHW -GayOs =B X F 3 v /LR
DERIZBNT, p-Gax0; D KF—ME F— R0 " THD Sn % FR—7 LT RE2HMET D,

R & LT PbO L OV BirOs, AE & LT Gax03, K—7% b & LT Sn0, & H4: 5 DIE D0 IR
AL, BRFRTMAL CEMI T, L<HEBLTOLIREZE T S, Edge-defined Film-fed
Growth ETHLIE X 7= Sn F—7 (001) f-GaxOs S AR ST E X F U v LR S,
SnO, DEAEALZFEST 52 LIZLD ., F—Yr ZREDHIHZ AT,

FEROFER ., 6~17 pm/h O E W EEE TR 5~60 um D Sn H ——si

Sn F—7Z U5 v MBERTL, SRA T VERAIE g, KA Fim—Subsirate

(SIMS) TxE4 ¥ v /L Sn JEARIELZE 25,
TEREAE L 9.2X105~1.6X10'8 ecm® Toh ~7= (Figure 1), 1E+18

TS %V VEO Sn IR Sn0, KI5 2§
LR ST, Sn R—7 T B X 3 v LB OfERTEE X ElEﬂ?
By %y H—T W (KRC) THELIE T A, IR £ e

DGR TEDM RS ST, 71 ) B3 EE (AFM) © As Grown A l
M oANn
DTEH XYY IVBERAZBERLEZLE A, FHEL~ULDOW 1E+15 MLy

MR ST, Sn Background
1E+14
bz &, LPE EIZE D p-GaxOs TE X X3 v LE 0 4 8
Depth / um

=z S— =
PHEMTHE, Sn F=7 275 HETH, mOsREL e fL Figure 1 SIMS result showing Sn
FATEZ RO Z EDVRENT, EBIT, SnO DARZFME  concentration of 7.0 X 1017 ¢m™ in Sn-

FTAHZELICED Sn R—E LU ZEEOHMMNTX 5 2 L Ax  doped epitaxial film and 4.9X 10" cm™
<h in Sn-doped substrate.

1 WG, 271 RSB R LR FNEHS, 23p-31A-2 (2024).
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HVPE (2 & % (011)H B-Ga:0: EARLDHREIELA XL v ILRE
Homo-epitaxial growth on the f-Ga20s3 (011) substrate by HVPE
BAtt/ RUVIVRENTH/AD—

OJIR ®WEAKER # Hsh, LH &K, 4K AF, AX A
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B-Gax03 1349 4.5 eV DR X7\ R¥x » 7% F L, SIiC X GaN & L O AR/ ST — =38 (K
MEFE LTHEAZED TS, FxIXINETID, HE N —E 1x10% cm3, fHE 10 pm O =
U BIER L2 3 y R — U T XA 4 — RSBD)IZHIT 5% 7 —KIa# % 0.7 ffl/cm?
FCERM ST Y ORI L TEHB Y . £72 5.0 kV Ofit/£% 7~ single-fin FET[2]
REERELTNWD, —H T, RVEMEDT NSA R EFEBRTH7-0120%, L VIRRE, EREO
TETIARRD LTINS,

B-Gax03 DB 7 TRRIEEIZ 13T A RRFERRIEHVPE )2 W TE 0 JREHERERIZ B W
T4aJE Ga & ChZMSEH 52 LT GaCl 4 L, T DO®%ERT GaCl & O, Z# KIS SH T
p-Ga03 & B LIc o B X v v VR S5, RERSFAIFO0)ENEFRTHY . £
HVPE LD SR SEBMA T % GaCl RO AHIM T 2 CL0U 77 X —HRO R T 5 Silk
FF—& LTEe6L7eH, ZTNH0RYE N —REZRBEIE L Z ENERIND, AFEET
100 A DB 7= e B AL OEESR & L C01) [t E~D R E 2 H, REET 740
—ORMI Y IAF, ERAVRRE T & AR LT,

