DESCRI PTI ON SUPERCONDUCTI NG ELEMENT FOR SUPERCONDUCTI NG CURRENT LI M TER,
METHOD FOR MANUFACTURI NG SUPERCONDUCTI NG ELEMENT FOR SUPERCONDUCTI NG
CURRENT LIMI LR AND SUPERCONDUCTI NG CURRENT LI M TER Technical Field [0001]
The present invention relates to gguRprgeRducting el ement for a
superconducting fault current limter, a nethod for manufacturing a

super conducti ve el enent for a superconducting fault current limter, and a

een i hdresC N huld e R s R L RERE B T R LR uct 1 g

faul tcur regieTHOD IFIR MARURRCTUHING SOPERCHRNUCTINGE I VENT PR Medi at e

| ayer and a superconducting |layer are fornmed on a substrate, and an

el ect r od8JRERCONDBBIE EING € URTRENT pdMd DBBRUANDNGUPEREONDUODBNGHEWRRENT a

nmet hod of fixing the electrode, a gﬁ‘\@g of fixing the electrode on the
superconducting | ayer using a sold ining indium tin, or the like
has been di scl osed. For exanpl e, Japanese Patent Application

Lai d- Open (JP-A) No. 05-251761 di scloses a nmethod of fixing a current |ead
on a sugeieddifddi ng fil m using an indi um sol der. [0004] JP-A No.

2003 298479 4ha0la8ES TP AE L bBRONRIREL okl ag, Ao suppRanducti ng

filmprovi a base nmaterra configure red

st r uct dadt afrreanlifitel, aywdthahfdr arand@cludiyiga sapetcarduciivieslementtfbea
superconducting fil and a wire material connected to the superconducting

film visHPe{CBIUgEg By FHV?\W‘H@“‘F%,WQ@ ﬂ“ﬁem@n%cﬂBQ}'TauﬁrF,UrrSFt liRitesy- Ag al | oy.

[ 0005] ngk?érohpdp\a009-211899 di scl oses a nethod in which when an el ectrode
is joine 0 a superconductive conductor with a solder, a bonded portion
bet weerjf000%4 Jhperhavedemthitherto osatlas @ suEnobndudingederhént gseteiober i s sol dered

whil e cooling the bopded rtion at at erature Jower, than a thernmal
o o Doyt AR S e ke Dioe Eoh TR Sls8Ter e Hep o Aleedtthod. of

fi xi ng |8 gh@s biRARNHACtgANT Wed foVifed Bih B stibstrlle, 8nd & d18drdok iCQIRE&EStNT a
conducti've thin filmusing 1ndiumto an electrode portion has been

di scl o§bgjsuperconduqﬁ0 |a3/§ea_rrp! e, JP-A No. 11-204845 discloses a nmethod in
o oh G0 R e R, Mo £l PR By o o
iy LR S b Wk eyt v
' For example, Japanese Patent Application Laid-Open (JP-A) No. 05-251761
discloses a method of fixing a current lead on a superconducting film using an indium solder.
[0004] JP-A No. 2003-298129 discloses a superconducting member including a
superconducting film provided on a base material, an electrode configured by a layered
structure of an Au layer and an Ag layer and provided on the superconducting film, and a wire
material connected to the superconducting film via a solder containing In, an In-Ag alloy, Sn,
or an Sn-Ag alloy.
[0005] JP-A No. 2009-211899 discloses a method in which when an electrode is joined to a
superconductive conductor with a solder, a bonded portion between the superconductive
conductor and a supporting member is soldered while cooling the bonded portion at a
temperature lower than a thermal curing temperature of a conductive resin.
[0006] Further, as a method of fixing an electrode to a conductive thin film, a method of
compressing a conductive thin film using indium to an electrode portion has been disclosed.
For example, JP-A No. 11-204845 discloses a method in which, with regard to
joining a conductive thin film and a thin film for an electrode, a conductive bump such as an
In bump is interposed therebetween, and electrical and mechanical joining is carried out with

the conductive bump.



[ 0007] In superconducting elenents for a superconducting fault current
limter, bonding of the electrode has been hitherto carried out by

sol dering using indiumor the |like, or by conpression. However, in
superconducting el enents for a superconducting fault current limter, when
an overcurrent flows, quenc?@Hﬁkﬁgﬁ%kgﬂ%ﬁﬂyqiﬁﬁga super conducti ng state to
a normal conducting state) and thus there is a
probleq%&@é%hg%bkﬁglun1or the like, which is used for stress mtigation

during soldering or conpression, diffuses to the inside of the
super c fHdatt Imypkayaducting clemedtsutbea hgrtcondecimgifaglt cpoant timateyy bendihg n§, and

ol oot r BSTEPRS bt Treh P it QeI KRR Rt AT (68 0 the ' ne de
of t hecéﬁgx%ssqmdq%wa&r iR erfRgui AR 1RO AR A subueMRE ing AuRleRAEFONdUCt i ng

el ements for a superconducting fault current limter, the conducting state
i s chaligétr, fwhsman I@éexgu@@rtdbx‘rd;uqmqnn@mgt(w@fmg frore afyperepndusiogisigicrigast at e (a

argo. OB 6ENRa? ST BRSO T e 2 AR o\ B ke

conducitenkeSwaich i€ @ded dor GRECMAIda60N afirife sddd@hgareuiipreatiod Aiffasds@é@thedue to
resistance. As a result, the tenperature of the superconducting el enent

gr eat | {nsidsef dhgsmipercandusiipe favendie toyerls haptascringrigan terquspshing.iand

t enper m peel i ng occurs at a bonded portion between the
eIectrgﬁéﬁg%éﬁ%ﬁgﬁgﬁ%ggg%%%uct|ng | ayer. Accordingly, in superconducting

el enenf@0BPr Aacardipglyc o rabtteidi dfdohding tan electredd withenttusing atrhemieerisactdasmand f or

an el ectrode baonding s ructur havi ng adhesi yeness capabl e of epnduring the
t enper thEH'Ué thay difRisgy forf %\H’éﬁlet?g A sigercardusting EWSHE“\/GCF’E% ﬁgwﬁv‘é%er
such a chu i gggf%lnemefof A tfeo%ua B8 BurfBA Bindifdr %’@&n‘éﬁ&ﬁ{g @heof the
facts rlbec}1 ject théreof Is to provide a

superc isrulhangedrfg)ra tenmptreboducting stpterto dinclumrttahgorfdacting sate eresishiverelewmenti n

whi ch occur.rence of, fil ee ue ure cycle sed by
Guenchial) Fu e gsicibig TRTREEh OB HGHoRARA ISR, TS L AT R Mduct | ng

el ement|chiRht MatHRPEEPMAHS hbriehl f:@xitidcuﬁ% Eth@Haudds Feh@htiorPé¥th largs WRRuGOSMUCt i ng
fault current limter provided with e superconducting el enent for a

super cdowdeibeat dye foughistanes: r fta fesyteq tem@ramfﬁ ohthesuprrepndintipoelegintthe
probl e the invention has N. 1S h n

A superteaulifos Sranit RS RGBT RIEh i AG FRneP e RE e o1
conpri gilfigeclingSodesisal b ®onddll poMied badieat e |e£b)éﬁ“bdé fft the sufepcomedetan 1.
substrate; a superconducting layer that is fornmed on the |nterned|ate

| ayer ; Agpordinglt MORHPCERALUGtaE clmat era surremducinsenels Aaent iy ier-d)er is and a
met al

supor c SR oh FlebuB by BVl bRl AboliDr REPOREM o ch R he e

super ccammmttum@yb]amen ahen bdmfh@ thetcicottede MXBdutjusin@a Miérebaispel eoimdivot.i ng

el enent f super conductin ault current lim.ter . acc to ,<1>,
wher i H0003] s Tig %@n%ﬂ@% S oS dbrmfiae ol Pted CEHTSERSe MRt ¢ ne
metal i, g& Rakbf shé ﬁ)'vmeears% eﬂc@ﬂcﬁfctm@%leﬁwhﬁﬁb@% s@fuer@orﬁfﬂ@tﬁg ALR cikhég anong

| ayers adjacent to the metal fine particle sintered layer, is 100 nm or

| ess; &Hndteninpahich ob@nrhnaenef falm-péelimgtdak td a tempesathieciyels cahsed byojuemdttieg ivet al
fine particle,sint | ayer |s. less than the. fac £oug hnes 012]
<2 et dutiked g o Slaehfing S5 alne Hgad RSP RRD o APRCCTERee i t er
accor digk duprerrilimBér, 51%?& sWRRIoBH I tinB SauTeéidtent l1ﬂﬁtepﬁ1fot./ld%lzl eviithéered |ayer is
configured with netal fine particles of a sinple substance netal or alloy
i ncl udsapgrepndieingtelemnent sl asperondunting el grusept B@ist sti ng of Ag, Au, Cu,
and Pt. [0013] <4> The superconducting elenment for a superconductlng faul t
current limter according to any one of <1> to <3>, further conprising a
met al gpREBEtd P&bidnh M provi ded between the superconducting | ayer and the
metal fine particle sintered | ayer. [0014] <5> The superconducting el enent
for a $UPéI c£h@n@biermgomg|lmveewrr basbeen solved buthedplpvigetecadhy one of <1> to
S o e el <08 SHRELERRAHE LR B SuSORSGR, 6 pAndRififgrponent . an
oxi de superconduc I repres nte nposi A formira o

REBa2 Cyafigrifing Vihstibetirdie; I%Emeﬁnaﬁaltl@eaﬂﬁt mqbﬁnascbasreﬁleaﬁmd&ae:l enent or a
plurality of rare-earth elenents, and S is an oxygen non-stoichi onme

arount Suljesengdpctigslayy dhal i orashan dhe s reedaEdiyeron eée%ﬁ?g%ﬁ%ﬁcﬁ%@?%ﬁi faul t
current limter according to <5>, wherein: the substrate is a sapphire
substrate; and the internediate |layer is configured to include at |east one
selected fromthe group consisting of Ce02 and REWVn03, wherein RE
represents a single rare-earth elenent or a plurality of rare-earth

el ements. [0016] <7> A nethod for manufacturing a superconducting el enent



[ 0019] <10> The nethod for manufacturing a superconducting el enent for a
superconducting fault current limter according to any one of <7> to <9>,
further conprising a netal protective filmform ng process of formng a
nmet al frthe egieroomdbdting layers frel smpat finnpardtlic sintdray yer thbt i 18 untéﬂpesed
superconducting | ayer fornm ng process and before the fi n particle
fil m fBetesythssupasndurte "Eyer@ﬂﬁherﬂectWFwa that conpgRisf %wmg %ﬁng
SUperCf%LEQHﬁfd'tﬂéJel%&%&m for a superconducting fault current limter
according to any one of <7> to <10>, wherein a superconducting |ayer

cont ai [{i0dg] -a%> ﬁhmmrwndwmgmie,meamfww adpersmprhmtmgnﬂamdttowrenﬁpnﬂaent ed by a

conpositio formula of REB 2Cu30 represents a, sjingle

¢ ar o oSHPRIGH ekt TSI WEFT RpPBTsS RAGT 8 SHEHFeahEbi Crh th e o
oxygenReNfiat phreitleQiRikl fﬂ%f“?)'f'ﬁtla yeb 8t 4 QIbIBAe side biRng MRRFCARALAL L M | ayer
form ng process. [0021] 2> The ‘met hod for manufacturing a superconducting

el ementefad ﬁnap&Mpbrsmsmd taviengs tLhm oc lgss;emd al pamCtledlaalctﬁ@ plinetpl fioe <11>,

wherein e su h re suhstra ter iate, | ayer
el uaPtCiss MLkt eieDn ok PRSI SR AT b din PR P g e

REMhO3 om]aressnTﬁ%,Esdpeﬂ:roﬁammg cfenfdnd & supéroRAiktifg ﬁsluﬁ%%nﬂﬁmﬁerW ur al ity of
rare- earth elements, is formed in the internedi ate | ayer form ng process.

