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EP O 296 973 Bl Descri ption Background of the Invention 5 Field of the

i nvent-i-on The present invention relates to a nethod for producing a - -
superconductlng circuit. Mre particularly, it relates to a nethod for :
producing a superconducting circui tEﬂ)ﬁ?Q"ezmd?‘ conmpound oxi de havi ng a:hi gh
critical terrperature which is used in the field of electronics. 10 R
Descri pti og &%? rel ated art The superconductivity, |s a phenomenon whi ch
S explalnea t8 e a phenonenon of a kind of phase change of electrons -

under. _whi cba&@ﬁ!reloeﬁung,&%n resi stance becone zero and the perfect

di amqgneti s erved. Thus, under the superconductl ng condition,
electric cnalﬂem\emf,enaonvery hi gh current density can be delivered wt hout _ .
any ‘| gss of power. Therefore, the power loss in circuits used in the field -
of electroni 0be passnbiaventahUrelelds v ©@bthod. forl frodudinged Supereonpetihgelrclit) Mote ﬂahiéaartyhie
super cond uretates ta amethed i prodiiclnd a supbricariduciegdrcdit patters efrtompating oxidbeading OHigh dritital
sensi ng vetemperettie whith isarsedin thedield of eleckoninsave, radi ant ray or:ithe |ike.

However the critical tenperature could not exceed 23.2 K of [err] which

was t he thﬁiﬁmﬂﬂéﬁﬂfﬁ!ﬁ'ﬁ%ﬁtzo aII stud| es for the past ten years.

Possibiliity ex st ence 0 e of s erconductl n materi al s havi ng
nmuch hi gher ity 8 dt Haé'“ é’f/\P’Eﬁ? de
type SUQ s un g":pf on uon rren '] curren ensi can
that cer ors 2; éﬁ&

25 - superco ty E al W to I| &’mt 3

Ba- Pb- Bi tA(er%te&S&mﬂﬁPH in@ Yori et uc?d#.Q@J Fé%zq‘r‘é‘ytdr%tnh/e an apanese

patent 1 ai d- eBeévelthe dAfituiliédpdiiine bu‘iacho@s;@ae&mtx BiEntFte WHIBEwSOS thD Qighsk: Piorles
al so~ghey SILHARIeS B the Ghdt Wintygars. These super conduct ors, however, possess rather

| ower transi Podsibliy Sfeeened of eSne@fW@bﬁ%p&&n&cﬁ@dmmeh#ﬁﬁgﬁxcﬁfhldhbtqw dhszed
hel i um ( boteldalag bp Betriorz0dnd Millertyhoadiscamipd g @bw ofidd WPt Sperochdidhet it 1986 EAIPhyL BE4
super condu@®dsyiasy. 30 The new type conpound oxi de-super conduct or

di scovered byt Bddbesn zknawni that)cedain icsramies matseiaitof cbotpoup enides extititcthe | sopedy lobd
as the persipercandectivilyi The examplont]- & patery $io:1.938.815 discigsas Batitbdhtybe camneprdagxide which
known per ote¥s F@eﬁw ﬂ@sJaPW@HE%ﬁ"F feidtopene Ne, 8011 3,885 vlisgloans that Hiacfh dype Temas
30 K whi chPoypdoxides Py spgR@ndugh nTﬂeFR)Wﬂefg‘!!‘ﬁ’éqt%%ﬁam‘!?’r PR§SasA Fafar dawar trangi-
was al so r'f' d‘?’?’?? Py rp?ha%s‘ggrco é‘f" Y8t 'G“""Wd hefim @piling pofit Efc“(ﬁ/'é)raé&'YPQP"t'%e
Uni- ted Sta gnduct mat er

naving Phe car%zmé m R e e w |
and hence %ﬂﬁ 5 &XW vy n"@gﬂ%ﬁf““ R b e ®

burst on t pe supercon
naterials 5 He@ﬁrev"ﬁht(‘d‘ v@rcﬂu BY £ 9 dled R tRCUMbASRteE bﬁﬂnén@a Co
the-per Qélséﬁbh@r tﬁfe}’o‘iE e&omucttﬂe foribFaving 316 crifida] 18MPbratorSar if e OrdeY SLGBIR iR RYuAAEEN ~
st.udi ed anfbar| @NEheABESbsEBIILR bbiexisBncd of AGHRsMperdtird EdeRshdaddrs Rdve Burst dn tRd gosiRdY
known  met hod Sowevire thé Qb phToned Hmt tiypbOsupaidonductiig matetifls WRBRDWAS! |68H bbrh afd Widhadre
‘pi pe and tfresomad & b eladsified) inOth@ paroN3iite Copystils O LAGr-0u-0 Bysism hiley-BaCa-Chéyskdlctve
Wi t B=or ganbeen [studidd rant odepeloned reainly frast fernf of sigtbred warticlepr ih neirbarty . knd¥ae Swethodd, Hived ;-
however % i svesrepgductingompterialsl are cotepagtachinla metah pipe prrtjthert are) drawh intdresuperconducting wire
super condu‘?!tﬂi'qirgﬂf?rﬁ's*@#ef’ aiith organje dinfleitte) PPl R PaTte Famcisuit grintisg.cthesp methed, hawpverhat
a hi gh di niBgiidedppyitably; the, F“Pﬁ'grg? otig sippe %“}‘ft %P%‘”d’ LfETtefl?b‘FPaPR?t '"'Bea et ¥
due to shr’P® f@" P dppt 8c'8 d'ﬂ‘ﬁ'l’ g Waﬁ“o’??t x‘i’ o sdue "°
di fficult hgn e"t:"é“'f 5? "53"" s " % A
freely &n §'F § o bl o '°°' Y’?‘ﬁ |a ‘" f’? ?‘ﬂ%‘d"% FropGt &lobd

y th co ventao al
el ectroni ¢S hér§ 3 C&Shu@@%o gsg LLS é&ga i ¥ Q»Ebn%ﬂ&iég%%%?&'&e oxsgort |
nore, the &Fntg Qﬁﬂéh Qm@@ftthé3 §tor§ 3t this ¥e ontrcf_lled or adjusted
super conduglh ¥htinimda G@%?%a h%g%a, | S one of e critical
factorsgof t hidayt ¥ QUs®Tuséd B Vaket) St CdpBiir &a& &yass.daﬁ tSdRﬁl&JeQ'tJJ Pbciabe 8CthiklSilnE @i L O -
an opt i mungupérbdaBuctd? whicke B! dpglicisle 131 eBORE cifelitstriadimy finb PRIRAS AR BHCE - thézB technidubs, Y
be al so usmesitile tadeb6sittheOdupstoghaibtinddM A6l chePuBstiate Q8 ploMRB Rififdl Gifcult PatiRALLidansl
thin fil mdfa saskiey shestdSuchGopardonduatingirau phticerarbdychetl odatediGlish by tial ibreettHirg didvd Ng
fine patt espoisring feclininue in wiiclt predatermieehportigored, thd thinifign piosiperiindudiap delsgsitsii dn thehe
super cosad ustibstraty iseut enreradved tp leave aisisquit patlernt 0 produce a fine circuit pattern
by means of Howarerkindie eenwestional Spetlaringipsbriquariel weoparing adtin iim ot s“pa‘wévfﬁormyﬁeb@
produced anushbygariadout i§ribepresen S1yophgns addadiin a spuliefing gahNdpiRe thesusifatermust
pr edet er ni becheaipd A SUEh? tepperaiyee thaap, impravefl gystaling structyipdt eittained Rl saare. &9 resitinthe

ve nmen

3



oo 3 ¥ ——— e L ee m emmmamne o m el i et s e e . R

55 substrate I's cut or rermved to leave a circuit pattern. However, ‘i n'-t-he.
conventional sputtering technique for preparing a thin film of o
super conductor, sputtering nust be carried out in the presence of oxygen _
gas added in a sputtering gas andFRP3¥ #BLubstrate nust be heated at such
a terrperature that an inproved crystalline structure is obtained. Stl N

nor e, Hlfﬁd\ rstt:‘;be h ea%dzlg @n 9a¥r§os re Q&ﬁ%nﬁ{ge&yéénl é&r{y%regs% th
neat -t rod tﬁﬁl ea;&n.ﬂ@ Tgha0 oA Ulo@ATNG, So4 BBEERIG ooy OON
contents ntetho& tbepte fi gge htnrﬁnm &efoaamtoere tegbnéamaem.,e@ésqmtwhieﬁuds QR81B.350-

56- 1Q9824ighbtodquang LR carried outrteam@,@ rOéonRIn®P Akrhddgherd dnkithbnTthd FEkiin film

super coNGhist 66 fmarr A&t adsdoyto[ssor}c(wa addi @dacribed Tplititing condilies Mbr Pre -
hi gh- f r e gupeRoyduetpy tHirefihe 6f coBpauad Gxide by Ghel sputterisy techigigein acoperaing |un@dm$pher e
and t hen Atedcarpatsot|sbiahtjo. fib2, 71 BledrrsMayo2 19881t her. heated at 500 .to [err]. W -
al so descr i Theabeypmentioned convertiondl sputtaniag fecmique Bysitiis salisfactopchut iseiffisult foreontrotthen -

films of n arrdin dhel alosphiers, Inesulpuip theat thagristet irvetggdn Prth"aﬁlmcﬂbmn@i Fangnotr t ed

