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EP 0 292 340 B1 The .inventors of the present Invention tried to solve the
abovenenti oned probl ens by adding additional elenents to the relatively

hi gh tenperature superconductors WhiEPl0202349Bdi scovered recently. "It was
expected that the addition of specified elenents would Inprove a variety of

properties of thhRvenoRe Gieprbsk inPiBtidFRAGH th Sdve tRsabBvermeitioRddt prdbldmB b Bfdling @dditiohst 2!
current dengéhehtsibithe teRBveli HigRitdmpoidtuff subdidondictols whith wére tisérecdiBERRIly. i whl HitFdcted

St rong nag- thbtthe daitidnGf Speifist. elembite WwbulBiMbioveCealiét£6f popdrtida f thd Gpstidhieilg materials

i nvent-ors rso&sdd ad@inthiyhér ciitfes! carcbel dehsltaridithedTOiliy of thedrifical dafent densityhder a STRAG mag-
sel etveds f I oetic flelg)r oup consisting of V, Ta, Nb, C, Ga, In, Cd, Sn, Tl, Pb,
Mo, Wand Zn, Exgeritnagts caphgdoutrbgl thedpredent u'-yqnmrmmlmtthudhmddm@ qmtee:r ina’eshan bnei ahgS

i mpr ovenent werlt pelected from@gesup copsisting of 34 Tackls 6n Gadn, Cdi 8nyTl, RboMa W and Z ltrt the compound
super co nd uceXidedynemurerdopductingimateriald brinds improyementaip dhe ridpertiessaf aupotropauctiity, feeatace
bet ween " Tcobtaifuperednducingmatepials whiehaxhibli asedueestsisarepancy of Jifferance batwennSTeand Jef and
under st onyease P P‘E‘Vify"e'l“{‘ilbm'?ﬂé?"éT‘lﬂF‘%'s“%fﬁef @RS'P fig) ‘f t he ﬁr esent

| | TB"'%f °PH%*° Vil Hipyegting
Loper sonductas A @gg AN Jug?cf el

irng p
bet ween Tco nductiity 8 (103 Broken Y"E‘ 's Wq t'°f

de a

E‘g I 0 e
v ame in the bul at‘ﬂnfl }?é’ﬁﬂv Smmﬁﬁaer
stronger magn%r? |efc'i“ Lthe for pr bulk or blo prow e e process for producing the
sane in thegf 8fthet?hUeKner block or in the formof a thin film 15 Summary
of the In T%re—presen I nventi on provi des superconducting materials
having a CO”DQﬁé §rbé%ﬁt ifveRtioR BieVided GupddtoldiBting Materidhd ialind £écipbsition Adpresented by the gen-
[err] in wWhigilormuld' represents one el enent selected fromelenents of Ila
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55 thalLium (Tl), l.ead.(Pb), nolybdenum (M), tungsten (W and zinc (Zn),
and an oxide, carbonate, nitrate or sulfate of copper, wherein the atom
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adj usted to (0 to 1):(0 to 1):(0-to 1):(0 to 1). 3 EP 0 292 340 B1
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MyO, [ err] hgrpduelios powébdourte 3 bhiedtddiethe thiget 2 Sd@elibsEats 9 6riviid theahit fil@ isBopabsat

I nvent i on esdbelng fabdto thedagbt R./A viabuemi pamp (rotethbwin) cénaedteditisrorgh ia portvhiocte isteriot afithe
beam f r om amembkreictumotionsdnicredtesvaciumahdréll ont o the target. The present
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vention. Brief description of the drawi ngs 45 Figure 1 illustrates an
exanpl e of a sputtering machi ne which can be used to carry out the process
of the present Invention. Figure 2 GPRR340B1 | | ustrative cross section of
an enbodi ment of an ion plating machi ne which can be used In the process
accor di ng 4Dpldda@in eQScairh cHaMB&r, aRélectrbn §livi M Spldcedin EH8ReighbEiRbddorthé tBget B fhindltng
whi ch i1 s usfPevhgsoratigmbteriaN 6f tha targbti12, gl @ G6t:Hatd 84 6 Wiidhdhe win Filheis [@BsSIRA landbbing

i nventi on el tb thaltatght $2. A viam Ppoimg (Wt sB6Wn) Gennéutddito tha intefior ofitheBfiaberath fundticgeto 2
pl aced i n tieate vaoumitiereinanber 1, a hi gh-frequency power source 3 connected
to tHe &ar getBidd volageis impsasiesion tie subdtratati4flamelsourdeef Highivoltaige 151 Thessubbtple 34 b behtadn d
bei ng f acedy 2 bheaten &8 sodhay the tempenatureeof tha substistpis @djustablehA bigh-frequenge caild istarrangedjin a
port 7 to thedell janidpetweendhe target 12 Andthrequbstrate ir i suehasmanperdhat emaporatednartisles sreeesi n.
Bi as vol ta@'essil’&YihPrﬁ‘?"eE@é’e"Bh"thﬁ%a%Mr%fP"e’“thdP‘?"@rﬁ‘HefsWr ce of high-voltage
5. The cube, tmcntoribets bt ot s v A [HeEPR8 01
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t hat="t he t eommontechnique Fectrical resialonde was detannined by @ fouerinibe mefhod; Teprpefatusewes megsuradi |
17 is arr abygeibrgied MuFe)Ap theqneeouple. het ween the target 12 and the substrate
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of 99.9 % fou 10 d el i 1o} Z) g :{B 'P
powder of purlty of 99.9 % was adde crushe

an-(l;I mxed conpl etel y In a
ball mll. gliReesul ting m xture was corrpact ed In a nold and then sintered
at [err] Imar for 12.5 hours. The sin- tered body was pul verized and then
conpact®d. TiThe ssafblpbivderedasGERRMEIE 1 Wers uddd! Th INSExarhpl E 590@ ofifa,DsPovder F paiity ofioe)s 12
hours. 20 % was addell ®atmbaarapi59.0@lof BaCO, BowderbDpuiity ohBes9 % .45.01grYeDy powder bipeit) bfiong
finally si tteed @0 dpofCpOpneder dfenrite bi®9 18 %ahd Sruskexd andoiretdzomplietely i etbiabmillest sanpl e
by vacuum deJbsiesuilting mixbiraivas norepagtedin & mold antithepsinteted at93@ 1C insainfer| 12 housc Thedinterpdt o
a common t bagh wagpuverizet patball il jand theyi compasted. mmwwmmswhar sintaned ahPHN5E
met,hqd.# Teingiefori3f kougas neasured by a calibrated Au(Fe)-Ag thernocoupl e.
Pherdnenon ofAteh l?(?ﬁﬂl&%l‘FQ/‘P‘PW&S"‘B‘J%@PWH“W@WVPHE”P ﬁ‘g\\p “’Eﬁ‘bl ed
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gradual pﬁ"ﬁ e resi tange appears a I'hary