[ 0022] acepBENGVOsThTerIcHid vdEraiy theangtal fmmﬂemle sipteraddayerdoepiggradgrity seal ed
cont ai pe al !ﬁné ﬁ?éf‘{@ ek L ndtlé’ Jﬂst eg&@tahg 1111 ﬁﬂudfﬁ %’flfe §%he SORUL ﬁ”% out put
N 10t he e gat €4

uni t tﬁla a curre I NSI cont al ner rom t he

out si dme@m@ﬂn@uﬁﬁg.ﬁm&m,@nhndamd a superconductl ng fault current
limti n eI ement that is confi gured usi ng the, syper.conducti ng, el enent
‘accordl o<dnyheswepondycting sleagn %MUP%TCEWB%&T teyreR B ent i nput

and ou be, seal gﬁ‘%]% of
I nvent %%lr(]ﬁd[“g%{fﬁﬂyg&gg?éﬁngo t %gt gh«%%@gﬁ'gl o %osm Hgf){ gﬁfgr ovi de a
super cbetduet thegupdresrelottidphyar Emdphaer motadlfing pmgc]feauit@rediayeent limter in

whi ch rec of fllm eI| to a tenper.at cl e caused by
quenchﬁﬁﬁg §> 'g}ﬂﬁ' %’é’%’@n E“g‘i‘f AR ‘iﬂ‘f‘%gjﬁ“ﬁﬁé‘ SHYEFSnduct i ng
el emanﬁcc%ﬁ:ﬁn tosdﬁ@anﬁ%@Qq@tté Q@> f»@&grém% fupBicohiiBting laycABSn :s%k'pcﬁra%aﬂﬂuc'[ I'ng

fault current |imiter provided he supercondtct’ing el enent for a
super cmmlpmlf:nhgn oaigle tsupareonsiuetot rerpmsented BRIaEﬁmDEStIRn@fwml?f DRAW NGS [ 0024]
Fig uration diagra uc

cus s enRE PR BRr OBt B PUH BADSLR AR eI AE Dl BHEH oY of rteceartl i ¢ 5

is a cglg%\gnéeﬁ{dlg)ﬁ@%oqk,g&rm dibibiistdefttd 490 Cr 0Ss-sectional structure of a

super conducting el enen accor Ing to an enbodi nent of the invention.
Fig. 3R0ils] anot Mmpehioadmmgbjﬁnyﬂmmfmgarsapémmgimtmy fdutcareht lamiter

supercondutlng r that ig forned in BIS an
i mage B0 ‘b{? }Q\ﬁ?@f%r’fﬁwﬁsﬁwa PR Srksissing thy insermtetfie e i ¢ nat

is for E@Hig'ufbd'-;t& AR dt least one selebled frdh R Foll QRisBRE b CPOMARORENINO,
illustrating a cross-sectional structure of a superconducting el emént t hat

i s f or whereimREoeneseatsi aengix sarpleartipcle DESGRIaRT@N QR rmhwﬁﬂ@q 0025]

Her ei n conduct i el enent for, a.su erco uctln uIt current
n o] e B R R g g Ehat Sl PR ER IR b estoring’f

cur r enfaulticiirb@i A& Othe nftehddoc odiprRI0 tH B fé1l¥ing BRIck:nvaRlehhediae eaydescr i bed
in detail with reference to the attached drawi ngs. In the draw ngs, the

sane r Br@ingRrecess e fuminggreinginpediatedayns v ersabyteade sitﬁup%remdvétleg@m@rs) havi ng
the Sy Bl LS SPRAAAS, LHIRLhIRIme AV IR Rk 158wt A 100 25
particle film forming process of forming a metal fine particle film containing metal fine
particles on at least a part of the superconducting layer; an electrode connecting process of
connecting an electrode to the superconducting layer via the metal fine particle film; and a
sintering process of sintering the metal fine particles of the metal fine particle film to form a
metal fine particle sintered layer.
[0017] <8> The method for manufacturing a superconducting element for a superconducting

fault current limiter according to <7>, wherein, at a stage before the metal fine particle film
3



[ 0026] <Superconducting Fault Current Limter> Fig. 1 shows a

schematic configuration diagram of a superconducting fault current limter
10 according to an enbodi nrent of the invention. [0027] The superconducti ng
faul t ﬁnnmmrobésgjetmfaﬂ:é)rmxgbnesdRag)ftacsuﬁacea]hbmﬁnrmmﬁto@ﬁnﬁah&vﬁmﬂemﬁé‘[ﬂn is an

appar at.us hav |ons in which, by utiliz] SN transjitiqns
( super HBRBREESE Hﬁ yers%dawnw&ﬁ mﬁ%ﬁgs p@?lcfpﬁ'ﬁ 't%‘?ﬁ‘]d 688@1 the
2{‘252%@9 gﬁg L rtfc?é»’(hl%lmgféf HEME nheedTi i tpahﬁléé%ﬁﬁ'akeyugea iR tI%Sh&al B ce

gh resi stance state when an over-current equal to or
hi gher ﬁimﬁmmangpmesdsdd; Escilan gt suffacoswughinss BBy suppressi ng an over-current.
[0028] nduct fault current limter 1 |ncI des a seal ed
bont o) HE 8, SURET R Sl ad Wy i ular BERES Sap b g eP Bo8y 12A ai th a |1 d
12B. %J&f&ohﬂ@étﬁk%ulﬂé‘ur&e’%t ﬁﬁﬁﬂé@&éc%ﬁhlﬁg)tot@ &Gon-aefeilBe difdihel2A, and
liquid nitrogen i's introduced to the inside of the seal ed container 12
from t hasticles thag@}eals@i in1the matad dine @nlttlclerﬁim foammgmmqmas axgrfirte pe6Lidl¢ratl ai nput s a
current. to the, insid e tain t he out sSi
out pot S bR St nd ERhE 5t £RY b Bl R bR oG T ana
out putAgnA{l @6 ang pgonfigured to forma three-phase alternati ng current

circuit. feC|f|caII ., the current input and output unit 16 is configured

to i nclded8l ¢ RiGeThameibad fq’rnp@nufmna)m@lpzmnéwngﬁ}e@@enéfnfraent out put
0029
e s R

is conf n@m}@&btwﬁvh fﬂrncfeﬁﬂmgtrircﬂgsywﬂfenﬂ&gtahaétammbﬂied @len bilntkeugh the [id 12B
and extends in the vertical directjon, and a cylindrical_ body 20 that

cover sSunsEcoRddingdnyey aficr thesgperconductingiayersioemise prorestanthibadercbe metel 18 of
the cu which is exposed to the outside, is
connec?{é‘gﬂ%rgblgﬁg&lefﬁgﬁﬁg%%%gionduct| ng wire 18 of the correspondi ng current
out put [q0ah1 i 9H>1"HE, rnwihnd: forlrsarequmsﬁrg 4 supbhvendwtisg dement foran ext er nal

resistor 22 g ]g resj.stor. L)H)?BO An el erére t acg(8> dat.i ng cont ai ner
24 is SHHPOR ‘é“tﬁmﬁ hewrRIt BrIELA9eOBNE WA Ane R6r T < 40 ~BodiEEr®B2 whi ch i s

| ocat eﬂl&iﬁ:ﬁ%h@ﬁ‘ctﬁl@%ﬁ?@@nﬂhlﬂﬁ{g, BP4 FhalPhingodnt, an oxide s@l@cﬁkﬂﬁ&%f‘fepresented _
acconmpdat i ng contai ner 24 is disposed in the seale ont ai ner , dis
cool edby a coinpositisiall ﬁartmnbr e EB3x(luQry, svhercin Beapreteats 4 snglerdregarth t he

seal ed cont ai ner 12. 0031] Afault current limter unit 26 configured with

pl ural © FWFW qr|a| Rhal o T piseaEB SEmRAN H gNE P dEhe e 28D nPRs SWHCHBREEC AROPNe
el eneni ﬁ@gdtpﬁf‘%"ﬁ%i%kn goﬂfmug%%t Qesgnbodl nment of the invention,

speC|f| percon Ing elenents 30 arranged in 4 rows
X 2 co[(lﬂ)mh}s ﬂtikeThqmemed ﬁ&tmamxﬁ@btmﬂﬂmsmtwnmmmﬂgleimn@t fdre fault current
limter unit  26. Thﬁ fault current ter nit 26 i.s supp[:t)lorted by
the ot FEFrRduginedaphosrent HIELRFETRNE b e stsRie S a i Hbut

port i ofmhsiAry adﬂf'ﬁnq{itehﬁedl%%)%g idc\RiifiEat 1Ed€oRt Mcte%%rﬁfthﬁ%ﬁ%%nﬁsﬂﬁg

‘conducting W res of the current output portions 16 is |ocated
i nsi deof Gefok ?aldsR@M@Dt; whreimR 2 &:prefhets otsingle raredeasth Etlmem:@mdlpb:ralnigqﬁn re 18 of
the current ed.inside and the other end of

16
Lo SoRt R SRHen 3 BBy heeiedits I i BioR &t a0 i oh_) o di Shosad

i n the[gong] de1® £ s@pesindu&dld Myl ennas ekl ter LobReRin@t Hedaled @ntd@ertimbn film
type suEerconductl ng elenents 30 so as to forma three-phase alternating

currenw tghrltﬂwci nitrpgyds fille§ pereah thpet indgoutpe maitttbat inputieswrrent fethgut | i ne of
the t h ngl Fl,%d TERGHEL ﬂgllﬁctﬁé F&sﬁl S?@tgcfégxgée&#%f and %%Hﬁerf:':d)rgiuc% shows a

di agrami Ius Ng a Cross-sec ona "he t'hi

super CﬂllﬂﬁlltﬁfrbllﬁglrﬂlhlﬁgEIﬁl&naﬂlaﬁEQﬁﬁﬂ%Md using theasiibadomdiating tletieat adameiﬁttg o n.
[0033] As illustrated in Fi thin filmtype superconducting el enent
30 i ncloasaong of 666%%6%@@@1%@3%?%(1 19 thecament arnt apd quipyl it ingide they
structyre i whigh an internediate |ayer 6

Advantageous Effects of Invention
[0023] According to the invention, it is possible to provide a superconducting element for a

superconducting fault current limiter in which occutrence of film-peeling due to a temperature
4