St at esto ofeo iPeegisPit ent serial No. 152,714 filed on My ©1988. The
abovement i ol dnofp ARt P@Jh&tfﬂc@ ‘GtF’P'E‘?"F‘ ﬁ'%f RASRIRG QRRSAtion gfeﬂ“Pe@gd‘@%ﬂgl cirpuits pasft but

is diffié P’°‘E‘§9‘th9rt er‘B‘P filer gy "‘I°H°‘t ‘P?E“"élt‘%%‘lﬂﬂ%‘? fut alsq.iEppssiply

hat t he PRV 3ype “'
that the Ec I}?Qoveme,g faf?nv%onal tetfh{uiques are op suq?b(fealg Qr?c}uctp)‘t Ptjfine-pattem

controll ed Faé)Lén sitonas 'S not: I'¢u 0 per?orm

the paft iy o £ 0 ] St oSl Yoo AL sPT] 51 Y
on the. t fMdEesEqirrﬂxéﬂﬁrQ Eﬁc@pﬁtﬁea’mgﬁddq BEHodabinY & SpbrdShdbdrdI Bichit!e bt

al so i MpasMaPhs 106b, wasgleor ﬁ,ammdm 6nBth&|cﬁéFé&eTnzéa in {RkiG ndidiall dokniosed
Ther.ef.or g ¢ rARAYE RRIRIdIaBABY oROBME oMb BblockedCIBN KGR I6W Ram QhertSgds foABbain f OF
Produehi @R @ idn oam RBhdistRg 16 Mixiufd PE6X9UNCY4E tand) GheRigas t tonwsit SidSmBisral mtcea. The
present istipsrdhdatisr. UheSsrbsantatlention isccoMpletde mckhe) Goukdaick @ derfBt att experpaite mbludigy thall

No. 195, éokernéritibred pRerdepticatibror nmanuf act uri ng a superconduct or and a net hod
for prodyciimgrogesdingseaf SpmrbsioniSnExtedeccAlistracts of higledic superinguctas, Spring Blesting ot the ess

f or nanufMsteriels Respard Sasisby €3 ridiucA4tSr Arth 4987c PRy $1z8dl isi disaldsed a amathed derj fgming a
conposed serercersiveling rifoulxgomerising the slaer eft anotiipo gnteingiim job an NBeGHE comPeid <99 r om
oxygen i (§VP°EF@%H‘|'Ft°f| Prephysieah ¥apoyyfepgsiting. 2pd, aﬁ?fd‘eaﬁf’% fARi0thacHigetPd P‘M‘?Q % faicy

m Xt ur-e Y.’)W a&‘yﬁﬂd’“ pleperdl fé°"t A3 to

Super condugtrb b%ﬂﬁ p %"éht“"t"t‘ﬂ'/‘é ﬁ'°? 8‘?‘8’8” °Hﬂp{%k'“88&t"§§‘ gyprtgal
Seri es, of% %Elﬁ.@éxg' l5’ \é B BHeSAPERPO SICHE PRRM 9 |
'procee8| h"@fé smgerﬁ% g‘f"ﬂ?,{" en aaAbstracts of high Tc superconductors,
Spring N%g&hgg p&elzb&'g{bterl al s Researd Soci-ety, 23 rd - 24th April 1987, -
pp. 81-8 a nmethod for forming a 25 superconducting circuit '
CONPr i i Ng 4 ened BiSocbing ERPSEbMEincPoiril Bmprisindtf stepB ofBACUO conpound oxi de
SUper%ndU%sttﬁyaﬂﬂVﬁhﬁﬁipé@MrS%E@&u Oide oARGubstitber heat treating, -
dopi ng a -Sedopig @ Qelpcéd poRidn Oh a SGHats bfi daidthih filfh, BIchaEiGIzEY in Ghey SR1stép0d Sorikig is

ener gi es dogigwith. t¥ddogenJoristil/a déed od RjoCtharof x tibfeatprisaarendt a idoyirgydnbroy higiser than 20 -
over cone kéhendao tocamds rkicluding doQkeybioctrmpsia thé erystairsirecitre ohthb thie lhinat dheesoledtdd t o

pr ow-ie @oomipime superichroldctdr de nqRrsuphcoRdugton s thatthe (qm;mmg pdeert #friap thin dilgruivhich is -
patters Hiivndrpedi the qepdition etsupeipaduston tioeion a[?F'IE?a@P ngsrvitsubstrate. -
Summary of Thaahip film of isursreandyelerens ‘Teone s & RIBHERL X3P opPSieti

conpri 5| "‘!"FHQ 'é B‘fe"%"ac"“"blggﬁg p'aa""g I‘ﬂ° °Lf'?' poitaxigh growts E?"EJ Al of
conpound
Y examp

th b t X%a PLep %m

said thi 't"?lﬁl a RGP 0F F@m‘? m‘fng with -
h d 48 sintered 1[8] | uctol' e, sSu n uctl Yy
e S T S J‘E I

{ 21 198d) |nc udln totrans ormthe

crystal Strifglidyé bedoﬁeGQn th tfih tilhlofTE@Brc&ta@ct&% ﬁﬁlﬁoﬁﬂt |9:9 Frhé Sidrdy'oP Mensity of the
super congyaGh 85 dépdd RANEISTHIRERGRNRLICIOKeV, &1 rhdié brefoltBly MRS thin 30 KB thdkteRdity t he
thin fdol rer whiisChbe highet Ghan 26 KbV, URABPEM rioNpdnbrRute" St AkdrifInt® the I MMC THRIAGHC $olice

f UNct i ONSnagBe anySehe F }iE BehuéHtibrADFrédnTah tipk, Kaliman typé,Pid tybsnREf(radgicipejueepdyeiops can
be pr epamaédoviaye plisnacyiesewréd. onal physi cal vapour deposition technique, such
as sputt er i Thg,compmud oxidbeyichi i$ uplicable de the | naettion geevaling Qo ftrerprdsert invention may bé a
growt h, Ilsympduadriogdd indeginasant plement ecdelecigd drom Uzharewy @B Bergdindpblb aanmieapal £d by
‘coati g tseletied g growm picthe Berigdie Tebley¢opprs\aded pxygenk Aupodionpl thesa copregents ¢ag be

coat ed orfulstisien 8y ptdeast onp gf slaments sefestadifion asupsemprisipe Al Fe NoiZatAgrasg Tk o pr epar e

a The abovementioned oxides possess preferably perovskite type or quasi-perovskite type crystal
structure. The term of quasi-perovskite type means a structure which can be considered o have such a
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fl_..;_ZT-S; sintered thin fil mof superconductor. For exanpl e, such super conduct.i ng
=“thin filmcan be prepared by sputtering technique described in our - :
"co-pending United States of Anmerica patent. serial No. 152,714-filed on Ma
-2,..1988. The ion to be doped in tEP0 29697381 m of superconductor is . hydrog
“i'on.” The -energy or intensity of the ion to be doped is preferably higher’.
“than-20 KeV, and nore preferably -higher than ‘ dnf ortrldMonbitaii Sdistoyted O

of ion i gyadtstbitgeanattihFmigo e pP? ‘{Sk'g °ir‘§!%°“s§e§'ﬁ£hota%en'et rate satisfactoriby i
into thepérbiskitelor & distoriideoxygsA-deiisiap _“f’ nEVenfIAE the feleinbst o BrReeort $ropad the
Freeman t y pecordauformpreteysrt smpRAe L e 7 B Codsising Ve BE2Dg o, Enyre, Bk N Sm, -
mi- deovav elepbm rinatiapsicons plament SSRIRETEG I AL o ipdewohiysiam] le-Safpi0 BN B8 the
met hods a€o@ndiiunge that the,lin yan P AVent i on may be a cogpound@#“&e i ncl udi ng"
an el enefike-a sel ect ed _f rom. Jali ofideds ieprosanted by thajgpneral. QM enent -~ < - -
[érr] 55 seT@é?@W?‘ﬁ‘S%?ﬁ%'k%?Jﬁ)&g?othe.. Periodi c Tabl e copper and oxygen. °
A -porti’(’)rz%‘-gpéﬁhgge conponents can be substituted by at |east one of :
el ement s el froma group conprising A, Fe, N, 7Zn I and divg ddae
aboven®nt g,p,%ga Qi § RRaRaRSSA® defirttoe paibfioye. B dsr ARG 131G Sj‘ég"""ﬁgﬁ"fﬁ%ﬁ& w.fi’ch is

. : tva_at : ratiog with! rés a .

quasi - per'@g% Lig6 of BPG 50 ald ¥ ardT prarrespectTe ‘["§? ﬁgngﬁ sqléaséjeépgaﬁfély. i feudey pe
Means a- Slfdifetedite@os\bduaino ¢ am éseh sasty rese SO Y A Pe"SulnTa 4 ~EP 0 296 973