Cesi st dhce? W@fﬁe fr 1o chga{; u%éé)ornea tedt Bfindid rraaa&%'m rhbras
(Tcf) of tQoge ke oﬁmﬂcﬁrz aa E: t%@l’-nairﬁ‘dﬁhetﬂ%l@%giﬁcgﬁ? qrakiny O3
K. The sangnglial fdund'Rat a Q00 WRA2 Ris rhdiiRainbl ddFieRi B Tesd] AC susceptibility by
L meter. The critical current density (Jc) was al so neasured on a test
sanpl e ®repafmpd3i N the same manner as 30 above. The Jc of 600 A/[err] was
observed at 80K~ Then, the external magnetic field was increased gradually
and it was f oufet, ﬁohraérsﬁBéCO@Yz(CmQ ahd a0 arp miadunifermiytirsutiemogortiobd tiat fie efont raaib 1
Tesl a. ExaofBatB«AYBi5 0.4 and th¥ htem saticef Beduie2/8. Then, ippwdexef Vpdsovas added & thesmisiture| with

t hi s Exanpéush gtoid ragio thabii/B4 ie 0.67. Thenel sampedt of the howderariixt @O wes sibjeries toralpreliininagy sin-

M xt ur & of tefy® ah829 @ for {2oprp. Thewerdling prelimipary sigtered mapy ‘59"'%"Z°$’5ﬂ®thg1 adedgoainier
of purity Hrerepylting aampaptpd masys Wrther sivteres #.080r°C f b ’?t@'ﬂ"’tg@ siypteogd bpdy. Sput-
crushed anB”'Wr'%@ﬂ"eESﬁ‘hS‘F aedhstpaty of siicqgerystalnder thefollawipg.eoniifiantiy ni xt ure was
conpacted in a nold and then sintered at [err] In air for 12 hours. The
sintered body was pulverized in a ball ¢ill and then conpacted. The
resul ting conpact was further sintered at [err] '




40 in air for 12.5 hours. A test sanmple of 3 x 3 x 10 mmwas cut fromthe
resulting finally sintered body and gpepesisagBer at ure de- pendence of

el ectrical resistance was determ ned by the same nethod as in Exanple 1.
The result was that the critical tenperature (Tcf) of this test sanple was
76 K and the Onseéaféia)ﬁrﬁééléﬁxﬁécaf Viisygeh K so t hatssshe @iseorémanyy
between Tcf and Tc was very small. The sane result was observed by the
measur enent of 4fpaAislsespssiie idf dngdn neter. The.WrRatGonld” drorknt

densi t'y fJc) was al so neasured on a test sanple prepared In the same manner
as above. The Jc DémpeetMieref ws isdrnat® at 70K Ther!.9Q hé€ ext er nal
magnetic field was Increased gradually and It was found that a Jc of 80
Alerr] was maintBizedvoktagd | kmrpssd oorddie supt 1Ay & P00V 1 rst,
powders of [err] and CuO are m xed uniformy in such pro ti/)ns_zt hat t he
atom rato of Ba/fPErvireguency al?ﬁj"qlhe atomratio of Bal Z}3. Then,
powder of [err] was added to the m e "‘“J}lé%h af.om rqaf% S that ViBa Is
0.67. Then, a co t'ta“'o‘Fetl?t‘*'et‘fﬁﬁ/\‘rﬁesr“ e A0S CUt{Scted 16 a prelimnary
sin- 55 tering at [err] for 12 hours. The resulting relrmnary sintered
mass i s pul ver‘ifﬂ'éeb%élwt‘h'emw %?'é‘ﬂ"e& a? ﬁ°P°5I'1I'Ré‘ "Ftegiﬁp &@E@E’[S@Q s sam-
is furtH&r E‘F\‘j'?'%Fhéd"t‘??P& agiabpve iy Tp‘t‘ éti}‘ R body.
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pu . % q goe g f!gjad s Eredto
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5.33 Pa (4 X Tﬁpo tﬂ ﬁ\Tn Ql%&U der hQLa fldsure of oxygenof533 Pa (4x 10-2 Torr)
4. 00 Pa 2()3 écc[sr@ﬁwﬁ ot @theg se{t pe?é{ t(de?rt Which superconducting phenomenon
[err] f)BI as ¥ Jd%@ppeérﬁ&@ﬁﬂ @iﬂe HRal tethbBrturéabwhich the Qhpléte Bperconductor Is obtained) of
H gh- #'r equeB&i oR &¥8ther hand, in the comparative example in which a thin film is prepafed withduihtrddudihgifjer.c
bet ween suQihblghttre resultfhg thit HMishowed AlthoBithe salvieloid et aftipbratlre, the lelectfitieSistarite dfoppek
| s obt ai nedratter gtadieiyBsfoleiitBEcamakero atbbout 1K, IhinfativevededIhdt infroduSIRG bf oxjgeh infxdiie char-
par i son,zst hber$dtEentoilitg eMdygedicomentlnahecthih Silni dwing thedild trmation @as/ gitical tosobtain a desired
| nt roduced supkoridhaingininviver . To determine the electric resistance of the
resul ting thi rihé pitical carrenb dansibyf (J&) Iwes Bismuieasursfl op ladest samplecprepared inithesame manner as
deposi t ed. aheve, Thedciohi;@004fce as qbpgryedfat 7TaKaThen, theaxtesrial magneti¢Sield vas inereased gradually
and a pair ofdiiveagfoupd thaia JgoE848 Acmd wamaigaingddn eltigidafi i Tegla-al uni num el ect r odes.
The resuPt was that the thin filmprepared under the partial pressure of

