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(57) Abstract: Disclosed is an oxide film which is a
film of an oxide containing one transition element se-
lected from a group consisting of niobium (Nb) and
tantalum (Ta) and further containing copper (Cu) (the
film may contain incidental impurities). This oxide
film is an arrangement of fine crystals, an amorphous
film containing fine crystals, or an amorphous film
which each shows no distinct diffraction peak in XRD
(X-ray diffraction) analysis as shown by the charts of
Fig. 5 that show the results of XRD analysis of a first
oxide film and a second oxide film, and has p-type
conductivity. This oxide film can have higher p-type
conductivity than conventional oxide films. Since this
oxide film is the arrangement of fine crystals, amor-
phous film containing fine crystals, or amorphous film
as described above, formation thereof on a large sub-
strate is easy. The oxide film hence is suitable for in-
dustrial production.
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(IXE—I—YRXATLHMEARHHE, BXTB—-56H) ZRAVTEMRRET
HlEICEY, LROBRIEMOHBHMATLONT-, COEEITMALONIE
AlF, 35MPaTHolz, SbIT, ZILTFREICEE-ERDHMKRIRD
EBEYMOLEICCORBEREENKET, 950CITMBALHEROTY T
JVIF (MEXEHERYPIR, #XMS—2520) #HVTABBOERT
BEAfThhnt-,

LROBRERIBEERE TR ON-BILYERAOHERNZEENOI0%TH-
tzo COBIEYREEOKREEICONTIE, XEEF (XRD) HHEE
(R HOE, HRE TERXREREE RINT (EHFHEE 2
4001) #AVEAERUAIAfTONT-, ZORE. EROBILYGEE
AKNRCuUNDbO , DIEEBEEELTVWAI NS T, £2AT, ZDX
RDAIETIE, 6.2 0N RASNTz, £, XBRBHOBOEEL40
kVTHY, BEERIET100mMATH Tz, £y XBEERDZ—5 v b
IR THo1=. BHE. UTOVWTIhOXRDAHE. 81D X R D A HFEE
FRHWTIThhT=,

FOH, H1ISRT LI, WILAL—F—REFEE2 0FRANTEILY
BEMNEIR 1 OLICEEEIhE, BB, /NLAL—H—EBEZEB200L—H

\
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[0035]

[0036]

—RlEZ. Lambda Phys i k#HED, EXCompex201TH
Y, ZOF ¥ onN—l&, 2AEIHED/NNIAL—F—ZBFEETH>T=,
Tz, AEBBETE, ER10EHRVTABASAERTH S, F=. £
BOBFESEAEN 2 —F Y F30E LTHEASIM:, XKERKRShI=F v
VIN—2 TADART—Y (X(E, ERALT—, UTF, Hi—WIRT—D&
W5, ) 27LIZ, BIEKRDA D OILENLTER T 0ZBYFITTHE
Lz, 2HOEZERU T2 9F%#ANTHAO 2 8MSF v /N\—2 1 AN
ESLHREINIz, FYUON—21THAOEANT10 4P adA—F—IT%H B
FTHREINER AT—U2 7TRBORRLAENVE—2—DEEMNSE00

CIZERESNT=,

LIESS LT, BRARRUAR25 aRUBHRAARIR25 bhHEA
A26%MLTER (0,) RUER (N,) AAFvyonN—2 1RHICHIEESH
T=o BB, ZERBREICEITIBRIEMEDEEIETE, FyonN—21RK
DEFOTHEANNO. 027 PatBdLITEERYT29(2&5HK
MBI NT, BH. ARERETIE, BRAXDHANEASIhIZN, Zh
[CBRESHGL, BIZE, BHR (N,) ARITRAT. AT L (He) HR
XETILTY (Ar) BAREDTFEAADNBRARELELICEASINT
L&, Tz, BRARDVPEERTEASIATE &L, Ff-, AEBHBED
XY UN—2 1THOBEDEHENO. 027 PaTho1=m. ThUNDE
5 WAZIE 0. 0O05PaklE100PallT) ICHREEINTH, AEk
FEDBALMIE & AROBIEMEN R EINE

FD%E. INLAKDTvEZ U Ty (Kr F) THRITL—H— (BE
248nm) 22/, LYX23IT&>TERSINIzE, RILF—2 412K
BEnf=2—45 v F30ICAITTHEHEINS, LROEILYGEHEARN S
A—7y F30ODERRFEMBROIF LT L—F—BHEIC& > TRESE
HIEITKY, A2AITRTLIIC, ER1OLIZE 1 BERILMIE 1 1 AR
Ehd, CCOT, AEEMEDE 1 BRIEMIR 1 1 OBERLE, 2—4 Y 3
O THIBILMBREADZTNE FIEF—KT S, #->T. TOMALLIE. Cu
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[0037]

[0038]

[0039]

MITHLT, NbWEFEF1THD. G4H. AEEBEOIX T L—H—
DRRFRBIE, 10H2z2THY ., B/ ULAQEEEARLE-YVDIR/ILY
—&F. 1/NLRABH-Y200mJI THY., F=, BEEZE, 1 0BETH
271

ST, BIEWIE T 1 OFEE, EiR1 ONKRIRAKREN-F ¥ /N —2
1hoRYEEIhtz, ER1ODE@IMBELI-A VOV LERETHREL
%, BR (N,) HANMMEBINDIZ T EICEUBREEN 1 %REOTHER
EEOTVWAF Y UN—RIZENT, ER10LDE 1ELYIET 148, 3
0 O COEHUTT2RMMALE (7=—/LA0E) Shi-, ZOHE. M2
BICRT &SIC, ER1OLICE2BEMIE1 20838 5h i,

CCT, BBRELE, AEBERECSVWTELNLE 1 REMET 1 RY
F2RAWE 2OXREEZRFEAOEYE (AFM) (ZXT7A47A -F/
T/ 00—K%AsHE, BKXSPI-3700SPA—-3001) #H
WTERELT-, TORR. F1EEYE T 1ITO0TIE, FITRROHIK E
BOhSERER oG >T-. —A, F2BIEMIE T 212D TIE, AR
EBRDONSERNEOMRREINT-, £, L—F—EHE MAxtt+—
TURHE, BRE THZ7—3DL—HEME VK—8501) ZRAWVTE
2BEYIE1 2OREZRELEHR. TORERE, #8150 nmTHo1=
o BHE., UTOWThOREHEL, ARORFEANBEHREZANTITHOL
f=o Flz. UTOVWTHOEEDBRIES., FlRO L —F—EMEEF—T>
AMBFENEFEME (VE—9800) #ANTIThhI,

£, FRESIL, LROF1BRIEMIET 1 RUE 2R 1 2DHES
KEEZ X RD (X#REN) [T&YRH LT, ZOHR, BRSITRT &SI,
F1BREYEI 1 RUE2BEMET 21E, WFThE20420° BE3O
CIZBWT, TEILIFRICHET HEEZONDLREL/NO—E—D LS
DE—Y IFHECHRESINGN ST, > T, LBDXRD A OEREB
FASE, AEMBEOE 1 BRAEMIE1 1 RUE2BEMIET 21X, WTTh
L X RDAMCIFARLEIFE—9 2 RSGEIVBEROEER, BiEREE

NN
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[0040]

[0041]

LT7EILIT7RR, RETFEILIT7RAIRTHSEZEZ NS, Z T, H*H
Eold, REBBEIINAT, F18EMIE1 1A, 200°C, 400°%C,
BEUS 00 CHEHTTC2RMMBANEIN-IGENE 2BIEMEDNDXRD
DHEIT oz, FOHKE, 200°C, 400°C, RUS500°CHLFHIZD
WTH, FEEBEOHERLERKIC. XRDANTIEHARLZEITE—Y &£
SRVVHHEROEESR. MBERZETCTELI 7 AR, XE7EILT7RK
ThdEEADND,

T, FAEESE, LARADOFE 1 RIEMIE1 1 RUE2BIEMIE 1 20FKE
HESEZRFEABMBICLY Iz, TORRE. HSITTT L5312, AF
MERREICEITHAE1BRIEME 1 1 OREOZFEHTARIES (RMS) (
LT, BIC TREHS) EH05,) & 24 nmTHY. FE28LDE
1 2OFREMESE, RA4ITTT LI MB35 nmTHAIZ ENGMoT=,
ZIT. EBPFLE, AEEBEICMAT, F1BRIEMET 144, 200°C
BUS00 CHOEHTT2RHEMBLEIN-IZEDE 2BILMIEDOREME
SENH LIz, TR, 20 0°COEHTIE, AEEREDHER RIS
FEREICFEHAEDBVENEEINTA, 500 CHOERTIE, ThODRE
HEE, AEBBEOZNRELEELTHEYRES WBIZIE, RMSHHS
Onm%EkBRB) ot