2 LIZ HVPE i£% H T (001) i ds & ON01L) i Fob EIZ RIS CRE S 7t v 7 v D IR A 7
VEESHTEGSIMS E)IZ XL D ClEB LS IEORE SR 27 Lz, (011)HEHEMK LIz 5 R Tl
(001)ifi & e LT Cl B LN Si OV IAHDWAD L TWD Z LR I, R N —IRE LK
WCTE2mbNE LTHIFF SND 2 ERghoTz, F7o. as-grown OREE 7 + v ¥ —(X(001)iH
CIIRELS B D Z EPMER S, (00D)HEIZH BN DTEVE > 0w = S OFRR O R[]
BlEEIhedrolc, —H T, L)EICHFFAORFERESPHERSNATHY (X2, YHITFZNAL
B R AR S B = vy N SRR L7z SBD O ESMIEHEIC O W T HLIET S,

AAFFERC R DO—HEIE, BIfEER T O LR e &2 21k L7 (BR) B AT O T TR on b
DTHD,

[1] #k fh, 45 83 [l Fl A B 2k B Al 22 (2022). [2] AR fth, 45 82 [alis F R A 2 Ik 2 117 2l 22 (2021).

Cl(cm?) 8x10' 8x10M

Si(cm?®) 3x10"% <1x10'°

Table I. Cl and Si impurity concentration in f-Ga;O3 Figure 1. The surface morphology of 5-Ga>03
epitaxial wafer measured by SIMS. (011) epitaxial wafer grown by HVPE.
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Investigation of activation annealing condition of p-Ga2-O3 HVPE epitaxial wafer
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B-Gax0s DIEMURIR L AR E T X F v VpliEHAT & LT, T A FRAERIEHVPE )23
HNTWD, FT2, B-Ga0s ITEFEFMA T =— 95 & R —0NRIEHEL L, eV CaEHER L
DAEEFFARTT == 5 LIEME LT 2 2 & b bt TV 5, HVPE BEH X, B-Gax0s FEtK
DR FHKUCH SN H 7280, IR O R —IREME TN 5, 207D, BEZICAE
PEFEHK TOT =— VBN METH D, AFRTIE, 7T =— V5 L IEME bR, By fRE, v
3 v hF—U T XA A4 — F(SBD)D A L AXHU(Ron) ~ DB A A L T-,

WANZ, Gaz0s (001)FEAR (Ng-Na : 6-10x10'8 cm3)DE i & & R — OIRMHEALR A A L, #
offE IR ERITEN T, BT RIRIC L 2 EEA (L, RE-BEFENLRDOHND Ne-N,
DEBENSHEE LTz, 5 DOREHZIHSOWT, 0, HPA. . 1000°CTREMAL S T2, N2
. 1h T, 1200°CH 5 1450°CE T 50°CA'J577K“C“%§{Kéﬁ“(ﬁ‘fﬁﬂlﬁ?’:—ﬂ/%ﬁ/)f:o Fig. 1(a)
L), ENFENASSfRE LIEMAL RO T = — R EREE 2R, 7 =— VIRER EHT 51
DI TR R B & TR LSRN L, BV R R 1T 1400°CLL LD T =— /L CRIgIzHm L, 154k

FIX1300°CEE 2D & 100%IZ1ET D Z ERbhoT,

WIZ 2 OO E T T NI L TENZE I, 1150°C(Sample A) & 1400°C(Sample B) CIEMAL T =—
INEITS Tz, Sample A & B O ERRIERTOFEA D Ng-Na I%, 6.7x108 cm3 & 4.7x10¥ cm2 ThH V) |
TEBEIX 89 um FEE TH S, MialEHERmIC Ni/AU v 3 v S —EM & . =2 TilAu 7 Y/ — R
T2 AL L. SBD O Ei-T R EFTAT 24T - 7=, Fig. 2 (2. Ron D EJ& 0 Ng-Na - AFVE 2 7=,
Sample A L ¥ % Sample B D578 Ron 3 BARANTAR T LT %, ZHuid, Sample B @ J5 A3 bl DT
PR A E L, RSB L2l Thd LB b D,

AMFFERER O —FBIE, Bl T O EEFERM 22 L7 (R) A AT O FTRon b

DTH D,
1.6 120 15
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Fig.1 (a) Thermal decomposition of sample thickness and (b) activation Fig.2 Ron of SBDs with annealing
rate of B-Ga20s3 substrates dependence on annealing temperature. temperatures of 1150 and 1400 °C.
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B —Ga,0; 58D OVPE ERICHE T 58N FHEZ AV R REEHH