oxygen of sExemple4 (4x [err] Torr) 20 accordr ng to the present invention
showed t he on era § Q{f({:@ su lerdco‘ he ,ome x%%rrgt%d
to appear) Off S§ qsan ro 5 2(3. tp?él was E with
super cortguc 7 ?,Q gﬁ ¥rﬁ
exanpl e 1n &9 Jﬂ% {8 Enipacted agam

lfUr'i‘Z cJu . I| tng
aHhough th?th@s%H éd?fﬂaétturna tslrJHhé A to%%@ﬁra% b of frtERGe bR by S -
the el ectri griff §ba$ iAbuEon sameﬂorartob.e 1a hU%HhEsQﬁ‘JéUn&tﬂdn&a RER&ARplZRr 0 at
about 7 K Thi sa:ésasampreaueaérad.euaatrc Heateared uthé r@EUItAG tHNMIGINas prépdded ifithe S4hd Fhanabr
berr@r ©0nkd i Ekdnipte DXygen contents in the thin filmduring the film

for | ON Was Toé tebiltovab thatthethib filim prepade Sdcbrdiflg BtHd@resent thvdritionshowdditiie dhsdt tempdriatere
critical cutfroenthici sueerdoydubting phevememdnstarta rappear) oH T K atdthe critigaltinweptuegiat which
i n the sanethagempigte sugeradndyator isPhigingd) of 7S K2sc3 i thadiserepaneisbetyresn e andl T wasn(pry small.
Then, the ext dnthiasampigActtice cprest densiiy i) of@r08A/en? wasphepaYadyt 20 ANd 2 Joh 3,090 eref
that a JE ovagmantaipgdds thp figldel 1igsimetdPlted in a field of 1 Testsa. 30 Exanple
4 At first, powders of [err] and CuO are m xed uniformy in such
proportions hat the atomrati-o of Ba/(Ba+Y) is 0.4 and the atomratio of
Ba/Cu is 2/8 Mhen, powder of [err] was added to the mixture with 35.such

atomratjo h
subj ect edgl t](i) Zéu re mmi"ge"%pgrfcﬁ?tlp' ﬁ??"h‘% h {:I,f{mwe%ﬁeg ﬁour ﬂ%&%@s"}a@ ?r ng
prelimnary sr,m,ﬁir,ﬁ:d mass i s pulveri zed an conpacted agai n. The

resul ting conpact eg eﬁsents%némrtéaegere&sm a&nefntsrmtdg)aaanduﬁergrrdupmhmhadmaae,
target of a sintergtepashyts ofPslment sdiebtBdirdndeléintints offh gradtrpamaagrambaﬁerr&hemmbre,
si | i consgryst ais" beielettbdfrenilie g O Wiich "ATIS natlelbdledficaypl € 3. A test sanple to
det erm ne el ectri C'Cr epiesdnia it dasibnd di@nentstectet from & latolp &drisiaﬁngrasv.rrﬁ.e\tbamreela.immd,
t he sanme manne$n, ZUPbLMo, WandEanpl e 3. The resultwas thatthe thinfilm .
prepar ed accor di nd'ul, &"t"Wtand 2 sapresent mantersrelectbdin@danghef on set tenperature
(from whi ch superconducting phenonenon started to appear) of 76 K and the
critical tenperature (at which the conpl ete superconductor is obtained) of
75 K, so that the discrepancy between Tcf and Tc was very snmall. '
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In this sanple, a critical current density (Jc) of 3,000 A/[err] was
observed at 70K and a Jc of 1,000 A/ferr] 45 was maintained In the field
of 1 Tesla at 70K. Clains 50 1. SEPGRMMOBLti ng copper-containing oxide
havi ng a conposition represented by the general formula: [err] in which,
"A" represents one el enentsel ected fromelenents of Ila group and Illa
group of the PerPedtdiFzdbbeessBrereprexy¥dfisone el emém fel('éc‘t’é’ f9'8m el enent s
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obtain a d gl4superconduct| ng th| n f| I m The critical current density

(Jc) was al'so—rm'asured on a test. sanple prepared in the sane nmanner as

above. The Jcagfst, %om& ofBdcd, Yy (C &aﬂ?ﬁﬁaﬂxéﬂtumm in BidBro smsmtﬁémrauo
magnetic f Io@‘bdaum o"u:&ne shity is23Treh, mr{ﬂum nifturs dfth
Allerr] as/vaSsumm ralid R4l Ta/Ba 18.0.77. Theh, Héompact er&ﬂea:owmmﬁtmwdseumaa% td‘ar prélininary sin-
powder s of [t&ing htBRGl°CFor@2 Adues. Mhereasliting préliinatysintefednasdis puhvei@t badile comysicted dyain.
atom rat i o Tobé repwting kornimcted rasa isdurthessingdrai Tinalty iat 10080 FC iBabtilnia targedf 8 sintdded bndy.|Sputeler
of [err] wdwingiderded it orivesubitratelof silionh triwstd Sndesihe bamwetcomditions asdn Example3a/ Ba i s
0.77. Then, aAtesiepmple toghtenring ejpoicitepistancn pitheresuitivg thinffire wesndepated in thersamp masnar y
sr ne ter n@sa'tExF'éP"P]’ for 12 hours. The resulting reI | m nary sr ntered mass

s pdi ver | zedT’%Qﬁ?f"'f‘F?éH‘aHB a@r«wna amordmtne nmoeragwe

further Si f{“@?ﬁ a;?” [1% p“&" qq% ¥re (A5 yich
Sput - ter| issm E%;egh en ? ?yve?t andam P’er a“
same condi tw?ﬁ%n % f’m &8° ase? ne-elec
resi stance RE"? resu ting mvvas prepared I'n the sane rranner 40
as in Exanple 3. Theresul tvvast hatthe thinfilmprepared according to the
presenti nvedidimen showedt heonsettenperature (from which superconducti ng
"phenonenon started to appear) of 76 K and the critical tenperature (at
whi ch tbe GoNMBls@ndudiiRcEspertshiaming bideMaviny d tmMbosiion réPrednted By ihb génetal ¥Brmula :
di screpancy between Tcf and Tc was veryasth,o, I n this sanple, a critical
current densi tiwhichc) of 3, 000 Al cn2 was observed at 70K and a Jc of 1,000
AlcnR 45 was nai MA"sipresehts ane alhaenisebbtddmdmdenﬁatsloﬂlaatouﬂ:ﬁmll@baumthsBerloﬂncTable,
Super conduct i ng c 8 epresentstina flermangselextediiconhalanents otllagorpand ilka gonp of thp PerivdinTabld, by
t he gen&ral f 58"paihgselected from the group which "A” is not selected from,

