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

hydrogen generation technology
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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)

@573 K

[y
o
T

N
o
T

Energy / kJ-mol*

30+

© 2024%F [CRAYEER 16-002 21.1



18a-A22-3

© 2024%F [SRYEES

SE85M G AR

KEH/NNIWRARTR ORIy 2 ZAVEEBIER XDRRIE

Deposition of tin oxide film using high-power impulse magnetron sputtering
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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
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Fig. 1. Growth rates as functions of O-related
species fluxes of GZO films.
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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
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(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.
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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
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Cross-sectional TEM image (left part) of Ga-doped ZnO
films on glass substrates. Lateral-grain-size-effect model
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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
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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)

A Omol% = 6, 528.9ev
; . 0y531.6ev
o o NGB =-20V | poybes
g - AVpy=-5.5V Vo =5V 3 131
£ ! S-4t Omol% - S8 | <
g o - ) satir——— =
3 >E AVy=-10.5V £ | 3mol%
= [ o - B -
s 1 a-8 3mol% E
S gl Omol% | r
i 3mol% 12 - * ’
[ ‘ 0 1500 3000 L. .
T T 0 20 0 Time (s) ne

I
527 528 529 530 531 532 533 534 535

Gate Voltage (V) Binding Energy (eV)

Fig. 1. Transfer characteristics of In,O,
and La-doped In203 TFT.

© 2024%F [SRYEES

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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Cu/CuO BE%—47 v FZHW=ZDC Ay ZIZXk 3 Cu0 ED
YR B VBRIV REME DRl

Evaluation of the optical and electrical properties of Cu:0 films

deposited by DC sputtering using Cu/CuQO mixture target

WIKRIH¥P

School of Engineering, Tokyo Tech,

BN R, B &S
OAkio Sekiguchi ,

Shinsuke Miyajima

E-mail: sekiguchi.a.ac@m.titech.ac.jp

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 ¥
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Fig.1 Dependence of carrier diffusion length on
annealing temperature
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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).

16-014

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.

€X1O-6. . . . . .
=
T 4} Q|
= t=500 nm
2 3}
7]
c
[7]
s %
= +
§ 1} Qo
5 Qo
[3]
oL@ . . . . .
8 50 100 150 200 250 300

Mesa size (um)

Fig. 3 Crack length density of the
500-nm-thick Er:CeO, samples as a
function of mesa size.