Growth rate control of f-Ga203 crystal growth in OVPE method using thermodynamic calculations
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(XT®HIZ] XU —F o ZPBEREEOREE VIZE D GaN, SiC, B-Gax03 £ W\ 72U A ¥ v v
THERIZERNEE > TWVD, FRT B-Gax0s (F/3T —FT A A~DOF M Z RT3 HHER
D T <, WFBRRIEIZ XD @i BV 7 fEdb OERINFERAL SN TN D 2 26 H VAL
D72 SN TN D, @R T NA ZA & T D - OITmME R = EIRAMLERAIRTH Y,
Ate B KA R (MOVPE) 07 4 REAERERE (HVPE) 1EIC K 2= IO BRI FH
EFNTND. B )y, 2SO FERFFEEHHSRO M THD C° Cl BRATIMEN D D.
I OMBEIZ T D720, Fx I TBIb & RIA L Lo KMHRRIECTH DA X4 REAHK
F{E (OVPE) EZHWTERALAT Y o LAERERIZEY LA T 72,

SEATAFSE LV OVPE {EZ Wt 7 7 A 7 5AR | B -Gay05 i fh kR B\ TR 13 )
SR O T 5 2 LR HEIN TN DB SEO®ETIE, BUIFEEERE SEBICHREIC
BWTESEN NS LL 725 L) e W AT &SR Z R Li2tk, KIEIZHT001) B -Gar05 HEAR
FITRERE ATV, BRI DSHERF S 405 DMREE L 7-.

[E=BRERER] fEME L TR G (12x25 mm) @ Sn K—7(001) ifi B -GayOs Ktk % FHV 7=
I PR & LT GaxO A%, VI &R E LT H0 27z, Ga,O H AL Ga & H,O A% KGH St
THAR L., ETENFHEZHOCKIBER CRSOMEFRENGFON IS HER L. iR
Hrof BT Fig. 1 ISR LTRY, FEEICBOT GO NENELL 2D LI T A7 0 —4t%
EO T WITH DN T EfF 2 AV CTHRE CER 2TV BB OMIEZ 1T o 7. Fig. 2 ICER T
DIV & IR O R R E OBR 2R L72. 1040°CH> D 1060°C £ TIEBSZFHR TP Lz &
DT, K 1.6 umh ORREREZHERFT D2 LN TE, —~HTI1080CEMA TL D LB HFH
OT RS TEBEL, REEEDOE LWKRTAR SN, ZHUTEREIC X DB EN KX <

olzl-bbtEZ TV,
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Fig. 1 Thermodynamic analysis of Fig. 2 Growth film thickness.

GaxO partial pressure.
B 3CHR : [1] H. Murakami ez al., Appl. Phys. Express 8 (2015) 015503. [2] K. Goto et al., Jpn. I. Appl.

Phys. 60 (2021) 045505. [3] R. Togashi et al., IWGO-4, October 24, 2022, Pos 1-15
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BET) YOI UEKIZK D B-Ga0: EiRFERD
X#ERT ST 112k %R
X-ray topographic characterization of #-Ga:0; crystals
grown by vertical Bridgman method
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B-GaxO3 13NV —x= L7 hr =27 2 kL L THIFF ST S SiC X GaN 72 EOWERET, &
JECHURE S OB R S WTRE TH DRk & b2, 9 TIZ. 100 mm £ Edge-defined film-fed growth
(BFG) EIZ L DE T A AMESGRER A TIRS TV, SHicmimEfb =2 Mead &
L. EET Y vV~ (VBEEIC L DREEREDAN BT SH. 6 1 > FEOMGh TR & il dh K
DR EEAL N FRE S T2 [1],

