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ⅠHSTORY EFFECT OFCRITICALCURRENT DENSITY IN

SUPERCONDUCTING MULTIFILAMENTARY Nb-Ti WIRE

E.SOtabe,T.Matsushita,K.YamafuJl■,K MatsumotoHandY TanakaH

DepartmentofComputerScJenCeandELectronlCS.KyushuInstituteorTechnology,
68014Kawazu,Iizuka820,Japan

'DepartmentorElectronlCS,KyushuUnlVerSlty.
6-10-1Jlako乙akl,BlgaShl-ku,Fukuoh 812,Japan

HYokohama氏&DLaboraLorleS,TheFurukawaElectrlCCo,Ltd,
2-l130kano,NIShi-ku,Yokohama220,JapaTl

AbsL7qCL- RJeCentlytLwatsreportedthatthecritlCal

currentdensltLeSmeasuredbyfourprobemethodLnmultト
filamentaryNb-Ti andNb3SnwiresdependedonthehlSI

toryofincreas)nganddecrea51ngeXtCrJlalmagnetlC鮎1d

lnthlsreport,dcmagnetlZatlOnandfourproberesIStlVe
measurementswerecamedoutforNb-TimulLlfHamentary
wires,andcrltlCa)CurrentdensltleSlntheFHamenLandma-

trixWereSeparated TheCampbellmethodwasalsoused
rotmeasurlngthehistorye打ectorcr)tlCalcurrentdensLLy
lnthemaLrLX ThehlSLorydependencewasfoundonlyrot
thecurrentdensltyInducedlnmatrixduetotheproxlmlty
eqectThlsclosecorreJatlonbetweenthepro光)mlLye打ect

andhlStOryeLrecLshowsaslmllarlもyLothephenomenon

lnhigh-Tcsupercol一ducLors TllepOS引b)ereasonforthe
hlStOrye打ecLlnCr)tica)currentdensltylSdlSCuSSed

JJNTRODUCTtON

TthasbeenemplrlCaHyknownthatthecrJLJCalcur-

rentdensLtymbulksuperconductorsISaunlquerunCtlOIl

ortheexternalmagnetlCfieldaLndtemperature liowcver,
lthasbeenreportedthatthecrltlCalcur一er)tdensityhas
dLWerenLva)UesdependlngOnthehlStOryOfthemagnetLe
neldandtempera･tureuthlgh-Tesuperconduct)ngmaLer1-
a)swithweakllnksl1,21andsomekindormult161amen-

tarymetauicsuperconducLlng WI,eS【3】ThatlS,thevalue
ofcritica)currentdens上lyln)nCreaSlngmagnetic鮎ldpro一
ccssissmallerthanthatlnthecaseofdecreasLngprocess.

Forhigh-Tesuperconductor,thehistoryeffectorcritlCal
currentdensitylSqua)lta･tjvelyexplainedtobecausedby

dlWerentmagneticnuxdlSLrlbutionsinsidesralnSdepend-
1ngOnthehLStOryOrexternalmagnet･C6eLd【1I

lnthemulLifilamenLarywileswlthsmallslBe$Orma一

Rentdlameterand61amentspaclng,SuperCOnductlngmaL-
mentsareweaklycoupledthrough matrlXduetotheprox1
1-Lye打ecLThlSSlrnllarltyOfweakllnkwithhlgh-Tesu-
perconductorma,ysuggestthatthehlStOrye打ecLslnthe

mult1月hmentaryw)reandhJgh-Tcsuperconductoror)S卜
naLeLTOmaSlml)armechanlSm

lnLh)らreport,h)storye恥ctofcrltlCalcurrentden-

slty]nSuPerCOnducいngNb-T)mult161amentarywirewas

LnVeSLlgatedindeta･lThemagnetはa.t10nhystereslsfrom

the別ament,matrlxandLnhomogeneltyWereSePaTa･ted
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fromthetwistpltChdependenceofthewiremagDetLZatlOn

andtheEeStJltoffourprobemea8urementSTheCampbell

methodwasa一sousedtoconArm thehlStOrydependent
crlticalcurrentdensJtylnthematrix Thereasonforthe

hlStOrydependentcr)LICalcurrentdens)LylSISdiscussed

IIEXPERIMENTS

Spec)menslnVeStigaLLedareNb-47wt%Tlmultltila-
mentarywlreSWILhCumatrix ThelIliLlalyolumeraLt10
0rcoppertoNb-TilSaboutunlt.y Afterarepet,lt)OnOf
comblnatlOnOfcolddrawlngandheaHreaLmentat400℃

for80hoursforthreeLlmeS,SpeCirnensweretwIStedwlth

theplLch,Ip,of146,296and602mm Thecommon
speclficat)onsofthespeclmen8arellStedinTab 1

