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(57) Abstract: Provided is an oxide semiconductor wherein a p-type semi-
conductor can be realized, and the oxide semiconductor has excellent
transparency, mobility, and weather resistance. By the present invention,
an oxide semiconductor is realized by an oxide composite having a pyro-
chlore structure including Sn and Nb, the Sn/Nb compositional ratio satis -
fying the expression 0.81 < Sn/Nb < 1.0. The oxide semiconductor has a
wide gap of 2.2 eV, and is therefore a p-type semiconductor having trans-
parency in the visible light region and high mobility. When the amount of
Sn is small with respect to the stoichiometric composition of the composi-
tional formula Sn,Nb,O5, i.e., Su/Nb < 1, a p-type can be realized by gen-
eration of a structural defect V"s,, and a pyrochlore structure is obtained
when the compositional ratio Sn/Nb is at least 0.81.
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BEAZEEEGAETE o BEFERLH D, ARSBEGTERLNE L pFY
DHXEHENEZZIE. pnESEZWKT 2 &ICEL 2T FRIHE TEHR
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BN REINTWDS BIXIXRFHFII1ZR) . e Sn 0DV RFY
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N4 OV OF7EEOBRIEMICEEL T, ROL D BRFXEL’H 5,

RSN, Nb,O0, TRINZ/1 O/ OT7HEEEET 2EEBRILMIZ.
HEFH LIHEAS nD5 s oD LEBERIND I EMREINTVWS (3F
BFEExEk 1 88R) .
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[0029]

[0030]

[0031]

& HBAEDSHEBREITHERTEDIRBICMA. NI—ZVTOEDOT Y
FUIRLPTEIPEROFVEOBEN BV EEDOINSHFE L,

(%81 ORFEDOHER)

AEEOHETIE., SNnRUNbZ2TA(O/OT7EBELZRT HILY
BEED SR DBIEPHFBERICOVWTEHRAT S, Sn. Nb RUEERNSL
24OV O7#EEEET HBRIEMESHEICEWNT, RS n /N b ilH
WY SRR, UTICRT LIS, #MKES n /NbAO. 81=S
n/Nb<1. 0T, "4 O/O7EEEZRL,. MOEAZFEENKETS
P B¥BHREUERIET 5,

[SnEUNbZITC/NA O/ OT7REEZEY SBRIELDESHEDEE]

(E5eH1)

S nOMKR (MRASHESMELAMREA MEI99. 5%) ENb,O; (
MASHEEHMELEMER ME99. 9%) 2FELALEDE, A/ UHE
FEKICAN, T4/ )L (RAMEHRIASZE FR) ZMALHNSH 1 KE
BABEELE, CDEE, SNO&ENDbL,OIE, SNnENb®DLEL (Sn /N
b) NERFEHLLTO. 95, 1. 00, 1. 10, 1. 20, 1. 30, 1
. A0ERBEIICEE L, COMLAHEMRIEZLUR T (SN Nb) 4.4
orel EREY D, ARFEBROAZFEBOELZR1ICTEHTTRY, B8,
(SN/Nb) petore? 0. 85DHEMIE, BIY BLLEHI 1 ITHIBT B,

[%&1]

(Sn/Nb)petore SnO Nb,O5
0.85 2.301 g 2.665 g
0.95 2572 ¢g 2.665 g
1.00 2707 g 2.665 g
1.10 2707 g 2.932 g
1.20 2707 ¢ 3.198 ¢
1.30 2707 g 3.465 g
1.40 2707 ¢ 3.731 g

D%, ERTBMBRELTIY/ —ILERBEIE, 8LZ265F2 LM
Re—wmE (BR153), 170MPa) L. 6EOHRIKDEMNES
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[0033]

[0034]

R LU, PIVIFR—-MLEICEMAEZOE., BR503), RX8003

VDOTIVEFFLEEH DERFFRICAN, BRARZREIS50m | 4
MLAaN 59 00 CTARREIRBER L&, R LIZEMEIZA /B Ek
WTERL, XMUY= LTRYEZILTII—IIKBRESBITH LT
2wt., %BERDBEDIITHEMULTIY/ —ILEEHITEAL. BRETRK
BELTCEBItL, ZTO% 32VWTHEE212umlTICES A, —8
E (BR153), 170MPa) LAERICEKERE (285MP a)
TV, BRW15mm, BEXM1. 2mmOEEEEERELE, 5T
BRIGEIE TV FHR— MIREE, BRAZX (RE:150m | /2) &R0
A5 1 100CTAREARK LA, BIRTBFR2ICTTLIIC. HBHE
S173ESE, HAHHEMRE ( (SN Nb) yerore) BENRENT. 40