Bl cryst ahe Rlidwingtispectal dyistnsi s simil ar {o Perovskite-type oxi des and incl udes

an ort hor howtéagalabyx.mosﬁaeﬁwa@d-wﬂérw t§ or a distorted oxygen-deficient

per ovskiit e ‘@ BdaGualOy-leechNc BeeCitiim d‘P?g S preferred enbodi ment of the present

i nvention, En@astueferEnga@sPnx. ‘Bgrg: and the elenment [err] is at |east one
el ement sel GobBaiCOnm W1 BREWP eoT LS Mg ™Y, La, Gd, Dy, Ho, Er; Tm Yb, Nd,

Sm ; 5. Eu andte §n)2C48+-x hat & sgﬁsﬁ%%'qgiilom guy ibe Y- Ba- Cu- O syst eni La- Ba; Qu- O
al

n 3
systemeo Lin-vdich ®is EPe; WIE"G §- mok €hah e pleroentiu selested R [l PP t he
conpound oxiTﬁg-ef:%‘ePte:pefL%vge}gﬁﬁsgﬁay BY a LoWbiraRIARK Mbre fran trisl aipmepts sp! ".‘Z"J:{f?’_'!l'B: %Eié a
and [err] Pﬁ"‘-";&'ﬁgiéfﬁ e n{s‘y%e L {ibridd @lichasmbiixtioregs axsyptem spnsisting 08 i’ét?inPBa‘? Tearr]
with esp@l?t e{“ajn( le%te Fornla) grélp GoripBing. AL 5o 36 ?Q,fAm"'.‘L T'%_F %r'ﬁ and a system
0.9, and’ "AHT AT clomameRlectse taincargour canpEng Ry fortls . e, NG 7] Ag 4lai ch
is cons'ﬁ’sd(%g @Tt 0ot /26 180CIRdnat 2D ledst anelolerarshselogted & & 0%pH] EL"F) Sb.Zlferr] y
[err]3.0 ga g[err] z [err] 5 respectively, anc.j siun&%o\l.glﬁ:ﬁ%nsfsmd Mg pf a
speci-al Syst fgBpredeht inventigrelsr Jiso| enpfiqablp &p the %%ﬂ'r“[" [BFF] 20 in which'x is a
nunber  whi Ghpsad bidd emresntedbythe &rMflEr 1] The el enent a may be a combination
of  nmoregthan two el enents selected fromlla group of the Periodic Table,

t he el enend,(d,eyCahmOBPpoe a conbi nation of nore than two el enent §r.bsel ect eéj :
fromllla. group of the Periodic Tabl JRY bR stdy foroBreehes 0B Tk 81y on
as”a syst eimwbich$i stands r Bt orgd Qo?a"gﬁg%r %& ﬁiﬁﬁ%ks@aﬁemmmﬁ?mge)' éld_ﬁ %q:"? “§)m

a group comobersjeagh sefis ?%fa"ﬁsg 1%£l1d r%}a RirfberWhich 3atBfestagange OfrdiSst ﬁ% sﬁ‘F L%‘:W

La, Cu 36 weeitsatifies £89° 91" Al iriiyt, ioling bamboluconida og a owrsd PP AT
Fe, Ni, Zn%:‘;;%s;d&ﬁ& 9iP® 298 'System consi sting ‘of Sr, La, Cu and at |east
one -el enent®®e ect ed frorg &, @LuwosQprising Al, F-e, Ni,-Zn, ‘Ag and Ti. '
Th’é_Eéiesent i &?iﬁfﬁ?ﬁi%%acﬁfmblfgﬁt% %%h;a gt Bert'ﬁlype supfa.rco‘g{c)lu[(':tor]

consisti ng, mal oiCiHidh iR Hestaxrate of @FTéstnt e e y filRDwhied s

in whi chf 8}”‘5};{‘ :a?nﬁsﬂ"?’r@rp@emamemop[ eriqn worherfipeed 1S g;gz@ﬁgﬁgﬁﬁ" ah@hdice eand
stands for p%%ﬁ%g shulérnk té@ni&de,ormﬁhi%gmyw@“ﬁ‘@% 35 Bach sati sfying ranges
of 6 [err ko thé thtd Tiin 4t dndmardas rr]. 8 res ' Tot thebrediaedHt gy,
qis [a nU]”bpg?r‘ in cas‘e of the oompounda{oxideqtype supercorlductor, {3 Q&%F&ci(fﬂ:z f::i\de df e all withir:')a

ith ici of the wit
45 one of crystal structure, composition and oxygen deficiency g 0000 o in tho thin i

i ich i svely narrow. Therefore, when the i is
: it Fonge o e of the in film is transformed or modified or broken and/or the
superconducto

: hin dior th
r, the crystal structure of the 1 ans modifod ston of o thin e
' i i e, resulting in that the doped p :
o oarmed therzof y : et\gated o e tor,In o a superconducting circuit can be produced
transformed or change

- r. In other words, circ luce
tional askinrgKm e n od portion of the thin film where the circuit,
s0 by the conventional m

schni in which a predetermin :
| iring line, is c:::\:vqmqm ‘ itable mask for example by photo resist before the
for example a wiring , is drawn
thin film is exposed to the irradiation of

the superconducting circuit di!'ectlyf
irecti ion beam onto a predetermined portion of
ing thin film by directing & focused or narrow peal ormined PO ot
tt)t? t?t:ns‘f’if:z?\gd::t :ngving it along a predetermined pattern on the thin film where the circuit pa
e .

s6 drawn.
According to a preferre' .
doped or during the jon doping in

ion is
d embodiment, the thin film is further heat-treated before andfor after the ion t
to the thin film of superconductor.
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35+ whrch satlsfles a range of 0 < g <1, and r is a number which satisfi es. .. .

arange of -2 [err] r [err] + 2. This systemls considered to beasmgle---'
phase of the follow ng conmpound oxide or a mixed phase consisting mainly
thereof: [err] [err] 40 in which EPP2969%Bber which satisfies a range of:
-2 [err] r [err] + 2. According to the present invention, the ion to be

doped 113 %igc%f%g %&%“iﬁdéﬁ %‘8%,_:‘1%"“' omﬁg&aox.&&tﬁ%f&f%# dfﬁ"
hence. carauns ettt b e b l{‘isiﬁt’&rﬁ\ﬁ i P

co rrpqynd sPotioAk) hahRGueS 14D GBI BAICHeRbrmaidd Qs HARBEARNELIGE br\the! thin mruea&e&e n be
real i zgd improvdd by 4RCHaer-t@btmeiity Bedbtores; itlis| frtdiable t& REEPEGL the @i MM Sup¥E@SHAuctor of -

deTTei enaeympdund MideAsrIRUIMis@spaditeado not fall within a predeternm ned proper - S

range Wwhi chrhieshesteieatinent @f e saperconducting etiirefildr peoparsti i simeririgaechhiquectd ke Maj he
thin fil reechriedigu aftso inddiaion pnto bideping intt thé thist filraCThel iod to be ddped & Ihirdiogen fom 1f the _
t r ansf or rhedrogen lqwitiioppcend ghen ecicbed tin s hesitrireatadind depid pastiontohie capipoirsl oxide [
devi at@d |5 ghemicelly secysad se thet thggypercendugliyity jiJest lon doping of rpatalaRypiees Ni.t2r.6A oONb t he
thin fil fglpwed; %fh% %WP@H‘*’B? a‘%? t?a!zaﬂon@ﬁsearﬁendwwamere metp sfpmentp Inibe ds,
a supercé’ﬂ'ﬂﬁg’ ?ﬁ" tod ‘g’ 131 h Qonvent i onal naski ng
techni que_ | Fl'% hw@.ﬁa e °f°otHe S'f" E NOr Pfygen
cirou k. hln ea%‘r’ifse ol EE@ T Ul ?& 5&& 'ﬁ A

mask for n echenWQ s Erfsthi S i at rmtﬂe r??

i rradi at 'tl%Fbop ndi t8hee the supro §di\vd9c§§> n@ tﬂe ‘?s éHﬁB%HQ@ ialopgo aE cui t
di rect !y dferehddan SHyR& Hropbties bothébnthdl dapdd hJuﬁﬁ&deagorﬁon uasa&ﬁ Pliedal r ow
i on _beam-onthe haatPbdfét MbyTbdEHdctBPItah emme&hefahents.md%@gelnm 2RMpEurTBMhdIS thi -
al ong<a [HoEdetiar more &tn Baiolieran tPMpattapraddir of iokygeiABIEIE ist HiherCthanC10F B AT T i S
not 55 | ghrefenably higharatiagli10f®Pa f0at@). pr.ef erred enbodi nent, the thin filmis ,
further headt-conclusiore thelredutling supadidraincting tiewit paterm s a ghdTepand Tot anduwencagart be | on
dopi ng i need i Ay antegen such am liqtidieadmévogamthich tiveasilyvailablg: Bo GaliBbCiBiiGs Bipligaple to

nmenti oned vaily of deviprs usedhisrther ikl eft dlagirenics oFhiscasivndagerys eritlie obtainedniy the) method