34, a superconducting layer 36, and a netal protective film38 are forned
on a substrate 32 in this order. In addition, a pair of electrodes 44 that
are electrically connected to the above-described conducting wire 18 is

di sposeytlocastbygtalchingdt sqipressed, b nmati3R] foandntfetuahg diersogesoddicing fi xed
onto the netal protective film38 via .a netal fine particle sintered |ayer
40 int &F@G%@r@ﬁw%ﬁgﬂ%@}% favﬁ]calaamlsnarﬁn A hspRyroepli il A dim o
bet ot %ﬁ&d%ﬁf‘ﬂhe fs%?k‘?cc%[x&t'i eRbMliEr @Meﬁ%ﬁau&ﬁg%\ﬁt Qe Bhikhe

el ectr é%s 44. [003 (Metal "Fine Particle Sinteréd Layer) The net a
fine particle sintered layer 40 is a layer that is interposed between the

super conducting | ayer 3 I nnects the
super conducting | ayer S%mbﬁgcglﬁmgﬁﬁﬁ@%@gg%h other. The netal fine
parti cl2ai nFRr ek 4 ﬁﬂﬁ@haé@c@lf@éﬁat%nmg@arﬁfof@@ﬁ%xé&d@&j@dﬂaaﬁ eirertdiv@fer (t he

metal protective film38 in Fig. on a superconducting | ayer 36 side and
an adj agerding toyay enibdiempmitadthecipsentioayer 42 in Fig. 2) on an el ectrode 44
side. The netal ,fine partj.cle sintered |ayer 40 is_.forned._b i ntering
metal fine phit P& BN G dfernl Tiartnaos g on ehtse e

super caneuwhtliginealdrient UEdoedihg ké 20 EMbodiiieat GREGERtRG. state is changed from
a superconducting state to a normal conducting state (a resistive el enent
state) duri nbiggddaca impee phisineddyenholgsgmmbing 3 grlase oha Punegeondastingdayeo t he
superc i el hat has been in the normal conducting state causes
generaﬁﬁgﬁq%%aghﬁggggﬁg%%unt of Joul e heat due to resistance. As a result,
a tenper at ur Bigo Bliden isnipe obeiwbddiy pigtedrephin a hufagebya bieed pastetive ffm

exanple, a tenperature_ variation by approximately 100C froma tenperature
under Magisifarmsd indgempie 1.96C) occurs), and a tenperature cycle in which a
variation | N{GSHRE! Gbl &elidn LALAG ARSHAe JRELERAGA G Riukrd case of
bondi ng the électro e to the stperconducting elenent, I1n the

super ceupstumnilnginglebmeett thah &t formedizeCorhparativeexsmgde 2onduct i ng fault current
limter, there is a demand for an el ectrode bondi ng structure having

adhesi veness capabl e of enduring against the tenperature cycle. In
this regard, in the enbodhpenRipEEONOFINBOTITMENBS | Nt er posed bet ween t he
super conducting |ayer 36 and the el ectrode 44 and connects the

super cB¥aott Herginagigr o sgpereeriluctieg dewentrlote suptreonduciig fovlhewrrent himitentaal fi ne
particle,.sintered er 40 formed sinteri the metal fi.n articl IS

b ovi qug oG E R he sl B SphI bR Bl Ben bR R TP 35 1
Fi 9. 2)n embbditeatPRhe OREHGH 21g deyided Bbdahillainetetdnee adhaagaheli ayer (the
nmetal coat layer 42 in Fig. 2) on the electrode 44 side has strong

adhesi diavingg t An thearangings, the sangusfarpraeaugierle pe giyemte manberycenstitgsite of
filmpeeli in. i.AG:

el cot r S bt b8 phe BELARRRoAIR, RHRRLAD IR KA Bl PR el 1P

suppr esgedpridt€036] I n addition, since the nmetal fine particle sintered

| ayer 40 is provided betwee he superconducting |ayer 36 and the el ectrode
44, thgxgﬁicféQRﬂ$Q§'magﬁﬂﬁﬁﬂégﬁﬁﬁﬁﬁgﬂnﬁﬁ the superconducting | ayer 36
Wi t hout usi nEir%SI ORStes s&e&fatigﬁoﬂflrgw{)&ntd?ﬁgtmqlofffa%ﬁe%cc%rmum?g f0ficlgeqlf 7 the

super conduct | |'ayer. Accordingly, breakage of ah el enment” that occurs due
t o di f fismsteoh0 afcotdieg fonah emb@indenthd the eetont he i nsi de of the

superc ti | ayer .is. preevented, ..[ 003 Furt.hernore,, the super conducti ng
ayer EROAR ThReirEBh el BT BT g Lo BE e R o BR T B ol rpl e
conf i gHfahkiisial apPdrsils hB@ngBiRtiohd MeviRak, byakizolB/RRdsikidner 40 is
i nt erposed between the superconductlng | ayer 36 and the el ectrode 44, and

€

t hus t trepeneprghicting-nouhal statofransions ) pldhe sungteonidngor thermspercerducting fastfuced.

oo SR g BSFHM Lr TSl AL R B g

li m t epveraueenl dqugl 13RS Aaihes hah Qfthriestiadld it AowaMREIeBY Wispreddigrant he 1i quid
nitrogen tenperature i s necessary. If the weight or volune of the

super cOY/IueticAly el enent can be reduced, the freedom of design of the

cool i NFHOIRY hapl 5 P UG %ﬁﬁlﬁgﬂf%‘?ﬂhﬁt%f 16 Hl%lu%lleﬁgg&tled Jb%'tagﬁertﬁ%h&%" 'ng
mechant'sm - wel g Fes St afnce of the c06 I'ng mechani'sm and an anount of

| qui dsdalddtoodnsie@an chainepmemenhdy [10838ikh a RaneBcl e D anmet er A
particle dianeter of the netal fine particles that are used for form ng the
metal fine pAreirgeata;ldtispenncrigdde theoptainer grai besdyyl 215 @nd hauid nitgagen is
considering that sintering is possiblg at a | ow tenperature, and,

therefore, deterioration in elenment characteristics is suppressed. The
particle dianmeter of the netal fine particles is nore preferably 100 nm or

| ess in consideration of further inprovenent of a | ow tenperature sintering
property. [0039] In this specification, the particle dianeter of the netal



[0041] It is thought that when the particle dianmeter of the netal fine
particles is |l ess than the surface roughness Ra of the substrate-side

adj acent layer, the nmetal fine particles before the sintering fall into
uneveninesduded tb tiee insidé afthe gbaledeorsaibat afrem shaefragjaoent. | Aywrgnt anpit t he

sintering is carried qut in a state i.n.whi th tal. fi articles are
buri edM4PUHE ‘Wﬁel@é BRI QAT t énﬂ@‘/’? %ﬁﬁtp‘? ?e_ff’ie‘g‘a%“?ql%qré.a?f(ﬁ? g}eeq | ayer 40
is f _Orgﬁgge ‘ﬁﬁ&eﬁt{ﬂ QY eurbent isTohRQUIND thdBd 128 hi TheEurAG 8y SRESRpltSnit

obtai ned due to the increase in a contact area between the netal fine

part i cl@issionfigured t¢ foyera theecepivise deermaipgicnmeet-aicdd. alpestiesally) thy evrrent | t
is nore preferable that the maximumparticle dianeter of t | _fine
par {1 cinglt g g it it e e S g Ee BR Bhe R SR R Rt e

adj aceflrrdn@¥@ibut JitBoNBIEBRURRPEAdIR © tHe BIVBE frredf inphepdrab@ 1dA.ne particles
is a maxi num val ue measured by direct observation using an el ectron beam

m cr osE988] Bachaofitaeeuriamt inputigorepng HeA g e suisems WUt PPTtORs &Pt eri al

f . 042 i al ' . |
Fine. partiearsdo e oo EhERAR 8 dpmeneTRLSSEn Rl LT B8 B 08, U2, 20 e

met al  Qdrtiad) d%{‘:b@(ﬁl,iaﬂd:hU?liir[lﬂicalbdd@mtthﬂ%vS@lﬂ@étﬁduétfr@rW%@18.Au, Cu or Pt.
Anmong these, particularly, the Ag sinple substance netal is preferable in
consi der at | ofneendof hoceiduecting Wik 18«4t @weeat paryRoTHon (¢, Vhighis nit r ogen
t enper I I - 1.0 i . i article

sinter %ECP%F%/{@%%8{?%51551[%%?%%}%?&% nggﬂ;ﬁeﬁlﬁgg%@g%%%{%ﬁel%toﬁmegness IS

pr ef er editegpdriding durdent butpat Adipa 6B whioh $d dkposdd tonhodutsidé,oia aoettemtl

resi st ance. 0044L (El ectrode and Metal Coat Layer) Exanpl es of a
mat er i EPISHI 22138 258P5L I61SteY ect r odes 44 include a conductive menber, such as
a sinp b : hvSinl R8N I 1 oy

el udl o] 1A R B aiing S0 RRERL s by ol s hcl ude
a sheetylsidaipa, bodies@), whimpas loaatdd msbiedb& cottsiper main body F24m t he vi ewpoi nt  of

affinity betyween the el ectrqde 44 and e _conponenfs of the netal, fine
ar 1 cl s, -t HEE Ret SEPdyEe ot S ORPRCE e etied P Rg A% g

af fi ni {eoBichRo tREnsmE aieré‘om? liardtdigbesm B i fi18d i HOBRONEMNtdEY 108

i nt erposed between the el ectrode 44 and the netal fine particle sintered

| ayer H@31ExAfpileeuresint titnsteraninP6 eenfiguredwith prglibinfde §pg superqondeqting, and
the metal coat, .l ayer 42 |,s for acc I, t

rel at eﬁleg\efltsa}?ﬁ%g%éﬂ?sgaﬁ%{shée eftl)efm{{ﬁgccr?e??gﬁg(gaé@gt&ﬁg@lggﬂﬁ%gﬁ negﬁjq’ 82};1?4t§§| arly
L'i m t eghe iRHntibASpebificMRE BR thi fﬁlﬁﬁi@éﬁbh&‘ucfﬁh? Rlchepts B0 @ranged 1A 4 fows x 2

consi derati on of adhesi veness between the electrode 44 and the netal coat

| ayer dolumneouli unNexe setaansighracgets spnwiiutethe faelt supett diontpianitd§- t hin fil m 100
illustrated | ig. 2 is.descri e trate 32 has
a single cr yiﬁ%ﬁ“ﬁﬁgﬂsﬁh‘%ﬁeﬁﬁé‘l 1to Fnsa]tl@%ﬁg;?)g@eo%th%réern gr?lfgfp&@ Fﬁe shape of

the subsiduafig Yaes 2P BF cuaEhGbsutPoaRRS 16RY whizhdscayd thside, Henghasnd mai n
surface on which a filmfor the superconductin Ialélser 36 is forned . is
provi defieash of the gondeeting) wirgss! Snfdhesuiring oviguehpsiiens B edvcehiglectedinside.shape
in congj [ y ' il foulBg isMpst rate 32
5 not HEd pilisR Lol 28, RN of the confUBirhd LEKPEBPGG e BHS

[ 0046] pofGion6ai whiokis located iBpide iafid cheetimrnd of dfe dohéduatimpatireold ofethe cwcdnide

Al 203 (al um num oxi de, particularly,. s; hire, .(Zr, 02 ttria stabilized
21t conPAP PoAT SR MG ARSI E o5 e o BT erE LA
(Laxsr kﬁe&mﬁgﬁg@% g@p’erédnaﬂa Qith 56 55 44 BThik DuakeUshad Mk ARLiAE bitont NdGa03

(neodymum g . YA103 ttriumalumnate), MyO (magnesi um oxi de), Ti Q2
(titancmdyit.BaTi 3 (bariumtitanate). Specific exanples of the ceramcs