1. 30, 1, 20, 1. 00, O, 957, EMIEDOEZEHR (N, HR
) REMN150m | /BOXETHERLEZABTH S,

(Lb&I 1)

EeEH 1L, SNOENDb,Os%, SNnENb®DEL (SN "Nb) HEF
HETO. 85&2LIIEALIERTOAERES 1 &ERZHITHS,
Lesfl 1 (EHBES6) 1. FREMEERGI1 ERKRICL T, BRIFOR
RAR (N, AR) REMN1650m | /DORBTHERLE,

(EHEHI2)

EHEFI2 (&, EFEL SE. BRIFOZERARX (N, HR) REOAHHEL
Y, OERFEERRICLTERE L, BT 2R2ICRTLIIC. &HB
BSTHET 2, HAHMEBE ( (Sn/Nb) poiore) NENENL,
40, 1. 30, 1.20, 1. 10, 1. 00, 0. 95T, EREO=E
RAR (N, HR) REHEOm | /POEUGTHERLEARTH S,
(EHEHI3)

EHEFIS &, EFEL SIE. BRIFOZERARX (N, HR) REOAHHEL
Y, OERFEERRICLTERE L, BT 2R2ICRTLIIC. &HB
HS13IRVT4IE, HAAHHEMRIE ( (SN Nb) yerore) DENRENT
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[0035]

[0036]

[0037]

[0038]

. 30, 1. 00T, BERIEDERHAR (N, HR) REHN20m | /HD%E
HTHERELLENTH D,

[SnRUNbAEET/M OV OT7EEEET HBIEMESEODHTHERKIE
& ERREME]

EHEFI1. 2. SRUVLLEF 1 TELSNARBOBEEEORTER. XIR
EFEE (/SFYF 1A X Pert Pro MRD) IC&YiTo7, BERREDS n
/N b DKL DRES Y ILRROMEEN XIROTEE (A ZS X)
EAW, BREOHSVHEBREIR T (Sn / Nb) ...l ERET D, BB
DESFEOMIE. FRABRONBICESEFBERE LABN %KL, 7
7UTIVROBRBICLYR—ILBRAEEE (RFET27 = Resitest 8310
) ZRAWTIT 2%, IRTORAERERTIT>

BI1IZ. SnoNb,O;HB®D (Sn/Nb) ,i..lCkdXIREIFT/INY—
VOELETRT, M1 O#E#IE. CuKaigaf-HARAEOILNT ZE
FRE20THS, (Sn /'Nb) ... 0. 81, 0. 91, 0. 998
DIFED XHREFFT/NY =il UARRICET /M1 O0/7078EEZED
SnyNb,O,IlIEET S E—Y (BATHRY (222) (400) (440
) (622) %F) NMEEILRNTWS, —H. (Sn/ Nb) .4¢..»0. 6
8Tk, BRIBRICETZ74—4 4~ (foordite) BE%ZHD2SnNb,O
ICRBTA2E—VDHNRLN, R4 O/O07BEEBLONAL >, TOD
ZEMD, PIHTHEKRMENAO. 81= (Sn/Nb) ,¢:e.<1. OODEHED
AR, IARRICET 211 O0/07#E%252Sn,Nb,0,THdZ&
DM,

K21, HIAAHEMRE ( (SN Nb) yerore) EBRMEFOEREAFR (N
2 HR) MEBEEZ THERLAENO, 2WHEKIME (Sn/ Nb) ... &8
SUERR (L. TEREORE. BEBE, HERFOYM1T) 23 &
HTRY,
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TR Gt HIERE R
B | nnn | ot | swne | s | TEREY | mme famms
before | (ml/4y) | aller (x102Qem | (x 1015;2111—3) (X 10%em?V-1s 1) DA
K| 1 1.40 150 | 0.980 20.0 13.1 29.0 P
2 1.30 150 | 0.969 17.5 35.7 11.9 P
3 1.20 150 | 0.887 84.6 475 18.8 P
4 1.00 150 | 0.838 15.0 74.4 134 P
5 0.95 150 | 0.811 9.88 4630 2.34 K
Iefgel 1] 6 0.85 150 | 0.675 - — - -
Ehafs 2| 7 1.40 50 | 0.940 51.1 2.30 59.2 P
8 1.30 50 | 0.998 36.3 8.88 20.2 P
9 1.20 50 | 0907 20.3 81.7 4.63 P
10 1.10 50 | 0.869 8.71 197 6.06 P
11 1.00 50 | 0.853 227 2450 1.16 P
12 | 0.95 50 | 0.821 1.38 5120 1.32 P
Ehif 3| 13 1.30 20 | 0975 15.9 7.31 64.0 P
14 1.00 20 | 0.862 4.01 945 2.26 P