"C" represents at least one element selected from a group consisting of V, Ta, Nb, Cr, Ga, In, Cd,

Sn, Tl, Pb, Mo, W and Zn,
“u", V", "w" and "x" represent numbers selected in a range of

7
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[err] In which, "A".represents one elenent selected fromelenents of Ila
group and Illa group of the Periodic Table, "B" represents one el enent
selected fromelenents of la group &R@293348Bdr oup of the Periodic Table, 55
"B" being selected fromthe group which A" is not selected from "C
represents at |east opeyq enent selected froma group consisting of V, Ta,
Nb, Cr, Ga, In, Cd, Swmgvw<i], Pb, Mo, Wand zn, "u", "v", "w and x" represent
nunbers selected in aokasige .of 7 1111111111111111111111 EP 0 292 340 B1
and 5 o<xfieiR] and having a perovskite crystal structure. 2.
The §‘ﬁpe¢ conducti ng cdgyxdr - contai ni ng oxide set forth In claim1l1, wherein
sai d oxi de |s dnfihaving afperoyskitsfcrystebstmittureed body. 10 3. The superconductr ng
copper - contar nrn oxi de set forth In claiml1l wherein said oxide is In the

formof a th m'zr’"cﬂwm&e&mrwwmm Ingeim Tt g Beda s e form o

copper - cont ar Ye having a crystal structure of perov- 15 skite,
char act €fi zgd ﬁrx s.t,taroo.mt.&ma otberRbftAiAg did Sot RRNSHFdai 1 Xingfefs 58 ofides 7 tRGUAIF o OF
oxi de, carbonakgmai trate or sulfate of one el ement ected from

el enents of Ila group and Illa group of the Periodic Tabl e, (2) a powder of
oxi de, car be naX @ocess forrpeddecing a smipdréonduetingfcompercontatning niide lBWn@aedrw stelicfureaafiperov-

el errentg | |skitegehacaotetized by the stepprobprepadig & fowdéabitweléfc Tabl e, "B" bei ng

sel ected from t &2 gewsanofaiie; lqarbonate] nitrateer suifatecof pnechlep@nt "A" selected frorpy plemgngs of Hja
powder of oxi degrounand Ylagraup ofithe Regedic Taple.s | fate of a least one elenent "C'
sel ected from a'%P 8ensierefeue carpapalgs nityate of gulfalgf one elemegt "Bl sglectedifronupjements of iy,
M, Wand Zn, a "rtar'f"a gparmréte Wﬁt}% B beipgtsipgted from ne P’&t"b‘"’t’ﬁ" %uﬁ'roate&%r

Cu, In amch pro_ 't L ons tI} tode dlemel o S rou
el e[_Yen'tS ¢ srstl Ta, , n, gﬁ&ﬁ%wg%ZZ%??d 8‘1?%&,?’8 g P
ranges: 25 [ERREQ t_, “'? g\gf‘éfr re In the presence of
oxygen. : .rzsﬁraﬁémmteaoﬂrrtt -rﬁ-w?ru "of%@f SR @wttg.er,sg
carried out atdeﬁn&@mgﬁsgtthrgfgum gun from 7000Cto [err]| preferabl rom
[err] td&°[err]. 6. &<y 0Cess se forth in claim4 or 5 wherein said
sintering is effect edobmat | east two stages Including a 35

prelimnary sinteringoaad,#dfinal sintering. 7. The process set forth In
any. one of clains 4 to<«&l, wherein said prelimnary sintering is carried out
at a terperat rmethbnesnmtnus%ﬁl@damkt{rremrt&qprannbesaadmlgérj nal sintering Is
carried’out_at_a tenperature between [err] and errl% 40 8. The process
set forth I'h a'"ﬁgp"&??és R4 forth In pigin 4 whegpin said giffaringis patringout ¥4 tAmppratyresenging frem 795Gy
I's further hed?!? BQW%aP&aab'VsSmma?Wé‘r“bm’&e“ss set forth in claim$8, wherein the

heat - t r eat ngntryl SroGidl Sdt forth Miblain or8, &rﬁf&%"aﬁ%ﬂfe o REdrBEEd by lﬁg?]sf‘t@o stages incRidlflg a

[err]. 8. TherdifaSShtedfsant @Fihddsihtring! 2l M 9 erein said neat-treatment is
carried out at a tenperature betvveen 750 and [err]. 11. A process for

prepari ng .t ITiha piotdsssa forth Urpany et vlabmsago 6,04ne@in-s8i0 ipteliminary gintectrigdecariad butgt @
crystal str ucttemperatire patwepu §50°C end850°8, andisaid figel gintéring jplegrdedoaut atadquperature between
deposi tion, cHaPgene930¥_d by using, as a vapour source, a conpound oxi de of

Por ot ¢ Tebl e BRESSE PR Tt whont o At e B BT ae B s
1lla group of 'teﬁe ‘Periodic Table "B" being

9. The process set forth in claim 8, whereln the heat-treatment is camed out at a temperature between 750
45 and 1,500°C. -

10. The process set forth in claim 9, vrherein said heat-treatment is carried out at a temperature between
750 and 930°C.