Thedcmagnet)zatlOnOrthesarnplewas m eaLSured

fromsLgna)sdetectedbytwopICkupcol)sw)thsweeplng

externalmagneticfield ThesampleofL～4mlnLength
waswoundonaBakelitehol一owcyllnderor33mmlnOuter
d)ameterwlthaconstantlnterVa)0(2mm Theexternal

magneticGeldwasapplledalongthecoi)centerupto1T
withvar10uSSweeprates

ThecrlLicalcurrentdensltyofthe61ament,JeJIWas
measuredbyfourproberesistlVemethod Thesampleor

03mLn)engthwaswoundsplrauyOnaCylindricalholder

andtheIntervalofthevoltage-tapwas02m.TheelectrlC
ReldcrLt.erl0nrOTdetermmationorthecrltlCalcurrentwas

5.0×lolav/m･TheexternalmagnetLCReldwaLSapplled
perpendlCulartothetransportcurrent.

ThehlStOryefrecLofthecriticalcurrentdensltyW as

lnVeStlgatedbycomparlnglollowlngtwoCrLLICalcurrent
densLtleS Aftertheexterna)magneLIC員eldwasIncreased
uptoBo,thecr山CalcurrentdensltyWasmeaStJredbyrout
probemethod(Jco)ThentheexternalmagnetlC鮎ldwas
sllghuychangedbytheamountorBmandreturnedtothe

Table1Commonspec)RcatlOnSOrSamples

w)redlameter Dw(mm) 0144

恥 mentd)ameLer dJ(pm) 126

mamentspaclng dN(FLrn) 031

thenumberormamenL5 NJ 4152
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inltia)yalueBoThecritlCaLcurrentdensltyafterthisfieLd

excursionwasmeasured(Je) lrthec【ltlCa)currentdenslty

dependsonthehlStOryandLSSmalLerlntheJnCreaBlngneld

processastsusuallyobserved,Jc/Jcolsexpectedtobe
largerthanunityforpositiveBm yalues,whlleltWl)=)e

equa･1tounltyfornegatlYeBnvalues
ThehlStOryenTectofthemaLrLXCntICa,1currentden-

SltyWasmeasuredbytheCampbellmethodTheexternal
dcandsuperp(靖edacmagTleLICGeldswereapplledslml-

F 40
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1arlytothemagnet.zat10nmeasurement.Thefrequency さ
oftheacmagneticFieldwas35H乙Allthemeasurements
werecarriedoutat.4.2I(

IH RESULTSANDDISCUSSION

MagnetlCRelddependenceorthemagnetLZatlOnhys-
teresISforvarioustWIStPltChesLSShownlnFlg 1 The

measuredmagnetlZatlOnhysLeresISISdlYldedLntOfourcon-
trlbut,ions

△M=AM/+△Mp+△M.+△M w (1)

Irltheaboye△M/isthemagnetJZatIOnOrthefHaments
glVenby

AM/-芸poAJc/dJ, (2)

whereAISaYOlumefractlOnOfthesupercollductlngfi1a-

mentSInthewlre･△Mp)sthema･gr]et)zatlOnOrthematrLX
duetotheproxlmitye打ectand△M,1SthemagneLIZatLOn

0

0

0

0

8

6

4

2

LL∈
)
ぎ
v
lw
v

0
00.40.