real i Z8d apqordawo deepresprtdvpation \which peritip deave: 8 rpHRPSIORGUSTN :tPH RhR9EROUTd oKide ency
in the cd MPWF‘?}%WB% °"rﬂ3’?s"P%[P‘fs"'(ﬁ| tYH‘Pl ‘Wsﬁ' ﬁﬁ“@‘&!@@é’ﬂﬂ ﬁ@'&d"ﬁﬁ"ﬂ'mmﬂ'&hgféhﬁml ch

i's relati - f un

super conduct® I'Q\"sp g P%f@'ac ‘f"l' htg' ‘gﬁ%
Ht °c 8?9" 1""‘?" apr R at/o Wor. (b oL -2

e ol e f%df o A e e bl e 41 e@%"r B oo car

the: thi n?t,éfldggcqémﬁw‘;&m%:ct or of corrpound oxi de after the filmis :
dep03| te nt of the superconducting thin filmprepared by
sputtering peGNS hilkBrsie {ib@ofld Aﬁraﬂﬁéfre&lﬁn&gfybé i%ﬁur@&l&hoﬁlﬁﬁp%tué Cvﬁuéﬂk @doli In@NL O
or. doggngregmﬂvgn{m thin film The ion to be doped is hydrogen ion. |If the o
hydrogen | amG.izSs slamefahuae*wev\t&iemréuheaﬂanﬁdhu&anmaﬁm\ﬁasmmsmhm pleseRBifv@ftiona doped.
porti-on of ReferinganPIGLNdhickilieeatdda RE typh @hikraalioh jratietibd apghrehe ifchiding & biamber 1
super coneuntéri o Syurdesanrged on terchalolsr ngnd omisiag @ highdraquascy[cell 8] a Wgh-ffequancy
f ol - oxve d pbwer sdvecele art elegtrestdtindans 8 ahdsan idh driewrols efegtedde SaThehanatfer 1 is provided with a -
super cOnyRFSYT Pprt T canpecipd dea MRSHuM saurce fioh shownlend p gaigiptrod ﬁ@f ikpdieing;p gas to be

subst i t ufasgedijto thedonsewerd netal ions. The heat-treat nent be carried out
al so bef or eA f“l‘?@"’?"&ﬁ‘f’“ﬁﬁb ﬁ"ﬁ °fl 9‘?’“?1’H"§ °’6da%%ma¥lp‘i F??Q%‘ﬁd pRythe G'fbs E}fe'ﬁeaf‘%ﬂt%y be
doped af CHM e t .on |

film of su&J%P Qem'?

conmpou d n& qég‘ re d&g

© (dmz uced
defi ci emﬁ'){m a mdrdlfal & le n%ﬁen I d j?
proper OR/QPhi Mérﬂ?&@w %{i'pﬁ d f%rk ﬂSﬁlﬁ&‘qu& cSIPQﬁB&% d Mala¥h deSolerdd é& and
the dopedoiagy is ifidsddonGhABY @o@euemayéamnomza 4R fan fohikddCHidARGR a fofn of a
physi Gal tdeisel 6F doh@2udd8 bYRER diddf oGP HE idd @bdrédddhd re&tb&odtﬂld@thmdimp&rcbmﬁbﬂnd
beconme nugde £l ear. The heat-treatnent nmay be effected in an atnosphere
cont ai ni Ng Whey gieniod beath & GBP@MGkgeH an 8 forff @ rialidniod Bedneinropdef @ irratiiatecthé hole 3
~hour s at siirfaee ¢iahet thiafilmuf eespome axfde @uyitpenly v prexdatermsindali pghien oftalsaach eirthd thip Gilnil
atm), prefiecondrbd/priviqyble mith & auttethd® mBsk frdvided hy 2 pblitciecapbdtemsiginThetetves, Py teked Ng
super ¢ongertions egnasintagked trortiertstog tha timim ot tamplqunficoxide &y pd edpersprtiudiericdopedawitizhe used

in any clopedia transiormesdo a1 igwialf-zed ni trogen which is easily available, so
t hat the ci jthe lpnsbe&@m penesges iptg a narrow ion beam, the mask is not necessary. In this case, the
focused ion beam is scanned along a predetermined pattern on the thin film of compound oxide so that a

gj iS pln jé E\‘fd (%IH urrt:J i E&eglg m:vr'r]:l;ﬁe?' the
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a varrety of devi ces used in the field of eI ectronics. This advantageous — .: |
meti't -is obtained by the nethod 25 according to the present invention whi ch;_'--'--_f:'_f"
permt ‘to | eave a superconducting pattern of conpound oxide having the .. =7 "7
perovskite type or quasi-perovskit ¢Pyes ar8dt al structure only in a
predet erm ned portion of the substrate. Now, the present invention will bhe "
descri bed vmth reference to, attached dravm n s V\/m ch |IIustrate an.apparatus .

used for cPAMPOPHECHLAL syRqeeo 'éﬁF"p b gsc refr produci ng a
supercondu&[ gls ut@!ﬂ%%eofteg%ﬁgr{t?mﬁr sls:mnmt‘%lmn ngt@rlpt Fﬁ(}"@n‘fﬁ'ﬁ‘ﬁ“‘lﬂm

ar e . ot I|m I've rle ion of the

dr awi ng 4 FI &améle'ﬁno@&l&%?ﬁ{}tﬁ@ﬁﬂev@on |ew of a RF (radio-frequency) type ion

i rradi at I's used in the 35 present invention. FIG 2 is

an illustr.at ingn WinecaHhpoBndddds Wrb siidlchitfufloriad Beesk by'a dRvertdaHF Wbt spforit’e
present i NivgdRinb. NamelRCdt @ifst, ipbatieteus Eic%ﬁ and Bantuswareﬁf&ddst érPdiific ANEST v Hae- s‘? J]

i on irraditén opowapiticad was adied todthe1@sulting Pentirarixtire atish alsinic At FAUMBAE car anged

on the ehadiTeen, theareslitng ppwdes imbdura whs giterbd etcpde MCytoabiain Bsintered biglle 6frviBeL Gy
power sour leagingla digmansidneE 20 90 atdrom| ens. 8 and an ion draw out el ectrode 9.

The chanber Thansa Hindilh aeeomppund oxidelgpe/apareontyster baving e thinkeass ofBOP omas decsitechon
source (not subBEEoenesig of ayeirgly grystal OfS"dQQ bygusing the isintered dloek of y-Ba-GiQ type corepound

i oni zed i n‘t"@et"ﬂé taFQﬂ‘l' "9 7&3 EEﬁﬁEfU@t“F"h '“tqu‘ﬁ'tqdl ‘? hesbtrpriagriviowasde

2 may b& d¥P °‘Pﬁ‘é° AP Bt Bt t eri ng
t echni que (?g% F| 'Uﬂ ?faﬁ?’%x Q/P’ﬁ e fpf'?t?rﬁi i"o d‘und
oxi de type E gg anv a?lin ls pla 6\? % ;H)ﬁ? essfire |¥|M t h a
”aSk'Spléi‘\ 6%5’{?10% of-ﬁr) ’ﬁ&fc:d Adthe "
the N 20° Ol rc@ rhlg?i AQ%HE)D % an' E thb Erg V is
source. | fpddiged %drg%nmf feBid fo' AiNs o tuﬁfréﬁ\nf‘ in 8! r!i‘% gl 19‘5/cnln* qui d,
such mat eri akfdr SheepRROYeR QS rdndvel, G bkl T Bro[PheaSRSH. frﬁb feb\ i€ BRNAE resistti@ ot the

hi gh- f r equ@B6Isd PEHEN colrsspadditlgiteele EipeichtRudihgiirclif RASHE BEYmS Birb atal) K, ARle itk toped

sour ce anpoRion ACeLIGRIdY itd Bn InBlidteGeich Fods PO afsupbrCondGulivify iR ditéhghafitike range

el ectroee mebdnahbwmmeétugae4w an ionized atons in a formof a 50 focused
or non-focused beamis drawn out of the ion source and is directed onto the
thin fil mBemplegnotipalenging thdheinvepipeh t he i on beamis not converged in a form:
of .a narrow ion beam.in order to irradiate the whole surface of the thin
Tilmof conp8uii fismihgdng a thirimessnef,300am et beiBnGurQrisydiam emrauish odde i erpRaredcly of
the thi# fﬁPP‘FPr'Qg fechnioye By dsingH# dArged big W%P'-‘t 'Pl°°<§ %éft*’ékﬁ% Wbiﬁa@\mmﬂ%v aa

pel li cl e GTNSISIFHER ¢ SeHiQy Thﬁél"@f i§ fugther hogt °ﬂ3?“f"? t? g é

- sy Sk ;
ot ehe. M et E%;%ﬂ sk Zw@ %Pﬁmm YA S‘h Bt
conver ggg 'néa,.e%ﬁ&f" il v sthg&%%s o8 BB ed RBARY, |0 TS case