T, FAELSIE, LARDOFE 1BRIEME1 1 RUE2BIEYE1 20ER
WERUVEEEE, m—ILHRATEESE (ECOP 1 AHME, HEE THa
||l Effect Measurement System HMS—3
000 Ver. 3. 51) #HAVWTHH L, TOHER. XEEBEDE
TERIEMIEN 1 [ p ROEBMRZETHEELIC, TOEEZRL, 0. O
118/ emTHotz, fthh., AEMBIBEDE 2RI 1 212DV TIE,
pEDEEMEETHELELIC, ZOEEFRIF, 121, 2S/ cmTH»
f=o 2T, E2REYIE1 2OBFERE, LAROMBREIZKY, £ 18
EME1 1DZFNITH L TH200 0FICETIZALLBLSZ ENGh o1z
o COE2EALYIE 1 2DEFRE, HKAFBOMNBELTOHSRY., p D

LY
rm
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[0042]

[0043]

[0044]

BERLELTIICHAZRGEVEEDEH TEVRETH D, HH. ZDE
2EBAEMIR 1 2DV FX¥ v v TIE2. 6eVTHI ENAM ST, HiE
ST, XEHHEDE 2BILYIE 1 2%, LEMLVEZESEIEEELTLS
CEMNHALMNEE o=, SHIT, RABLIL, AEBMEICMZ T, E18
ILIE1 1H, 20 0°COEHETT2RBMBNEBIN-EENDE 2ELY
BOESEERVEEROMT LT . TORE. COFE2BIEMEEp
BOBEMZEFIAELLELIC, TDEEFEL, 0. 68S/ cmTHo1I=
o COETH>TH, ELLEBLTHAGYBVWEEBETHIEWNZ D,
#oT, ERHEMRUVEBREDOHHICEY., 200°CLlE4 0 0O CERFED
HETE1BRIEME N 1 ZNBNET LN, pBRELTOEEMDRE
7GR LICEMT S ENALNEG>T=, FIT. 200°CLLE3 00°CLL
TOEHEETE 1 BREHE 1 ZMBIEST 52 LA, sIROBATHEELL
o B, VPHECELIDHMRAF, =4 T (Nb) & (Cu) EEETHEIE
MORE (FAIBRHMNEEABD) THHT. ] (Cu) ITHTB=AT (
Nb) ODRFHLELS, ZOH (Cu) DERFHE1ELEHEICEDO=AT
(Nb) DEFHEMN0. SLLEAUTTHAIRIEMIRICEWNTH, D &
LpHDBEUERTHIELEVOIATHTHRED, £, UTOVLWTHOER
HEORVEZTEDREL. LROF—ILMRATEEEZRANTITHONT,
T, EFRESL, LROF1BRILMIE1 1 RUE 2R 1 2D A
RFEEE (T, B MAHLEeE] XE NE#EE] L0, ) &, T
FF o oRILAHE CEMR M2 XABXSHE, 8RE [RILFFrotr
ILAKE PMA—12]1) ZAVWTOW L. 4. AREHRFIE, BE
REREEAMNSI0O0ONmM~1100nmDCCDY=ZFA A=Y —TC

or

1027—02] ARAWLBHMT=,

E6l&, AEBMREICETIET1RILMIET 1 RUE2BEMIE120E
ELTAIRABBORROABEOEBEDSNBERERT FY— FTH D,
H6EISRTESIC, E1BEMETI 10400nmUE800 nmUTDE
ROABRDEBRIE, 4 0%LUTTHSHHA, BE2BEMET 2SO0 TIL,
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[0045]

[0046]

[0047]

ZOHEDFBREIREMICALEL, HFIC, 470nmUET1000nm
UTDREDHBDFEREIL, 6 0% ULTHLIENTM T, $FIZ, 5
O0OnNmELEB8 OO NnmUTODEEATIE, ZTDEBREIL7 0%ULTHT-

T, BBAFELE., AEMBBEICNMAT, E1BRIEYWET 148, 200
C. 400C, RUSO0O0 COEHTT2HEMBNEINT-IZEDE 28
IEMED AR EBED I TLIT o=, TDOFER., 200°C, 400%C, &
U500COVNWTIDIEEL, RAEBEHREEFEFROBEVITHELEBENGS
NBZEMNASIER ST, I, 500CHOEHDE 2RIMETIE, #
470nmPET1000 nmlUTOEBAIZENT, KOFBEAT7 5%LLE
THHAZENDI Tz, E-T. F1EIEME115207%5<E, 200CTR
E5 00 CUTICMBANES B &M, AIRAEBEDREMN A LEICEH
THEMNHALNE G Tz CNODHRIE, EXRMIC, AEEBELUND
BEBEBEBIZEVTHEHTHRED, £z, =47 (Nb) & (Cu) &%
BUBRILYMDE (AT EEAETD) THHT. #l (Cu) [THTH
=47 (Nb) DRFHLLEA, ZDiR (Cu) ODERFHE1ELGRIZE
D=AT (Nb) DREFHMNO. SLUEIXRFETHIMILMEZRET S
EICE&->T, BLVAIRABBENERSINE D, COMBEAICEHLTIE, EX
B2, =47 (Nb) #824)L (Ta) IZRZAFEBEIZONWTHHTERE
B, BB, LTOVNTHOAELEBEDSTL, AIRDTILFF v o RIL
AHBERVTIThIL,

#oT, ChFETOLSHMBRICENIE, BEICTFEEEZHFLLRETS
WEBEREBL., pHOBEMETTLLLICTOREENTVRILMEZ
BEH=0ICIE, F1EEMIE11%200°CLE4 00 CKFETMALIEF
BIEMNIFELL, MZXT, HIT, 200 CULE3 00 CUTOEBFHTE 1
BRIEIE 1 1 ZMBNET 52 NS HITIFELLY,

F-. BAFELIE, LRDOE2BREMIE 1 2 DER MG R EBEFIRMER
(TEM) (BFXREFHASdH, BXIEM—2010F) IZ&DHH

\
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[0048]

[0049]

7ot M7 A, E2BILYE1 2I12EHT 53 DDAHERDSH, &
LILEEDEEEZHE LI-EETHS, £/-. R7BIER7 ADO—# (XE
) &, B7CIZR7BO—# (Y8) ZZNEThILALE-EENARSIATY
b, TORE. 07 ANERT7 CITRT & 312, AEEHREDE 2BILYIE

12(F, £ELT, EEN200 nmUTORIKOMIERDESIKICK UIE
BMENTWSIENBREINT, COBENS, AERBEDE 2 BRILMIE
12[F, MBEROEEARXIBHEREELTEILI7RARTHSEEZ LN
b, Fl-. COTEMIZKAAHob, BE2BEME1 20DKREHNK1 56
OnmTHBZENERINTz, E5IT, TOTEMIZKEATEELIZE
BEENZIRILF—DHEHXXIE (EDX) AHEE (NORAN In
struments#tB, Vantage (TM) ) IZ&hIE, ZDE 28
IL#E1 2D (Cu) £=# T (Nb) DEREFHEH, BFFBWICIZELS
HEICIE B0, £EKELTIKEEZET 1 THIZEAER SN,

BE. LBRDTEMIZEE0MERIE. XOEEYTHD, £T. HiH
REBDHOTIVIZDODWTIE, ZFOHUTILOREREERET H51-HI12, &
MOBEEXRBEEZRAVTH—ARUVENIEREN, SSICRRAF v E—
I (FI1B) MIEXEATRVIRTUENSE SNz, £ LT, BIEMHEE
NI4T o TETHEHEEN-E, FIBMNIICKYBR{EIIT:
o TDH, AFXVZIYUIHEE (GATANHE, #XPIPS Mode
| —691) IZ&Y., FIBEA-VUEMNBRESNT, -, TEMIZTES
BmEKICOVNTIE, MEEBEE200kVTHoTz, T, U TILIEC
CDHAS (Gatantt&, ULTRASCAN(TM)) IZk>THES
ni-,

Flz. LBOED XIZEBAHEHE. RDEHYTHD., 9. =
EIE R UE—RLRETHY., MEAEF MBTS (Metal | u

NN
or

rgical biological thin section) E&TH
otz T NV VTS URFitAEE Filter—Fi t&ATH
fzo £f-. MEBEIZ200kVTHY., E—LBRIEFH I nmTH-o7=, £
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. STEEMIE 1 KRH-Y IO TH 1=,