I ncl UdfOOS_ZiZﬁ | gglrllpe%gorn iugt?ngaéllgmgxrlt%phi te.
Next, the outline of the thin film type superconducting elements 30 is described.
Fig. 2 shows a diagram illustrating a cross-sectional structure of the thin film type
superconducting elements 30 according to an embodiment of the invention.
[0033] As illustrated in Fig. 2, the thin film type superconducting element 30 includes a

superconducting thin film 100 having a multi-layered structure in which an intermediate layer
6



Particularly, anong these, it is preferable to enploy a sapphire substrate
in consideration of high strength and thermal conductivity. [0047]
(I'nternedi ate Layer) The internediate layer 34 is a layer that is

f or med34n subercenthetingtaye8?6,faod amealiprotagtivei fgm 3&arp lfamedom anbsiratod2 im t he

super cqonducting | ayer 36, .and, may  be, confi gur ed. a single |ayer filmor a
mul t1 - IEASK | apddition, 3 ppirdelicleetprest4ber mslsrinisally ometoh v Lul ar y
| i i t eghdJRWRYG bed $BRGIcNS HiteV18 ik HishSsda iR Aol ptdidtivh Migmidgt a{dmdi at e | ayer

34 be configured to include at |east one selected from Ce02 or REMI03. RE
r epr eselnttsodss 4 ag faxadameoe tamidialgireteetine fim Y viazl metak gnecparti¢le sintanesht s such

as Y, 1. Eu Ho, Er, Im Yb nd . . Al t.hough the film
hi cknbotr S tiersmitnte Fhyihii eefiSPatilier Ap Py BRI he
filmtReKRas padibletshBelcd I SrB bl SachdY &ie Béetiotles 40r exanpl e, 20 nm [ 0048]
(Super conducting Layer). ) The superconducting layer 36 is forned on the
i nt er nE¥BAl e(Metglfing Rartiglecbipsraddeiyejur ed wi th an oxi de super conduct or,

pref erabl vy, co 0Xi ) r r. J: i de

Cuper conduct TpMEREFRE P FleRRAET BRFLM RatraditinMighiRaBenheh o O

f or nul gupettehd@sinREBa2 8 3Ad 1 déddiode #ednd coraciRithelAigprcofiltGng Gacu 20 8mnd
ound in which Pb or the like is doped to a Bi sjte),

(including a co i ( p
Bi 2Sr 2@&@%&9@4@%% ¢ashother-nglbe mefahbasprrtiplewitesd Pyent0 plags 2 19ke0f s doped to

a Bi sj : : i : :

o) 20wttt o By W non (o i ds LAFE i £ iR B IR. _
2, 3, 86 sidt andBaf RjaccBORIer (olic MiRBaRChyCIh g2 ) on dnsclentrodatiégiele. oTh@ or
nore) may_ he used., The per oxide per conduct qr. may be configured as any
Conbi Bl %%Périﬂﬁ%ssgﬁerﬁﬁ LDEF 19 ircopraeby SpEng metal fiag FHCREEa2 U307, 6

[ CPI €S ARS] ArShE B Rrd oAl Gei Al dinh SENupRrooRbthial £Ad GnRAL il aEENt s _such
as v, , om FEu, "&d, Dy, , Er, Tm Yb, and Lu, and anong these, RE is
pr ef er edidpctihgoats isidrnged frivata sipbsvndusting stawi tb la rerBal @intlectthgestatqGt occur,

and a supercanductin ransitiqn tenperature Tc i.s high. and the |ike. 8
opr os BRREE By AN E et e atto gh oottt Ea-ilaed § e Ty
exanmpl gupetdonliSctRiRl@haRhifit hikebec il theGlodBgl dondicts sRAS sdRbLodnemiivh bea

vi ewpoi nt that the superconducting transition tenperature is high. Wth

r egar dlargs arheung pf fave hest due i rekibtonest r i4s aiesilhte lempeatu ghthpr essure oxygen
anneal i_.ng_or .t | i ke i [kl u | s an

ot oot P theetBeddfat iRl bt lp PaRHCH FRPETLLBRUETNEY 2

wrren%& oxithaSdhp BOCQNRHG (BRpARERE TRRL NiquRl Hiebg®qNfderOREcduts)Rinda?Cu307, 6 in
whi ch is Pr, a superconducting phenonenon has not been confirned, but in
a casetenmgrasurcisycls imahicbradvasiating Iblseyperasure is JEzesANESr nEBCTERTRCBIRIOMB07. 8 i n

which RE i s, Pr..i i
mon- ot o6 oF IR elTectithe e Roosl oy FRARL e CATBE Bl Qab B UHRER . o
super cgadisaised faegodugergndetin EagndetnhBnite thekd® a dewaint iferan clectrode 8 of

crystalline materials other than REBa2Cu307.8 al so represents an_oxygen
non- st berdinbterciire hayipaatheshisacss sppablapfpnduting agqings fhegemgerpture cycle. |t j

preferabl e thag; Db ar&,qg%l{é:cqggﬂrl G "gli,g éj%%&?%‘ﬁgtsﬂs gﬁ%;g)g% Heffeddihele

super conduct or represented I'n conponent. The "main
conponsufetcondypstpedates 36 aad poiantodo#4 whd chnreotsttentupexohthetinglges 86 ambng t he

constituent c nents contai ned_in the supercqnduct | gyer 36, and
or of er QIIEICCpHE i FRcBoiorEnTIerRA e R EBRRE JYoE 00d Smefhsintering the

metal fine particles is provided. Since each of the adjacent layer (the metal protective film

=

38 in Fig. 2) on the superconducting layer 36 side and the adjacent layer (the metal coat layer
42 in Fig. 2) on the electrode 44 side has strong adhesivity with the metal fine particle
sintered layer 40, occurrence of film-peeling in a layer between the superconducting layer 36
and the electrode 44 due to the temperature cycle caused by quenching is suppressed.

[0036] In addition, since the metal fine particle sintered layer 40 is provided between the
superconducting layer 36 and the electrode 44, the electrode 44 can be connected to the

superconducting layer 36 without using a member such as indium that diffuses to the inside of
7



Al t hough not particularly limted, for exanple, the filmthickness of the
super conducting layer 36 is 200 nm [0050] Surface Roughness Ra In a
case in which the superconducting el enment 30 according to the enbodi nent
does niht sipartardectifpelapet alAcpordinety, bveakigd onaB&]enaand thah ecaupduwectonbifficiomg

| ayer 36,and.the tgl fine partigcle sintered.l ayer 40 are adjacent to each
of her , ok e nefiim aed eqgnassiage of hEstpaa s Perethl T

super C@O@Wtﬁ‘lﬁﬁme}xﬁéﬁ%f thd QupMH- SIuEARER YRt @6tirddel4d dai®e TBARIctelitHe
particle sintered layer 40 is preferably 100 nu or less in consideration of
i mpr oveasbthepby a sirthple shufighration iprwhiviathgenetalfiherparteclpsisteeeddpyer 460s nm or

| ess. 051 he nmeasurenent.of. the surfa roughne Ra.s carried out in
s c AR RESHeBF Treremntin fivetes i Be SRARARTER ard bR b beiloe

(SPM . vd13@e o tHesapatefduefin@eldRlchOthnMe réduted Ol Ai:cflﬂdihgl?/, fhdlffeag6mloPuelifiess Ra
of the superconducting |layer 36 in the above-described range include the

f ol | owpinige mmeresarducting fault evment diniter Aorby roydecess) in which a coati ng
liquid is applie i nterd i L. . r f ness Ra is
control 1 od £ 2 SuROFrBhetE BRel R Biilsh o WPl TR Sonper of
r ot at i Rmpefangec sHBSGthaliguid witrddgn &apddra@id 0 ReddysasPi Nf ek ol ordvohinid & | Ng
tenperature, and the like. In a form ng netho dry process) by a PLD

d
( Pul sethe supsremsyeisng slemsntran e acdusedoties fressdem eflesiga s thersogliag picshanisidt hod,

or thesdgh??aﬂ%{r@eﬂ% {;Ptﬁ@ efe%gp?ﬁﬁ@t d Zingg{égfj@iérﬁ,%%hﬂﬁ%'kthﬁ@efcﬁﬂﬁ‘@ ng

speed, ow a raw material gas, strate“tenperature, and the
| i ke. &oodinp meshafishhedmatdnodinodf dqnd notdgengart beeingprofaice r oughness Ra
further include a nmethod of form ng unevenness in the surface of the forned
super cl9Rddkt t hyticlgirmesr i n a physical manner using plasma or the |ike.

[0053] (Meta et i ' ' fq y be
formed on th% P glﬁjlggeacggeﬂ%tg g 5%%%6% rﬁél s ﬁgﬁgﬁs%&%&y@%&;@%g@%é@% ﬁg@

mat er i pdrticle sinedvizgyad 4(pis @refetablyel J0idmoBRss aumsiddang thzo nidtecing veposeibleest of , of
exanpl e, a sinple substance tal such as gold, silver, .or copper, .or an

al | oy &bt SreRgeRidebercApicndiieieraisen iy ?_%Pafr‘rﬁgﬁewwtwtlwppﬁ%%%fi The
thickn clegiiz{:rﬁ'@errmrﬂ?é me{apﬁﬁ@{nérﬁeleg sl b3 PréeraBlyef RF 3R oY 15§ BTech&Beamng 0 300

nmin consideration of protection against nmoisture in the air and voltage
r esi st enfurtiesingmove@bdi a loSutehmemtiRe sitaTagpréfzerty. In the

superc ting. el enent. 30, accordi to t e iment,.in a case where a
ayer QA ot b i ot pafegdiforer o e AEeR St PAySIe A6 SR ot o
pr ot echiiMBerlavkidBartibRalisHEbace roughness Ra of the surface of the netal
protective film33 which cones into contact with the netal fine particle

sintered | ayeeneagly theparicls dismpter 0bthermasel fingsparticlerds msagurpd bY dire®l y 50 rim
or 'esc?bsehﬂti@?pﬁhé’% Biet A% ﬁéan% Hi‘i’&8%’e%§§%d 1%‘:5 lﬁg.heﬂ%ﬁﬁgﬁgvi é‘c?fr{n%& ransfer of
unevenness 0 e°superconducting Tayer and al'so in consideration of

i npr oveaRrfib] @hm#adtiteesiag latbotsrusedt (Fat ebeamfl€)Gh 5 keasehe sfuefmaepdiotighness Ra
is nmeasured by the sane nmethod as the neasurement of the surface_roughness
'Ra of (WeS)dupiaifactred by Hagmadyhemigals Gaaur insed axgrageparticle diameigris AR 88 of g
met hod 0 r!&!”!-' . S: e nmetal protective film
38 in Eaﬁrgn%ebova -dééslgrglla@e%r?gﬁé@?%%ﬁﬁggHgﬁc})s%rsﬁbeggt hod in which after

cont r of040p It feepreferdbdcthar ihu phnedsdiRactef of the nsty dme gradicddsibededsalyarth86 by t he

bove. HHEBEF TS A i ERAS GBS GF SO HSAR [ HRCRAREUE s of i ng
T g G e U e e RS
<Met holiyef’) Maa sfitstateri2ragdcSupangibae thyetsi adgpcEhtd oglret metal fine particle sintered

layer 40. An example of the substrate-side adjacent layer may be the metal protective film