11. Aprocess for preparing a thin film of superconducting copper-containing oxide having a crystal structure

of perovskite on a substrate by physical vapour deposition, characterized by using, as a vapour source,
a compound oxide of one element "A" selected from elements of la group and llla group of the Periodic
Table, one element "B" selected from elements of lla group and llla group of the Perlodic Table "B® being
selected from the group which "A" is not selected from, at least one element "C" selected from a group
consisting of V, Ta, Nb, Cr, Ga, In, Cd, Sn, TI, Pb, Mo, W and Zn, and copper, the atom ratios "u”, "v", "w"
and "x" of said elements "A™"B":"C":"Cu" satisfying the following ranges :

O<u<1, :

O<v<t,

50
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selected fromthe group which "A" Is not selected from at |east one

el ement "C' selected froma group consisting of V, Ta, Nb, Cr, Ga, I n, Cd,
Sn, TI, Pb, My, Wand Zn, and COppecEP 0202840BbLM rati os "u", "v", "w' and '

of said elenents "A":" "C' "CQu" satisfying the follow ng ranges: [err]
111111 EP 0 292 34&“}31 ah@'r] and [err] 12. The process set forth in
claim1l, wherein sai sl:xphysr cal .vapour deposition is effected by
hi.gh-frequency 5 sputtering; t he power of high-frequency being | ower
than 104 WiReiThg progessesetiortitin glaimdtvavhereinseaid aifysivet fappyrdeposiion iTéftectpd bydhighSregwsncy
forty I m cl ai kultzﬂngvmeﬂoe’re'mfQ'ah-t\‘e‘wpmbingeler!PeﬂEW(&WFm'érthﬂngIVéOV@f thertseWemnft an

at nosphere §o ar n|n t,he tral res 59@;;:%%? i p
e, S, f,%w b ol e

forth in clalm pressure o )I's between 0.13 and 40
Pa (1.0"% [1qr rrﬂ.e awés&exfo&@mﬂeraﬁprar )vher&é:ne BhtBal ProSuRSS? 0§S1betf~96ntd"13| did 30pa QS Of
claims 12 to 3grandbaredmorgai d sputtering I's magnetron sputtering. 15 16.
The process set forth In claim1l, wherein said physical vapour deposition
| s ef f ect edShyhe rspreps satfprtiyn anypne efisiaimeda ot whernin sajldsputigingis mwetsqntspréwm

1 co'1® R Emr?"s'iﬂtnfgﬂggg,;g%i;ﬁ il 8 apol dhrtabiy £ oo B BB 7y

and 1, 500C dur € Uepos] e pr opcess cl ai rred in any one of
claims 11 e Wepm&erﬁtﬁnﬁalaﬁ&,&ubsaéramtbae WR6YSIn @id Sbdtdte is Hokiddiat a tefripbratuy,
stai nl ess st epdtwédin 26@CaRd £.500°C fringd e dgposivass set forth In any one of clains
11 to 1%, wherein the resulting thin filmis further heat-treated. 25

Pat ent ans prt&c fie processgigimer miapeand efslalms i1 e 7. aherpinsaidaybrirgte omade sfplassequads, silicon,
Zus'arimenset z upgnERssteplar gs#EiE al i genel nen For - 30 mel : A BC. CuxOy
wobei ement d | ]t e e t r e nd
der G uppeq?Fjlra for;lﬁn 1.apy o one o‘?'fil gls%gé,w lresnﬁfpnga;}n @I% ri]s f%hé%eﬁtftlfgt_ey.
dar st el #t, ausgewAhrt aus El enenten der G uppe Ila und der Guppe Ilia des
Pe- rrodenq.xﬁ;,%gp,i,\eppel 'B" aus der G uppe ausgewAhit wrd, aus der A
ni.cht ausgew hlt wrd, "C' wenigstens eln Elenent darstellt, ausgew hit aus
el ner G Upne, shménenea RupferSnthalterides ORI mit iner ZaBammdisetiutlg d&lolgshden ajemelibn Fo/
und Zn ", melr, "W und x" Zahl én darstellen, ausgewi hit In el nem Berel ch
von OC\/& 40 O<xcl und | cyc4, 45 A,,lmdcu;ro,t ei ner

Per owski t - Kri wotal | st ruktur. 2. _Supral ei tendes kupfer-enthaltendes Oxid
nach Anspruch 1, AObieEleniers dasteld, susgeivahiteus i ereentepdsi Grurpele and<tor Gruprerilia des Pe-
vorliegt 3. @uensydtems, endes kupfer-enthaltendes Oxid nach Anspruch 1, wobel
das Oxi g i n For m ¥ pieElement darstalt=usgewahitens Flementenler Grupre da ped ey WPIHé\'Q#eéPPung
ei nes supr al eT"t"eﬁ‘Fyﬁ‘PF‘ﬁ( rB flsidan Grunpg avsaewdhy wirdyays der A pichbaysgoudbit wird,
Kristallstr uk'f;ur Eﬁ\'gg?’“ el ausgewahit aus qinep.Grupaey bestepend ﬁ'r‘sv Ta, Nb, Cr,
Herstellung e u eLn xi d-, Carbonat-,
Nitrat- oder Sul féft'p‘hdnv %@%%“g%‘#agﬁg %gﬂ?q%nvgﬁs El ementen der
Grqppe 1 a und der Grdgwé Il1ia des Perl odensystens, 9

O<w<1,
0O<x<1 und
1<y<4,
P und mit einer Perowskit-Kristallstruktur.

2. Supraleitendes kupfer-enthaltendes Oxid nach Anspruch 1, wobei das Oxid in Form eines gesinterten Ké&r-
pers vorliegt.

3. Supraleitendes kupfer-enthaltendes ‘Oxid nach Anspruch 1, wobei das Oxid in Form eines diinnen Films
vorliegt.

4. Verfahren zur Herstellung eines supraleitenden kupferenthaltenden Oxids mit einer Perowskit-
Kristallstruktur,
gekennzeichnet durch
55 die Schritte zur Herstellung einer pulverférmigen Mischung aus
(1) einem Oxid-, Carbonat-, Nitrat- oder Sulfatpulver eines Elements "A", ausgewdhit aus Elementen
der Gruppe lla und der Gruppe llla des Periodensystems.
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EP 0 292 340 Bl (2) el nem Oxid-, Carbonat-, N trat- odor Sulfatpul ver sines
El enents "B", ausgewAhit aus El enenten der Guppe lia und der Guppe Illa
des Periodensystens, wobei "BW ausg&RdQizp2340B1d sue der G uppe, aus der "A"
nicht ausgewl hit wird, (3) einem Oxid-, Carbonat-, Ni.trat- oder

