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1. ERLEHREED :

WEA O FFeE T RE R BRI S 2 B THAICE S &, AR XX —%2FH L= KGEMS D
BB ANATON TN D, ZD L) Rt FBAEEE 2. AT, EmERb=4~7
A V) 72 a-NbOy/Al/glass| KNOsaq.|Al/glass D YGRS =M (PEC) ZMF9txi4z Lz, BE#
@ PEC T L 7= a-NbOx #5113 O/Nb = 2.9 T/K %3 & & T T 0 [1]. #LA% I NbOs + 0.8H20,
NbOs; Z AT v hU— 7 I ZHALGEZEARL LTRSS TWD 2 &R S 1L72[2],

AHFFETIE, O/Nb bhZ 28 b SH72 a-NbOy JE A /EHRL U CEB AL F R OE W ZFHI T2 &
& BT, ONb D72 % a-NbO, HEDOHEEMITC, FEEN AL 5D RMC 7 V25T 5
Z LT, PEC HEDENRASRA D= A LB MRAT 5B+ L2 HME LT,

2. EBk:
2.1 VERLOIERL LR - B OWE

a-NbOx X RF ~ 7R b1 A Ny 24 (EAEREEY, SRVA4320 B A X & 1 o 7 akE)
ZRNCHRE L R L 2 — ISR B S — % —%ff 5 = & C O/Nb & % L 7=, Table
1 (SRS 2 o d, BEHRCOUER[1] ORIBCERE L i LT, b —% —LISNT, X =R TR 7
R L TWA A, HRA L Z =N AGT 5720, JEAEHEAICITO D SRR T 6N 5,
77774 hi— bk (PERMA-FOIL®) EIZBBIX4172 a-NbOx D O/Nb b3t X #ohT
(XRF) TR, AEIEM EOFEBLD K B % FIRBEET 2 58m7E (TDS) THIE L7z, HEREOE
VT X MR H 1L (XRR) CHIE L7fER RN Uiz, BRI, SeBESALFREOFMA & L
T, BEHCSCHERD PEC WIERFIZZE LI KA 23S H 4172 25.5 nm[1], XRF <> TDS, XRR DOHlE
FIZ 100 nm % AV, XRR HIEIZE—A T A > BL19B2 THEfi L7,
22 HBEBRALFEFEL AN KXy o7 - b $ v U 7 BEEOHIE

BE# D PEC[1] &L T 57201, HEESOMESMFILFEERC Lz, EEEREE (o). BKE
JE (Voo)s BKET] (Prmax)s HIARIR - (FF) @ 4 IHH 2878 L, BB PEC JIEDOME & Hig L7z,
F72, ONb lkOEAIZ L BN KXY v 71X, DR P OGN AT MVETT 52 LT
KO, S X v U 7T RBEIE L time-of-flight 5 THIE L, BAASEMEIC SOV THHRAAE LT,
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2.3 a-NbOy OSSN & RMC 7 /L DOERL

Nb JF 7 JE30 O Ja i 2 f1= 2 72 8 . X RN SHIEE (XAFS) & L 0 fi#Hr L T EXAFS &
#2157, EE 100 nm TA S5 EIZRUE L 72 a-NbOx K 2 1 E D52 L7-, HEXRD HIE
WZiE, 50 um B F 7 b v BITHEE 200 nm TR L 723062 20 X 20 mm (280 L, 20 Bofkg L
THIEREE L7z, XAFS & HEXRD HIEZ NN SIEEHIT 21T, S HICRMC VR = L—
v a U B LITAEEE T A0 LENESCZ IR (NDO,) Ry B U — 72DV 7-, XAFS
& HEXRD HIE X, ZH 4 SPring-8 D B — 7 A > BL14B2 3 X O BL04B2 T3 L 7=,

3. BWRBIUEE:
3.1 KRR - B
b —%—NE7 L, 150°C, 500°COEHEEITE T, a-NbOx #ED O/Nb HixEhFi. 2.7,
2.6, 2.5 Erpol-, TDS HIEZIT -T2 MR, 2 TOEBT/KOMNHER T ehoTz, /Hﬂ#‘ﬁiﬁ/
TN Z CTHERGRE D\ Z — Ry 1R v 7 e B 2E %I-‘é W R0, AR AR L H—ABRIC
H‘ﬁr’ﬁﬁﬁ‘]fi;@ﬂ%ﬁ@%%‘(“1%&%@7k67‘75@<ﬂ%¥&“(7?&§%L?i L BEERCTHR[1) k@%ﬁt@éb\ﬁg&
LTCEzONSD, FELV, ONbH 2.7, 2.6, 2.5 DMAITZFINEFIL, NbOss. NbOss. NbaOsg
& LTz, BEIZZENZI, 4.70, 5.05, 513 g/em® L7257,
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Section A