[0050] 7Zds, AEBREL LI, FRAFESHAENBTEDNEN BIZE, 50%
) BIEMBEREAZAVTLERERBROFETE 1 BBILYERVE 2 IR
FHEELEZESAH, TNLDOVWTHEREHEEINKRELLGLE I LN M1
o ST, HABEDENRILMEHAZRANS LT, REDHWMESL L
5l ENTMB,

[0051] ZE1ERILMIIR 1 1 AR S N=&, SHITEMMIZ, F1ERIEMET 10
LERBDOTEMIZKE7H. RUETFHRERSMEE (BINA T/ 00—
Au#, BKXHF—2000) [T&B0HATTHhhTz, B8 AME, ¥ 1EIt
MIE1T1DOTEMEETHY., R8BHER8 FIE, ThETNE8 AITHIT
AHEEDEHMOEFRERIMERTH D, EARMICIE, 8BIE. E8A
CHBITEH T1—1] OEFOHRTHY., K8 ClF, HIBAIZEITSH M1 —
2] OEFOHERTHS, F1-. M8DIF. R8AIZHITS 2] OEHHD
BRTHD, £f-. KISEIL, RI8AIZHEITH [3—1 )] ODEFDERTH
Y, M8FIE,. HISAICHEITS I3—2] DEFDERTHD., ELHDOE
B, BEEKRNC LIS, LD ERY., F1EREMIE1 1DOXRDICEKY DT
TlE, FEILITI7RICHET S EEZONBLEHNO—E—ILUSNDE—
J [FEAREICHRESI NG oA, BFRERICENE, I8BRUKSCH
ERTIZHELTIE, CusNb,ODHERBEMNER SN, £, I8DRUV
MEDEMIZEWNTIE, Nb O, DiEREENHKR SN, SHIZ, FISF®D
BERICEWTIE, CuNb,O;DIFERBENER SNz, CDLIIC, ZD
F1EEME 11E, PE<CEELEZFT (Nb) &l (Cu) LDEEEIL
# (CuxNbyO;) ODHERDALELT, BIL=F T (NbxOy) DWW
LELETHDZ ELERSINT,

[0052] RI#RIC., F2BEMIE 1 2H0/BRESh-R, F2BRIEMEI1 20LBDT
EMIZ& 501, RUBFREIFICK S9N ThNTz, B9 ALK, 18
IEMIE1 12 300CITMAREL THALEZE2BRIEME1 20 TEME
ETHY. I9OBHERIGIE, TNENEO AIZEITARENERDETF
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[0053]

WREFTITHERTH S, EFRMNICE, RoBlE. ROAIZETS 1] OF
FOERTHY. MOCIE, ROAIZEITS 2] OEFOHFERTHY., E
ODIE, B9AIZEITS 3] OEMOHERTHS, Ff-, HI9EE, M9
AlZBEITS T4 OEFOERTHY. RI9FIEX, ROAICKITS 51 D
EFROREETHY. MoGIE. 9AIZEITE (6] OEFDERTH5,

EOMOBER. BRFENI &IC, LBDOEBY ., FE2BEME1 2DXRD
[CEYRHTIE., PEILIT7RICHRT HEEZONDLEG/NO—E—D
LSO E—V ISBREICERINGEN o=, BEFREIFIZENE., OB
ZEHODDEMICHWTIE, Cu,ODMERBENER SNz, £, KI9E
HERGOEMICEWVTIE, Nb O, DERBENERE SNz, ZDK I,
COE2BILMET 21%, PR EHEIE=FT (NbxO,) OHER L
L8R (CuxOy) DWRHRMEEZELETH S LRS-,

Fr-. R10AIL, F1EEYMIE1 1550 0°CITMBALELTHKLT:
E2BLYE1 2OTEMERETHY., M1 0BBER10FIF, EhEh
B10AICEITARENEFNDEFHRENSIHERTH L. EARMIZIE. E
10BIE, @1 0AICEITFS T1—1] OEMOBRTHY. B10CIE,
M10AIZEITFS T1—2] OEFMOERTHS, £f-. M1 0DIF, E1
OAIZEITS 2] DEFOIKBRTHD. £f-. 10EIF. FI10AICH
(74 I3—11 OHEFMDHERTHY., 10FIE, B10AICKITS 33—
2] DEFOHERTHD. BAMOBR., BKENC LIT, LdBDERY,
E1REME1 1DOXRDICKYAHTIE, FELI7RICHEKT HEER
SNBLEHENOA—E—IUNDE—V [ERAEICERESh G -T2, BF
BREFICENE, B10BOERHICHWLTIE, Nb O, DiFEEENHERIN
fzo F1z. B1 0 COEMITENTIE, CusNb,ODIEREENERIN
f=o =, 1 0DNHER1 0 FOFEMIIEVTIF, WITNIHLCUuNDbO,,D
BREENER SN, COKIIC, COE2BIEME T 21F, D ED
=47 (Nb) &8l (Cu) EDEEEILY (CuxNb,O,) DHHERD
59, BIE=4AT (NbyOy) OWHERLELETHS ZENERINT
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[0054]

[0055]

[0056]

[0057]

[0058]

T, HRAEEBELSIE, F1EBREYME1 12 300°CITMBANELTHRKLT:
F2HAEPIR 1 2(2D0WT, BEZIZHTIERNERHEOEILEZREL
f=o TH. COEIMFEDAEE, RETIV_NWHE IRes i Test
8300 ZAWLWTIThbNI=, &=, FEOEMEL, T7r - T -/
BICKYRIESNIz, MAT, FYUTREE. 77> - TIL - R2KITE
BR—ILAIEICEYAESA=, B1 1AL, BEELICHTIEREOE
ILERTIZ7THY. B11BIE, BEZERICHTEF V) TEEDEL
ERTITITTHD,

COREDHER., EMERVFX v ) TEEIZDOVTIE, BEEICHLT
FEAEEFHLEMN S, 2T, TOE2EEYIE 1 2%, EKWEEE
[CEWTHRBFERICB-Z2EFHETRT ZENTM o1,
<E1VOEBBEOERS (1) >

B1DOEBBREICETH/NIWAL—F—RBEE20DFHDS> b, AT
—D27DREMN20CTHE25C (B, ER) THARUIME, F1D
ERMELRCEHETE 1BREYE1 1 RUE2BIEYE 1 28RS
o KO T, B1DEEMELERT HHAILEERINED,

AFMICKBAHOER. COERMEBEBICHITAE1EEMET 1 OX@
MEEH 1T rmTHY, F2BEYIR1 2OFKEAMESE. 1. 7nmBE2

SnmUTTHAIZENHALMERE T, £, XRDAMIZTENIE, 2
DEMRBEDE2BRILME1 24, BEROKER, MEREESLTEILD
FARK, REFENLIT7RAKRTHDEEZOND, GH. AEEREEL (L5
[CREBERUSITLE-BREZHENE, SIBRDO LS GBOHTEOTEEEES
=OICE, F1REYMIEN 1 ZEETIEORT—V270DEE (REERE
) MY HFICOCLLET1 OO CUTTHD Z EMFELLY,

T, COEBBRBICBITAE1RIEMEI1(E, nBEOEEREZETS
EEHIT, FOEEFEENAHO. 061S/ cmThHof-. LML, F28t
MIE12F, pBOBEEMEEITLHELELIC, TOEEEINWE. 2287

NN
B

K

NN
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cmTHOT, SHIT, COEMBREBIZESTHE1REMIET 1D500n
mELE8 OO nmUTORRDEHELERBEE, ¥4 0%UTTH-T=,
A, COERBEICETAIE2RIEYEI 208580 nmElE1000n
MU TOERRDAFALEBEEL, 6 0%LLEAFLNT-,

[0059] LEdDERY., pHELTOEERRVAEAERBEEEDH-HITIE,
F1REMIE 11 ZEMEBATEENKRELEMRT S EN AN E G ST,
BHE. BE1OEBEBREICEVTERIN-E 1 BEMIE1 142, BREN1%
ULBEETHFE[P TR SN LNEE 1 OEERE S B C&4E T
WEBIN-HRICOLWTEHIANLONT=, TOHER. 1 2I1TRT LI, &#
1DERBEHEOERAE (1) OFHT TOMRLERZDOEBRILMED JRALE
BEE, F1OREBEICSTIE2BRIEMET120D500nmAET100
ONnmUTOREDRBEOFBELLLE LT, —EOBEHERONTH G YIE
TLTWBI EL Moz, COMERIL, B 1OEMHBE, RUKRRT 558
2OREHEICEVTHLHERINTLS, >T, BFR (0,) PAIEEL
BETHASEITTOE 1BLYE 1 1 OMEBNE L, TEAEREOEH S
THFELLGEWLWEWVWR D, Chid, MBLEICEITAIFEIPDOERIZEL >
T, F1EREWET 1 hOFEOMBN, 100 2(1CFLLEIEICKBED
BRIENRATHSERABS(THBLTL S,