X#MRTT 74 (XRT) (&2 KMafEHTTid. EFG #fish & VB fEfalliT. KHMaDEHE & 5%
IZBWTREZ2EWN R 5%, EFG KM T b 8BNS B WEARIR KGNSS TH 5, Fig. 1
1(010)Z:AR D XRT B TH 573, HEBEALHEEIL, VB fdh T 400-700 cm™, EFG i & T 8000 cm™
V1 T ZOEOHROND, (00D TEET D & T7RbBEM S L7z Bl o BRI,
VB i TIE(001) NI IR HHAACHE, EFG fifisn CIXEARK B THD Z Lnl3bhole, 22T
HELTWD 2 M, WP bishOETT A (51& EFJ7E) 13(010) TH S, VB Ok
I DR 7 17 & & Teftidh O XRT 4013, AN IEAE LIZisMIEA pliR & & IR LTS
B Blg sz, Zhud, BRG] & k23T < EFG flidh L I3 TH Y | VB
k& EFGIEICRIT DGR OENZ R L TN 5,

AMFZEIE, FHAB IR BRI IE AR R B S 26T el R el R B 54 7' 777 I A-STEP {3
TR (v F 777 P OBIRRAEZ T T,

[1] Igarashi et al., International Workshop on Gallium Oxide and Related Materials 2024 (Berlin, Germany).

Figure 1 XRT images of f-Ga,0s (010) wafers grown by (a) VB and (b) EFG methods.
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Demonstration of vertical power devices of (001) p-Ga203 grown by MOCVD
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A B AR IE(MOCVD )M AW ERO IR TRICBW TS HNb L FETH
V. B-Gax0s |23\ T % (010) < (100) i TOHE D E L <AFET DH[L]. A ILZINET, ~"TA
RFHRCR 5 (HVPE ¥£) 2 IV T(001) 1 f-Gaz0s Sitl LIz B2 £ v VIEZ B L, v 3 v b
— U T HZA H— R(SBD)RHEHIME b7 P AZ DBWEFEFEZIT > CTE 12, 5% D & 5725 EiME
EREDTZOITIE, L0 @M - 8% ¥ U TREO= EENMAE & S1 50, HVPE 15 TIEIGH]
R CdH D GaCl 0 BIBAT D2 A CHZ L0 R R —REAZIK T S8 Z LICHERH D,
AHFSETIX, MOCVD 1512 K % (001) f-GazOs A D = BRI A 5L L, I O R IEWi
JER> SBD DFfMEA R L 72 O THET 5,

BB E (21X R R B ER(RR) RO A Hot-wall XSG 2 v, AHERIERHZ N AF 7Y
UAEHER U, K LIZEREERE 3.4 um/h TR L 72 (001) i f-Ga03 Fatk o> = D — kA A
VEBEDHESIMS B L A RMMES 7 e 7 v A NV ER LTS, ASREEEHCE END H
R C, KISIFORSMENZE END SilI NNy 7 7T 0 KLU Th Y, (001)f LI @M 7=
EIREARIETE 2 Z E BRI, VT, JBES 14 um ©7 > R—7 % (001)ifi f-Gax0s FAk
2R L., SBD ORIEEZITo T, T3 v M —BMITIE NI ZH\ e, B A XIXEAE 800 um
Thb, 2 DEIEE-BIEQ- V)R Y . PAEREDS 1.04 O BAF/2NESF AfFHE &, —400 V
F CHIE FIRRE DKWY — 7 ERfEN SO,

AWFFERR O —IIL, PR T O ZFEM R & S Lz (R B ARRSHTO FCiond
DTHDH,

[1] HAk fb, 5 71 BS AW A F A hH A (2024).
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Figure 1. Impurity concentration Figure 2. (a) Reverse and (b) forward J-V characteristics of SBD
of (001) 8-Gay03 epitaxial fabricated on (001) p-Ga,Os epitaxial wafer grown by MOCVD.

wafer grown by MOCVD.
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MBE i%IZ & % NiO/B-Gaz03 AT O & B il DS
Study on NiQ/f-Ga,0s3 heterojunctions grown by MBE technique
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FHBRE L ELRAT?
AIST’, Novel Crystal Technology, Inc.”> Hirotaka Yamaguchi', Hitoshi Tampo', Takehiko Nagai'
Yoshiaki NakataZ, Kohei Sasaki’