8

B
e

nFig 1Observed△M forva･rioustwistpitches,Ip, an

d△MJestimatedrTOmEq(2)･Brokenllnerepresent

sAM lnthellmltOrLp -0andthedl打erencebe
-tweenbrokenllneand△M glVeS△M. d 2
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72 4

6/p(mm)

FLg･2Dependenceor△M onLp forvarlOuSValuesorB.

duetothelnhomogeneltleSlnSLdethewlreSuchas,sausag
-)ng,brLdglngbetweenm arnents,breakageoffilaments,su

-perconductlngmatrlXIslandsandsoon ThelaLSttermL

nEq (1),△MuLSthemagneLizatlOIlduetotheeddycur
-rentlnthematrLXandlSprOPOrtlOna)tothesweeprat

eortheexternalne]d,IdBJdLl△Mucanbeneglectedfo

rsuLficlentlylowsweepra･teSJnthepresentcase,maglletl
-2atLOnWasindependentorthesweepratelntherangeo
rlBel=3-51mT/

STheobservedmagnetlZationhysteresLSbecomessmal
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0-4llFI古 4aepenetrat)ondepthaSafunct)onofac
rnagDetlCfieldamplltudemincreaslnganddecreaslng

dcmag一metlCfieldatβ̀ =0.1TaccordlngaS
thetwIStPltCh15decreased △M/and△MIdonotdependon

thetwIStpltCh,Lp,1nEq (I),whlle△Mpisapprox.mate

lyproportionalto lpas【4]AM p-嘉poA-ApJcpLpll･(管)2], (3

,whereJcp isthecrltlCalcurrentdensltyinthematri

･xduetotheproxlmityeffect.InEq(3),入prepresents

ayolumefractLOnOfthematrixlnmultimamentaTyregtOnandisltYenby 0.99-0.05 0 0,05βmmFlg.5Nor

mall石edcriticalcurrentdensityJc/Jcoafterfieldex
cursionbyBmfromBe-0･15T･JcoisthecrlLLCalcurrentdensLtyatlrnLialincreasLngmagnetic

爪eldproce s s .lrtheB.dependenceorJep at)Owmagnetl

C6eldsisapproxJmatelyexpressedaLSJcpαBlT,

(6)7=l･3ISObtalned OnLheoLherhand,the7Yalueor

JcJisT=044 ThereLore,Jcpdecreasesrapid)yaccording
toanlnCreaSeOrmagnetlCfield,sinceInducedsupercondu
c-tivitylnthematrlXISeaSl)ybrokenbymagneticfield

.AtypicalyalueorJCp atB.=01Tis2･1×108A/m2whic

his150t)messmallerthanthevalueofJ{J=3ix1010Ap-
1- 品 (石宝)2, (4, A/m2F,gu.C.,e,resentsthe｡bserve｡即 enet,ati.n｡e,thFIgure4represerLtStheobservedacpenetration

depthasarunctlOnOfexternalacmagneLICfieldamplitude

lnmcreas.nganddecreasmgorprocessesdcmagneticheld
processmeasuredbytheCampbellmethodatB.

=0iT TheslopeofsolldllneS)SprOPOrL10nalto1/J

cp rtLSobservedthatJcp lndecreaslngmagnetlC丘eldp
rocessISapproximately4tlmeSlargerthantha･tinincre

aslngmag-netictieLdproc
essThlsmeasurementgrvesJcpofthesameorderorma

gnitudewILhtheresultsobtalnedfromEq(3)Theresu
ltofnormalほedcrltICalcurrentdensltyaftertheexc

urs10nOfexterna)magneticneZdisshownLnFJg･5Howeve

r,anyremarkabledif7TerencelSnotObservedwlthlJ]artexperimentalerrorThismeansthatthehistoryeWect

occursonlyforJcp lrso,thehistorydependenceor
themeancriも)catcurrentdenslty)Sestimatedtobeyery

smal一ThaいS,Jc/JcotJIFig 5isexpectedtoexceedunlty

Onlyby0003whLChlStooSmalltodetectexactlyThereror

e,thehLStOrye恥ctofthecrLtlCalcurrentdensltylnthewlrelSexpectedtobecomemeasurableifandAmlSaVOl

umerracLIOnOrthemultLRlamentaryreglonln



Jcp hassufhclentlylargevalue･h hct,thehistoryeffect
wasobservedforawlreWit,hthefilamentdiamet.erand

filamentspacing3-4tlmessmallerl31thaninthecBLSeOr
thepresentworkJtLSneededtoinyestigate,therefore.the
caseolnoticea.bleproximityefrecL