the focused ion beam i s canne along a term ne on the thin
fil'mof cogpmmpd oxide so that a 6 EP 0 296 973 Bl patterned circuit of
super conduttor ts-|left at the non scanned portions on'the thin film Now,
the wét hod agamh dinGaviy & RRKRSELLBO0 hid 6B i-BAOU-DI dybterk CLofBSAA iRBS! is\brbgtred by |
referenae dpotterihg te6finiqab by @sifit angge 9f a Sibtbred BIOCKSE APE2, O O 106 apsuBsHRt cohdhu@Nbfi 20N
shoul d notsirg®e crystai df Sl Enecthio filnbis fudivea hit-Boaled (Modgdd @bragigng@mbsphdréle
.invention) AThdsame proceducsf asdxaprielhis repenteldexcend thatityier is dopbd 1t e supasonpiudidg thind
by a convédiim. thadivdrpgentignoef 89 kaY fsedaperyyin rirecthin ffilm inhenastopnt i@ >f 10°%em? tp otadece shepf
[err] and $eepcicuijpstiomms,Bxempld 1-an atonic ratio of Y Ba = 1: 2 and 10 3.
Then, t#e redtfal ﬂ’@wi)@ﬂﬂ%ﬁ’a"ﬁ’i‘ R‘t“ﬂ‘?‘@ e de gepueef 6 obbq dicv PiNobt ai n a

si nt er ed bl oc E(err ha\ék 8 mension of 20 x 30 x 3 nm Then, a th| n
film of coéﬁé@é&g(’ﬁ’ %! ‘ﬁ?@'im(? nduct or haV| ng a th| ckness of 300 nmis

deposited on am.wst 3 % FRBLLCShoth o UL ofdokS ooty WD WorBlat 1
sintereg bl o 2{ ?y;f}r%t %Rlé éag 07 Eétr&e%o@;i@? r?t §itd N9
machi ne: af atéd%n
oxygen 15 CORfigiate B m)a% GihSlo § ‘ Rofdubiiy YOS e
resi st anC@m Q&&B&c&@rcﬂctﬁtpa&?n éhr i rﬁﬁa@m& neTv &t $5b%f/¢é3&%&ﬁn'tﬁlﬂthwﬁlrﬁ‘cnftﬁe| m
of conpounghdumticfls xi197 eeer ed W|th photo resist so that a
5 Table 1 shows the operation condition and the measured Tc¢ of the circuit pattern.
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thi-n film of compound oxide. After the substrate having the masked thin’
film?2 is placed in the chanber 1, the pressure in the chanber 1 was
reduced to [err] ([err] Torr), arEfo®29fer3di 0, 13Pa ([err] Torr) was -
i.nt.roduced into the 20 ion source. Then, the high-frequency coil is :
ener gi zed so that the argon ion having an energy of- 300 keV Is produced.

Sitcuit pattern shoun I n Frg 2 onIy i s Ieft inanarea of 5x 5 nmon the . -

The. argoﬂﬂ'—'&f?ﬁs directed to and i's doped in the thin film | n the am)unt of._'._;.'_:_‘

uttermg :

5 / f
e e i e

: G
correspo &r t G r ;oera];ge,gg K,
whi | e fhgsg%gf@ﬂ&'gwd difenkion &fl’g@%@%@ﬁﬁﬁk’[ %Mée{%td Pﬂgu | at or V\hiragahgﬁtggg E!:'E?(‘;t gs how " -

any super COmen) atsupdidorddctingahih BIFDE IcBhpduRid bXARIRVIAP a AdIHEE BF £50ith R depdshéP@ At Ure

to-'4 K &b3ngid condisting @t a 3iable rkeystaioof MG B\ using\iBe fesaiting sttdrétd blockiok NBE-ZUIONgpe

t hi. cknes soniourtiisXiamao takgat ibia-spikitelig FiysRhiss TRoBRAng thinditrh deposited Brfeiharhest-tloyted30
Sput t esi mpxygeo koritaning dowospieiertg olstain asypefcoraiictiag thinflrer ed bl ock of [err] on a
substrat e doswfacetdfthe tif fien ofisnepreenducyngteginpayhd pxider i covBred with iphotd fesishtiys wellr t her
heat - t r esnowd progess ity e field efremiceridndior #ndv Sifshib pastern Thennda, fiig- i il i ateazet S Bdanpl e
1 is repawmedhethindin ofcpagoungoxidgn | s used as-a. dopant to be doped in t he

super (;onduc‘tgP'nﬁe tsPﬁsF'iatY f“?"l’PP "‘Fh@'" gﬁ’nw'ﬁ‘fp (gbgg {}?"f g _
°t o e
filmi™h ?‘ﬁés ({7 chg 1)3"‘? t&‘ E Q{(ﬁ%fg é‘g t"?ser n

h
o E;(a[rﬁ W Whil toc;elgnfﬁsp Bt o lo\bg %;h%ct oth%k fﬁt}tes;ﬁ% g(r)gd
in fi
nmof La” 811:&“ §§ﬁn %Ealﬁipi% %eﬁ”ﬁé @edxea a ?’ *@:\’fo Qo %&l& taRbr 8 neat-
tecm‘rt}l“ﬁ n'tjstl’len(g(y&n t(gl% mQH”‘fi’on% tﬁ& rnQ’ @'@ ﬂ&a‘bﬁ'ﬁ’"
consi sti qg,g?unaopgwgt,@,o@{hgﬁlt,a of err hin f| mis further

heat - t r eat gged e PHHE RIBisCIO Mndvéd, 18 aﬁ& m@%ﬂhﬁéﬁuma e S6b0M isPfid® @R CHsistanss of a1 e
1 is repamdopst SeGEpditern fbaﬁ.od-laecbxaél zé6r6 afl @D ROWHIG dbjod poHipE IsCiansaimbd totantilsulatof | | M
The hydr ag&B rdsRfancfdook beeovhel BroGOPBEhpbratuis idhgé betwesh ifbimaimbientiempamet 46 2 X
[err]/zkerr] to produce the same circuit pattern as Exanple 1. 45 Tabl e
1 shows E_ﬁg\_@@mamammmwemvenmnand the neasured Tc of the circuit pattern
Exanpl e 4 (not belonging to the invention) A thin film having a thickness:.
of  300nm ofA HinBim ©f canpoynst axide dxpasoRAtRPNdlot baving apthiekassef 399“"5@ de%‘ﬁl!ﬂdt@r# ng
techni queubisiyate; sensk na °E & I coptabofslitiQsrkyusisp dracsapre %

consi 9P AYMRepNd oxide Etaéla tgfpot[ip, @ Sputteringomaghing, e TAgu %9 thl'}rft"ﬁg?ms'te Is

heat - t r e QY hpaiit ofhe sa LQGedur rrpl e
| e L fisetA |
i R xvpsw?%n higime i e

Sk dol%gh %’% ftﬂe loh c&r@e%gaiml&nrorp&opéd 50&0%']5 %Ié[ﬂﬁ'r\' fithn: mc'r':h'ise by ZRlie 1

shows: Bk i e measured Tc the circuit 'pattern. 7
EP 0 296@@% o%er§noﬁ‘c$rtait|9n fddlmurﬂéas.ﬁma\%ﬁem@meh\rpe super conduct or
was, produced by a conventional RF type sputtering machi ne.." Nanmely, at

fi'r§tzj p @@&b[,gﬁg,btamslmmﬁbnwere m xed at an atomratio of Y: Ba Cu =5
1: 2. . the resulting powder mixture was sintered at [err] to obtain
a sintered Abrhincfrlm affcofnpaund ot typegugeranduekswaspraificed By @ cBentio® RirypeTyputtering,
super conehadiientjaniehi, pt fiit. pawdss of baydaLBRE O RicRUCH el Miyediatiai ploia calig ofge : Bsofin i s
deposi t eck 8r 2a 35 Thest Ihatresuliiacpowsied mbxtuest wes siitered at @40y 5G g oRygin R/rfetetﬂs’ mcrwg t he
resul ti ngaBeeGus@r kaying g dimensian of2q3s 33y pe conpound. oxi de targ Lol
sput t @fi ng e i thie fimgl sorouns) @dR Gype |3RErPRJURP ggg%rth&bﬂg °f15 °g° (;e on "
heat - t r e&t U89 °°f‘ﬂs"89< ér?"‘@l?n‘t i%h '151 rrJ ° st APk o s type