38 as illustrated in Fig. 2. However, in an embodiment, the metal protective film 38 is not

provided, and the superconducting layer 36 and the metal fine particle sintered layer 40 may

be adjacent to each other, and in this case, the substrate-side adjacent layer is the

superconducting layer 36. The surface roughness Ra of the substrate-side adjacent layer is

preferably 100 nm or less in consideration of improvement of a threshold current value.
8



Next, a method of manufacturing the superconducting elenent 30 wll be
described in detail. [0057] - Internediate Layer Form ng Process -

First, an internedi ate |ayer form ng process of formng an internediate
| ayer [W4thrtietiongit thut twhen depmeticle diandeterofi st metakfiB2parhelts isdess blaarthe

A e A R T R R T S
Deposi §ih@fhg TRE efuncdBndBAR the eirfReIMSTbS 6L side Rgfakddt Okr, MY ARd, a

TFA-MOD (Tr1 Fluoro Acetates-Mtal O ganic Deposition) nethod, a sputtering
met hodsingring isearreshousém as@posihiclothemeataldine portidleseare bwdedinyhdenayseress, Anong

be- 1 eatyshy AR Bl R R R ot eby 40P pEiRR ° "

deposi highér MBEHOshekdlis bbinedidub t@fHelifdremne in hichitétaramidroeercho kel figal i zed.
As the internediate |ayer form ng process, for exanple, in a case of using
t he el patielgsimberadiay nd b suhstsidpadiagent lagkergener at ed i n oxygen of from

1 x 10-2 Pa P ' - b Nanhi . is
heated to 70 %%1? t#g%rearb?e tga}gf &rﬁ&fxgrfl&rrég’tag*cw?lor e{eéggtr%lgé‘r? éf%es%&ﬁlta@lcgéposi ted
on t hebslebsthaatie statdroagh@ngRaof tHersubytide-gide hajadht Mayer. t Hfeatyxifamm ng t he

internediate. | ayer 34. [0058] - .Superconducti ngl Layer Form ng Process -
Next, Bardeigashiansieriihsgeiahiins Pabries iy Proauws vilye gigasiredibydirect Exanpl es of a

met hod ' [ ] r ' incliuge a PLD
ot nod g e bt b bk L e W pS R RN 16 M Ll BT, Pt
Anong frbmsembietinh thanfaargrerret hod, it is preferable to use the MOCVD net hod
in that high vacuumis not necessary, filmformation is possible even in
the subf¥¢ehteMsgerRbying a |arge area and a conplicated shape, and nass
production i 1 d : 3 h i:n:t.hat
filmformati %ﬁﬁﬁg% %%%tgb%lzdeﬁhfgmﬁlt% a?ﬁlﬁgh- e%%s '(r:i]?c Zun&g ﬁut'\@pﬁfﬁh@%f?y (ﬁal;ﬂlé%gl e, in
a casetogh sinoplosuigtanbe nstap or aalthycintlndingay Enst3mefseleoted frotn XBC, €41 erdpt. f or

exanple, the MOD nethod in the superconducting |ayer, formn [ 0cess,
First, Amopg s rerIay. BiedhammpbonpraRcope ¥ prdHRoldr cor il ger i s

appl i egPheriedrE a4 R NVahRen HRURMAPHILALE B} Ratde réi8bRY @ Spin coater to
forma precursor film Then, the precursor filmis pre-baked, for exanple,

at fr ofi038D Clhath8kasiof thehmetal fine particle singfred layemrdbisgahparticdhe imited, r enoved
by the pre-haking,. th recursor filmis.subjected tq. final-paking at from
700C 1+ BgBoRcngyis P Teb S g rimie LS B SRR Hg S4/8F S8heomosed of a

YBCO oxdsfgnsaper conductor fromthe precursor film 1In the final-baking,

first, baking may be carried out in an inert atnosphere, and the
at nospH¥ré] nbledtmde omd Metad € oabLarerbxygen at nosphere fromthe middl e of the

fi nal - bakin 0059], - Met.al otectjve Fil ormng Process - The
ot al peot ooExRPIR o seiteria) ot RF of ol 14 B hERIRE piemper,

gol d- sidchek aalhpl¥ shisstdnee fRehl @lict 4xecoppérabaladorsupe soaaTdy ingulig ther&s.
Exanpl es of a nmethod of formng the netal protective film 38 include a

sput t eEkamgpigeehbshape ol each winttedenttodeott nstuse @, shegi ghaneod gott hare and pe
sputtegfoglgs ¥ %hod is preferable. [0060] - Metal Fine Particle Film Form ng
Process - In a case of having the netal protective film38, the
metal fine pRiohi the &idwpointio$ affinityedtedenahe tleasideatd andple tompondnSwitlace of
the nmetal protective film 38, using a.coating liquid containing netal fine
par t i cme%l Sne partisles; the Byetah sens fawer 142 mehich epntainspmateral ingrflinith wihdbge of
e i B
usi ng metab &ihe particlegilitered tayeadhi nNxamyiled offthamepdcoitddyes 42 nchudessilsed ver
nanoparti.cl es by a Exanpl es o

of ¢ hePlEtag Y s B AL v EY &tfglgf@e%cgﬁdmﬂﬁo Ghod g PR drter o
met NodThe thickness of the metal coat layer 42 is not particularly limited, but the thickness is

preferably from 1 um to 5 pm in consideration of adhesiveness between the electrode 44 and

the metal coat layer 42.

[0045] Next, a configuration of the superconducting thin film 100 illustrated in Fig. 2 is

described.



[ 0061] - El ectrode Connection Process - Next, the electrode 44 is
tenporarily connected onto the netal fine particle film In a case
of providing the netal coat |ayer 42 between the el ectrode 44 and the netal
fine particl@ubstreter ed | ayer 40, the netal coat |ayer 42 nay be fornmed in

advance on the electr 44 by an el ectropl ati t hqd before the
tenporary co Hbf%"ﬁe gg%?%%Sl@é&&ﬁ%ﬁﬁ“‘?ﬁf?‘gf‘ﬁ?ﬁg’%e&? lﬁ? &t FAg Bt orc)%egstge-

Si nt er 39 betHealUbdiRek P lant Bf FartfudBaged n%'b%%ﬂﬂk%re@'a%%ﬂgﬁﬂ% fidindtdadehe et al
fine particle filmare tenporarily conneCted to ‘each ot'her, thereby formng

t he nmeemvhidhraefilpaforithe spsicnnductidg layges6 woormédkis providad onga swiase.ef Binbl y
carried out. .under the atnospheric atnosphere or an o n at nosphere at a
tenperﬁrte%rr%blfﬁfo %‘gﬁleyéﬂ'e‘ft%%%’far?{?!{ %&?ﬁg iua@}g{c{%m&o %%ﬁég@é $1g deterioration
of element chigd @edkaedsidesSsuBbirdi182 KURE HEARAIMEY IRtddab@thSthickaesstio, for
generation of oxygen defect. [0063] In this manner, the superconducting

el enenexamyrie,d moper conducting fault current linmiter according to the
enbodi @H% oI Ct he i.Eventi on i s manufactured. [0064] <Modification Exanpl e>
The in ] ohCPUPGEY i hed in detail with reference to specific

embodi nent s, ghitfid AT iHORetaBo8s thtlHé RUOL QaltiSnSTBAdE FRRAlculaRd it is

obvious to a gerson skilled in the art that that various enbodi nents nmay be
made whapithine.t(Re Y900 (et statfibzadrinsaniab A.aAtQs (lexthanpinealuplinate)l SeiBodi nent s

nment i oned abo e i at el rried.out. in conbination, .l
T t D BROnE e e R R T Sl oS G o R B Aol
conbi nEdGaOf 0B} mben gaxaaPYRIOL Beriumt AimBated MeDayrRendfuriiayidey Tioy med on

the substrate 32 so as to have another |ayer interposed between the
i'nt er nétinite Bedisr(baau figaneice  sPppsifiog ofthegergpiss Eelydgsiliconm 38 or the

nmet al i1, may be al so appropriately omtted. [0066] The entirety
of di s‘gﬂggl?ﬁ?gaggapﬁﬁ%anese Pat ent Application No. 2011-116283 is

i ncor por at edPardewarby, Aynonhe tlesseric’ préfetabk terbipl@t ysapphire subsihte ipubl i cat i ons,

pat ent app)icatigns, and technical standards nmentioned in this
speci f FEOBGEHIIORO hﬁ’élrsé‘ieﬂgti’ﬁ@@)&%ﬁnalt‘éﬂ%‘ﬁpvﬁ@f erence to the sane extent as if

each i agigyi dyad Likgatdon, patent application, or technical standard was
speci fpjgial yHar? éﬁr?ldtl Vi %urgl ly indicated to be incorporated by reference.

Exanpl es [ 0061 inkemediatflowr 34des tayepthiabis fpsneagli ancthe substrae R2upereabadact i ng
FEACT T T RE AN A AR R R R
exanpl p§er @068 mukX BB} 8ol >
The intermediate layer 34 is not particularly limited. However, specifically, it is
preferable that the intermediate layer 34 be configured to include at least one selected from
CeO; or REMnQOs. RE represents a single rare-earth element or plural rare-earth elements
such as Y, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, and Lu.
Although the film thickness of the intermediate layer 34 is not particularly limited,
the film thickness of the intermediate layer 34 is, for example, 20 nm.
[0048] (Superconducting Layer)
The superconducting layer 36 is formed on the intermediate layer 34, and is
configured with an oxide superconductor, preferably, a copper oxide superconductor.
[0049] As the copper oxide superconductor, a crystalline material represented by a
compositional formula such as REBa;Cu304.5 (referred to as RE-123), BixSryCaCuyOg-5
(including a compound in which Pb or the like is doped to a Bi site), Bi;Sr2CaCuzOqp+5
(including a compound in which Pb or the like is doped to a Bi site), (La, Ba),CuQs., (Ca,
Sr)CuQ;.5 [a Ca site may be Ba], (Nd, Ce),Cu04.5, (Cu, Mo)Sr{Ce, Y);Cu,0 [referred to as
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Formation of Internedi ate Layer A commercially avail abl e polished
R-pl ane sapphire substrate (one-side-polished sapphire substrate

manuf act ured by KYOCERA Corporation, size: 210 mmx 30 nmx 1 mr) was used,
and a (Qu, Md)F1 25208 = ¢ezi3l,:m é};inéPb(, Bé)@%) OMHsB@@aQﬂ]La@@LHD@ it he isegap i 2 er
substrate.in g thi ss of 15, ‘EFE ectrgn B%%ddepom tion while
heat i nEFOTREAYING W d ep‘foé’ﬁ‘ér% ?’ﬁp @‘)Eﬂl TR %P &R18Y eby t he

i nt er negh@h&idPy8hestRsystMiiBdatetilsaddi tion, a smal | amount of oxygen was
introduced to obtain an oxygen partial pressure of 5 x 10-2 Pa, and oxygen
pl asma was gRRén Rﬁﬁazmmgrﬁesmmm siriglﬂrmirs-edrdrdem;int[(@%ﬁ]ﬂ raﬁea:mr@ti on of

Superconductl ti n or anl |.ex ttrium
bari unf e@ﬁ@Séb%p@a?& S i §4- ](53’ ]g alrz‘ogﬁ'infxg Hhess lyI ayer
usi ng ékﬂ}rf %%Herﬁé‘fl‘lapﬁfﬁs@@ﬁbﬁngt%sBé;ﬁfer do%gné’wcchln atdig air at 500C.