[0039]

[0040]

B2, BAROEAHMENKE ( (SN NDb) perore) EBEKZDDHTHE
BIE ( (SN/ND) aie,) 27AY MLEBDERT, HAHERENO
85= (SN/Nb) peiorc=1. 3DEATIE. (SN/NDb) petore
DIBINTHEN. (SN Nb) ¢ MPEBIMLTWE, LML, (SN Nb
) betore=1. 4TIE (SN/Nb) 5o DEABD L TWE, Thid/A
10707 EEEERLAVERIDS n AMERIFICBEMICERE LD E
EZibnhd, 2FY. MO/ O7EEZHD2HERXSn,Nb,0,TRIh
ZibaMid. BEREODHHEKE (Sn Nb) ¢ 1. 0= (Sn /N
B) atie ERBIEIFELVWIEERLTWVWS, 2T, AEEOHETI
CBBICIE, EMEREY DBV, TRDESn Nb<1OEXHIES

nTtwas,

B3IC. (Sn/Nb) .tie T HLIEMOEILEZTRT, 3K, (S
n/Nb) .11, B8LZ0. 81 H58L%E1. ODEREICHITS. LEH
DIEAETRT, RBOLEFIE (SN Nb) i1 DFPICH->TETFLTS
Y, LbIEHE (SN Nb) i WCLWEBELH B EN DM S, B3 TIE



WO 2017/069022 1 PCT/JP2016/080205

[0041]

[0042]

[0043]

[0044]

[0045]

. BRIFOBRRENAT150m I/ min, (BR). 50ml min.
(B=A) . 20m | /min, (BHX) OFE%ERLE, A8, HFROT
Z—N—IIEEREcETT,

B4, (Sn/Nb) i1 T 2HEEKDREDEILETRT, M4
TH, EREBFOERAEN150m | /min. (BHR). 50m!| mi
n. (=), 20ml /min. (BH) OFEERLE, H4IZEW
TH, I5—N—3EEREcZTT, HA4ICRINBELIIC. (Sn N
b) atie DNBLEO. 81 0LELET. OOFAICSEWT, HARITL B
HOENKEL, E3OEMOBRIYIESDENREVA, (Sn /N
b) atie  DEMPICH > THEBREDRENMEML TWE &N DND, Th
R4 07078 EFDOS nAREL, SNDEAV’ W s, BSn Nbd
WML >TERLIZBDEEZBND, SNDEAV’ W s EF+YTIE
LEENTERETHDIH. V' 7 s DEIMICH p BEEEDFEBIEE
THDEADERENMBMLEEEZL LN S,

PAlE, XIREHTICL 2EREORE. BLUPR—ILBRAEICL ZERKE
MEADEREM, S, BELAERR TSN Nb,0,EXRINBIELEWTIE,
RSN/ NbAO., 81=Sn /Nb<1. OEABBEICBVT, /34
O/ O07#E&E8EEERL. MOEALZRTERGFET 2 p BIFBHFFELRIR
TEHIENPELNTH B,

EROEBR{EMESEDELETEICL Y NI VIROEEHEDBEEFIR L
B, EERRTERKO p RMENE LN D, FRROBIEMESERIE, 2
YH YU TE MBPEFE—LILLZEREBER 1AV TL—T14 Y TER
EDBERBRERMICMA. BREHERBE LEAEYI—FT 4V TEPR
TU—a—FT 4 v JEOBILYEERSRMICL YRETE 3,

BH,. LEEEROHEBETH LULAIL. HBPLZEBELYTLT5LHICE
BLEZBDTHY., COBREBICIREINDED TR,

e - DR FAITHEME

AFBAOBIYEERIE, p B BEEERARETH DD T, AIENLMESE



WO 2017/069022 12 PCT/JP2016/080205

THEBAANEE pBOLBEKICLY p nBAERRTE, BRET (27U
1PERS YIRS EORBICLKFIATE, EXLERTH S,



WO 2017/069022 13 PCT/JP2016/080205

5 R D E
ERIA1] SnRUNbEET/M O/ OT7EEEET RILMESKRI SR

Y, $MES N/ NbHMO. 81 =Sn Nb<1. OTHBI&%
BT SERIEMFER,

[553K1R2] EANRERFEERD I EEZFHETZHEKRER BBORILY+E
(S



1/3

WO 2017/069022

[Ed1]

PCT/JP2016/080205

(222)
e (400)
e (440)

Lo (111)

Lo (511)

C WA Enlyinlyg. ]
Sn Nb.O

27277

(622)

L]
444)
(711)

® %7313
~® (800
—@ (662)
— @ (840)

(Sn/Nb)_._=0. 998

after

Te

P
e® .