Theaboyeresultsclearlyshowthatthehistoryeffect

appearslnInducedsuperconductiLlgCurrentinmaLrlXdue

totheproximitye打ecLbutnotinJcJinsuperconduct-
1ngGlaments ThlSSuggestsaClosecorre)atlOnbetween
theproxlmltyeftTectandhistorye付ect Tht8Closecorre-

1atLOnCana･lsobefoundinexistingexperimentalresults
AremarkablehlStOrye恥ctofthecrltlCa.Lcurrentdenslty

hasnotbeenobservedinconyentionalbulksuperconduc-
torormultiGlamentaTyWirewhichdonotshowapprecla-

bleproximityefrecLh)addition,thehlStOryenTecLISllke)y

tobecon℃rernarhbleaccordingasthe61amentdlameter
decreasesThesimilaritythatboththeproxlmltyandhis-

toryeqecbtendtodlJT"nlShathlShermagneticGeldlSalso
compatiblew]ththeabovehypothesis.

Theclo馳COrrehtlOnbetweentheproximLyeWectand
hi如Orye恥CLinmultImamentarywlreSSuggestsaslm-
laritytothehistoryenTectduetoweakllnksinhigh-Te
superconductors.ThecritlCalcurrentdensltylnWeakly

supcrconductlngreglOn8ishistorydependentintheboth
ca脚 Theslmllaritytohlgh-TcsuperconductorsllLaySug一

geStthatclosedloopsoflargecurrentinlnhomogeneousre-

glOnS.SuchasswelledpartsinsausagedGlamentsorbrldses

betweenmamemts,afkcttheweaklysuperconducLlngre-
gionthrough theirdlpOlemagnetlc爪elds.However,thLS

dlpOlefieldisestimatedtobetoosmaJltoglVerlSetO
a.ppreciableeqecLs.

Therefore,themechanismwhichbrlngSabouttheh15-
toryeqectInmulti61amentarywirelSOPen Whatcannot
beunderstoodlntheobseryedquantitiesinthepresent
measurementisAM,△M,caJlbeestimatedfromthedir-

rerencebetweenAM intheliTTutOrLp-0whichisshown
bythebrokenlmelnFI昔 1and△〟 /IASalorementioned,
AM.isconslderedtoorlglnatefroml∫lhomogene山eslnSlde

thewire However,Ifthesausaglng,brldglngandbreak-
ageor61ameEltSarethecandldateforrespon8Lblelnh0-

mogenelL)eB,AM.18proportionaltotheatiovementlOned

dlpOIcfieldandremaLins触iteevenunderhigh magnetlC
nelds.Eoweyer,observed△M.decreaseswlthlnCreaSlng
fieldanddisappearsatthefieldabove0.5T.Therelbre,
AM,isnotthecontrlbutlOnfromslmP)elnhomogeneltleS
but18COn8ideredtobestronglyeonJ)eCtedtotheproxlmity

eqecLltisnecessary,therefore,toclarlfythemechanism

whichbringsaboutAM..whIChisexpectedtobeclosely
connectedtothemechanismorhistoryeLrecLinmultifila-
menLarywires.

IV CONCLUSION

ThehlStOryeqeCtOrthecrltlCalcurrentdenslty)nSu-

perconductingNb-Tlmultimamentarywlreswa51nYeSt1-
gatedbyuslngSeveralmethods.ThemagnetLZatlOnOfthe
SamplewasdlVldedtothecontrlbutLOnSfromthefilameIltS,
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matrixduetotheproximitye打ectandlnhomogeneltleSOf
thewire ThecritlCa)currentdensltyinthematrixmea-

suredbytheCampbellmethodwasfoundtobehLStOTy
dependent However.thehtstorye打ecLwasnotobserved
forthecrltLCalcurrentdensLLyLnthenament.ThlSresult

showsaclosecorrelatlOnbetweentheproximLye恥Ctand

historyeffectandsuggestsaslmllarltytOthecorrelat10n

betweentheweakllnka･ndhLStOryeRTectlnhlgh-Tcsuper-
conductors tlowever,themechanism orhlStOryeLrect)s

notclearaLthlSStage
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