Ther ea ter i nal -bakihg was carried out in an inert atnosphere at 800C,
and t hsupatasndyhiegaransitios wintehedret 1o iahighxygithe dkeo spteprasents ab beygandd| e of

t he final - baki ng, whereby a superconductlng | ayer . co

fi nal | yor-gpiehipmetrigampuntkansss iom ¢ el .donheraanie udt iS@?@}@rth%ébqg%% The
surfac n ing a
scanni ﬁag 6139, (13‘?%1&515%%Qle“égﬁéwﬁ%§g§‘gg§%dugﬁ%é ?%ﬁs‘ité ove: escgf: ?%5 ‘met hod,
~and thWﬂlﬁﬁg&tﬂ&dtHeMx@'gm yaishidtheiio aﬁﬂomm&gberolhghmmmrby)xpgmtangeaimlgi ng a
surface of the superconducting layer is illustrated in Fig 0070]

For mat Pothe dike Metaanedmpus pgipg jag @PFgratys such as an agfockve @ﬂlé@? hﬁéﬂwmonﬂ!abwned of
gol d- lenl %r %I gg)[%/ (\/A‘Hle Ag of 23 atn?h was fornmed on the obtained

supercon uctin ayer by a sputtering nethod in a filmthickness of 300 nm
I n addi ti on, Cihéent5us baeecon@u@ipgdheneherldids abpantionedii Pidg, Cavek inahich

transferred to the surface of the netal protective film and the surface
r oughnBEgs Pa acsﬂpeern@ldm@g phanemenen has riof besnesfippednbunin 4 easg@vbsistiae ned by

h hi f f f il 11 d
o, - SHRRe0R e e Rt R or R e HE-phFreal S R AR R 1
(For mag,i ggy é?{fan‘ﬁﬁé RbntFdINBe B@rotx'yﬁtlrﬁwﬁ sﬁéi%ﬁf%ﬁle'tﬁd’ﬁﬁaunt 8, the PRBaIRELG) 5 f51ae

particl’es, 'ver nanoparticles (NPS nanufactured by Hari ma em cal s
G oup, mlchtdeql m theexalgeuparsiducer dicandingto ths eidodmenhabthgsedntiand a net al

wis chrr ed GOtCPRLS G Ut BhEE Do Ds0e) STOERR AN SRR i no
par i ché, bl ngﬁn%%&ﬁm Aheif HADRsksas A the metal fine particle
ayer

sinter was forned intering was neasured using a step gauge
(Cs- 5000, malmug‘}aefaﬁlﬂ@itﬁaytthuparamluamg)hyaﬂazn;cludemﬂe bkideaspdraunddctbo be in
a range of 9.7 pmto 10.4 In this manner, a superconducting

el ementepresented By Raiaghush- Séélﬁéléﬁm/é?féﬁ@%s Bist anaie QOmpeFNS]| repregsidt diat i on of
Adhesi y [ with

[ qur cCangaRator whichodlE R A SHRRE SAAMEABR BHERRRL: ¥aTERPate T

t enper alpdfcﬁndlhd‘lﬂlrgemeraﬁ,tﬂnyllpﬁdeﬂibl}eﬂmeﬁahubmpwﬂﬁfﬂtahé the coatppir abd0f@drel y 3000)

| arger than a tenperature cycle wwth a tenperature variation (approximtely
1000 WQE“h quenching occurs. However, filmpeeling did not occur between
the metal fipg, htﬂo%b%ﬁ%iﬂ@flgrhﬁﬁtelda%?(exﬁﬂlg tﬂﬂ@ﬁ'i?ﬁttﬁl:kl&rs%%k' ve film

[ 0073] <Conparat erconducting el ement for

eval uasuperconfluanhigdsyer nes300vas. obt ai ned by t he sane net hod described in
Exanpl e 1 except_ that he tal fine particle sintered |layer in Exanple 1
was chiifgb ¢ gueacs R ition filmformed by depositing silver, and

t he above-desc I i ] -
Eval uat | on of Hhed ‘3%%2?? ol DnIRTE k90 BKGELS hE el 344

obt ai nact isclpds thomakualtproigetiteditont 8, was tlecobedorduchng iayear 36 md thegensl faad t hen

the tenperature there returned to r omterrper ure ereby appl yi ng
.t enp BRREGrEER Fer S SRHERI 0 et 8 U GeE ORI Be ORISR & it h o
tenper gf Pc{g:@ OY?rfe' s@ﬁéﬁ&dﬂaﬁﬂg BYENTdNVBZh REAME fhto bnthd vt thEBnetd] HinBpRERI NY

occurr e
sintered layer 40 is preferably 100 nm or less in consideration of improvement of a threshold
current value, and more preferably 50 nm or less.

[0051] The measurement of the surface roughness Ra is carried out in a scanning range of 10

11



the silver deposition filmand the netal protective film [0075]

<Conpar ative Exanple 2> A superconducting elenent illustrated in
Fig. 4 was prepared, in which as an electrode fixing nethod, the el ectrode
and t hgmsup@ paomniigcd saagnihf iprotfei hierosespe (8BMYr essed usi ng i ndi um
Specifically, the nethod of Exanple 1 up to the "formatjon of the netal

pr ot ectivél FEramplesolBmpthpe of copilling the serfacs repghngssria ﬁ’l‘léﬁ?ler as Exanple 1,

t her eby .f Male2 a ' i ' [ ' t 132
(sapphypeftorlitnR | 5)4P 3 6P BE Bl DR HhEN dohodTrehide MO HOLG Bl I g
| ayer fodmirgvBeiRhd (aetchracessitiawhinhod eeting éiqhid isadBid (gdkikisinguecaratd oyt) .

Next, as illustrated jn Fig. 4, a copper block as an_el ect.rode .144 and an
end of%@ﬁerfwa@@mmée fwnfrﬂﬁ?fl Y # b CRICBNTEASIOR P8 K rgating e

whi ch - : i : b : i Oq Eiliders: bl ock
to t he&gﬁ%grozgﬁ%%%?%g%ﬁﬁrﬁ%i Ill%%ggtcgt{m]ﬁ{eﬁgﬁﬂ\gﬁg?h? %g%ghgﬁeprg@g%ﬁfdeﬁcti ng

el emensnd holikE] I Heahingtrnethoddr\diaphss) by a PLD (Pulded anei Pépossonpmethodn

bet duct.i ng. el t of tive Exanpl dth
e RGBT R DO bl o GO TRE R s Bl (e
super caifitdibl BY aqﬂﬁrfsﬂﬁiﬁgfsp&famﬂb@tﬂaté%f%&ma&eﬁal iohs, Wb &rdih @ neRElre 0de was

fixed by corriEressmn, the weight was 420 g. On the contrary, in the
super contibelikag Branplet olghe methed of contrelling thetsurfhes robglanespBe fuither f | xed usi ng

the netal fine particle.sintered l.ayer he i.gh 8 =[ O hi s
Focul ¢ el pSeeRE] ot Sring PrES RS IR st PEal B S e o e BT
Exanpl %ﬂna%}@@ﬁﬁ] mMEFRMPING Pladnia®r HaTike. Super conducti ng el enents were
formed in the same nmanner _as Exanple 1 except that nmetal fine particles

with al®58F eMeiel Rroeeayeriimhe particle di ameter and netal protective films
ith di ff . pfcally,
the 'super coniupeak PRt AUAARSEY KA CoPRRRRNER ol pOdBer BB hE 0L Y

an avelagge3 farfxaalptesdif anedtatal of therhethl proretipafiin 88 exlideatcondueivased and t he

surface roughness Ra_ of the nmetal protective filns as illustrated. in Table
1 membygy ghot ELPIle asgnplRSubtInge H@aﬁsgaﬂwc%ﬂm&f?rnar Pefke At &0 %%OyExanm es

1to 1501@:5191n%‘%§§?t@tf]@t %‘I@oﬁﬁl@ﬁ@b@ﬂﬂwlﬁmhﬁﬁé&% Rin Athesis\BRRSHe@nd

eval uation o res nt val'ue were carried out. [00/9] -
Eval uaptiotavtioé fikol 3835 prefeegtdy from 100 nm W 800 nmga constideraical afprotosticfagainst

adhesi veness, the.obtai ned superconducting el enents were cooled with liquid
nitrog’élr‘?,m?‘gﬁbn{hﬁ@ff af‘ﬁé’oﬁggf‘p@?lgtlaﬁﬁ"g%lgphereof were returned to room

tenper oL E. « SRFERIVoRRRIKIRAY @ tenperature variation (approximtely 3000
| arger than a tenperature cycle acconpanied with a tenperature variation

(appr oxi mat elnythd O4€)contiveiingederodtit 3§ acording to THeembodirag¢risiniacnsoivhere a
M RITIE TN T AT AR O R
fT.h|e nI géedéﬁefﬁ g&%sg?}gfégﬁéﬂﬂe Silrfac8 bf eMestSl RORWIERInATE Fhibh@nied ifth Gontact

with the metal fine particle sintered layer 40 is preferably 100 nm or less, and more preferably

50 nm or less, in consideration of improvement of adhesiveness due to transfer of unevenness

of the superconducting layer and also in consideration of improvement of a threshold current

value.

[0055] The surface roughness Ra is measured by the same method as the measurement of

the surface roughness Ra of the superconducting layer as described above.

Examples of a method of controlling the surface roughness Ra of the metal protective
film 38 in the above-described range include a control method in which after controllling the
surface roughness Ra of the superconducting layer 36 by the above-described method, the
metal protective film 38 is formed in the above-described film thickness range, or a method in

which after forming the metal protective film 38, unevenness is physically formed on the

surface of the metal protective film 38 by plasma or the like.
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A: Fil mpeeling does not occur at all. B: The area of a fil mpeeled
portion is less than 5% C. The area of the filmpeeled portion is
equal to or nore than 5% and | ess than 10% D: The area of the
filmpHEgi56l plletiodrfManbtwomgrfupercopd@Bihp Flenkwrad uat i on of Threshol d

Current Val - val uation of a threshold curre val ue wa arried
out separ at éﬁsx%?a}ﬁﬂm(é) &RA B¢ toF Sunskeoq ‘I’Fé’?rg\?g‘?%?égb I“ﬂﬁlkjﬁﬁgscé‘\??%‘fuat i on,

each of, ghgnrents was imersed in liquid nitrogen, a current value was

changed, and eval uation was carried out using current-voltage

char act®bi st 1 bkermediatedtayei Fermip@@8REssthe fol | owi ng eval uation criteria were
e eval uation of tfhe threshold .c ent. val ue A

100 A or mor Gr BR Rt faldfuF KRR pRis e APRGES BUSTTAEE B0 &
o, L0 s KO0 Al LIS S A |80 i 000

the intermediate layer 34, for example, a PLD method, a CVD method, an MOCVD (Metal
Organic Chemical Vapor Deposition) method, an IBAD (fon Beam Assisted Deposition)
method, a TFA-MOD ('Iri Fluoro Acetates—Metal Organic Deposition) method, a sputtering
method, an electron beam deposition method, or the like may be used. Among these, it is
preferable to use the IBAD method in that high orientation can be realized. In addition, it is
preferable to use the electron beam deposition method in that high-efficiency film formation
can be realized.