Sul f at pul ver  We ) gRérORc-SCalBohaEl NS Siffatpulvah@EEORérks '8 Susdewihit aus ElerRn@AT
G uppe, best ehegst cruppe Wa unfider Giippe flia desFriodeRsystbidls, wolbbi "Bﬂusgmhltm audded BFlipgd)
und (4) ei nem Ogusthier "ACaEH Udgéwahit bdrd, r at - oder Sul f at pul ver von Cu, in

sol c‘@_n Ant el | eK8) eidlenyOxld-cCaitionan MlitiaR bilen Balfatpulvat wenigsténs einas\Zidiatks “C”, atdﬁwahlt aus
El enent ss " A" : " BéinérGruphb&bestéhendiass VoTal Nte Cf, IBa tn, ensnyisei) Ma gV dadZnf widgenden
Berei che erfil | é)ein€@{0xid-, Carlpnat-, Nitrat- oder Sulfatpulver vorBuw <1, und O<x<1l, ':' und
anschil e end Si insglehendatel hioma&élpﬁfomrgﬂwsw“@o"h'umUM‘FX"@e@emath'WﬁC“ "Cu” In der
Sauerstof f. 15 puverRymiges Mischyng die folgapdsn Pereiphesrfiligshel das Sintern bet el ner
Tenperatur | m Berel ch v%ﬁ*f<1700ec bi b 1600C, bevorzugt von 8000C bis | 000C,
durchgef’?)hrt wird. 6. \B¥fhhren nach Anspruch 4 oder ‘5, wobsi des Slintern
I n weni gstens 2 Stufen, %4‘ Ml islich el ner Vor- si nt erung und el ner

abschl eBenden Sinte Kt d 7. Verfahrepn nach | rgendei nem der
absohl eBenden S JShRRASHBM do b on? B E bR B e
schen 530C gindrefaiién nabitlAmdbrictd) Vot 48 BRiurfoePbindr Fémpetitds B B&SIER/on 76RO Fé0dic,
zwW schen 800C uésifgtidkaobic 618 gedord, Birkhgedakrtiwird3. Ver f ahren nach irgendei nem
der Patent.nsprflche 4 - 7, wobei der entstandene gesinterte K8rper welter
25 hi t & e t}erfahwersiach Ansprach 4oder/% wobsh dasBintere In waniggieng 21$tufen, elesisklieiigh einer Vor-

H t zebehand| urfitasieg "Mﬂwamﬂ%ﬁ"ﬁﬁmﬁ'"@ms@%ﬁwooc und 1500C dur chgefi Uhrt

wird. 3Qe rfahr Hi t zebe

o ner Torpe S fzgff e b S o
zur rstel | ung ms aus supra Kupt er-ent halten em
Xxid mt elner E’erowsﬂq t- st al | struktur auf eI nem Trager durch

phyal kal | eche V&kfmbldtgﬁgielﬁ&ﬁdd‘@btewme wob8i der entstafjee gasinghts Rorpér welker Ch
Ver wendt}ﬁg, al HtzebeeaddBawpf quel | e,: ei ner Oxi dver bi ndung si nes El ements "A",
ausgew hit aus El ementen der Gruppe lia und der Gruppe lila des

Per bodensysY-enferfatgennach Ansprpehh "B ausgewahit aus den El e- nmenten der
Gruppe |la und”°P1" idig W@°MF'F@&€?P§V§T°€W%’"“WWE\‘°“ TR CA LORICHEhaRfine wikis der

G uppe, ?ue"dq;erf "Ahmﬂ %hlt wi rd, wenigstens sines El enents "C', _
ausgew h t VOWV ilafnglt Slun et %ﬁeéﬂrzwischen%@@%nd dadec Mﬁm?e%hrtvﬁ@

Cd, Sn wobel die Atonv tnisse "u",
v'otw u nﬁ '\JeFfaldsrzuEHcsmmhgselheﬁ d0nniBA Fifnis'aul Gipraleitorelen Laptérahtaiackam et it clrhe
erful | en: O<u<erowskitdstalis@ukinr buf elnev Teger durch physikalische Ausscl@idunglaus dei Datpfplieadir en
nach Anspr uch gekennzeishestduyi¢he physi kal i sche Ausschei dung aus der Danpf phase
durch Hoch- f r\@qmﬁmaeére!;‘? PM\@"WW@GWM@Q eimtﬁlﬂmems ¢A", ausgewdhit aus Elementen
Hochf r equenz| éﬁ%@"ﬂ?fgﬁ?@é‘ﬂﬁ' figg Grurge Wa depPegipdengystons elnes Fgraant Bz@'gfse wahitiaugdan Eler o
15 Wem 2. 13.m ] SE'F‘F I’Aﬂ\.‘ ,Paﬁqqerfgste%ygpi "B sgew&hlt rd aus der Gruppe, aus

‘Hochf z’éf ah“ C Wﬁ?‘“‘ﬂ' einerpruppa pegishend
cre ] % e gl ‘é‘g&\‘m o o N P Y
und x 10-' TOr ""f’f g emeBevorzugt Y \eleprn 3596' "’ﬁtﬂ’if flgg: (5,0 x 10-i und

3 x 10-" Torr). 14. VL< hren nach Anspruch 13, wobei der O -Parti al druck
zwi schen 0, 13 und 40 Ba,, 1lufd X 10- 3 und 3 x 10-1 55 Torr) liegt. 15.
Verfahrqgl nach |rgendek,n¢m der Ansprflche 12 - 14, wobel die Zerstiubung
sine’ Magnetr on- Zerstaubung 10 I11jI1 11111 11 11 1 1111111
12. Verfahren nach Anspruch 11, wobei die physikalische Ausscheidung aus der Dampfphase durch Hoch-
frequenz-Zerstaubung bewirkt wird, wobei die Hochfrequenzieistung geringer als 104 Wfem-2 ist, bevor-
zugt geringer als 15 Wiemr2, -

o0 13. Verfahren nach Anspruch 12, wobei die Hochfrequenz-Zerstéiubung In einer Atmosphére bewirkt wird, die
Ar und O, enthalt, wobsi der Partialdruck von Ar zwischen 0,13 und 40 Pa (1,0 x 103 und 3 x 10~ Torr)
liegt, bevorzugt zwischen 0,67 und 40 Pa (5,0 x 10-2 und 3 x 10~ Torr).

o5 14. Verfahren nach Anspruch 13, wobe| der Ox-Partialdruck zwlschen 0, 13 und 40 Pa (1,0 x 104 und3x 101

Torr) liegt.