E-mail: yamaguchi-hr@aist.go.jp

B-GaxOs (INV—x= L7 hr=27 2kt LTHIRF SN TWD —F, R—E U 72k 5 p BlRE
DREETH D, ZOMBEERT 572012, p BEEORME L LTDO NIO Z2~T ST HZ
SIlTED pn HEAEOBMBEEZED TN D, BEEZER CEMERBZHEH Ly oy o —
(MBE)IZ & » T, JR7J&HAL CTHIME S iz @ i E RO R EN e TH 5,

FEBrIL. EFGIEIZ X D p-GarOs A Z A L. (010), (001), (201) D4 LIZ NiO Z [A T
B U 7o, AR o SO R EEE 1B (RHEED) #8182, RER% 0 XREI4TIe X O o785 7
TBAMEE (TEM) BIZ2IC KV | NiO BEDHE & 5 (Ar0 F i & & bt U 7o, Al & NiO B 5L
BAfRIZ. Y L7 WEIZ K D NiO/B-GayO3 IZ DWW THitE VT4 [1], MBE 1AIC L 2 Z BT
b, —HUAERS S DAL, Wi TEM Tk, WO EREICE O T b B O AER Nio B
AL TRY ., REEN R VREZRREHEZ I L T e Ry LRE LTS Z & D3R
Sz (Fig. 1), £70, L oarb ERD a3 b7 XA MR B, # T AREAIZER L7#A7I
EoabolEZOND, REEREIZTTZ 7y T, EROEAMIZE D BRBER>TND Z
Lol

[1] S. Nakagomi, T. Yasuda and Y. Kokubun, Phys. Stat. Solidi B 257, 1900669 (2020).

[331] nij

; 24 NiO (331 =
NIO-(.:.10) mo]&—»[ne] (331) mo]L—'[HZ] ¢

NiO (111)

Figure 1 Bright field cross-sectional TEM images of NiO films grown on 8-Ga>Os (010), (001) and

(201) substrates.
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Anomalous Carrier Profile and Its Mobility in f-Ga203
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[1ZUBIZ] p-Gax0; 1E, 4.5 eV DRE RNV KXy v T E ORI EERTH Y | BikkE
B XD 7 BEENFEERR Z L DMERE, 2 A2 FOME NS /XU — 8 Kbk E L TR 24
HTWD, — T, MBI, GET A ZREERFIAEND Z & BBRERE T A R &
LT, BICEBEET AL ZSHICOBIER N TV D, -Gay0s T3 AERL7 1 & 22k
TAYZyF 7 A—Iv a2 Mgk, VERT— MEREIEH IS BCl A%
HWTOSMEA Ay F o7 (RIE) 13, RRMOAERS Cl OFEHUC LV BRAVRFMEIC R E %
B2 Z ERMESINTHWD[],AELSI A4 HEALR B-Gax0s (010) HARZEHEIZ BCls RIE 4L
AT 7%, MOS ¥ /Sv X EERL, ZOF v V77077 A4/ (Ng-No) Zabi L7z,

[EBk] X 1 12 MOS v v X Oz rRd, REMER Y vt A 3ko@EY THh5H, £7°,
J v R—7" B-Ga0;3 (010) JEM (n ~ 1 x 1017 em?) ~A A 3EAIZL Y Si @ 60 nm box 7'~
7 ANEGRE L JEHLT =— 266 L7-, RIZ, RFE237— 100 W @ BCLRIE 12XV g 20
nm Ty FUTBRELE, FWVT, Si A A VIEAE TiAu REICEI D A— v 7 BMEFEK L
Too BIZIC, R EHEREEIC LY 20nm JED ALO; EAMERE L., =0 B2 EA 400 um OHJE
F— NEMETER L, fERLL7- MOS ¥ v /33 Z B WT, #— MEIE -10 V EIINREET 30
IO FEIRE (K 280 nm) VIR LATV, ZORIMEORE-BEFMEND Na-Na ORS 71
TrANEREL -,