As the intermediate layer forming process, for example, in a case of using the
electron beam deposition method, plasma is generated in oxygen of from 1 x 102 Pato 1 x
10°! Pa, and in a state in which the substrate 32 is heated to 700°C or higher, a film formed of,
for example, CeQ, is deposited on the substrate 32 in a range of from 10 nm to 20 nm, thereby
forming the intermediate layer 34.
[0058] - Superconducting Layer Forming Process -

Next, a superconducting layer forming process is carried out. Examples of a
method of forming (film-forming) the superconducting layer 36 include a PLD method, a
CVD method, an MOCVD method, an MOD method, a sputtering method. Among these
film forming method, it is preferable to use the MOCVD method in that high vacuum is not
necessary, film formation is possible even in the substrate 32 having a large area and a
complicated shape, and mass production is excellent. It is preferable to use the MOD
method in that {film formation may be realized with high-efficiency.

For example, in a case of forming the superconducting layer 36 formed of YBCO
using, for example, the MOD method in the superconducting layer forming process, first, a
solution of an organic complex of yttrium, barium, and copper is applied on a surface of the
intermediate layer 34 using a spin coater to form a precursor film. Then, the precursor film
is pre-baked, for example, at from 300°C to 600°C in the air.

After an organic solvent is removed by the pre-baking, the precursor film is subjected
to final-baking at from 700°C to 900°C, thereby obtaining the superconducting layer 36
composed of a YBCO oxide superconductor from the precursor film.

In the final-baking, first, baking may be carried out in an inert atmosphere, and the
13



Sur face roughness Ra (nm of netal protective film Adhesiveness Threshold
Current Value Exanple 1 12 20 A A Exanple 2 35 45 A A Exanple 3 50

atmosphere may be converted to an oxygen atmosphere from the middle of the final-baking.
[0059] - Metal Protective Film Forming Process -

The metal protective film 38 formed of a conductive member such as a gold-silver
alloy is formed on the obtained superconducting layer 36. Examples of a method of forming
the metal protective film 38 include a sputtering method, a vacuum deposition method, and
among these, the sputtering method is preferable.

[0060] - Metal Fine Particle Film Forming Process -

In a case of having the metal protective film 38, the metal fine particle film is formed
on at least at a part of a surface of the metal protective film 38, using a coating liqmd
containing metal fine particles such as silver nanoparticles, by a coating method. In a case
of not having the metal protective film 38, the metal fine particle film is formed on at least at
a part of a surface of the superconducting layer 36, using a coating liquid containing metal
fine particles such as silver nanoparticles , by a coating method.

Examples of the coating method of the coating liquid include a screen printing
method, and an ink-jet method.

[0061] - Electrode Connection Process -

Next, the electrode 44 is temporarily connected onto the metal fine particle film.

In a case of providing the metal coat layer 42 between the electrode 44 and the metal
fine particle sintered layer 40, the metal coat layer 42 may be formed in advance on the
electrode 44 by an electroplating method before the temporary connection of the electrode 44.
[0062] - Sintering Process -

Sintering is carried out in a state in which the electrode 44 and the metal fine particle
film are temporarily connected to each other, thereby forming the metal fine particle sintered
layer 40. The sintering is preferably carried out under the atmospheric atmosphere or an
oxygen atmosphere at a temperature of 350°C or lower in consideration of suppressing
deterioration of element characteristics of the superconducting layer 36 due to generation of
oxygen defect.

[0063] In this manner, the superconducting element for a superconducting fault current
limiter according to the embodiment of the invention is manufactured.
[0064] <Modification Example>

The invention is described in detail with reference to specific embodiments, but the
invention is not limited to the embodiment, and it is obvious to a person skilled in the art that
that various embodiments may be made within the scope of the invention. For example,
plural embodiments mentioned above may be appropriately carried out in combination. In

addition, the following modification examples may be appropriately combined.
14



76 A B Exanple 4 70 83 A B Exanple 5 80 100 A B Exanple 6 90 120

[0065] For example, the intermediate layer 34 may be formed on the substrate 32 so as to
have another layer interposed between the intermediate layer 34 and the substrate.

The metal protective film 38 or the metal coat layer 42 may be also appropriately
omitted.
[0066] The entirety of disclosure of Japanese Patent Application No. 2011-1162383 is
incorporated herein by reference in its entirety.

All publications, patent applications, and technical standards mentioned in this
specification are herein incorporated by reference to the same extent as if each individual
publication, patent application, or technical standard was specifically and individually

indicated to be incorporated by reference.

Examples
[0067] Hereinafter, description is given to the superconducting film for a superconducting
fault current limiter according to the invention with reference to examples, but the invention is
not limited by these examples.
[0068] <Example 1>

e Formation of Intermediate Layer

A commercially available polished R-plane sapphire substrate (one-side-polished
sapphire substrate manufactured by KYOCERA Corporation, size: 210 mm x 30 mm x 1 mm)
was used, and a thin film of cerium oxide (CeO,) was deposited on the sapphire substrate in a
thickness of 15 nm by EB (Electron Beam) deposition while heating the polished R-plane
sapphire substrate at 800°C, whereby the intermediate layer was formed. In addition, a
small amount of oxygen was introduced to obtain an oxygen partial pressure of 5 x 107 Pa,
and oxygen plasma was generated using RF when film is formed.
[0069] e Formation of Superconducting Layer

A solution of an organic complex of yttrium, barium, and copper was applied onto a
surface of the intermediate layer using a spin coater, and pre-baking was carried out in the air
at 500°C. Thereafter, final-baking was carried out in an inert atmosphere at 800°C, and the
atmosphere was switched to an oxygen atmosphere in the middle of the final-baking, whereby
a superconducting layer composed of YBCO was finally formed. The thickness of the
superconducting layer was 150 nm. The surface roughness Ra of the superconducting layer
was measured using a scanning probe microscope (SPM) according to the above-described
method, and the measured thickness was 20 nm. An image obtained by photographing a

surface of the superconducting layer is illustrated in Fig. 3A.
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[0070] e Formation of Metal Protective Film

A metal protective film formed of gold-silver alloy (Au- Ag of 23 atm%) was formed

on the obtained superconducting layer by a sputtering method in a film thickness of 300 nm.

In addition, the surface roughness of the superconducting layer was transferred to the surface

of the metal protective film, and the surface roughness Ra of the metal protective {ilm was 20

nm. An image obtained by photographing the surface of the metal protective film is
illustrated in Fig. 3B.
[0071] e Formation of Metal Fine Particle Film and Sintering (Formation of Metal Fine
Particle Sintered Layer)

As metal fine particles, silver nanoparticles (NPS manufactured by Harima

Chemicals Group, Inc., “average particle diameter is 12 nm) was used, and a metal fine

particle film was formed by a screen printing method.  Then, sintering was carried out in an

oxygen atmosphere at 230°C to form a metal fine particle sintered layer. The film thickness

of the metal fine particle sintered layer that was formed by sintering was measured using a

step gauge (CS-5000, manufactured by Mitutoyo Corporation), and it was found to be
range of 9.7 pum to 10.4 pm.

In this manner, a superconducting element for evaluation of adhesiveness was
obtained.

[0072] - Evaluation of Adhesiveness -

The obtained superconducting element was cooled with liquid nitrogen, and then the

temperature thercof was returned to room temperature, thereby applying a temperature

variation (approximately 300°C) larger than a temperature cycle with a temperature variation

(approximately 100°C) when quenching occurs. However, film-peeling did not occur
between the metal fine particle sintered layer and the metal protective film.

[0073] <Comparative Example 1>

A superconducting element for evaluation of adhesiveness was obtained by the same

method described in Example 1 except that the metal fine particle sintered layer in Example |

was changed to a silver deposition film formed by depositing silver, and the above-described

sintering in Example 1 was not carried out.

[0074] - Evaluation of Adhesiveness -

As is the case with Example, the obtained superconducting element was cooled with

liguid nitrogen, and then the temperature thereof was returned to room temperature, thereby

applying a temperature variation larger than a temperature cycle accompanied with a

temperature variation when quenching occurs. At this time, film-peeling occurred between
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the silver deposition film and the metal protective film.
[0075] <Comparative Example 2>

A superconducting element illustrated in Fig. 4 was prepared, in which as an
electrode fixing method, the electrode and the superconducting thin film were compressed
using indium.

Specifically, the method of Example 1 up to the “formation of the metal protective
film” in Example 1 was carried in the same manner as Example 1, thereby forming a
superconducting thin film 200 including a substrate 132 (sapphire), an intermediate layer 134
(cerium oxide), a superconducting layer 136 (YBCO), and a metal protective film 138
(gold-silver alloy).

Next, as illustrated in Fig. 4, a copper block as an electrode 144 and an end of the
superconducting thin film 200 were compressed in a state in which an In-sheet 140 was
interposed therebetween to fix the copper block to the superconducting thin film 200, thereby
obtaining a superconducting element.

[0076] - Evaluation of Weight -

The weight comparison between the superconducting element of Comparative
Example 2 and the superconducting element of Example 1 was carried out.  In the
superconducting element of Comparative Example 2 in which the electrode was fixed by
compression, the weight was 420 g.  On the contrary, in the superconducting element of
Example 1 in which the electrode was fixed using the metal fine particle sintered layer, the
weight was 80 g.  From this result, it was found that the weight was reduced by
approximately 80% in Example 1.

[0077] <Examples 2 to 15>

Superconducting elements were formed in the same manner as Example 1 except that
metal fine particles with a different average fine particle diameter and metal protective films
with a different surface roughness Ra were prepared.

[0078] Specifically, the superconducting elements of Examples 2 to 15 were formed while
changing an average particle diameter of metal fine particles that were used and the surface
roughness Ra of the metal protective films as illustrated in Table 1.

With respect to the obtained superconducting elements of Examples 1 to 15 and
Comparative Example 1, evaluation of adhesiveness and evaluation of a threshold current
value were carried out.

[0079] - Evaluation of Adhesiveness -
With regard to evaluation of adhesiveness, the obtained superconducting elements

were cooled with liquid nitrogen, and then the temperatures thereof were returned to room
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Exanple 13 80 76 B B Exanple 14 90 76 C B Exanple 15 100 83 C B Conparative
Exanple 1

temperature, thereby applying a temperature variation (approximately 300°C) larger than a

temperature cycle accompanied with a temperature variation (approximately 100°C) when

quenching occurs. Then, evaluation of a film-peeling state between the metal fine particle

sintered layer and the metal protective film was carried out using an optical microscope.

[0080] The following evaluation criteria were provided according to the film-peeling state.
¢ A: Film-peeling does not occur at all.

¢ B: The area of a film-peeled portion is less than 5%.

e C: The area of the film-peeled portion is equal to or more than 5% and less than
10%.

e D): The area of the film-peeled portion is 10% or more.

[0081] - Evaluation of Threshold Current Value -

Evaluation of a threshold current value was carried out separately from the
evaluation of the adhesiveness. In this evaluation, each of elements was immersed in liquid
nitrogen, a current value was changed, and evaluation was carried out using current-voltage
characteristics at that time.

[0082] The following evaluation criteria were provided with respect to the evaluation of the
threshold current value.

e A: 100 A or more.

» B: Equal to or more than 80 A and less than 100 A,

e C: Equal to or more than 50 A and less than 80 A.

e D: Less than 50 A.