DEHNT,

TRERBAED R SN0 o7z, F7z, time-of-flight JEDORIE LV |

—JFONb WL L TH N R Y v 7 1353.6 eV X v U TEBEIFE L 1 cm?/Vs

BRI 212 T Dk

IZBWT, N RMERETEHES Ry B B8 >TnWD Z ENRIAENT,
Table 1. Deposition conditions of Al and NbOx by RF magnetron sputtering.
Al NbO,
Substrate Glass Graphite, Quartz, Al/glass
Target ¢101.6 mm, Al (99.9 %) »101.6 mm, Nb (99.9 %)
Ar gas 99.99 %, 1.0 ccm 99.99%, 5.0 ccm
0, gas - 99.99%, 5.0 ccm
Orbital speed of substrate holders 1800 rpm 570 rpm
Distance from substrate to target 100 mm 100 mm
RF power and frequency 50 W, 13.56 MHz 400 W, 13.56 MHz
Back pressure <8.0 x 10° Pa <6.4 x 10* Pa
Deposition pressure 9.3 x 10?2 Pa 0.39 Pa
Deposition rate 0.042 nm/s 0.455 nm/s
Deposition time 2400 s (100nm) 2200 s (100 nm), 560 s (25.5 nm)
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Figure 1. (a) Short circuit current density (Js), (b) open circuit voltage (Voc), () maximum power
density (Pmax), and (d) fill factor (FF) of a-NbOx-based PECs prepared at different O/Nb. The yellow
squares are previous data cited from our paper[1].
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3.3 a-NbOx EE DO IEMET

Figure 2 (Z Nb @ K-edge XAFS € D R4~ , (a)dk V. O/Nb=2.7~2.5 3£ 18990 eV Hif
BRIV VI RHEEL TS Z EnD, BEROMER[1] (O/Nb = 2.9) L [FEEIZ NbOs~
NbO; DEHERZA LTS EEZBND, (Q)b)C)DEIFITRKE RELN RSN LD,
O/Nb LN L L CH Nb JE D OJSFTHEIC K & 222 LN 2 & 2RI STz,

Figure 3 (Z HEXRD JliEDFER 2R T, ()P S(Q) & 7 — V & L TR LT (b)D T
T. O/Nb LEAHENNT BIZ24 T, r=22~2.5 A, r=29~3.1 AFHTOBEE R KX 725 TV
HTEDBIETE, ZNEH 0-0 & Nb-Nb HEENEE L TWb EEX LD, O DEIGNEL
72 D120V THEWEEEED 0-0 X° Nb-Nb HHBEMFIET 5 L 91272 0 | Z IRV NDO, Z iR o 3t
HOMAEFICHENRE -2 LRI T,

3.4 RMC E7 VOIS & PEC Fet: & o B

O/Nb =2.7~2.5 TNZi %M LT, 1110 (Nb =300, O = 810), 1080(Nb 300, 0 =780), 1050
(Nb=300, 0=750) DFFEARMA L, ¥ 2L —va A A, 23.52, 23.25, 2345 A
& 7ot PRSI Fig. 2b D EXAFS #RE) Ky(k) (k=43 - 6.5 A- )3: Fig. 3a @ S(Q) (0=1.5
—10 A, 7R OEEHEERE% . Nb-Nb=2.80. Nb-O=1.40, 0-O=1.50 A, BVS DOffif{ Nb =
+5, 0=-2 ZHH L7, Fig.2c OF =7 IN/NENZ EB, Byk)iE Nb-Nb, Nb-O fHBH D 7
%#%E L7, RMC =— F{X HEXRD & EXAFS, BVS % )5t 4::Cff i ©& % RMCprofile & F\>
77

Figure4 ICRMC ¥ 22l —Ya v EoN=ET VERT, 2IUHDOET /LT Figure 5 2R
T LT, Bk & SQOENENFEBRTHOLNTAXRY M EFHTEZ, E7 V&5 & O/Nb
ttﬁxiﬁébﬂ@“é ZONT, FTHOEMB LR 2o TND Z ENBlETX 5,