[FEREEZE]IK 212 Ng-N, DRSS T 7 7 A VAR T, XK EICIE SRIM #HHE TH7ZEA Si
DT T7 7 ANEEDETART, Aspristine DIRET Ng- N, (X, SRIM FHHEEAZ K& < FEIS7
SAiZLTEY, RIE 72 ATHEINZXMED Ga0s FO Si K —OAREHALIZBEI G L T
WD EHERI D, X3 12 150 nm X TOD Ng- N, ORFFURIFEZE RS, SA 7 AN & JEE
BT L No-Na 1XEE 150 nm (P20 & LT Lz, ZO2 ki A 7 AN
ERBE EB O ORUETIIBER SN o T2, DD, ZO—#EOE(LIX, o rLF
—IZ2X VY Si RF—ORIEHAICE 5925 R —-REEESERNEEEL . KA RY 7 Mok - T
BEITA2ZLE2RRLTWDEEZOLND,

[BHBE] ABFZEIL. MBE ICT EAHMOMERE e =7 kb (JPMI00316) Kb\ E = x5
ANA ABEEMTOBASE - FEiEFEE REAEHEFN) OLRFELZTEMLIZLOTH D,

[1] G. Alfieri et al., J. Appl. Phys. 130, 025701 (2021).
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a % * SRIM | X e O
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Fig. 1. Cross-sectional schematic of

MOS capacitor

© 2024%F [SRYEES

Fig. 2. Na- Na depth profiles
with repeated bias and exposure

16-092

Fig. 3. Na- Na at 150 nm depth as a
function of bias and exposure time.
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CEY 774 7ERLEBEREER 0-Ga,0; DFEALFHE

Optical properties of selective-area-grown a-Ga;0s on c-plane sapphire
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a7 o H IEERRIET Y T A(0-Ga03) X 54 eV DN R¥y v T TR N X —5 O U A K
Ny R¥y y THEERMEIO—DTHY | EENSY =T A ZJSHPER SALTWD (1],
0-Gax03 [T BRI HEL TEAR D 726D 600°CHTULE TR FEAHD B AH~OREEAIIE 23 il Sh TR |
il 7 1 ASOMMERRETH o7, — 7T, IFE, BIRES AIO, F v v 7EOEAIZLY
900°CLL LD R TOMEZ Eb 2 WA L TRV [2,3], MR TOBIA AL WD Z & T, AU EA
(2 K D EBMERIELEF OO & RRKOHE BT TE D, AFETIE a-GaxOs DFar 7
F+ b= ZEME R E LT, &ill ToBULEL R (a)
0-Ga03 DIEIEFHEIZ G- 2 D BT DV TR T2,

ctliY 7 74 7 HAM EIZEL S um @ Si0, Ky h4L/Y
S — &R L, I A N CVD IEIZ LY EIRE 600°C
T a-Gax0; Z RN R S 72, @IEE 0-Ga,0s3 kT
ALD EIZ &Y AlO, % v v 7 JE 2 #) 100 nm 784 L7,
PERL L 72 3UBHI R KGR AT . 1050°C T 30 2y [ BAMLER
L. ﬁ%?%}é 7~ 7+ bV Ry A (PL) H
o7 (IR 532 nm), BT~ HIEICLY
7T v 7 BEASITWRWERCIE, 0-Ga,0s (2 A
92 T OOREE — ROHER S AL afHORE DS HERF S 200 400 600 800 1000
TU/o [Figs. 1], B2VLEERTOREHI Y 7 7 4 7 HEF D ' Raman Shiﬂ {cn:ﬂ)
CrUC K DRI DARDBEGFEONT=DITK L, BULEEE T féige‘ctiif'e-a(l;lga-;rolwgpg;j(l)s ;rrf{[i%eanr?galﬁg
696, 698 nm (ZHiV ) PL B'— 27 35 572 [Fig. 2], A5 at 1050°C and (b) a typical Raman
D %\’éjll: A2 h U 0-Gay03 1D Cr+IC LA L[4]., B spectrum o'b'Fa'ined at .the region without
clacks, exhibiting 7 active Raman modes of

