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Abstrqct--Theremarkablee血anCemenlqrtheglobalpln-
nlngSlrengLhinNb-50wl%Tialloywasobtaineddue10
1ntTOduct10nOfrlbbon-shape aTtiflCIalpinsSImulLaneOuSly,
however,山edepressionofBc2WasObseTYCd.WeaJlalyse
thesebehavlOrS山eoretically.Thetheoreticalresultsexplain
theexpenmentalresultsSatisfactorily

lJNTRODUCTION

NbTisuperconductorsWlthartlflClaJplnSareOfconsJder-

ableiLttereSl【1,2]Thehope isthatoヮeWillbeable10design
andpTePaTenewmaLerIalswlthsuper10TPLnnlngSLrengLhs
WeharealreadyreportedthefluxplnnlngCharacLeTIStlCS

ofNbTicomposlleswithaT)山IClalplnS･¶eobtainedyaJues

oNfbh,?ngs-owbea,lep= clhn号af,ogrec,誓neni盟 I.oeTdthreaLsgle"odf~;ta,PT?
thaJlthoseinconventLOnalNbTICOmPOSlteSWllhCLITIPre-
cIPltalepLnS.【210ntheoLheThand,theLnLIOductlOmOfrib-
bon-shape Nbpins,Insteadofthe)sland-shapeplnS,Was

:anu;eh.efff3e_C5L;蒜37.0]ri;eprnoevJntSB vuaelumesnoJ.:gdinhiTecifsielS
mostpromlSjngJnethodfortheenhancementoftheplnnlng
sttengthnNbTISuperconductors.

hthispaperWepresentbothexperLmenLalandtheoretLCal
resultsontheNb-50wt%TISystemwILhrlbbon-shapeartlfi-
CialplnSTheplnmngStrengthandothersuperconductlng
propertiesofthesystemChangeaccording10thevaTiaL10nS
ofsIZeandspaclngOrplnS,OrmaterlalofplnS.TheoplL-

mizedyaluesorcrllLCalcurrentdenslty,Jc.1nthepresent
serleSOfsepclmenSareVeryhlgh.suchas13900A/mm2aL
2Tand3780A/mm2at5T.

lLEXPER]MLENTAL

nleSuperCOnducungwlreSStudiedweremultiEilamentaJY
compositesCOnlainingNb-50wt%TifilamentswithaTLiflClal
pins.WepTePaTedtJtreekindsofspeclmenSOfA.aandC,
wlthdifferentpmSThedesignedspecJLICa110nSOfspeci-
mensateShownJnTab･1･wheredristhediameleTOfNbTI

sniaTme芸t三idap,i.dETc･l訂d,.dn･sqmenheeunx,Tee,:se･cT.essw諾cTl･.:danhde

bheef.W,:VfqieargdTaŵ1:A?p:fdsa霊 ceiXar,ResOefmnbeedC;OeSdSiSneCJbOTni･
fllaTnenlISalsoshownlnFIE.1,ThevolumefractionOfaru-
rlCialplnSinspecimenA1Shlghest,andsFnCImenSBandC
havethesimilarOJleS.Theshapeofeachploisaulinnbbon
suchasthatofα-TiprcclpllateslnpraCtlCatNbTtwITeS.

Firslly,)nfabrlCatlOnprOCCeSSOfspeclmenS,山eelemen-
taryconposllerodsassembledwithNbplatesandNbTI
plateswerepreparedforspecLmenSAandaForspecLmen

ManuscnptrecelVedAugust24,1992

ト､

Table1SpecificationsofarufJClalplnSLn山es四CImens

^isdleWavelengれ -̂㌔+ds

Spe cimen MaterJalofplnS dr dy dJ dp
A Nb 281.3人 11.25人0.66人0.34人
B Nb 409.1̂ 15.00̂ 071̂ 0.29̂
C Nb+T1 3913̂ 1174̂ 0.72̂ 0.28̂