Intensity / arb. unit

bosse

(Sn/Nb)_._=0.91

after
®

i‘ °® e

A ji,

1 * i i 1

o
o 90| oo

(Sn/Nb).. =0.81

O J4—HArH
Sanzoﬁ

O
0,0 00

(Sn/Nb)_._=0.68

after

%

O

after

20 40

60 80 100

CuKa 20 / deg.



2/3

WO 2017/069022 PCT/JP2016/080205
[Eg2]
1.0} ® i
+
a ®
pd
T 09+ e -
h ®
~ e
- :
] s
zd 08+ =
=
R
S
X 0.7+ |
= °
8
] L ] L I " I 1 | i I
0.8 0.9 1.0 1.1 1.2 1.3 1.4
fLiA#HHAAE (Sn/Nb), .
[&g3]
104: T T | | |
X P
&
A .Oo
= 10°F PO 3
O
E Y
£ o
L A
BN ny e E
S BRI DER (N)FE
¢ 150 mli/min.
A 50 ml/min.
o 20 ml/min.
101.1....;....1....1....1.
0.80 0.85 0.90 0.95 1.00

SBRLAE(Sn / Nb),_



3/3

WO 2017/069022 PCT/JP2016/080205
[Bg4]
107 ¢ 11 BREOERN)RE 3
- e 150 ml/min.
. - A A 50 ml/min. 1
CPE 10185— | ;lE o 20 ml/min. 3
/ - ! | ]
1 I ) 1
B 47 1 - -
g 0f . 3
ié;- - ° - T
@ T
g 10 F hj i -
- 1
- 4
1015 PN SR SR P RPN S S SR S SRS NN ST S
0.80 0.85 0.90 0.95 1.00

$ARKAE(Sn / Nb),,



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2016/080205

A, CLASSIFICATION OF SUBJECT MATTER
C01G33/00(2006.01)1,
H011L21/363
(2006.01)1,
HO01L29/786(2006.01)1

C04B35/457(2006.01) 1,

HO1L21/368(2006.01)1,

C04B35/495(2006.01) 1,

H011L29/24(2006.01)1,

B. FIELDS SEARCHED

c01G33/00,
H01L29/786

C04B35/457, C04B35/495,

Minimum documentation searched (classification system followed by classification symbols)
HO01L21/363,

HO1L21/368, HO01L29/24,

1922-1996
1971-2016

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2016
1994-2016

CAplus/REGISTRY (STN)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X KATAYAMA,
Growth,

Shota et al.,

416, p.
p.127

126-129,

X CRUZ, Luisa Paula et al.,
niobate,

c57, No. 9, p.
particularly,

1001-1003,
p.1002

Journal of Crystal
Epitaxial growth of tin(II)
with a pyrochlore structure,
ISSN 0022-0248,

Pyrochlore-type tin
Acta Crystallographica,
Crystal Structure Communications,
ISSN 0108-2701,

1-2
niobate

2015.04.15, Vol.
particularly,

Section C:
2001, Vol.

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E” earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
22 December 2016 (22.12.16)

Date of mailing of the international search report
10 January 2017 (10.01.17)

Name and mailing address of the ISA/
Japan Patent Office
3-4-3,Kasumigaseki,Chiyoda-ku,
Tokyo 100-8915, Japan

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2016/080205

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 58-219703 A (E.I. Du Pont de Nemours & Co.), 1-2
21 December 1983 (21.12.1983),
claims; page 17, upper left column, line 9 to
page 18, upper left column, line 12
& US 4548741 A
claims; column 14, line 32 to column 15, line
33
& EP 95775 Al & KR 10-1988-0001308 B1
A JP 2003-117407 A (Sumitomo Metal Mining Co., 1-2
Ltd.),
22 April 2003 (22.04.2003),
claims; paragraphs [0077] to [0080]
& US 2003/0144140 Al
claims; paragraphs [0170] to [0179]
& WO 2003/013727 Al & EP 1522342 Al
& CN 1461237 A & KR 10-2004-0018901 A
A JP 2004-344733 A (Sumitomo Metal Mining Co., 1-2
Ltd.),
09 December 2004 (09.12.2004),
claims
(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (January 2015)