XD F T 7 A TEARFD Cr AR 0-Gaz0s -~ 24, and 5E, of a-Gaz0s.
?MK%&L?‘:&%%E%L%)O BYLHIC L5 Cr oBINE ‘ ‘ ‘
a-Gax03 D7 7 h =7 AJSH~DRBABIIETE 505 , ; ]
Ty RT—F A ARSNC & T BB & 725 , .
T, BMEMOBIEALEL Shb, SR L0 "

KA DWW THE T H T ETH D,

[FtEE] ABFZED—ERI1L  ISPS FHFE 22K14286 DBk
T TTOIVE Lo, BFEZEITICH IV T 72V T2 RS
SR - T ARTUNT, BORATERT - PR BRI A R ——
L EFET, 680 690 700 710 720

Wavelength (nm)

Fig. 2. A photoluminescence
[1] K. Kaneko, et al., J. App. Phys. 131, 090902 (2022). spectrum of the a-Ga;03 sample (a)

[2] J. McCandless, et al., Appl. Phys. Lett. 119, 062102 (2021).  before and (b) after annealing at
[3] #hEF 5, 2023 45 70 [EUSHEL PSRRI,  1050°C. PL peaks at 693 and 694 nm
16p-E102-6 (2023). originate from Cr¥*-centers in the

[4] M. Back, et al., Adv. Optical Mater. 9, 2100033 (2021). sapphire substrate.
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ARRBERICHBITES VT ILE—F 0-Ga,0:; BHEEOEEL & SEF D& A
Fabrication of single-mode a-Ga;03 waveguides and observation of the light propagation
in the visible region
RAEImBE |, RAEEH 2, KRB EXIE?®
OM2)fRIE MK, K#l FX', b AN @AE AKE', RE FE AKX @'’
RCAST U-Tokyo !, IIS U-Tokyo %, Graduate School of Arts and Sciences U-tokyo®
°K.lIijima !, H.Otsuki ', S.Ji 2, R.Jinno '?, S.Fukatsu®, S.Iwamoto
E-mail: k-iijima@jiis.u-tokyo.ac.jp

YA RN R » PHRERO—DThH LT Y U A(Ga0:)lE, milifE - AR KT —F
N 2B UTIERERITREI N TWD[1], /o, 74+ F=7 ZDBENH S, JRWEEHR T
B THLOMEEN G, IR CHREET 2 ERRIR O 7T v 74— A5 & L TOAREMED R
M ENIRDT-METH D[2], HEEFD B-GarOs TiE, AIEGER I NHAEBI SN, v
T— NMEICBET 2w, @HAAHOA ¥ —7 2 —ADERIT 5T biu ey,

AW TIE. B-Gax03 KU HIAWW Y KXy o 7L EWEITR[3,4]12H 7 5 a-Ga,0: IZHHEH L, 7]
TSR D 0-Gar03 FIR K 2 /ERL L, WM& 218 U7 YEE8 s o BN S L7 O THE T 5,

FT. clith 7 747 B2, MistCVD EIZ L 0 A 200 nm D o-Gay O3 il 2 plizR S 72, R
TPECVDIEIZ LV SIOBHELZBIEL . Z2DH%Y) 7 hA77mbE A28 Niv A7 2B LT,
Ni ¥ A7 & BCL/ICLIEA A% V= 0-Gax0; @ RIE D%, HF (2 XV SiO B E NIy F o7
VAV HRETHI LT, HEEEEAER LT,

VRS U 72 38 K O R SEM 8 % Figure 112" 7, £ 200 nm OV 7 7 A4 T DA —/N—x v F
7 rgde, I 1 pm DA AP 0-GayOs B OMENF b iz, E7-. Figure 1(a)DFf
A SEM JIlE OREE T A —F o 2 [EHA T — FEEIC L 5 85T — FOBEL O 2R,
W LS DE— RPN TE REDV I NE—RTHDH I ENbhoTz, VERLL 78 5o i X
T V=T 4 TN T TR SN TEY [Figure 1(b)]. #HE 633 nm DR L —F —JE % FEAH S
W& 2 A, B HER S L2 [Figure 1(c)], M B, {ERT 0 & 2 LE BRI O FEH 2 /R
TAHTETHD,

Figure 1 An SEM image of the fabricated a-Ga20s3-based high-mesa type waveguide with a width of 1 pm. The
inset shows the electric field mode profile of the waveguide mode, as expected from SEM observations.
(b) A CCD image of the fabricated waveguide with a length of 30 pm. (¢) A CCD image of the
waveguide supporting the single guided mode of the grating-coupled 633-nm light in TE polarization.