C.weusedaNbrrinVbLTlple-layeredplate,InsteadofaNb
ptaLes,whereLhevolumera山)ofNbLoTllS68 Foreach
speclmen.Lheabout900elementaryrodsweTCinsertedInto
aCutube,and也eresultlnglngOIwashotextruded,drawn
down.andcutInto55rods.TheserodswereagaLninserted
IntoaCutube,andthetubewasextrudedandcolddrawn
downlotheappropTlalesIZeSOf̂ 'sForsuperconductivILy
measuremenls

SuperconducllVILymeaSuremenLsweremadeforestlmat-

ト ｡w JFlg,1SEMphoLograghoft



qtinedbytheTCSIStrVemethodwILhthesmallconsLanlcur-
rentdensltyOfO･1A/mm2ThevaluesofJc･percrosssec一
日onalarealnCludlngaLtiflClalpLnS･Weremeasuredat42K
byuSUSalfourprobemethodwithuleCrlterlOnOfI0-14mm･

III,RESULTS

Tcin山epresentSPeCimensd-dnotchangeremarkably
fromthoseofLheconslltuenLelements,(Nb:Tc-92K.Nb-
50wl%Ti:Tcづ･OK),【51wl山 decreasIJlĝ ･Forexample,the
obserVedTc'sofspeClmenAwLLĥ =8415Tul･Specimenち
yl仙 =̂59.2mn,andspec-enCwILh =̂51･4nmare9101K,

9(pK,aLld9.14K.respecllVely
ontheouterhand,asshownlnFig･2.theobservedBC/S

ShowedlargedecreaseswILhdecreaslngAfromabout1lT
whlChisdieValueoEBc2forSlnglephaseNbl50wL%Tlalloy･
Finally-themeasuredBc2forspeclmenAwlththehlghesI
plnnlngVOlumefractionseemstoapproachabout9T,and
lhalforspeclmenBwILhsmallerplnnlngVOlumefraction
closesl0about9.5T,asshownlnFJg.2.However.the
depressionofBc2insepclmenCISSILghter.eventhoughale
yolumefractionofplnSISthesameasLhaLLnSpeCLmenB･
Figure3showsthedependenceofJcyaluesforeach

specimerLOnthemagnellCfleld･B･ThehlghJcvaluesof
eachspeclmenWereObla.nedbelow∧=100nm.lnspecimen
A,LheJcyalueswerehlghlnthelowrleldrangeoH-3T･
suchas13900A/mm2aL2Tand8360A/mm2aL3Twhen

=̂94,1nm,whlletheJcvalueslnSpeClmenBwereopu-
mlZ.edinthemlddlefleldrangeof3-5Twhen̂ =51nm.
Thesevalueswere.forexample,7800A/mm2at3Tand
3780Nmm2at5T.But,thesesuper10rJepropertleSlnSPa1-
mensAandBweredepressedconsiderabyinhigherflCld
region.ThehighfleldJcproperleSWereImprovedonlyln
specimenCTherelallVelyhighervalueof840A/mm2318T.
comparedwi山thoseorarlifIClalpulShlLherLO reported,was
aLlainedwhen̂ =258nm

盟odniisTnvaF:inuge:u;iee:dbTdaa:xnpsdnE?F;jcaf:;epc;oaisea:ihhuSt̂器 .mN;/Bts

InspecJmenB･themaxlmumF,valuewasabout24GN/m3

(N
N

寸
te
-
∈
uJ
N

)

｡
｢

20.000

16.000

12,000

8.000

B(T) M

Mo628(荒寸lt2.UJL
W

)D
r

050100150200 250

∧(nm)
Flg･
2ThevariationsoftheobservedBc2Va
luesofspecl menS

A
.
B
.an
dCwlt
hdecreasi ngA

whend)efieldwas3Tand̂=51nm-
LILSpeClmenC,
howev-
;ニai
h

=
e
6,
m
2
aLr
a
u
t
m
n.