Figure 6 (Z#853 R4 BI%L gi(r) &7~ 9°, O/Nb EEASHEAN L TH Nb-O (TR & RZB(LA R b7z
VS, NbNb6i29~30 AFBE, 0-0 % 1.6~22 AFHEDOE— 7 RKEL 2o TWD = L B3 BlEE
TX 5,
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Fig. 2. Experimental results of XAFS Fig. 3. Experimental results of HEXRD
measurements. (a) Absorption coefficients, u(E) at measurements. (a) Structure factor, S(Q) and (b)
a photon energy, E, (b) EXAFS spectra, kKy(k) total correlation function, 7(r) for a-NbOx
(normalized absorption, y(k) at a photoelectron samples with different O/Nb. T7(r) were
wavevector, k), and (c) magnitudes of Fourier obtained by the Fourier transform of S(Q) at the

transform of Ky(k) (k = 2-7 A1) for a-NbOy QO region of 0.5 — 17 A",
samples with different O/Nb. 396



DOI: 10.18957/rr.8.2.324 SPring-8/SACLA FI| AR 2Rk S4E Section A

16

141 Nb-Nb

O/Nb=2.7 (gi(r)+12)

O/Nb=2.6 (gii(r)+11)
12 .

O/Nb=2.5 (gi(r)+10)

10

(© ONb=25 (b) O/Nb=2.6 (@ ON
Fig. 4. RMC models of the a-NbOy with different O/Nb. Green:

Partial pair distribution functions, g;(r)

niobium and red: oxygen. Nb-O bonds are drawn for the respective gL S
pairs within 2.8 A. O/Nb=2.6 (5i(r)*+6)
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Fig. 5. (a) Structure factor, S(Q) and (b) EXAFS spectra, ky(k) r(A)
obtained from experiments and RMC models for a-NbOx samples Fig. 6. Partial pair distribution
with different O/Nb. functions g;i(r) in RMC models.
Table 2. Average BVS, average coordination number and connection form from RMC models.
Average BVS Average coordination number Connectivity (%)
O/Nb Nb o O around Nb Nb around O corner edge face
within 2.8 A within 2.8 A sharing sharing sharing
2.7 5.1 1.9 6.7 2.5 60.7 30.9 8.4
2.6 5.1 1.9 6.9 2.6 65.3 29.1 5.6
2.5 5.0 2.0 6.3 2.5 75.4 20.9 3.6

Table 2 IZ RMC ¥ 3 = L—3 3 U T LN BVS ORI, ZifiEry hT—27 D
TEAS - # - A OEIEG AT, O/Nb AL T, SEHRNLEI I N R BN EE T BVS
WZHZAITIE D S T2, ZiEiER Y b T — 21, TEASEENY . BE & mita 23 e 2 R R
Lotz ZHUE, Fig. 3b°Fig. 6 77 7 Fig. 4 DETANLELNI-HEERE T2,
E 52, BRULEEENER Y U MREL DT, RRICL > TE OB EAS N EHESE
FTIZBE L TV 72DIZIE Nb ° O OJRE RN E VR, >F 0, BIECmila 0723 2h%
MTHdHEEZBND,

BEH D a-NbO, X O/Nb=2.9 TH - 7=[1] N HIR T NZEROIAG ZHE L T IAREE 4.5
gem’)[1] RCLEEROEE O (AR B H = 73%:25% :2%)[1] IZHEBEHE 2T &
HHTE D, ZD5DHFENE, ONb=25 LHEELTEY | 7D, ZO 20O KEIFEL (Fig.
lo), Pl72fliz R LT\ D Z &b, AKPEC IENLO, ZHER Yy N —F NRKEREEL 52, %
AR LA E G T DREDENELS RD ZENRBEINTZ,RMC V2 b—ra a9 52 L1
X 5T, XAFS X° HEXRD JI/E HAK TIISE L2 WEEFE RSSO, SHRMICLEBLRTH L
NTEDHZENL, RMC BT VAT 5 Z LIIMODTHETH D L EZDND, 5%, Bt
A A O B CHERL 372 @ E a-NbOx Tl 2 H N 72 15038 PEC =T O/ERINSEEETH 5,

BEE

AWFEL, SCHRBRFE T /77 /mo—77y N7 4 —LF¥E (LN KRFPEPAEEE 2 —
TR T3 2 =kE « TDS HIE FREE 5-F-19-YA-0028), #AL K&/ 7 7 miaHdli kg w o %
— % : time-of-flight % (FRLEEE 5:S-17-TU-0010)) DK $E %515 THEfi S E L=, PERMA-FOIL®
IR IRER AR L ViRt SN E LT, B<EILEZH L RS, BHoELZRLE T,

BEMR :
[1] G. Sajiki et al., Mater: Sci. Appl. 6 292-309, (2015).
[2] G. Sajiki et al., JCS-Japan 125 [10] 760-765, (2017).

327



DOI: 10.18957/rr.8.2.324 SPring-8/SACLA FI| AR 2Rk S4E Section A

(Received: November 7, 2019; Early edition: Jaunary 29, 2020
Accepted: July 6, 2020; Published: August 21)

328