[0060] <% 1 DEEREED LLEHI>
T, ERHIELT, FB1OREREBICEODTERINIE 1 BILMIE 1
15, 500 CORRATMENE SN, EEL. COMBUEZRDERIL
MIEZEE SBILMIEL NS, AH. IROEHELNME, F1OEEREDSE
TOvREBMBETHD, #>T. F1DEEHRELEET IHAETEKRSIL
"5,

[0061] FEAFSICLDAEABBREDAICENE, COREREDSE 3EILY
RiX, 20 (Cu) #ELBETHIEEZ LMD ENG M >Tz, 1
ST, REHBTHRAT LS LITKY, 1{liDH (Cu) NEKPDEFRICK
STHIEENT-1=, 2MiDEH (Cu) IZHEHEEZ NS, BH. XRD

NN
or

NN
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[0062]

[0063]

[0064]

[0065]

[0066]

DHOFHER. COEIMEMEE., XRDAFTIEARLGRIFE—V ZRE
BIVHREROESR, BEREELCTEILIT7RR, XETEILT7ARIKRT
HdEEZbND,

AERERETIE, £1ORBHEOE1VBRILME1 12T 50D
EFREERDOEFEME LTOD., 1 {EDOIRDOEILM THIEILIAL SED=7
Tt EN, EFEERLEICEONTCUNTIZHLT, NbNIFEI EH
BEINTRESINT, TN, F1OEERENETOLRERETH
5. #-oT. F1OEEMELEET HHBATERINEDS,

Z0%. B1OEBHELRAKRIC, RERBEICLSIEREBIE, RU
B TR CRILYBERAIGREEINDS ., AEHEHEOER LY FEIEADE
HEEEHS 6% THD, Fl=. TOBMIELMREADXRDAMFTOFEER. £
BDEALYBIEAENCUND ;O DIERBEZTHE LTSI ENTA ST,

0%, F1OEBEBRELERKIZ, R1ICRI/NILAL—F—RHEFEE 2
OFAWVTE 1BILYENER 1 OLICEEINT, Ff-. EBDCuUuNbDb,
O DIEREELHT DBILMBEAN S —4 v F30 & LTHRASh T,

-, XEEBETIE, XAT—Y 2 7TABORRLENWE—2—DEEN
20°CHHE25°C (FiB. ER) ITRESNT-, MAT, BHR (0,) N"F¥
UN—2 TRIZHEHK IR, Fron—2 1 AOBEOFEEHEANO. O
27PabtBBbLSCEERT29(C&KBHANRABINT, TDE, F
1DOEEHELRIRIC, /NLRKOT L) TR (KrF) TH2TL
—H#— (FK248nm) 22(2&Y, 2AIZTRT &SI, #iR10LELIZ
F1BREME 1ABREND,

Eolz, B1EEYE 1 OBEE., £1OREBELAKIC, BER (N,
) HANEBENS ZEICKYBREEN 1 %REDFTERE L >TNSF
Y UN—RIZENT, ER1O0OLDOE1BEMET 15, 300 COEHT
T 2FFEIME0LE (7 ——)LUE) snt-, TOHFER, R2BIZFRT LIS
EIR1VOLIZE2BEMIE 1 20 /{ o=,

NN
or
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[0067]

[0068]

[0069]

[0070]

[0071]

FAESIE, AEBEBRBICEVWTEON-E 1 BRIEMIE1 1 RUE 281E
ME1 20XEERFENBEMBCIVEREL-, ZORE. E1HRILME
11220 TIE, FEICFHRLGETH 1=, —A. F2BEMET 212D
Tl $REB DI B EHENEOMREB SN, Fho, ERL—Y MR
EFRAVCE2RILYIE1 20REZREL-HR, TOEEE, #1350n
mT&H DTz,

£, FRESIL, LROF1BRIEMIET 1 RUE 2R 1 2DHES
KEEZ X RD (X#REI) IC&KYRH LIz, TOHR. B13ITF7T &SI
CEBVBRIEMIE 1 1 RUE2BEMIR1 21E, WIThb20h420° HES
0° ITHEWVT, ZELIT7RICHET I EEZ ONSENO—E—ILSDE
— S FBEIhGEh o, > T, LBRDXRDAFTDIEREERETZ S L.
AEMBEDSE 1BBIEWEN 1 RUE2BEMIET 21X, WFAHL XRDH
MCIFARLGRTE -V 2 RELIVHHEROEER., MERESLTELD
7AK, RIEFELI7ARTHIEEZDND,

T, FAELSIE, LARDOFE 1BRIEME1 1 RUE2BIEYE1 20ER
BFHERVEBEEZSMUL-HBER, AEEREOFE 1EREYE 1 1T BnE
BEEHTHLLELIC, TOEEBERIE, 0. 286S cmTHo7=, L

NN

or

LTWBH, ZOEEEE, 0. 0006S " cmTHoTz, #->T, X
EEBEDEEIL, LROMBNBIZE > TEEEMETTHENSIHEN
RSN,

T, FRESL, LROF1BRILMIE 1 1 RUE2BEMIE 1 2D A
REBEEDH LT, TOHR., AEBBEDEESL, LROMBLECL
STEBEMNALET S ENERSINT,
<E20EMBHEOERH (1) >

FIRXREFE2DEBBEICEFTEH/NNNRAL—F—RBFEE200FHD S
b, FYoNn—2 1THOBZEOFEHENNO. 0027PaThHdH. RV
E2DEBHEICHE THBIEMEEARN T -7y 30D (Cu) &=

NN

NN
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A7 (Nb) OILFEHLELSNE, BRI 58 (X190 1. 11 (3EHE
)) DHEREBRVTE1ORERELRACEGHTE 1 BIEME1 1 RUE 28
LR 2R s hiz, #-oT. B1DOREHELERT HHATERKRS
n&s,

HBELIE, /] (Cu) [THTE=AT (Nb) DLLEELEZF-4—7v
F3OZEAWTHALI-E 1BIEWET 1%, £OMDBEFE THRNE
LTRELI-E2BEMIE1 2(2D20 T, ERMRULAEMNEEEFRAE L
o B1IE. ZOREHRERL TS, £z, B14(E R1ITTFTHRD
56, i (Cu) ORFHZE1ELIGEEIZ=ZFT (Nb) ORFHMS1.
11¢%G28—7 Yy FB0ERANGAETH>T, B1EIEME11%230
O CTMEMNIE L TR LI-E2BLMIR1 2D—&IZDOLVTD, £&LT
AEAEEOREDOABOEBEDIHERERTFv— b THD. 4B,
RI1CHITHH (Cu) [THFTAH=ZAT(Nb)DEAT. 11 (1EE) &
T1. 11 (2EB)DOFy—rE, ThEAE1 40Fv— +AIZ T1EE
1. T2EAB] EXRTENTWVD, =, SEDT=H, B 1 41Z(F, mEL
BEINDHHOE1BRIEME 1 OFBEOF v— FHEMN TS, Fi-,
1. 11 (SEB)ICO2VWTDHA, LHROEERICMA. £1DEEREICH
FAIX I L—HF—ORFEBNE BRIZHES T,

[0073] [%1]

[0072]