F

u
p
gh
V言
L
I

s
u
.
e
p
;As
u
Ab:u
a
と
n

l

e

4
u
S実tT
d
3

S
:t
,L
4

ed
T

lohigherfieldside.

be
T
c
R冨
n
?
e
a
d
X'
n
m
o
:
e
m
w.
V
r
aA:
l
e
,.

a:
s

dgT

e
e
sc
p
n
o
I
SXE
e
n
r
g

.

f
b
Te
n
P
e
e;
e

k
Le

F
c
p
t.
C
.
a
n
:

OEtheplnnlngSLtuCluresandthematerialofarllfJClalpLnS

.

37:
d
e
e
Y;'l
d
n

e
e
nt
S31
,
ul
n
agO
h
n
c
-:莞

e
te
.
n
f
d

,
e:cl
d
C
e
Si
s
T
t
h

,
7r;
e
LI1
e
e
.

F
bPse
VE:ie

Lb

a
oEe
ct
7

c

T
n
to
l
r
d
S
c
P3:ei芸
n
e霊Ln
e

d

n

B
cs

B
h
霊e
a

:
邑
n
v
s
e
a
r芸
u
t
.

h

n
e

tendencyevenirLthehlghrleldreglOnnear B
c2･

lVDISCUS SION

A
.
UpperCn'L7'caLF ield

FLrStly,
letusconslder山emechanismOfalargedecrease

ofBc2･W
hichlSOneOrtheseriousCausesforUledeples
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Fig･
4rrnemagneucflelddependencesofLheobservedF,va
lu eslnSpeCLmenSA･

B
･an
d

C･(a)SepclmenA･仲)SpccmenB,(C)

SpeclmenC･(̂=d.dp)ofplnmngPrOperueSinhlghfJelds.TtlemicrosLructuTeLnPresentspcClmenSWltharWIClalpins

canbeapproximaledbyrandomlydisLTlbuledmultllayeredclusterswhlChateCOmPOSedofullnaTtlficlalpIJllayersan

dNbTilayersGenerally,muullayeredsuperconductorsharean aJl
lSOLrOPICpropertyOrBc2･WhereBc2/PtheuppercrlLICalflel

dparallel10lhelayer･isthehighestoneandBc21･theupper
crlllCalfleldperpendlCularLOthelayer.1Sthelowestonel6]meobservedBc2,1nPresentspcclmenS,bymeanso

fresistivemethodlSdelermlnedby山eclusterswhoseflatl
ayersurfacelSpaTauello山edlTeCLionofmagneticfield.Lf

AismuchsmallerthanthecoherencelengthofarLlflCilpLnlayer,eachNbTilayercouplesst∫ongly血roughaTLificla
lpinlayerdueIOtheproximityeffect.Then,thesystem

behavesasanefrectlVehomogeneousmalerlalandBc2
⊥intheperpendiculatflelddlre

CUOnCanbeexpressedasBc之L=¢J2屯[f2. (I)ewnhceerfeeog蕊onfehneusX,F.ueamn."wme芸;忠 r芸,

Tseg諾FeencubVyeCOher-k I(dA 2d声,2)/̂)-1rZ, (2)awnhderltas,ueTidcler芸InelT,eec,0B蒜ewnece51sehn.gwnsS霊 am".dbeTi.I,ayne
:nucleation

ofsuperconducllYltyexpressedbyちC,r･nthemulti]ayeT,On
uleotherhand,asshown111Flg.5,山enucleatlOnlnthisl

lml1OccurseXlendlngtOSeverallayerswhenthemagneticfl
eldlSapplledparallelLo山elayerAssumingthatthesizeofnu

cleusisexpressedbyboLhちSlnparalleldirectionofthelayerandちerrlnperpendiculardl
reC110nOfthelayer,wehavet