SUper Cona QI 1006 IS COV wi { i g
oo g A #h o Py P %f‘riﬁ% L SR,

field.of PEEM LAY q | Sosbifd Tn e an
area 0? %ﬂ%ﬂg Pds%ﬁ kt'ﬁ*ﬂaj%mﬁ rr)ﬁ?wa X\Q.IEOPO s

b
nttﬁ‘er sirh Rncabattions ©
havi ng t t; €ole masked W th photo resist is placed in.the chanber 1,
the Then, the resulting thin film is heat-treated in air at 880 °C for 18 hours. After this heat-treatment, the
resistance of the undoped circuit pattern portion become zero at 80 K, while Ni* ion doped portion is
s6 transformed to an insulator whose resistance do not become zero in a temperate range between ambient
temperaturs io 4 K.
Table 1 shows the operatron condrtlon and the measured Tc of the circuit pattern.
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15 "pressure in the chanber 1 was reduced to [err]’ ([err]Torr) and [er'r]‘“——'
gas of 0,13Pa ([err]Torr) was introduced into.the ion source. Then, the . -

hi gh-frequency coil is energized by high-frequency at a power of 50 Wwhile

a potential is applied to the ion_draw. ng-gqut electrode so that the .
hydrogen ion having an energy of Ege%gg?quoped in the thin filmin the
amount of 2 x [err]/[err]. Then, the resulting thin filmis further

heat - treg; ,elﬂnalbgloﬁémg[tgwe]mg,q,g 20 hours. After this heat- 20 treatnent,

t he oxy ents in a I on doped portion in the thin filmdecrease by
20-%in’ Comaaw;skowdh‘b aamzxamumpad; Bsbiatet @Rcepl thit pewderd oNBiA% { SCOS, lRORRE CEO

resi st i wero@iiddatian domrertatioldt Bi Asre CaeaaUE @d.2 : Phes andShentsintesod @80 * B Ao obtain a

r esi stansitedll bbticof BaSapadugds.cuit pattern porti on becone zero at 82 K,
whi | e doped tiorfim oh Bi-Sr-GarGunsystlemmetipduod axide isukparted on \asybsiratecensisting ot a dingle ot
becone zewysalioh SF1Qachypesingt tog esyiting gintetedtblocie ps & target inrrbsrutiaring inen The deposited K. .
25 _Exarrpm fiim (siugthen Beatiresterhtoobtain Hes”P?ﬁQP@FHCPW'"A("“! pfi the PrSrrfiecfiv gystapamaowdi de

type sup@f®onductor having a thlc ness o mis tﬁ on a substrate
consi §'Z| n | 15¢ ;%?“o E% t‘%%ﬁ%% %2? 3“6"% 83??9305?%?“81"3'89 Bindim of
Y- Ba- Cu- in a sputtering
machi ne. The esu t| ng eal'?? P e 02! ? Pﬁﬁ?ﬁ&%}&& treated In
oxygen cont ai ni ng at m)sphere. The sane procedure as Exanple 5 is repeated
exceptgthat O+ ion is doped.. in tigyguperconducting thin filmso that the
oxygen ion of an energy of is 200 keV'is doped in the thin filmin the
anount of 5.X [err]/[err] 35 After this doping, the oxygen contents in
a O+ iop doped portionfin the tthin fllmopegr[gﬁse by 2p % i mgonpati son with
an ‘undojped pqnrg uﬁfﬁi he film{ Table 1 Shows the ope atlonof:ondl ion and -
e

t he measiy el e patt m |:xarrp| b
i nventi ﬁ{q'do (\Slﬁ)%fi{a r* t

P con S :
produced byla ?3 . t| n@a&ﬁl‘—zﬁt %i H’EE@% first,
powder s jof - Lferr] and O were xed a ' ¢ Cu = 1 :
2: 3. THem j{the_Tesufrt wae ere at [eW] To jobtain a
si nt er?® lll CCY° ]l EMFQQI Ac!i" nsi3O9 of 2(§ x 3 n30 45 | * Then,
a thin fk 7TII of CONPoHtt Xttt} -

300nm i s &epdsa—SeGCuFOC SuFids af Heto

by usi ng ! Hloclk of

in a gpuf tFerl OBRCH-CH- R +o- fax y0mBf| supedsonducti ng

SETRU4 f
conmpound{ oxilde is_coverled mt% ho resi st anfl a circuit patter hown in
Fig. 2 ib /e naked ¢ film fcorrpound.
oxi de. 534 YA??@E?Q ﬁﬁgpsfeéﬁa I ng %q]e %@%ﬁ rn f|:§m2 | s§ pl aced
in the cp e e e p ch Tuced '
1,3x[esr ﬁg‘é én?H%S) ke s d p@ﬂﬁ’{ he fii'% in §{he

\*Al

[JCI \lUIIUU\l Ul [|av—| ||U A { rr%bkll
Herr]

IxHBdl e cr 28 al
| t ar get

( ,
anmount of KE , tergsu Ut TS gat-rreated—tn -air at
[err] fof @8 ( Ll He@- 4r ea2®@nt , |t D10 st ancBBof t he*
undoped §iefi-t—patterarp t.cr‘r becotfe—2eto at 80— ﬂfr/h-'r-k-e—f-ﬁ-ﬁ-]-—-l—)n doped .
portion i TEﬁt"ﬁ@gan Nirs§l at @850whode1%&8t&¢ance 3B not |beconme
Zero |4?] 4 . n‘tLﬂhf“ t nn‘n&ir_at_u_;_e_J 1 shows

t he opergdtgo agriOie [MageYredopg of ithejetr¢uit ggiern| 8 EP
0 296 973 Bl}Exanpl e .8 {not bel ngl nd to the ifvention} The sanme prjocedure

as Exanpls T Was Tepeared exXcept Tihatpowders of —[erT and CTOWere mi xed
at an gtonic ratio.of Bi: Sr: Ca ; Cu =2 : 2: 2: 3 and then sintered at
[err] to JbtRAtnbelonging tecthed imNedEl®f [err]. A thin filmof "Bi-Sr-Ca-Cu
system conmpound oxide is prepared on a substrate consisting of a single

Claims
50 .
1. A method for producing a superconducting circuit comprising the steps of
depositing a thin film of superconductor of compound copper oxide on a substrate and
doping a selected portion on a surface of said thin film, characterized in that said step of doping is
doping with hydrogen ions in a dose of more than 1 x 10° atoms/cm? at a doping energy higher than
55 20 keV and up to and including 100 keV, to transform the crystal structure of the thin film at the
selected portion from superconductor to non-superconductor, so that the remaining portion of the thin
film which is left undoped in the condition of superconductor functions as a superconducting circuit.
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chystal of [err] by using the resulting sintered block as a target in a
s"puttering machi ne. The deposited thin filmls further heat-treated to
obtain a superconducting thin filmof the Bi-Sr-Ca-Cu system conpound

oxi de. - 70 . The same ion irradi &Fi%A#HBBddure as Exanple 1 is repeat ed

e’xbept ‘that the superconducting thin filmis doped with Ar ion of 200 keV"

in the a el shows t he Operatlon condi tion ‘and
t he rreasg‘r)ég&q!réﬂ ?ﬁ m% ?octﬁ%'{’ BI&H ern. o

Tabl e 1 Dopegnd Qihe procedure as Example 1 was rea-@atmpmﬂ powders of BizO, SrCOs, GaO and CuO
of 20-NO were mixed ¥t dhCatomic ratio of BIRSE I 6 €Cu = 2: 2: 2 : 8 and then sintered at 880 *C Rlbbtain a

the G rGUI sint§¥EbIERTof BiySre CalBs O5l al 1 0N Ener gy doped

pattern (keVA thin film of HSF3-Cu system compound l6kid& Boprepaled on - sibstr@le- dohsisting of a sidgi0

Ar+ crstiD of SrTIO; by uSing Bhé Gesultirig sintered bide® as a target in a Spultdling machirsr THsldiePosited:

SrM 03 thie film is further heat-tre2®Q to obtain a supbrmrm:c@ng thln fiim of the BigSr®@-Cu s3stem compound R
L'a- Ba- Cu- OOXIGOSr Ti 03 H2 2 2x 101" 35 4

Y- Ba- Cu1®© £ Thgpeame iqry irradiation procedure as Example 14 @p@ted excepm@@-,superconductmg thin §lm

* 36 5 Vs pdepedyithAr ior'\g@)o keViipy the amount of of 2 x 107 /om? 100 2x| 018

82 6 Y- B- a:l'ab_le 1 shows th OE?"NﬁQ condm@.and the measured Tc gf tbe circuit pattern, 5X |

78 * 7 La- Ba- Cu-0 S TO 3 N + 250 I X1018
3_.3 40 15 Table 1

o 8 Bi SrCaCuO SrTi O 3 Ar+ 200 T Tox017
101 * not beI onging to the i nventi on ‘Caims 50 1. A nethod for producing

a superco TNg CITCURt corrpr|S|ngtn Oof _depobitin Thipn fil m of
oa aqg)u P ¢ '

super condjct @ cg; nd coppef . oxi de stratefand ing B

sel ée*t egh 30 §8§R§ Seimen t-Jﬁ'.r1f"f Hmrcharacier, in that said
step of d r %ﬁ éﬂ‘aﬁﬁm&iﬂ 0 ons in é\l&gﬁf(})f% el x
[err] ato rrfyﬁ =r83

! _ D REIEY: han 90 20P ?nd up to
and inclu |n: 100 kevy,. tjo transf{)rmt“le ¢Y§ta| ﬂcmfatyre 0 e thin film

at the sel F pot toR—om St Ei‘ coRftet-or—to—on Sttt uun-d'\ju{ﬁ{, so t hat

t he remed i t DgOhi h At fn W0 i s} IﬁafloléﬁdopedSOh' the. *

condi ti on - conductl aTa! clrocuit 9 EP
0 296 973 PE{e,0Nageg|to (e | nyeptige){ The ggne protedure
as Exanpl except lthattpowders of [err] 1Ca0 and CuOtwere

T xed at qn' a? . $rey O ¥ 2 183 and gken sijntered
at[err]a'{ gb an a'(gﬁd %‘ﬁ?a E HEftof.[C:a?Q]. K%’an?] fflmo BBi-Sr-Ca-Cu
syst em conpquf . su rat g sfing Qfe a sifngle
crystal of eg%%&‘@g Si Es(ir ed"bf’é@@és a target ifn a

sput ter i ng—megheT—Tte FrtrsT{orther frear-treareq to -
obtain g sufer|c¥rRadiu-c) t he189- Sr § @) st em8onpound

oxi de. 10 FHes-same—tont eeeau-e< t ed

T oooTurn O

except th EYsBadCad i | 200 dojeSxiOlh|Ar i 8 of 20& kev -
‘in the ano of 2. x I shows. th operatl and

t heMveasur gy TiL £2B409-O .1 121018} 33 1o
Tabl e 14Doped ion TC gojgnourd

or 20M0. | g | BEIGHR0 200 | 2<107] 101 ATOpRt the

¥ * pot belonging to the invention

Claims
60 :
1. A method for producing a superconductmg circuit comprising the steps of
depositing a thin film of superconductor of compound copper oxide on a substrate and
doping a selected portion on a surface of said thin film, characterized in that said step of doping is
doping with hydrogen ions in a dose of more than 1 x 10® atoms/cm? at a doping energy higher than

55 20 keV and up to and including 100 keV, to transform the crystal structure of the thin film at the
selected portion from supsrconductor to non-superconductor, so that the remaining portion of the thin
film which is left undoped in the condition of superconductor functions as a superconducting circuit.
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system material lon Ener gy : doped . pattern (keV).