Cul’l | 1Ee{banEl., N .
s | et | v | voree | BBE | 1y | pm
NbO b |H)E (°C) (S/cm)| (cm’/C) (1/cm?) (cm?/Vs)
1.5 300 269 | 1.07x10" |5.84x10% | 2.87x 10 | P 20%
1. 11 , - X
RITEED 300 |41.1[2.17x10% [2.86x10%|8.93x10" | P |70%5L I
(%191) 300 63.01.13x10% [5.53x10®|7.11x10" | P 60%
éé) 300 116 | 3.10x10° |2.10x 102 3.50 x10% | P |g0%LL I
1 300 21. 2| 1.74x10% | 3.59x 10°°| 3.69x10" | P [80%LL L
0. 66 330 5.11|5.97x10% | 1.05x10""| 1.05x10" | P [|40%LL E
0. 25 300 7.92| 276 x10" | 2.26 10" 2.19 p 15%
0. 25 500 43. 8| 2.41x10' | 2.59x 10| 1.06 x10* | P 20%
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[0074] LERDE1RIFE2OERMIETIE. REEMNME L LBILMIEE R
FTEHLODEH LG IBILMFBADOREDRE, HIEEDLETEE I
ZIE, Cu,0&END,O5) NEEIATLAN, R1RURT4ITFT &5
. TOLHREENLDEBHREDENLICRESNGN EATNE, T
Khb, E1BREWETI 12300 CTMERNEL THRAE LIS 2BILYE
[CDOWTIE, ] (Cu) DRFHE1ELIZFEIC=ZFT (Nb) DRFH
MIX(E1. 1DHEE, BERFRELE p HOBEERLARICHEEIITDOLONE
ENDME, FIZ, R (Cu) DRFEE1ELIGEICZAT (Nb) @
JRFHMN1. 5 & LIKER, RUHE (Cu) DRFHE1 ELEGEITIZF
7 (Nb) OFRFHEMN1. 1 LE2EBRVIEBEDHERE. BRiI->TE
N-BEEODFIEZRLTWVS, F=, HIROLELADIZEETH>TH.
fl (Cu) DRFHE1ELIHEEIZZAT (Nb) DREFHMNO. 66X
(0. 25IZBVTIE, BV BEOEEER (DG EB1S/ecm, EHIC
HEZEZRKLEDTHNIE, 5SS cmlll) NELNEIENALNELE ST
o BWHE, R1IIHITH IEBEE] X, KR400nmEB8OOnmEUTD
HEICHBITATFYDEBREL LTEHEONDEL LTRE SN TS,

[0075] 7k, HREAFSOEBMMLZAERICEINIE, LROBIEYRERIZEITHR
HMOLECONT, l (Cu) DEFHE1ELEFZEEIC=ZFT (Nb) @
FRFHMNO0. 25REA4UTTHNE, LROR1DOLGELCED 1 EITRT
WIEICECORHUEERA-BREYMEZEET S ENTES, COMRE.
i (Cu) ITXHFTHEUEIL (Ta) ORERFHEICIOVTHETEFS, [
¥RIC, BAFELSOEMMLGRAEICEINE, EXNEHEEROLIEEAND,
R—7y F30IZHEITHH (Cu) &=FT (Nb) DILEEMmLEDFEL
WEEE(E, ] (Cu) DRFEE1VELEHBEIZZFT (Nb) ODRFHH
0. 66LLET. BLUTTHS, 1, FBRERVERMLEHEEZEOHLE
AhD, KYFELVATROFEREG, 8 (Cu) DRERFHZE1 L LIHEIC
Z#7 (Nb) OFEFHEMN0. 66LET. 25LUTTHS, Ff-, AHED
2DODBEEAND ST HITIFFELVATEROFEREIG, 86 (Cu) DEFHET1ELL



WO 2011/092993 26 PCT/JP2010/073700

[0076]

[0077]

[0078]

[0079]

-B&IZ=4A7 (Nb) OFREFHMNO0. 66LUET. 1 1TUTTHS, MA
T. TORLTFFLVEFHIL, $f (Cu) OEFHE1 ELEGEIZIZAT
(Nb) OEFHEMN1UET. 11UTTHD,

AERBETIE, REBNYDELIBRIEYMEOREIZEILSL, TOBILY
REMAT H-ODRMEGIBEMRERORENTTONT-, FT. 11
DO (Cu) OEIEMTHDEILIA (Cu,0) &, SEDNDFUEIL (Ta)
DBIEMTHSD (Ta,0s) ENMEMITEESNT, AEEBETIE, L
BDZA DA BERVWTEES NI, Ff-, LB 2BEORBEMIL, LF
ERLEICENVTCUuMTIIZHLT, TadZFEFE1EHEDIESITRESINT,
FRUNE, E1OEEBENE TO A ERAKETHD. #-T. E10OE
EHRELERT HHAGEBEINGD. 4H. XAEEBEORBILR (Cu,0
) 220 T, RAESHEMELERRFTHEDOLAHMEN99. 9%DH
DOMRFERAENT=, T, FEEBEDT a, 05220 Tik, RXEHSHE
ILEAEFHEDAFHMEN S 9. 9%DELDIAFERAINT-,

Z0%. B1OEBHELRAKRIC, RERBEICLSIEREBIE, RU
B TREZBE CRILYRERIRESN DS, XEEBEORBRILYEEHEADIE
HEEEHS 8% THD, Fi=. TOBMILMREADXRDAMFTOFEER. £
BROBIEMFREARNCUT a0, DERBEEZHLTLB I LA o1,

Z0%&., B1OEEBELRRIC, H1ISTRI/NILAL—F—EEERE 2
OFAWVTE 1BILYENER 1 OLICHEINDS, Ff-, LBDCuTa
O, DIEREEZHT HBILMBERBANI—4F v F30& LTRASNT,

-, XEEBETIE, XAT—Y 2 7TABORRLENWE—2—DEEN
20°CHHE25°C (FiB. ER) ITRESNT-, MAT, BHR (0,) N"F¥
UN—2 TRIZHEHHKB IR, Fron—2 1 AOBEOFEHEANO. 1
BPabidLSTEERYT29(C&bHANABIN, FDE, £ 1
DOEFEHRELRIRIC, /LAKOTvEY ) TRy (KrF) TFITL—
H— (RK248nm) 22(2&Y, B2AIZTT LT, ER10LIZE

or
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[0080]

[0081]

[0082]

[0083]

1EREIE 1 1 RSN B,

52, BBIEE 1 1 OBEE. F1OERRBEERKIC, BR (N, H
ADNEBEIND ZEICEYBREEN 1 %RBOFEREE>TVWESF vV
N—RIZEWNT, ER1O0OLDE1BIEYET 1A, 300CHEFHTT?2
FrREINEVLIE (7 =— L) Sht-, ZDHEER. 2BICTRT LI, #
W1OLEICE2BELYIE T 20T on T,

HBELIE, AEERECSVWTELON-E 1 BREYMET 1 RUE 2L
ME1 20XEERFENBEMBCIVEREL-, ZORE. E1HRILME
111&, FBICTFHGIRTH 1=, —A. F2BEMIE1 2(2O0TIE, #
KREBONLEZRDNEONRR SNz, T, L—F—BEMEFZRANTE?2
BRI 1 2OEEZAELEER, TORERL, 81280 nmTHo1=,

£, FRESIL, LROF1BRIEMIET 1 RUE 2R 1 2DHES
REEZXRD (XEEHF) ITEYRHLIz, ZOHEE, B15ICTRTLIIC
CEBVBRIEMIE 1 1 RUE2BEMIR1 21E, WIThb20h420° HES
0° ITHEWVT, ZELIT7RICHET I EEZ ONSENO—E—ILSDE
—VEFBREES NG, ST, SHIT, AEEMEEILRIC, F18BEME 1
M, 500 CHEHTT2EBEMANEEIN-IEEE, PEILT 7 XIZHE
FTHEEZLNDNO—E—YLUNDE—V FBEBINGEM >, - T,
LtHRDXRDANMDIEREREZDE. AEREHBEDE 1 BIEMET 1 RO
E2REMIET 2(E, WTFhLXRDAMTIEAELZEIRE—Y #RSG0
WHERDEAK, MBREELCTELI7RIK, RXTZ7ELI7RARTH D
EEZbNDS,

T, FAELSIE, LARDOFE 1BRIEME1 1 RUE2BIEYE1 20ER
BFHERVEBEEZSMUL-HBER, AEEREOFE 1EREYE 1 1T BnE

BEEHTHLLELIC, TOEEBEIE, 2. 40S/ cmTHo71=, Lh
LA s, REREMEDE 2BIEMIE1 2(2O20WTIE, pEOEEHRZEL
TWWBH, ZOEER([E, $90. 0086S./ " cmTHo1z, > T. A=E
EREDFZE L, LROMBREICL >TEBEMETIT L VSHRELHE

\\\

[T
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E

[0084] F1=, HAFESIL, LARDE 1 BLWIE1 1 RUE 2EEMIE 1 2DT4]
KBBEEMM LIz, TORE. F1HREME1 1D400nmElE800
NMUTDEREDHIBOFEBEIL, 30%LUTTHLIMN, F2BEMIE1 2
[ZDWTlE, ZOHEEDFEBEITM L L -, thh, AEEMBEL LRI, F
1TEEMIET 1, S500CHEHTT2EHMBMNEBINHER, Ll
EHL500nmEEB8OO NnmUTDRRDAEEDEBEMNEG 0%LLLEICE
THLELf., #IZ, 88550 nmUE8 00 nmUTDREDHBEDERBE
[E. 70%LLTHoT-, #->T. AEEHEOHZEEL. LlOMBNIEC
KO TEBEMNALT ST ENMERSINT,