hefollow]ngexpressionasBc2/I-¢orZ鴫も汀 (3

)WecancalculatethevaluesofBc2instronglycouple

dllmi.losingEqs(1)･(2)Iand(3)Thevalue.sofBc210f

sp∝LmenSAandBare74TaLld7･9T,respeCllVely,assum-Winlg

htB-C52:5.TTWihh.2a=,le三品 aiFebnTi!ahyaevr…;流 言d28;7,T』 ⊥ _ as

thevaluesofBc2Nforspe cimensAaJlda,resFX3CLIVelyFors
pecJmenC,wemusteslimate･firstofall･theJ3C2ValueofuleNb/Tl/Nbcomposltetrlple-layer.tJIStronglycoupled

llmi t,thecompstlelayercanbeexp∝tedtohaveabout3TasulefinalBc2Value,SlnCethevolumeratlOOfNbLO
TilS6.8andlhlSCOrreSpOndstoNb-7wt%TlaSan

uniformalloyl7]Usingthisvalue.wehaveBc21=8･9TandB
c2/F9･8TforspeclmenC･TheobservedfinalBc2ValuesofspeclmenSA.aandClntheabovellmL,predictedfromthe

experimentalresullsinFig,2,are-9T,-95T,and～9.9T,:exs,pee,cILiyeei
r言rheescurt;uiaeL,a,d£;2llLvilhuiesS孟geraeneswsl,LA占T;Eqs･(1),(2),aJld(3)aleaVallableforesLl

matlngthefinalBc2yal

uejn山epresentcompositesystemB.GtobqLPLnni〟gForce;pTe:clfie:nbaf;aTvn

?d.qiepspe:Tap:oLOs.fu:o:nLGo.器 ;:Y_:srshy:･pboi::fnieefs違憲 hOeu,gAannehTtaxoTTsTndFp,慧 ehOafdSdP,芸.Tesn,eAcl霊 L4Bu:s
eah

astheveryhighF,valuesof24GN伽3at3Tand19GNh13工FIE
5Sketchofthenucleusofsuperconducuvltyintheatti-flClalpln/NbTitnultllayersindifferentflelddlreCtions



;tq53.慧 piSecn.tnsvpeTl.mneaTNhbai?wYue::sW.gaaFLPエ霊esuno;g-
pimi ngmechanismispaTLICula∫lylnlerseLingforunderstand-

:gSnhegonT:LAB":yaaesmnfee:e,R.i:V:Tneucne;Saray"p:.Tclhnegsf:舘 L,SCY:?ts,

F,isgivenbythellnearSum,【4】

F,=f,N,, (4)

器hE:IでFalt…,霊 fP,invaqueens;t;,Wbeh,e.nugaa,ardLU: cc霊&Inb;Sln山e

f.(b;0)≡(Bc22/4po7'2%)V(1lb)･ (5)

whereBc2,ち,andTCaretheuppercrluCalfleld,thecoher-
encelength.andGLpaTameter.OhhecomposlleSystem,LL｡
isapermeabilitylnVacuumandb=B/Bc2･VIStheoverlaP-
PlngVOlumebetweenarLificlalplnandthecoreof血eractlng
nuxoid,dependingOndleangle0betweenthenatSuTraCeOf
arLlficialplnand山enuxold.ThisvalueismaximumaLO=O

a･ldmLnlmumat0-7の,andisexpressedwhend,≧2ちas･

V(8)=鳴2dv ;0=0,

-呼d, I0-吋2. (6)

IftheinterfaceorartLficlalpln/NbTHSefrecllVeplnnlllg

ccnteT･WetCanassumedieeffecLiyenumberofNpas

Np=1/(dv̂at)･ (7)

wherea(isulefluxoldspaclng

cluE10eTcT3,m.as:T.urTLla,TcdlaTiTnTau,me,Epa:昌lnebSTTlaT:rlsoccaaL
beestimatedbasedonEqs.(4),(5),(6),and(7).Forexample.