[0083]
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Example 6 90 120 B C

Example 7 100 135 B C

Example § 110 141 B C

Example 9 12 9 B A

Example 10 35 20 C A

Example 11 50 45 C A

Example 12 76 70 B B

Example 13 80 76 B B

Example 14 90 76 C B

Example 15 100 83 C B

Comparative | 20 D A

Example 1

[ 0084] As can be seen from Table 1,
roughness Ra of the netal protective filmis 100 nm or

fine particles is less than Ra,

t he

in a case where the surface
| ess and t he

[0084] As can be seen from Table 1, in a case where the surface roughness Ra of the metal

protective film is 100 nm or less and the particle diameter of the metal fine particles is less

than Ra, the combination of evaluation results of of adhesiveness and the threshold current

value is A-A to A-B, or B-A, which shows high adhesiveness and satisfactory threshold

current value.

It can be seen that in a case where the surface roughness Ra of the metal protective

film is 45 nm or less and the particle diameter of the metal {ine particles is less than Ra, the

threshold current value is further improved and high adhesiveness and high threshold current

value are exhibited, and thus this case is particularly preferable.

Reference Signs

[0085] 10: Superconducting fault current limiter

12: Sealed container

16: Current input and output unit

24: Element accommodating container

30: Thin film type superconducting element (superconducting fault current limiter

element)

32, 132:

Substrate
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34, 134: Internediate |ayer 36, 136: Superconducting |layer 38, 138: Metal
protective film40: Metal fine particle sintered | ayer 42: Metal coat |ayer
44, 144: El ectrode 100, 200: Superconducting thin film 140: In sheet

CLAI VB 34,134 Antampedigtsrldyast i ng el ement for a superconducting fault
current Iim}9 r _(:grlr})ri sidng: substrate; an internediate layer that is
formed on t he?dabst PfEndy g’&g@fe&onducti ng layer that is forned on the

i nt er medi at e3d 3g8r MeBNpRI&GEGUR that is connected to the superconducting

| ayer; and a netal fine particle sintered layer that is interposed
bet ween t he 4Updetablimrupariitle sinteyed lazerd t he el ectrode and that connects the
super conductﬁﬁ%étg}y&&%gg t he el ectrode. 2. The superconducti ng

el enent for a’'superconducting fault current limter according to claiml,
wher ei n: 44, 144 Blectdaee roughness Ra of a surface that is in contact with
the netal fine particle sintered |ayer, of a layer at a substrate side
anong | ayer 51%59%=eﬁ1metcen@w@n&élila|ﬁlmi ne particle sintered layer, is 100 nm
or less; andygg. 1, sheeft Particle dianeter of netal fine particles that form
the netal fi ne'parl%l cle sintered layer is less than the surface roughness
Ra.
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3. The superconducting elenment for a superconducting fault current limter
according to claiml1l or 2, wherein the netal fine particle sintered | ayer
is configured with nmetal fine particles of a sinple substance netal or
alloy including at | east one sel ecttddAM®m t he group consi sting of Ag, Au,
Cu, and Pt. 4. The superconducting el enment for a superconducting
fault current limter according to any one of clains 1 to 3, further

conpri si ng aj mepahpdEaidastidg/QehbAtToPs QiHcHRHdRGIMERIT &lkfen$ YRREEONdUCt i Ng

| ayer and the net a]I) fine particle sintered | ayer. 5. The

super cofrapilngig el enent for a superconducting fault current limter
according to any..one of claims 1 to 4, wherein the superconducting | ayer
conpri ses, 2% SWSHRAFn conponent, an oxi de superconductor represented by a
conposi t i onaln in@rieliiatedhydrERa 2{Xo30¢d 8n thhebaidie;RE represents a single
rare-earth element or a plurality of rare-earth elenents, and 8 is an
oxygen non- s# sineriopdestingdayerdhasis fognedrap theiplerraeheadayvierig- el ement for a
super conductj I J {mter iLhg. claimb5, wherein:

t he substrat égpiagétgolaseg%%% é@%ﬂ%@ﬁ%ﬁ 3?&%%0&%8&8@%%&%& nternedi ate |ayer is
configured t@nmetdfind padicle sxasted diver gal Bdhwthokedbativhen Ge Queremidacisig ng of
Ce02 and RENNO3, wherein RE represents a single rare-earth elenment or a

pl ur al 1§t ¥ the plecteederanddhat samgests the superconductmedayes gad thsrelselinds-act uri ng a
superconducting el enent for a superconducting fault current limter, the
met hod conprising, in the follow ng order: an internediate | ayer
form ng processTlef supercondgtiap elenteat foe disapechadpetinfavlt carrbsttlmaitrar; a
superconducting |l.ayer form ng process of form ng a superconducting |ayer on
the i nf‘“é“‘PFFﬁEﬁg’[ alF{lﬁe‘?’@e’em: a netal fine particle filmformng process
of formng a; fRERE réidhBeRA b1 Srfatd MLRAA BOMAAiITELE nckdl TRe RaFAIILC! €s on at
| east a part of the superconducting | ayer; an el ectrode connecti ng
pr ocessingtedloyareetia lageraa ashleattarennide amongleyers pdineam tuide inregalIfmggarticlea t he

met al f.i %e articl1§ fil rgl and a sintering process of sintering the
metal FHHE AT & gnf}]fo ﬁ%’?ﬁaqal fine particle filmto forma netal fine
particl e sinjgireifleld@ffdter of metal fineSpartidles et foad thomeARAM gatitleisi@erad
superconducting el enment for a superconducting fault current limter

accor dlaygr isdess fnrhea surfgse rayghnesstRaa st age before the metal fine particle
filmformng process, a surface roughness Ra of a surface that cones into
contact with the netal fine particle film of a |layer adjacent to the netal
f} nehparti c: kf fT]thSupb&_oﬁ(iﬂjdtiﬁg ﬁld:n-temﬁc@@ suléérpmfduﬁ&ﬁgfaualmd?_ampaﬁﬂtérc! eI di ?_nFt er
of the net ine particles that are_used .in the netal fine particle film
form n@“ﬁ?‘g’é%?scqiﬂgl fess wh%ﬁnﬁh@ng@fﬁa%game@gﬁﬁ@gg?ﬁs% is contiglred withrne

met N0yl (B PURLEL UF L Unle SURBHEORRLE bt AEbyShETRAL of Raxint UPBLERRAAC! [ N
fault current ' Iimter according to claim 7 or 8, erein the netal fine
part i cthegrevpatonaisengisedlg.iAu, ttheamdPal fine particle filmformng process are
fine particles of a sinple substance netal or alloy including at |east one
sel ected fromthe group consisting of Ag, Au, Cu, and Pt.

4. The superconducting element for a superconducting fault current limiter
according to any one of claims 1 to 3, further comprising a metal protective film provided

between the superconducting layer and the metal fine particle sintered layer.

5. The superconducting element for a superconducting fault current limiter
according to any one of claims 1 to 4, wherein the superconducting layer comprises, as a main
component, an oxide superconductor represented by a compositional formula of
REBa;Cu307.5, wherein RE represents a single rare-earth element or a plurality of rare-earth

elements, and & 1s an oxygen non-stoichiometric amount,

6. The superconducting element for a superconducting fault current limiter
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10. The method for manufacturing a superconducting elenment for a
superconducting fault current limter according to any one of clains 7 to
9, further conprising a nmetal protective filmform ng process of formng a
nmet al pecotding fovdaif §,rwlemeihhe super conducting | ayer, after the

super conductjng | ayer. formn ocess and before the netal 22 fine
particle fiIﬁ?ng%%ﬁﬁsﬁﬁﬂﬁg?%fﬁgﬂnnaEm 1. The nethod for manufacturing a
super conduct {,agnelRRAL 1dyeF i_s%oﬁﬂﬁﬁéd? ebmiL BledstBhé s&é&é@ﬁ&m'tb@kﬁoﬁ?
according to any one of Clains to 10, wherein a superconducting |ayer

cont ai eensgpfingsf enamd BEMnshe wherebmRb x¢mesentspaingdntiuctath eleperisent ed by a
conposiﬁ%ﬂqal form alof @EBaZCU302.6, wherein RE represents a single

r ar e- eRPFHE PEEREAHY CIgMERS a1 ity of rare-earth elements, and 5 is an
oxygen non-stoichionetric anmount, is formed in the superconducting | ayer
form ng process. 12. The method for manufacturing a superconducting
el ement for % stpetohonsrnageiusng e saprrpenstuciingwlementfets puierrpndactiigai m 11,

el enent : . Ee 5 1 eyt s
ayer TelfeRg RS ohetn SRR i PR PHEe 6B, consi ot ng of Ge02 and

REVN03, wher i intdiinediaRr1ese ToSnidg ptotgssolifaieing an ihegdedii®@ilayerorsa pl ural ity of
rare-earth elenments, is forned in the internediate | ayer form ng process.

13. A §ﬁ§€ﬂ€bnducting fault current limter, conprising: a seal ed container

into which I}gu i i I X r i ut unit
that Tnputs boefBledfilier Sorhe Bbsess of fornff MG ER N, (04 the
out si dintancdawt jawérs t he current; and a superconducting fault current

“accor di mg-t of By BREPBFC e R negrees ALl RS Age B BtERETEr T on
i nput  aifaiRiteRittal4ielpat i dsh 412 BhE Of BRREM R ducting layer;
an electrode connecting process of connecting an electrode to the superconducting
layer via the metal fine particle film; and
a sintering process of sintering the metal fine particles of the metal fine particle film

to form a metal fine particle sintered layer.

8. The method for manufacturing a superconducting element for a superconducting
fault current limiter according to claim 7, wherein, at a stage before the metal fine particle
film forming process, a surface roughness Ra of a surface that comes into contact with the
metal fine particle film, of a layer adjacent to the metal fine particle film, is adjusted to 100
nm or less, and a particle diameter of the metal fine particles that are used in the metal fine

particle film forming process is less than the surface roughness Ra.

9. The method for manufacturing a superconducting element for a superconducting
fault current limiter according to claim 7 or 8, wherein the metal fine particles that are used in
the metal fine particle film forming process are fine particles of a simple substance metal or

alloy including at least one selected from the group consisting of Ag, Au, Cu, and Pt.

10. The method for manufacturing a superconducting element for a
superconducting fault current limiter according to any one of claims 7 to 9, further comprising
a metal protective film forming process of forming a metal protective film on the

superconducting layer, after the superconducting layer forming process and before the metal
22



fine particle film forming process.

11. The method for manufacturing a superconducting element for a
superconducting fault current limiter according to any one of claims 7 to 10, wherein a
superconducting layer containing, as a main component, an oxide superconductor represented
by a compositional formula of REBayCu30.5, wherein RE represents a single rare-earth
element or a plurality of rare-earth elements, and & is an oxygen non-stoichiometric amount,

is formed in the superconducting layer forming process.

12.  The method for manufacturing a superconducting element for a
superconducting fault current limiter according to claim 11, wherein:

the substrate is a sapphire substrate; and

an intermediate layer including at least one selected from the group consisting of
Ce0; and REMnO;, wherein RE represents a single rare-earth element or a plurality of

rare-earth elements, is formed in the intermediate layer forming process.

13. A superconducting fault current limiter, comprising:

a sealed container into which liquid nitrogen is filled;

a current input and output unit that inputs a current to the inside of the sealed
container from the outside and outputs the current; and

a superconducting fault current limiting element that is configured using the
superconducting element according to any one of claims 1 to 6, and is connected to the

current input and output unit inside the sealed container.
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