[0085] <% 4 DEMEREE>

AERERETIE, E3ORMBHEOE 1BRILME1 1 2BRT 50D
EFREERDOEFEME LTOD., 1 {EDIRDOEILMTHIEILIAL SN2 >~
RILOEREMED, (EEER/LICEVTC UM TITH LT, TadZFEFE3E
BBEEIITREESIN, ThUMNL, E1OERBENE IO X ERET
Hd, ->T. B1OEEBELEET HHAFTERINE D,

[0086] ZFMi&., F1DEMRMELRKIC, ERIKBEICEIEREEZIE. RU
B TREZBE CRILYRERIRESN DS, XEEBEORBRILYEEHEADIE

ZEIINE5%THS, £-. TOREYERGERE. HEETRANDES
BRIEMET a, 0 LDERTHEIEEZ NS,

[0087] ZD#%. F1OEBBEEEKIC, B1ITRT/INILAL—F—KBEE 2
OFAVTE 1BRILYENER 1 OLICEEINDS, £z, LRDERIEE
ZHTHCUT a0 DEEMBHERLS 2 —7 v L3 0& LTRASMT:,

[0088] Fi-. REMEHBETIL. RT—22 7THBOBRLEVWE—2—DEEN
20 CHE25°C (B, EiR) ITHESNhTf=, MR T, BF (0,) HFv
UN—2 TRIZHEHHKB IR, Fron—2 1 AOBEOFEHEANO. 1
BPaltBd&SEERYT29I2&2RMNPARINIz, TDE. F 1
DOEFEHRELRIRIC, /LAKOTvEY ) TRy (KrF) TFITL—

[TI'.\'

\

f%”@
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[0089]

[0090]

[0091]

[0092]

[0093]

H— (FK248nm) 22(2&Y, I2AITTT&SI2, #E£4R10LEIZE
1ERIEMIR 1 1 AR ENE, COT. L—Y—BHMEmERVTHRELE
B, F1BRIYE 1L, FHEHEETH -

EHIC, BIEWE 1 DA%, E10OEERELRKIC, % (N,) A
ADNEBEIND ZEICEYBREEN 1 %RBOFEREE>TVWESF vV
N—RIZEWNT, ER1O0OLDE1BIEYET 1A, 300CHEFHTT?2
FrEImENE (7 =—)L0E) Shf-, TOHEER, R2BICRT LI, &
W1OLEICE2BELYIE T 20T on T,

T, L—Y—BEHRERAVTE2BREYE 1 20EENRESA-HER
. TOEEFE, 88190 nmTHoT=,

£, FRESIL, LROF1BRIEMIET 1 RUE 2R 1 2DHES
KEEZ X RD (X#REI) IC&KYRH LIz, TOHR. B16I1TR7T LI
CEBVBRIEMIE 1 1 RUE2BEMIR1 21E, WIThb20h420° HES
0° [TBWVWT, ZELIT7RIZHXT HEEZADNSNO—E—IDHSDE
— D IBEEINGMN 5Tz, TBIT, REBREELIFHIC, F1EEEYE 1
M, 500 CHEHTT2EBEMANEEIN-IEEE, PEILT 7 XIZHE
FTHEEZLNDNO—E—YLUNDE—V FBEBINGEM >, - T,
COXRDAOMDERERFADE, XAERMEDE 1 BRILME 1 1 RUE
2ERIEPIE 1 21E. WITHEXRDAOMTIIAELZREIITE—9 £ RE ALV
RRNEAR, BWREEEZECTELI 7 AR, RETFELI7RARTHD &
EZzbnd,

T, FRESL, LROF1BRILMIE 1 1 RUE2BEMIE 1 2D A
REBEEZMMT LI, TORR, AEEREOHZE L. LBEOMELIEIC &
STEBENM LT 5 ENHERSINT,

BE. LBROBREBERETE, /LA L—F—KBFEBE20EHNTE
BAEMIE1 1 ARHESATVADN, E1ERIEMIE 1 1 0EEAETIINICE
EEnGL, FIZE RERNRYEE, IR MAVRNRYZEIIRERESH
SYEMTHEREZE (PVDE) MNAERAINESD

\

[TI'.\'



WO 2011/092993 30 PCT/JP2010/073700

[0094]
[0095]

[0096]

[0097]

BIZIE, REFRNRYFZZEEZRAVEGESEILUTOHEENELNA TS,
<ZFDihDEMREE
NEDOEEEBADEEABRANY R VTEE (RFRNRvAR Y VTEE
) (TA3—T o7 YUT#E) ZAVTE1BREYET 18 BREH
fzo CODEE, BRRBEANIOWIIERES NSz, £z, F—4 v F30IC
WMTBRNYRAYGHRIE, 7Ty (Ar) NOBITHLTER (0,)
AEDESTRESNEEEARTHY ., HEFDODEAES. OPaTH-
fzo £f-. B1BRIEYR1 1 DAEREIN-ERIEIKROTABISRAERTH
Y., ZOERIPHESIN-AT—CDERERFER (20C~25%C) TH»
fzo BL, XXy R YU TEICKDBEIREPIC, HICERORERENL
H (85K, 100CUTEEZLND) LTLES ZEEEITONARL
o Tl =Y D LERFETHEREE. 150mmTHoT=, HH. O
DEEBETHWONIZE—7 Y ME, A (Cu) ORFHEI L LGS
[Z=F47T (Nb) OFRFHEMN1ELIUNIE1VOREHRELRALCEI—7T Y
B30TH Tz CHLDERHTIZEWNT, 6 0LHOMBRENTHNIZ,
B17F, EBORFRNRYZEHICKYGEONT-E1RIEMIE1 10X L
L CaRAEEDERDOABROBEBBEDSMBERERTFYr—rTHDH, H
1712RTESIC, E1REYIRET 1 0OBAEL, FEISAH600nmlL
DEEHRBEHICH TS 0% ULDFEBENELND ZENHALMEL T2
o Tz, BENMNA400nmUEBOO nmUTOEETH->TEH., BBE
(F6 0%LULEDFMENEONTz, THIT, COFETRREMET 1ITDOLT
[EIEEEARIE SN MR, pBETHD L LHIT, EEERNO. 106
S/ em&iEdl ENTMot=, Fi-, EMEN94. 3QemTH-1-C
EMB, COE1BIEMENLEMICERDENVETHLILEBHLNER
otz HH. COF1BRIEMIE1 1OXY)TEEET. 91x1077 (1
S cm?3) THY., TOBHEEX, 0. 348 (cm3/Vs) THoI=,
51T, HRAFLE, LBRDE 1BREWET 1 OFBRIKEZXRD (X{R
Ef) [CKYURH LTz, ZORR. B18ITRT LT, F1EEELMIE 1 1

\\\
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[0098]

[0099]

[0100]

[0101]

., WFhE20H20° HEZ0° IZTEWVWT, FEILI7ZRICHET S &
EZONBLEBENO—E—YLUNDE—Y (ZBAKIZBR I, o1,

EZAT, LROE1DEBMETIE, E2BIEME1 2(28FTI B8 (
Cu) I[THTH=AT (Nb) DRFHKLEA., ZTDIR (Cu) DEFHE 1
ELFGBICZED=AT (Nb) ORERFEMN1THH-H, ZOHEIZRE
SNAEW, BIZE, FE2BIEMET1 2(128FENEH (Cu) ([THFTEH=_FT
(Nb) ORFHLEA, ZOH (Cu) ODEFHEE1ELEBEICTOZF
7 (Nb) ORFHEMNO. SLULALUTTHNIEEL, F1DEEMREEBHRD
MENZINGD, BT, CORFHRIEOHEERADE 2BLMEE, 500n
MmUE8 OO NnmUTORRDAGAEBENEHES BIZIE, 6 0%L
EE%B) . BB, MBORFHILEOHEADE 2 BILMIEE. XRDAHT
FRAREAGERE—V ERSLVVHRRBOEENR. MBEREECTEILIFX
K, RETELIT7RKRTHDEEZONBDMN, EFREIRATIC LN,
WRHEOFEANEREINA TS, #£-oT. FOREAEICE > TE 28D
ROIKEN, LA EERMTE, BHBBRELDRITEKEN,