[err]) ~ (K)y 25 1 Y-Ba-CAX-O " Myo [err] 300

5x.-[err] - 80 2 La-Sr-G-0 Sffio03 He _ 100 .
I Xi--08 - - 2* 30 3 La- BEER298 973 Bt M .03 H2 . o 80
2x 1018 35 4 Y- Ba- Cu- O L| N3 O 150
5x1017- 9 5 5 .Y-Ba-CU M
10 c%}g set forth in Claim cgzch.ara%tenzed in that thg_ thm film of superconductor is prepared by the

6 . Y- Ba- CUYTFA YAPRYS Gppositip technigygy, . 5x101.

%8 o o method s a 93 jong_are e m one o rce an
10 5 & EZM&%\?%%%PEQ‘% ffe‘?"dm or'a cro vd plas Q@?’Q’ yjfféef?

101. el ongi n tothelnventlon Clains 50 A nmet hod for .

thin film ofn elnRATCRREIEHEM fropOaRMBA: £ SHRRRE frons BGrolp) cppardAg bkygb® and
doping a selected portion on a surface of said thin film characterized in

that sai @ Sthapnetiod el fuirth @ Glaim dDytiersth saidtcBmpoued cr@eesrokms répPesdnted oy eheGbrmOm: €
than 1 x [err] atons/[err] at a doping-energy higher:than 55 20 keV and
up to and imck&d®Ufy 100 keV, to transformthe crystal structure of the thin
filmat the selected portion from superconductor to non-superconductor, so
that the rdpahishn “‘1)6 F'PP’EH“%‘PW'PW@“WT‘ ﬂs phovenxfhincatomis 'aF"ePftﬁ Vihdeped \ @+dhe

condi tfon ot ‘hﬂf 1 r"‘f?r A '%1" "l;.aﬁ%%e thd?sP?,‘iﬁ"‘t(“t-Qﬂx) EP
0 29|6 973 Eﬂ"%qsg g Pohﬂ F '};f PO écﬁé WA A&t he
thin filmof° gﬁb%’( conduct or | S prepar ed by the physi cal vapour deposition.

techni qUg: e odifoa T il o0 ok Bl o@inlr s 87oa%ama Y08 & of R0 o
e beeg P ot n R L a&&s&.ﬁ V. £ 8l oy: HO,E?%% dgﬁ?&_‘%@%ype,ﬁ{’IG

type, RF. (radio- frequency type or m crowave plasima type The net hod
set forth, i fhedidiho@Bs orh un@lﬁrh%&vh&re&t@au@eﬂélﬂ&ﬁ‘éh{'srsaﬂd shid-MHAUNE Lgopper oxide is
conposed of an elenment a selected fromlla group, an elenent [err] sel ected
from 1118 grmeufathod @pRRN BiNghy @Ky GECIaiMsOl 1068, whérein ¥aill Rasbraafductbocoipoint coppar. M 4,
wher eizn - sai atide rpmesadlediytetormadei:de is represented by the formula: [err] in.
whi ch a and , e neans the same definition as above, x is an atomc ratio of::
, Wth res;ﬁ;(% d@9)pCunOped) 15 and has a range of 0.1 Sx 5 0.9, and y
and z are respective atomc ratios with respect to (ai-xQe) which is

‘consi der ed i yhigh© standsi fort B o1 Tiah gtandscier Srahps @i apd ptgrss fosBawhen &isyTlon gndn and
1S z9% 5 ¥ {s\aagh, satisfyingsranges, of ﬁit’hédoﬁ‘i 4t‘d‘r¥ﬁ"?ﬂ‘i°"@"éupn‘r56+%@r 8ii%2 sai d-

produci ng, aTHsWiRHo8 SS90iRlIn G ofd 61Mits £ R WHefsin Welid chfpoihEBpe? bxidbaP SsmipobddPs @ _' N

el:ement -a’ i’E’ "QFPB sglisfieg aéﬁ“&‘?’r‘é‘ﬁt‘ Arljndgis g '5'5‘5?' "H‘H’B s?\ﬁf“’s arang ¢fiaRf Sefected

7 The B /rJ:ZﬁL‘?n K ﬁ%"‘%é? Brol gt i por By lbe B &

‘elerment d set forth in any one of dains. 1 to 3, :
f.Wﬁ'e"rei N Sk ﬁﬂm%gonductor corrpound copper 25 . oxide is represented by -
theforrrula 1-qg, €Q nCuQp+, in which 9 stands for 'Bi or TlI, 4 stands

for, Sr V\her\leﬁ‘aﬂr&l 20 HoA&Wlluf SMdEISupfafltenBeh SURBIRING uinfassbhd a.awafadreﬁksaﬂne des are
nuM S eacAbschaiderf oien Glunr@h g3Aick ei® Stpfaleltéls D¢l otharSKibictoxidvérsiing lawebuyem p =
(6+m wm), cSubstrabund dahBotierahs s aaspbviihiteaBemicha g @befiidle der@umed Schivhi]l 1 i s a
nunber whi cladgeht gebéninzaicheetrdad dor \effatwéhséshiltt @s-Doflerer®. aud bigermBotiemd mitcWasbestofh | n.
any one of fiGhenimiteifer Meng® vovinelr efs i <81 Atomeriiem?fbiel ainei Bopingereteisrvoi malir-aisi28 &e'\e d

bef ore, durlisgndgingehlieslicts 1ogrkey [pestehd (vmd p(nﬁallstggtur der diinnen Schicht des ausgewihiten
Berelichs vom supraleitenden in den nicht-supraleitenden Zustand umzuwandelin, so daB der verbleiben-

45 de Bereich der diinnen Schicht, der nicht dotiert wird, im supraleitenden Zustand verbleibt und als.
supraleitende Schaltung wirkt.

2. Verfahren nach Anspruch 1, dad'urch gekennzeichnet, daB die dilnne supraleitende Schicht durch eine
physikalische Dampfabscheidetechnik hergestellt wird.
50 ' _ . _
3. Vertahwen nach Anspruch 1 oder 2, bei dem die lonen von einer lonenquelle vom Freeman-Typ,
Kaufman-Typ, PIG-Typ, RF (Radiofrequenz)-Typ oder Mikrowsllen-Plasmatyp erzeugt werden.

4. Verfahren nach einem der Anspriiche 1 bis 3, bei dem die Kupferoxidverbindung aus einem Element a,
65 das ausgewshlt ist aus der lla-Gruppe, einem Element 8, das ausgewdhit ist aus der llla-Gruppe,
Kupfer und Sauerstoff besteht.
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Pat entanspriche t Ky 1. Verfahren zur Herstellung ei ner supraleltenden
Schal tung, unifassend die Verfahrensschritte des Abschei dens ei ner dOnnen
Schi cht. el'nes Supraleiters aus el ner Kupferoxidverbi ndung auf ei nem 40
Substrat und des Dot | erens ei nes alRPye2esia78@1 Ber el chs der Oberfl ache der..
dt nien Schicht,  dadurch gekennzei chnet, daB der Verfahrensschritt des - RN
Dot i er.ens aus eI nem Doti eren m.t V\asserstof- fionen mt_einer Menge von
mehr al's 15x VetRbreRmasheeRYR 4 bei darm fig KupigspridveRiAdug PR ARTBA al s 20 keV bis: -
und_ei nschlieffl |§\,M)100 keV besteht, umdie Kristallstruktur der dI nnen :
Schi\cht des z fFten Berel chs vom supr al ei tenden i n den

et ot S @n( e SR Rutiof %adiRn %mm?rpéa%lfgmem% s von pde |

Ber ei ch der hd i b1 m”mﬂﬁ »undl D, aums_
Zust.and ver blseb glléﬁ‘ ,,p;) sfnuma nau{ £Re rdehWiobd sielh de@aeré{a{ef
Anspruch 1, dadtkwoh gg qsgegei chnet, daB di e dUnne supr.al eitende SChI cht
durch.ei ne phy5| kal i sche Darrpf abschel det echni k hergestelit wird. 50 3,

