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Gaz03 Thin Films Grown by MBE on Ga203 (010) Substrates Treated by Nitrogen
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MOVPE ;£I=& % Si F—F B —Ga,0;(010) RETEX X v ILEE
Homoepitaxial growth of Si-doped B-Ga203(010) layers by MOVPE
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Study of MOVPE growth mechanisms of B-Ga20s using trimethylgallium
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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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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.
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= 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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18p-A22-11 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

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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(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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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
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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_-
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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
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5. EEGE 71 B OOSHBMEYES BEVIGERS
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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) |
> 11077 S, 97 >
= > = )/ () 9 9
0 (] 6 24 & o~
S 45 110°.3 ] 4 e O e up
© { 5.% o o N
110 ’ S
£ / a-Gao films L E ,,'®  aGaosfims @& 11
L 40 ® P,=003Torr {10 L 40L@@  T.5distance =20 mm
. . . i 386gcm’(cGas) . |
20 30 40 50 10 0.00 0.02 0.04 0.06 0.0g
T-S distance (mm) Po. (Torr)

Fig. 1 Target-substrate distance dependencies Fig. 2 Po> dependencies of film density and £,
of film density and resistivity for a-GaO films for a-GaOS films fabricated at a target-
fabricated at a Po» of 0.03 Torr. substrate distance of 20 mm.
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In(OH)3 % PLD #—4wk&LT= In203 RSO R 2D 1SS
Fabrication of In,O3 thin film transistors using In(OH); as PLD target
JERBEER ' AKRBEFH 2 OMNEFE £ TV vU M T47 2 KHEBE? B B2
IST-Hokkaido Univ., RIES-Hokkaido Univ., °H. Sadahira', P. R. Ghediya?, H. Ohta?, and Y. Magari’
E-mail: sadahira.hikaru.d3@elms.hokudai.ac.jp

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).

a InoS—%wk  InOHE—% vk b T 150
i ’ ... . 3,,\,, - 10_3 L |n203’5‘—’7“yl~ \—.lw
o |—_|>
: 2 10° In(OH); 35—/ b €

2 10 3
S f’ 1100 \;
) = C .- >
< qt) 107 . - E
3 (@]
c £

c -9
o . 150 ©
® o ‘ 2 \/1 a1 =
= © Hee ~95cm2Vis 5
T 0™ S.S.=0.14V dec o
i ) V=14V 2
1013 Ct ' - 0

-10 0 10 20 30 40
Gate voltage (V)

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?).
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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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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
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