T, LROEEEHETE, B1BREYIET 1 REE2BEMIET1 2%
HETBH-HOD2—45v F30& LT, BILMBREALSBEIEMNSHESL
TWBHHY, KEEEH (BIRIE, KEREER) +°, MEE (HIZ (L. THELER) +©
. REBIEAS, L aUBEN SBILMEREANEESNATE &L,

b, iRfz&EY, EREBEOHMOBEEE EECARADGHEENICHF
HTHERBLE, BHFFEROTEIEEFNLIELEDTH S,

EX LEOF AAgEH

AFERAE, pHOBEREZETIRILME. HAWVIp HOEELEET

LERAEEREL LTEEICHASINES,

i
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FERIE]

[FERIE2]

F5RIES]

[FERIE4]

[FE3RIE5]

F5RIEG)

[FERIET]

REOR D&

ZZF7 (Nb) RUR VAL (Ta) MoK IHENDEIREIND 1
BEOEBERTRE, fl (Cu) LEEORMEYOR (FAETHYME
BHED) THHOT., HHEROEER., MEREELCTELI7AK
XEFELI7RARTHDEELHIT, pBOBEREET 5,

ERL MR,

HIECERN (Cu) ITXHIT AFIEERTRDRFELEA, FIELH (Cu
) DIRFHE1 L LIGEICHREERTRORFHNO. 5LIEIX
mMTHD.

FBBRIE 1 ICREBOBILMIR,

RIECEREMIRAD, MERDOEEARX EIMHEREELTEIL T 7 XK
THH>T, 1S/ cmULOBEEREHT 5.

F5RIE 1 RSB RIE 2 ICRRBDOEILMIR,

400 nmPUE8OONmUTOREDAIRDEBEA, 4 0%LL
tTHb.

F5RIE 1 RSB RIE 2 ICRRBDOEILMIR,

REND_FEFHFEABESE (RMS) 1 nmlUES0OnmlUTT
Hb.

F5RIE 1 RSB RIE 2 ICRRBDOEILMIR,

HIECER (Cu) DIEEHA1THS.

F5RIE 1 RSB RIE 2 ICRRBDOEILMIR,

ZZF7 (Nb) RUR VAL (Ta) MoK IHENDEIREIND 1
BEOEBTRE, t (Cu) EMDHIBIEY (FAEFHMES
HED) DEI—7T Y FOBHERTFERKRSESCLITLY, EREIC
WHBODEAKR, MBREELTELI7RK, RIFZELT7 AR
THoTCpHOEEHEETHF 1 BRIEYE (FABEFHNESHE
%) EHRTHIEEET.

BRALMEDEER .,
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[FE3RIES]

[FERIEI]

[FE3RIE10]

[FERIE11]

[FERIE12]

[FERIE13]

FERIE14]

HIECERN (Cu) ITXHIT AFIEERTRDRFELEA, FIELH (Cu
) DRFHZE1ELE-BRICAEEBRTROFEFHMNO. 5REIRK
mEED,

BRIE7 ICRBOBIEMREORERE,

RIRE 1 BEEE. BREEN 1 %RFORETIZENT200
CTULES 00 CUTTHMRAT A LIZKYE2BIEMIEZRAT ST
BEILIZED.,

FERIE 7 XIELFEKRIE S ICREHDBILMED EE S %,

RIRE 1 BEEE. BREEN 1 %RFORETIZENT200
CULEA4O00CKRETMRT A LICKVE2RIEMIEZAT ST
BEILIZED.,

FERIE 7 XIELFEKRIE S ICREHDBILMED EE S %,

F1RIEYEZRAT HEEZDREERDEENAOCULESO00TC
UTTHB.

FERIE 7 XIELFEKRIE S ICREHDBILMED EE S %,

B2 —4 Y FOBRBEFE., R/ R2 ) UG RIT/INLR L—H—
DESHI K YRS EE T LTk > THIRE 1 BILMEERRT 5.

FERIE 7 XIELFEKRIE S ICREHDBILMED EE S %,

ZZF7 (Nb) RUR VAL (Ta) MoK IHENDEIREIND 1
BEOEBBITREE (Cu) EHDHIBEY (FRAESHYMEEH
Bd) THoT.

HIECERN (Cu) ITXHIT AFIEERTRDRFELEA, FIELH (Cu
) DIRFEZE1ELEGRICAEEBTROEFHMNO. 25LE4
UTTHB.

B—Ty K,

HIECERN (Cu) ITXHIT AFIEERTRDRFELEA, FIELH (Cu
) DIRFHZE1ELEGRICAEEBTRDOEFHEMNO. 6 6LILET
. BUTTHD,



WO 2011/092993 34 PCT/JP2010/073700

[FERIE15]

[FERIE16]

[FERIE1T]

FBBRIE1 SITHBDE—7T v K,

BIEA—47 v bD, BESNIz3DTH > T, HMEEMHNS 5%LL
tTHb.

F5RIE1 3RIFFERIE1 4ICEBDY—T v bk,

ZZF7 (Nb) RUR VAL (Ta) MoK IHENDEIREIND 1
BEOERTROBLY (FABLHNEEHBTD) L (Cu) @
Bt (FrIBAMMEEHES) L%, HIREH (Cu) ITXT HHI
RERITROFEFHRILA, Al (Cu) DREFHZE1 L LIEFRIC
AEBRTRORTHEMNO. 25LULAUTELRBEIETREET DS
CITLYEEYERDIERTIRRL.

M BEEMEEMBAR TS LICKYBBARERIBBIREL.

AR AEMRTHILICK > THRESEIHEREIRREEET.

EALYBRHEARDORER &,

HIECERN (Cu) ITXHIT AFIEERTRDRFELEA, FIELH (Cu
) DIRFHE1 L LIGEICHREERTRORFHNO. 66LILET

SUTTHD.

F5RIE 1 6 ICEEHDBELYRBAROHER X,



1/16

WO 2011/092993 PCT/JP2010/073700

[E1]

23

[E12A]

11

NN N N N N N N NN Y 10
/

—




2/16

WO 2011/092993

[E12B]

[E13]

11

12

AR TR TR EER RN RN

—

10

PCT/JP2010/073700



3/16

WO 2011/092993 PCT/JP2010/073700

[E14]

12

RMS=35nm

[E5]
5 2R RE
.
5
= |
1B LR
0 20 T T T 0 T s T o

2 0 /degrees



WO 2011/092993

[E16]

4/16

PCT/JP2010/073700

100
~ 80 -
X

b)

8 60

4w

he

E 40 | )
a |'
o

F 20 il

2R LR

FH1BLiE

0 ] ] ] ] ] ]
400 500 600 700 800 900 1000

Wavelength(nm)



5/16

WO 2011/092993 PCT/JP2010/073700

[E7A]

[E7B]




6/16

WO 2011/092993

[E7C]

N
NTRS

N

12

PCT/JP2010/073700




716

WO 2011/092993 PCT/JP2010/073700

[E18C]

X1-2

[E8D]

[E8E]

*31







9/16

PCT/JP2010/073700

WO 2011/092993

[E9E]

[E9F]

[E9G]

[E10A]




WO 2011/092993

[E4108B]

*1-1

[E410C]

K-z

[E410D]

*2

K31

10/16

PCT/JP2010/073700



11/16

WO 2011/092993 PCT/JP2010/073700

[Eg10F]

*32

[E411A]

1

fE\lO

O n

- y L o8 o .
\510_ e

B

3 107

g |
Q:']_0_5....|....|....