Ver f ahr en §aukiahrn meticAnsbrueiS: ieCdenbes Elbenantch Ba IsDireiniay Eomeitiicworigs@asigossldoe

vom Fr eenan- Elpmentist) fdanausgeniinit 31 486 Bipgr, Grigipe,(vidivtie ¥f racGdidyz o, By, (T /B Nd, Sm, Eu

M krowel | en- Bhdilarnamtfgb er zeugt werden. 4. Verfahren nach ei nem der Anspr;che
1 bis 3, be! dem di e Kupferoxidverbi ndung aus ei nem El enent a, 66 das
ausgew~hi t 7-i ¥erfahiteg napbrAnsaruchSy b gem dasi Bieentrs st ped dap Elepdad Ad@dsewi hit i st aus -
der 111 & GruQ,p Kupf er, und Sauer st of f besteht. 10

* C hren ;nech °'§P‘ Z%E’ P18 3S'°°'WP&W@ﬁ'e'ﬁa%%?}Pﬁ?{H"%"g Buen
dem di e Kupf é'}e QgentaFuTHSANET WY die Formel: -./, (al-x~jx)CWQz 5
dargestel | t (5 V\PB a, und p di esel be Defi nition we. .oben zukomm , x das
Atonserhal tnis v a""‘ B‘éiﬂgllch (a+,A) ist und imBerelch von 0,1 5 x S

0,9 liegt un@e.yaemrbdfuzB.%L.Sﬂrs%hsn@resréteﬁw&ahaé.ngmdmﬁsa 86 Wethnh 61 (B 1y u@E
sind, die gl Qufidh shais SR BURIAETS < WaPRIbzw. £5 & B8 d&Jan, BEE %men)iytoaleipeﬁahs y

S 3,0 bzwW. 1ishwbicks i Berdk@Wk q k@ 19gt uWeF it MaRitst Wdlche VSHANIsHCE <5 < LERegllem das
El enrent a Ba ist und das El enment A8 weni gstens ei nes der El errente i st, das

ausgewghd to.i Vbriahtss nadhreiemGior pisprlickec] bII8, b¥i detredie Gihne Byhichi-@r, wBhrend’ nf;dlo‘dh nadtd,

Sm: Eu und Ldem Mbiwken. mifionevavifradbetendeitagth Anspruch 5, bei dem das El enent a
Sr ist und das Elenent , La ist. 15 8 Verfahren nach ei nem der Anspr ~che 1

_b| s 3, beIRQYemiQhﬁensupr al ei tende Kupf er oxi dver bi ndung durch di e fol gende
“Eor nel dar estellt wird: i4(401-qgCaq)nCunOp+r), 20 bei dem 9 fUr Bi odor TI -
st eht, §f°°@‘lédqp’°d9@ﬁ'hd'9" gifouif %‘P’%ﬂﬂﬂ’cﬁt&’rwiﬂa'e@%"b'ﬁ’t Stapge RORSigtanti2 5 st m und _
i Zahl en SI nd dRegsern q"ﬁ"lz'@ﬂdBé‘fp W“Bdg‘yﬂ??%'fyreﬂ?wp%sg‘ﬁ%bsgatl ogen '
= (6 + m+ @Pefuegﬂ% ur upuegee dyl Leql r-' |

a et n ug ;V%é an, g} .

ei-ne- Zahl |st

d A Ius %omes}p m énergi do
inal ote? nag% Eﬁé n&s&s%"e%ﬁm-mg'gké‘ﬁis@u ,é o e améﬁcé’ﬁéi

1. Procedt dgupEgied i @RS rodns b ﬁ«wrﬁmowweaaa yﬁan%éeqaméeaaa@suptae& Gliapes
consi stant ays 4R Q&ﬁ,ﬁ;u,parci.,{;ug}aeanamuﬁe supraconduct eur d' oxyde de cuivre

conpes4d sur un substrat et doper une partie choisie situde sur une surface
dudi t - f ikd n2.NMPrRE&IE selan BObentiicatioron cadctélis® el exlquode Hinatitcedie strp@aduc®sit est préparé

constitu~e dbpatra @cpigedd ddpdadnchasivemacpahgrdesdg brysiqeel on une dose de pl us de
1 x 108 atones/cn2 & une 6nergi e de dopage plus 6l evde quo 20 keV et 35

al I ant j usjuP&eadgCeeke\a wudication 1y % dans degud! dasriens soet égtis 3 pertir de ine desasauicare
“du film m nceliogs dnjtxpediieenan] du type pudmanndy e PIG. Si tpier R (guencet iadie) oy @ type
supr acoffduct PR Rigionde structure non supraconductrice, de

4. Procédé selon I'une quelconque des revendications 1 & 3, dans lequel ledit oxyde de cuivre composé
est composé d'un éldment a choisi parmi le groupe lia, d'un élément 8 choisi parml le groupe WHla, de
cuivre et d'oxygéne.

50

5. Procédé selon la revendication 4, dans lequel ledit oxyde de cuivire composé est représentd par la

formule :

(er1-xB8x)CuyO;

66
dans laquelle « et g indiquent la méme définition que ci-dessus, x est un rapport atomique de 8 par
rapport & (@ + B) et est situé dans une plage telle que 0,1 S x £ 0,9, et y et z sont les rapports
atomiques respectifs par rapport & {ay-x8x) qui est considéré comme étant égal & 1 et qui sont chacun
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elle sorte quo la partie restante du fi I m mnce qui est |aissde non dopde
dans | " etat de supraconductivi- te agit comre un circuit supraconducteur. -

40 2. Proc~d6 selon la revendication 1, caract&is en ce quo la filmmince -

de:'supraconduct eur est pr~par6 paEPbagéerdBique de ddp6t en phase vapeur

pat procede physique. 3. Procede selon la revendication 1 ou 2, dans quuél'ﬁh“
|l es ions sont ems & gartlr de |'une des sources dions du type Freeman, du -7 .

type Kauf naﬂa"sﬂﬁr"‘ff'%% Fﬂsﬁf’eﬁﬁ‘ﬂ?ﬁ@ﬁws(zfsr%éﬁff@%‘@m("%fdl o) ou du type 4s
pl asma mcr

. '§ rt‘a % OCGt%gs on Ibune ue co %e Iéﬁend'%at' ogg 1 a g
3, Hans | qg\ ZF' %‘ Pﬁ;{?@@% s
choi si _parm eemgr supaé" mu‘%?co"s“ F Hoi $I pafm e gr‘éﬁ“"é* I1'la, de

cui vr e’ ety d, PRI BLIG 1o Alericatoh 8. RAoqB! iR éléa\eat%ve%nfhemaﬁ Sty o G202 | equel

| edit” oxyde e culvre conposd est represent4 par [a formu

(C 1- X- 88 Cripsedas @aofBng Qll.ldﬁQMﬁL lass @véﬁ&vca@oﬁsnldé 8URRS ek Imy&‘ﬁe' cﬂiw%'cglﬂpdgélo
-dessus, wpRiéndudleut 8¢ PRIébonBl AN kAusle A par rapport a (a + A) et est
S|tu6 dans une plage telle quo 0,1 Sx S 0,9, et y et z sont |les rapports

at omi ques r eapegCadsCupmk, r apport a (at-,6,) qui est consider6 comme 6tant
egal a 1 et qui sont chacun 11 EP 0 296 973 Bl dans des plages telles
que 0,4 S yd®s®qoelle® indie Bi @ B, ¢ indisysc tirsauer@resst Bi.of indifyedizdolBous &l eshTil m ot n
revendi cat | et des nembres sliedp AbECUN deNstlesaiRTI9EPegtivament iesque BEdh & 18 BhENS 80P est
au-noi s un=df¢ Sr@nt Nk AGPIP npralia i 9sf SEYElaRRUNe RGP telle Bredles < 1y 8t r sgidin npgbre o
Er, Tm..Yb, q‘f&l&s‘s%da'él‘"%f"aq_‘ﬂe"e@”e'?"F‘r 6%~dd selon | a revendication 5, dans

K I d t, Mdd
eaue |58 betRB TRl i tﬂlfg il o S i i i e
cui e corrpo sup ugré‘gn va" BParE gteu A res JRRFER" '3" la fornmule: 10 e4(f g.

Caq) nCp+r dans Iaquelle e |nd|que B| ou Ti, 4 indique Sr |orsque e ast

Bi et indique Ba lorsquo e est Ti, mat n sont des nonbres situes chacun
dans | es pl ages respectivenent telles gue 6 SmMS 10 et 4 Sn S8, p 16

= (6 + m+ n), g est un nonbre qui est situd dans une plage telle que 0 < q
<1, ek r est un nonbre qui est-situ6 dans une plage telle que -2 5r 5 +
2, 9. Proc~dd selon |'une quel conque des revendications 1 a 8, dans |equel
l'edit filmmince est en outre . traitd therni quenent avant, pendant ethou
Hﬁpres l e dopage i onique.. 20 25 30 36 40 45 50 12 ' * C
‘.',' M S
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