15. Verfahren nachirgendeinem der An_sprﬂche 12- 14, wobei die Zerstdubung eine Magnetron-Zerstiubung

10
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EP 0 292 340 Bl Ist. 16. Verfahren nach Anspruch 11, wobel die

physi kal i sche Ausschei dung aus der Danpfphase durch | onenpl atti erung,

Vakuumabschol - 5 dung, | onensEP&2d23@8Mel dung odor

Mol ekul ar st rahl abschel dung bewirkt wird. 17. Verfahren nach irgendel nem der

Ansprflche 11 i 16, wobel derTrl gerwfhrend der Abschei dung auf eine

Tenper at ur zwi schen 260C und 1500C erhitztwird. 18..Verfahren nach

i r gendel nem&d&ferfgtmennadh Arfserudhi11l, 17, wobei der Trager aus d as, Quarz,

Sili"zi.um r ostwabejidisnphrkalische fesschigidungraui deyddametpbase dgreh lgpenplattierung, Vakybimabschel-

i r gendel nem delungipspnsahiabscheidung pder Malglgdarstrphipbscheidypehewiit@irdiOnne Fi | m wel t er

gi tze_lbehandﬁ)r tv\#' rrgn. S, Rﬁqéfiggl g?t iﬁf(‘g%g%#_,‘gyde supraconduct eur cont enant
u culvre q . .

dens | aquel | e:"?(;bg'h rrT egr esen Jedg ur? %‘eé At te@ B%?lgra%gzrvjfhsg ﬁeggé&%?@ﬁgélotaé&%&gm

groupe |l a @ vékai@éiiash idehdoedl derapsprfsi1iRadodi.que, "B" repr6sente un

el enent "hoi siwdp@kisd Tral@caus GRENRE, Siikhel, RePeiehisthRddekeragikbepsnt! | i | a du

t abl eau peil odl que, "B" etant choisi dans | groups dans | equel wA" n'est
pas choi si ,1925/erfahren nach irgepdeiitem deyAnspsishe 112 18npi ns un 6el ment chol sl dens un
groups forne dbejderpgtstapgene dijnne Cijm welter hitggpehandeltwid. ph, Mo, Wet Zn, "u",
lv", "w.gt "Xx" repr6sentent des nonbres cholais dons les Intervalles:
O<u<l, 30 Cﬁ:x<1 et 1(y.c4," et qui a une structure cristalline de type

per ovski t e. Reygndisations, , yo ' supraconduct eur contenant du cuivre solon |a

revendi catipn I ' n : S
ety 3 Pogue il comadindd %ﬂﬁé’ﬁ%@s;&@*€°aﬁ€"ﬂ§%%rt%%“§ i oG
revendceat i on glae glaaik ;| equel |' oxyde so sehte sous la fornms d un film
mnce. 40 4. ProcCigflegiesems Gl BiEhér®Eholi Mﬂm@&ysiammmh%&aﬁsiﬁwgrs@amwmsmedu
cui '€ qui a YBfdilsucture cristalline de perovskito, caractbris6 par |es
operati ons consi st@Mnbprésefite G a&Mént tHdisiFabnd RGLsI6iRbnR GFoae IR 84 rbue INa(dltabléatine
poudr e d' oxydeericimud) cBratant chbisildarliegroupe Sarsliei:e "l 'nest pad choeint " A" chol si parm
des 61 6/fénts du groirgprésehta awmoithunglément chdisi dans aitgréupbionsd deVoTa, Mk ICe Ge, In, £, Sn,
(2) d'une poudt,®bMp¥Weldn, car bonate, nitratb ou suffate d un el enment "B"
chol si parm des 6GI"6WRMW"st Wireprésauipn ded nambries choisigdengies Intérivdlies :du t abl eau

pbrl odl que, "B" 6tant Os¢®i si dans | e groups dens |oquel "A" n'est pas

choi si, 43) d une pou@¥ld' oxyde, carbonate, nitrate ou sulfate d' au nons
un 6l ement "C' choli @8%8“1s groups forrne de V. Ta, Nb, Cr, Go, In, Cd,
Sn, Ti, Pb, Mo, Wet 278 50 - - (4) d une poudre d' oxyde, carbonate,

nitrate ou sul fate de v 1, dens de roportions telles que |es
rapports entre?{%"t'BH'FSStSE:'?°'%'@%§Wty%atpeﬂ¥i“§esdits 616nments 1A":"B":"C': Cu"
‘dens | e sirel AnggydlesupastiliRiul @ABRA A buivieSBioh AlrEVeNdatishS1, BhHs gyl Toxylddbphsseme
Ccwl ¢ et O<x1lsoudlatfofmerdnicbips fikts.! edi't nbl ange de poudres en presence

-d' oxygbne. 11 * C L Ms11l 1111*11111111 EP 0 292 340 B1 5. ProcMl
sol on | a r e¥ erfydscaupraspnductegigontenantduciuivigrselon Bremendidationf 1, idensdaguel foxydecse présente

t enper at«l,,ll’ e c@nyia Hanetyn figm mince.

L/ 4. Procédé de production d’'un oxyde supraconducteur contenant du cuivre qui a une structure cristalline de
perovskite, caractérisé par les opérations consistant & préparer un mélange de poudres constitué :
(1) d’'une poudre d'oxyde, carbonate, nitrate ou sulfate d’'un élément "A" choisi parmi des éléments du
groupe lla et du groupe illa du tableau périodique,

45 (2) d’'une poudre d’'oxyde, carbonate, nitrate ou sulfate d’'un élément "B" choisi parmi des éiéments du
groupe Ha et du groupe llla du tableau périodique, "B" étant choisi dans le groupe dans lequel "A" n'est
pas choisi,

(3) d'une poudre d’oxyde, carbonate, nitrate ou sulfate d"au moins un éiément "C" choisi dans le groupe
formé de V, Ta, Nb, Cr, Ga, In, Cd, Sn, Tl, Pb, Mo, W et Zn, et

50 (4) d’'une poudre d’oxyde, carbonate, nitrate ou sulfate de cuivre Cu,
dans des proportions telles que les rapports entre atomes "u", "v", "w" et "X" desdits éléments
"A""B"."C":"Cu" dans le mélange de poudres respectent les intervalles suivants :