0 5} 10 15

1000/T(1/K)



12/16

WO 2011/092993 PCT/JP2010/073700
[E11B]
c 23
e 10
I
£ I ‘uu‘
+ 21
S 107 | P
o
) E |
83 g
~
(] =
c— 10
2 =
= 17
S 10 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 5 10 15

1000/T (1/K)



13/16

WO 2011/092993 PCT/JP2010/073700
[E12]
100

. R E 1 Y% AT
X 80 |
Q il
Q ; rlll*-‘
S e0] ot
P
= .
@ 40t ER1%LL |k
o
F |

20 __,,r

”.“’.J"I'"I' ¥
07400 500 600 700 800 900 1000

Wavelength(nm)



14/16

WO 2011/092993 PCT/JP2010/073700

[E13]

H2R LY

Intensity/cps

1LY

10 20 30 40 h0 60
2 0 /degrees

[E14]
100 S
Q
eb]
Q
c
8
E
=
S 20 F1R{LWIE

0!
400 500 600 700 800 900 1000

Wavelength (nm)



15/16

WO 2011/092993 PCT/JP2010/073700

[E15]

H2RL IR

Intensity/cps

1LY

10 20 30 40 h0 60
2 0 /degrees

[E16]

H2RL IR

Intensity/cps

1LY

2 0 /degrees



16/16

WO 2011/092993 PCT/JP2010/073700

[E17]

100

oy o o
<o o <
T T

Transmittance (%)
]
[ ]

] ] ] ]
400 600 800 1000

Wavelength (nm)

[E18]

Intensity/cps

20 30 40 50 60
2 0 /degrees

[—
o



INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2010/073700

A. CLASSIFICATION OF SUBJECT MATTER
C23C14/08(2006.01)i, C04B35/00(2006.01)1,
(2006.01) 1

C23C14/24(2006.01)1i, C23C14/34

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classitfication system followed by classification symbols)

C23C14/08, C04B35/00, C23Cl4/24, C23C1l4/34

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2011
Kokai Jitsuyo Shinan Koho 1971-2011 Toroku Jitsuyo Shinan Koho 1994-2011

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
CAplus/REGISTRY (STN), JSTPlus/JST7580 (JDreamIT)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2009-246085 A (Hitachi, Ltd.), 1-17
22 October 2009 (22.10.2009),
claims 1, 6, 7; paragraphs [0023] to [0047];
fig. 11
& US 2009/0242868 Al & CN 101552321 A
X HEINRICH, Andreas et al, Influence of oxygen 13,15,16

pressure, temperature and substrate/target
distance on Cu,Ta;0;, thin films prepared by
pulsed-laser deposition, Thin Solid Films,
2004.12.07, Vol.479, pp.l2-16

|:| Further documents are listed in the continuation of Box C. |:| See patent family annex.

* Special categories of cited documents: “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

“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 “x”
filing date

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other oy

] ] document of particular relevance; the claimed invention cannot be
special reason (as specified)

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

“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 “&”  document member of the same patent family

Date of the actual completion of the international search

31 March, 2011 (31.03.11)

Date of mailing of the international search report

12 April, 2011 (12.04.11)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2010/073700

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. |:| Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
The invention in claim 1 does not have novelty and a special technical feature
since the invention is described in the following document 1, and consequently,
the invention in claim 1 does not comply with the requirement of unity.

Document 1: JP 2009-246085 A (Hitachi, Ltd.), 22 October 2009 (22.10.2009),
claims 1, 6, 7; paragraphs [0023] to [0047], fig. 11 & US 2009/0242868 Al
& CN 101552321 A

The inventions in claims as indicated below are relevant to main invention.
Claims 1 - 3

L I:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:l No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



] SR A EpsHpEEs PCT/JP2010,073700

A EHORTL0BHOSE (EHEERFFE (1P C) )
Int.Cl. €23C14/08(2006. 01)1, C04B35/00(2006.01)1, €23C14/24(2006.01)1, C23C14/34(2006.01)1

B LT ol

AREET o T/ NRE R (EERSFF28 (1P C) )
Int.CL  €23C14/08, C04B35/00, (23C14/24, (23C14/34

/NGRSO ER CHRAEZ T 0FIZEENL O
HAREERAFEAR 1922—19964F
HAEARRERFEAR 1971—20114
HAS[H E A 28 5 AH 1996—20114F
HAE B EFE AR AR 1994—20114

EERA CHEM LB ST — 2= (F—=FX—=ADOAFF, REICHEM L7 M)
CAplus/REGISTRY (STN), JSTPlus/JST7580 (JDreamlI)

C. BE45 LD L LR

B SCER D R %
) BRSNS RO—IBO BN MEET S & &3, FoMET AEFOER S SRIE D
X JP 2009-246085 A (FkEastt A SrBERT) 2009, 10. 22, F5:RIE 1, 1-17

ke, k7. [0023) ~[0047]), 11 &US
2009/0242868 Al & CN 101552321 A

13, 15, 16
X HEINRICH, Andreas et al, Influence of oxygen pressure,
temperature and substrate/target distance on Cu,Ta,0,, thin films
prepared by pulsed-laser deposition, Thin Solid Films,
2004. 12. 07, Vol. 479, pp.12-16
7 CHROBEEIZOIMMBAIE ST D, I X7 b7y 2 U —BT A BI A B,
* FIAMOBT Y — D H ORI ST SOk
TA ] BRI H AR ClidZe < . —RMEMIREZ RS [T EENEA XSBEAERICARSINEIRTH - T
H D HEEE FIET 560 Tl < ORI HEH
TE | EESHEEHATOHBEE IS CH L0, EEEREH DEBDOT-DITBI AT LD
DglzaRshizbo (X HICEEDH B TR TH > T, B4R O I TIHA
(L) BRI RE TR 5 UL O ST O % 1T OFRME TS e EEZ BENE B0
AE L <IIMOR 2B R 2T 2708 HY TY ) HICBEEOS 53R CTh o T, HikCmk & o 1 L4
A3k (BB EA9) FoxcmEn, BEEFICESTHHTHLIMEEIC
O] HEAlC X A, A, BREICERT 530 Lo TEHMENZNEEL LN LD
[P EEHEARIC, D oEBLHOTEORB L 2HE (&) R—F7 2 b7 7 3 U—3Ck
EEHEZE T LA EEEFR A O F %A
31. 03. 2011 12. 04. 2011
[E PR A MBI D4 B U T BRTITHEAE (HROHHWE) 4G 3767
AAREFRFT (I1SA/]P) *n &
HEHFS100-8915
HrRTREXENPE=-TH4&3 5 Bik%s 03-3581-1101 WK 3416

HREXPCT/ 1SA/ 210 (FE2~~—) (200947H)



EEtE#RS PCT JP2010/073700

[l ERFR AR T

B FEROEHO —HOPFER TERVEEZOERL B 170 2 DfEE)
EHSEKAESH (PCTI75R(2) (a) OBEICKY . ZOFEBEMARTIIXROBEAICLY

FEROEP DO —ERIZ DV THE

Lot
1. 7§k 1L, ZOEBHREHMENRELT A EAELRVHRIE L LD TH D,
DED

2. I #ERE X, AESRRERREL T2 2N TEOREE THEDEMEZL T

BOWEBREBEOESIRL DO THL, 2ED,

3. 17 GRIE 13, EEFEROEP TH - TP C THANG. 4(a) DH 2 LR UHE3LDOLIEIC

o TEHE I N TV,

FIA EHOHE MARMLTVLHLEOER (F1X—-U0 3 Dfkt)

WITRRD L H I OFEBRHEIC L EOZRAR D 5 & Z oEEFEHEITR O -,
SERTE 1 IT(R D DI, TEEOICHR LICEHE ST B0 FBENEE < | B 7 E ARG
Frlae A <9, FHRMICE B2 S 70, i i i
- TR PZ%9M%%A(%ﬁAﬁH¢§W%)%WJQ%,%ﬁ@l\%ﬁ%6\%9
TH 7. [0023] ~[0o0047]), W11 &US 2009/0242868 Al & CN 101552321 A

Lﬁﬁifk TRDHFEWAN, ERHATH S,

1. {0 HEASLEZBIFE FHE 23~ THRRNICHNS Lo T, ZOEEHEREL, 3~ TOHHE TR

""" iz oW THERR LTe,

2. ¥ BEIREFEEZEZRTLETLARL, N ToOHEE IHIZ DWW T
BEFHEI O KD T2 h o1z,

3.7 HIBA LB E AN A & — 07 LB Laho 0T, Z oEBRBARES, THEOM
20 &> TR OFERED S DWW THRERE LTz,

WY 5 T ERTEEOT, BN

4. T WA LERBIGAAEFER & MW LR e T, ZoEBRAERSE L. FEROHDFEAICGH

SN TWBFEBIARDROFERBEIZOWTEER LT,

EM%E?@%@%%@$£TF%?%E%
0 BIMERAE SRRV, AT LHE IR, BEESLFER oMM S, AL REH L TRH o7,

i EM%@?@%@%H&% ﬁ%k#%% SHSL T > 7298, %%$¢$ﬁﬂ#ﬂﬁﬁ FIR LS

T e S s
T EINMFAEREECEIOMMIZ D o720, BREF I TT o7,

BERXPCT/I1SA/210 (120 (2)) (200947H)



	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 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - wo-search-report
	Page 54 - wo-search-report
	Page 55 - wo-search-report
	Page 56 - wo-search-report