mn:ncaic:llaLthed̂:,a.x1TnummaTTedl震mG;/umm,raptyo空.u?nfdOr2ip;三.i
3GN/m3a10fTErZand2T,respecLIYely,usingに≡30andule
meastuedBc20f9･98T･hcalcuJatlOn,Weassumedthatthe
valuesofBc2〟andBc21aredieSamebecauseAislargerthan

兎･,I?,TcISLSEwBayL.The芸a=xiT.U.:man崇 てT,uGmN7pmy3aiunS
3.6GN/m3at3T,uslngYC≡30andthemeasuredBc2 0f

:霊u三% oebE;eT upsevaiuee:,?.rf;cT lElennAabriluCl?u芸Yee,rsagaerde
disLribuLedrandomlylneachNbTifilamenLActually,the

琵 :Eev2a;uGe㌫鑑…pa器で芸冒N7ma3TanBiohbetla,meeHd,celXeE7cTeTef:;

Tvee?,TcTdhae% Tea,xelnmcTTbe7pwvalnuTwaoTeef2f7C?eTc霊 3m%a･,r%pea?二
LributedtothedlfferenceofthedeslgnCdpinnlngStructure,

:ou"u-egxhi'hTe:lcu.EeumideAf'ruaTchehSFnA.:fallteu:e:n:aprncscE osef:S,sCgvc'e･uqm%a蓋:
tar.However,thehlghfleldpropeTtleSOfspeclmenCare
superior10thoseofspeclmenSAandB.ThesecharaclerlS-
ticsareduetotheinLroducLionofLheNb/Tl/Nblayer,1n-
S【eador山eNb一ayer
TheImprovementsOfbigbfieldproperliesmaybeaト

LTlbuledLOthesmallerdepresslOnOrBc2duetotheproximity
effect,comparedwlthspecimensAanda,whilethede-

creaseoftheobservedFpyaluemaybcexplainedasfollows･
ThesuperconducLingpropertiesoftheNb/Tl/Nblayerap-
proachthoseofNb-7wL%THlloyandtheBc2Valueofthe
Systembecomesabout3T,LnthestLOnglycoupledllmlt.hl
thiscase.thedifferenceOfBc2tnlweentheNb/TinVblayer
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andtheNbTi一ayermaytxregardedastheongLnOfthe
elementarypLmllngforce,if山eTcvaluesoftwolayersare
nearly山esame･Then,Weassumethefollowlngexpression
off,･whenB<3T･

f,(b)亨pct1-(6,2Iv,l2A21vsl2))･ (8)

TbhseerneL黒 帯 edleenm.7:LLahr:PNlbnnTlinlga;Oer,CaenTlehneTNlbl/aTyieLJ言
layer,andvjsthesuperconducLlngOrderparamelerper-
1urbedbytheproximllyeffect.Weassume,forsimplictly.

TTPl6-,C';:-TAinE:qdw(監 ●;==!:C-3aBF望 tを3-baun -NF,m;aallueO芸
usingK=30andthemeasuredBc20flO･OTIThecalculated
yaluelSmuchsmallerthanLhaLOfspeclmenBwllhoulTl
layer.ThisISthemainreasonforthedecreaseofthemaxi-

T.uGmN/FhOafts2eTP?SITkeioc,AhTehecaYcbSea:evdedv嘉CTalueofabout

V.SUMMARY

TheremarkableenhancemenlSOfJcwereobservedlnNb1
50wL%TISuperconductorsw)thartificialpins.TheseValues
alemuchlargerthanthoseinuleCOnVentlOnalNbTiwlreSln
山eimagneticfieldrangebelow5T.Wecouldalsoexplain
theoreLICallyboththedepressLOnOfBc2inLhesystemw仙
theartiflClalplnSusingtheefrecllVeCOherencelength,and

thepropertleSOrFpbasedonthel1neaTSum･
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