ERS A EsHpEES PCT JP2016.080205

A, EREOBTLHTFOME (EEFFIE (I1PC) )

Int.Cl.  C01G33/00(2006.01)1, C04B35/457(2006.01)1, C04B35/495(2006.01)1, HO1L21/363(2006.01)1,
HO1L.21/368(2006. 01) i, HO1L29/24(2006.01)1i, HO1L29/786(2006.01) i

B. #H&EZITo7nW

21T o T/ MRER (HERFRF2E (T PC) )
IntCL  C01G33/00, C04B35/457, C04B35/495, HO1L21/363, HO1L21/368, HO1L29/24, HO1L29/786

B/NBE R OB B TR To - BFICEENns 60
HAREEAFEAH 1922—19964F
H AREAREAFEAR 1971—201614F
H AR EE A 285N 1996—201614F
HAREBREEAFEAR 1994—201614F

ERSRE CHEA LB SFT —F =R (T == AOLFR, PHEIH L7z H5E
CAplus/REGISTRY (STN)

C. BET L L8050 53Tk

5HSCHkD BES 5
H7 2 —% SIASCHS RO OEFTABEES 5 & &1k, FOBET LETOERS FESRIADE 5
X KATAYAMA, Shota et al., Journal of Crystal Growth, Epitaxial | 1-2

growth of tin(II) niobate with a pyrochlore structure,
2015. 04. 15, Vol. 416, p. 126-129, I1SSN 0022-0248, *¥FiZ p. 127

X CRUZ, Luisa Paula et al., Pyrochlore-type tin niobate, Acta 1-2

Crystallographica, Section C: Crystal Structure Communications,
2001, Vol. C57, No. 9, p. 1001-1003, ISSN 0108-2701, H*FiZ p. 1002

W CHOBEXICHLIBFIZEIN TV D, ™ ORF T R )BT AR R SR,
* SIEAXEObT TY— D H OBITATE S 7= 3CHR
TA ] BRCBIEO S % SR CIE7e <, —RMEMKELZ R TT) EEHER XOGIBLRICARE SN TH - T
Ho HEE & P IET 5 b0 TR BHOFEBOIHH
TE| EREHEEHRIOHBES -3 ch s, ERHEH OBEFEOT-DIEIAT5 LD
DB ARENTZHO [X ] FHCBED B DTN Th - T, YO A THRE
ML M BRI SRR o 29 5 Uk X ph fh oo SCHR D 3817 DOFRMOGIESER 2 B2 5NE D
AL IIMORN BB ZE LT 57205 HT 1Y) FRCBEEDH 5 Th - T, HBiZsgmk & fthod 1 2L
HICER FBEEA) Foshke o, MEFICL STHRTH AW
O] HEEIC L B8R, R, BRFEICS LT 5308 Lo THEBERNEEZLENL LD
(P ERHFEARIT, DOBEHEOTEORE# L 22HE (&) A—F 773 U —3CH
EEEaErs T LzH EpSFRE s %4
22.12. 2016 _ 10. 01. 2017
EBFH AR DA PR R O TR BHHITHEEE MEROHDHIEE) 4G | 3640
HK#%?FH: (ISAJP) FiE =Y
HELS100—8915
HEATRHRESE=TH4% 35 EFEEEE 03—-3581—1101 N 3416

BAPCT / I1SA 210 (HE2~—) (2015%#1A8)




ER A EpsHpEE S PCT/JP20167080205

C (Bix) . BEd 5 R0 L5 3k

51 FSCHR D B9 %
N7 AY —% SIHSCHRY M OB OE TR BELIET 5 & &%, COBES L EpTOFR RO &
A JP 58219703 A (A — T A + T2 R+ N7« Xh—)b-T [1-2

R« BiX=—) 1983.12.21, FreFia=ROFPH, 2 17 HA LHE 9
1T-45 18 H /2 FlEE S 1247

& US 4548741 A, #5:ROFPH, 45 14 W 32 1745 15 W26 33 17

& EP 95775 Al & KR 10-1988-0001308 Bl

A JP 2003-117407 A ((EA&BINLURSH) 2003.04. 22, Fraagek | 1-2
O#iPH, [0077]1-[0080]

& US 2003/0144140 Al, F5=RotpH, [0170]-[0179]

& WO 2003/013727 Al & EP 1522342 Al & CN 1461237 A
& KR 10-2004-0018901 A

k=11

A JP 2004-344733 A ((EA4EmILIEERSH) 2004, 12. 09, FFarask | 1-2
O (771U —72L)

HAPCT / ISA 210 (HE2_—Y0k%) (2015%1H4°)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