O<uxi, - '
O<v<i,
55 O<w<1 ot
O<x<1,
puis 2 fritter ledit mélange de poudres en présence d’'oxygéne.
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700 1C et 1 600 C, de preference entre 800 OC et 1 000 C. 6. Proc6d6 selon
| a revendi cation 4 ou 5, dans |oquel on ex6cute le frittage en au nons deux
phases 5 conprenant un frittaERoge2M0BInaire et un frittage final. 7.
Proc6de sel on | Nune quel conque des revendications 4 & 6, dane | oquel on
ex6ecut e | e & r iPrdcadibolbh Rl rbvahdiadtisrs, dankd RRud BADREW Id Fritta§dd ol ténibeRNlrd Sdmprds ehtré !
950 C et on ewe@tdmbaodbraddragﬁm‘ébmaiaowwe oberper at ure conprise entre 800
Cet 930 "C. 10 S. Procedo solon |'une quel conque des revendi catbons 4 A 7,
dans - | equel$- orProsédérasion lacrevandipation # jou Sedant tegwali omexdeute lecffittagerem Bu mplas déuy phases
suppk6nent ai r@mge"anméfémpfé'lm“@he9‘&!"!"%&'?‘6& bon 8, dans |equel on
ex6cute Ie_,t z;,l ntn s c "‘%ﬁgﬂj gé%ras Soopri qe 75 ?

500 C 15 0 rzrégrz gl %rgaae by gy ki S
traitement thep iy
Proc6db pour preparer sur un substrat un f IIm m nce d' oxyde

supr acoritiuct bwrocsderserRn FuRb qﬁUlboﬁdinéﬁeﬁ)ﬁMior%Qa7 dans Ve 6el 5if $cumbtié eorpeifiitisloblehy Ne
de perovskr t .2 uparsitethaaienfiquedpiémentiaicUr  par vol e physique, caract6rls6 en
ce qu'il consists a utiliser, on tant que source de vapeur, un oxyde m xte
d' un 6l 6rerft 'PrRcédérpgles fa r*rraﬂere% dgrsgnqunl o exéputyrie trgjtempnt I“Tf"E‘ﬂ"ecﬁﬂ'Br‘ﬁi!PﬁWm
Ilila dy tabl SHTPELINBAPYYU 59 Cun be1ment "B" choisl parni des elenents du

I t
PP e R ol SRS P v R S B
dens un groupe fornb de V, Ta, Nb, C, Ga, In, Cd, Sn, TI, 25 Fb, M,

Wet Zn, et11d@raesds\pber préparer sirai Bbbtra, mntrrrrﬁrn@tdmnsms sﬁbtﬁoondi‘:mur&onlenmdd'mtvre ayant
desdits 2ae| 6 e mbesstiudtare ‘clstalfing de pécovskitecrsp ddpbiantphése yagent par voidl ghpsiqus,Ldaractiriss en ce
O<u<l, O0<v<l, q@tveosisted ulider, en tant que source de vapelix yRibxyde] Bixte Mup Gémidht YO thoisi pagmi des
reveradi cat | on élémentsidugsoupelin ebdu groupediieslttableay périetliqyetd'up flémeankBecholaipanmi deg Aidments e
physi que au mdyemureiiapidu grapredii dy tableay pogediqye, dB"gtaat chele| dens/ pedeoriequel "dTes | e
A haute fr6qu@pt@iosi Girmqinsrua Slémet £C°ghaig) danpup giogpe fermé 4o K Tay e Cpdn Odi SnTle o
15 W cré®. 3551§M3;Fsg'“ Ziic e i Joo BRROFiR B AOR ' War¥ o psdth SERAES ¢ o
| a pul v6risationcc gar leg Interyel e SAYE? *dans une at mosphere cont onant Ar
et 02, la pressron pa <:f'<1le d"Ar etant conprise entre 0,13 et 40 Pa (1,0 x
10-3 at 3 x 10-1 Torr pr6f 6rence entre 0,67 et 40 Pa (5,0 x 103 et 3 x
10-1 Togy). 14. Proc oefon | a revendi cation 13, dans |oquel |a pression
partrolre d' 02 est corrprrse entre 0,13 et 40 40 Pa (entre 1,0 x 10-i
et 3 X | 0- h2.T®rdcdds sélon lasvesdivdfionSte, dans 1bquellivn esiatate GQIaHBLEn plRiSe VapuiR Pak voia phydiqoe 12
A 14, dans | eguimbyen@'upaipuiétisaian dathbdiqua hiadélfrétiuence, IBndngies laute\fsauehed étantinférieure
cat hodi que A #aGWicmGde pidiérent:s inféfewpceticWismi2on | a revendi catl on 11, dans

| oquel en exicuts | e dep6t en phase vapeur par vot egghysr ue au rmyen d' un

i e U S S
d' depot a 2 e, 8
're\ljgndreggtrg(rj:é1 ’ir ;?g ?fr ﬁﬁé‘r*’"‘i?r?"%ﬂ% PI dPaf ’é‘°§ 'Qubs 50 >

trat A une q4albRidkdsCoBRlalrévendicatidnS1328Ms leuefibh prossidn PaftiellRGF S 3B compriss SRR 0, 1135& 40
Proced64sol onpg@mgmueb_cgrgqu@.wl@ﬁ_ revendi cations 11 a 17, dens quuo

subStrat est on verre, quartz, silicium acier inoxydable ou matieres
ceram ques.151 chﬂéeelerdlwhswe@mdw'dmeevqmwﬁ tR1% 14 dans jeguet lapisledaisdtiom eathiogique ebB
dans | equel omnesiyfisatiansathedique Amagnétrebt enu a un trattenent therm que

Suppi meRf a|16 Procgdé sel%r:rl' lla revendrselaélon%} ]i!%ns[?equel on exécute le dépot en phase vapeur par voie physique
au moyen d'un placage |onique, d'un dépbt sous vide, d'un dépbt par faisceau d'ions ou d'un dépdt par
faisceau moléculaire.

17. Procédé selon l'une quelobnque dés revendications 11 & 16, dans lequel on porte la température du subs-
50 trat 4 une valeur comprise entre 260 °C et 1 500 °C pendant le dépbt.

18. Procédé selon 'une quelconque des revendications 11 & 17, dans lequel le substrat est en verre, quartz,
silicium, acler inoxydable ou matiéres céramiques.

55 19. Procédé selon 'une quelconque des revendications 11 & 18, dans lequel on soumet le film mince obtenu
2 un traitement thermique supplémentarre
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