235 SCHR : [1] S. Pearton, et al., Applied Physics Reviews, 5, 1 (2018). [2] J. Zhou, et al., Journal of Materials
Research 36, 4832-4845 (2021). [3] J. Zhou, et al., Applied Physics Letters, 115, 25 (2019). [4] M. Hilfiker, et al.,
Applied Physics Letters, 119, 9 (2021).
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20p-A22-13 HESEISANES SHSLIHES BRTHE (2024 KAV LEN2RIBEA VS 1Y)

BRAEH YD LERWN=T+ b=y VERT / E—LKIRBOKE
Design of photonic crystal nanobeam cavity in gallium oxide

RASWH |, RALEED?
OB, RIRHK . REE'. HhEK? AHBAKRE'. S5’

RCAST U-Tokyo, IIS U-Tokyo °J. Jeon, K'. Iijima!, N. Harada!, S. Ji, R. Jinno!, and S. Iwamoto'?
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T A RN RE vy THERERMEE R O A PO, RONEMZ R LA A AL LS W EA A &
52 EMBHE—YTIRE~OIHAPEFGE I N TV D[], B-Gax03 1L 4.6-49eV DN KX v » 7T 3
NF—ZFFOTA RN RX Y v THERO—DTHY | IF Fe X Cu it EAMMAERE T 5
1.316pum THNT L aP.ORHRE SNT2], TORIEPERIFIEEE THEHSND O N RICALE
LTEY, EFEREEFEIH~OICHIZBWTHE THL EEXbND, BT HECET
v—2 L ARLERWCENRETEHRT AN ZADOFEBITIX, 7+ b=y 7 F /EEEZHW
AT LOMAEREZRD LD Z ENRNIEL 2D, FIZT7 + = v 7 #idh (PhC) T/ HRER L.
BV O MEE/NENE— RMEIE Vg RO Z LD, XA VEV RETF 74+ F=7 ATHILIEH
XN TWD[3], ABFZETIX B-Gax03 DEHFLOET 7+ b =7 ZEH%Z HMIZ, Ga0; THEAL S
T2 PhC 7/ B — LR EF 2 RGH L 72D THE T %,

BEt L7 7 ) v DRHHREGEE A Fig. 1 IT7-7, Ga03-PhC F/ B — A RDZEL LA 3 D
BRUN 2 L3 FRUILIRER T, O A @ 6D 2 T2 DI R AT D28 5K FL B L O ZER AL 2 £ L7z, PhC
DI&FER a=470nm, ZEXILOFE R =0.28a, KA O AT R =0.68R, Ry =0.77R,
E—AMEw=15a, E—ALERT =(504T)a ThHD, £7-. Kbtz HALONMEIZIMANZ 0.1a
V7 hERT, B-Ga0s DEFTER n 1% 1.95 & L7Z[4], 3 kot FDTD & H W 7= fi#tro o, HiEgsdt
IR Lo = 1.317 um IS KMEFHEICRIET 52— K (Fig. 2) BFEET 2 2 ANbrolz, ZO%E
— RD Q0 fli, T— FEREIZZENZ 16111, 1.32(Lo/n) THHoTo, D EHAWVTHE LZHR
N REIT 927 TH D, ZOORRIE, FHEED B -Ga0s 1l & O AAEHIHETRIZTE
MTEL LR L TND, £OMOLIRGHEEL, FR 7 1t 22O TRET L 72/ R I3
H#HET 2,
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Fig. 1 Schematic view of Ga203-based PhC nanobeam cavity. Fig. 2 Cavity field distribution (E, component)

BEE « ABFZEDO R JSPS BHIFE 22K14286 DBk A% T CTiThvE LTz,

SE3CHR < [1] 1. 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] M.Sichen et al., J. Phys. Photonics 2, 042001 (2020). [4] T. Onuma et al.,
JIAP. 55, 1202B2 (2016).
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