
IEEJ:TRANSACT70NSONAPPuEDSUPERCONDUCTTVlTY.〉OLq,NO2,JIJrVE1999

HysteresisLossinaSuperconductingBi-2223Tape
withFineFilaments

EdmundSOtabelandTeruoMatsushital.2

lDepartmentofComputerSclenCeaJldEl∝LronICS,Kyushuh15tituteofTechnolow,
680-日くawaLZu,lIZuka82018502,JapaJ1

2Gradua･teSchooloflnformatlonSclenCeaJldElectrlCalEnglneerlng(ZSEE),KyuslllLUnlVerSlty,

6-10-1Flako21aki.rl1gaShl-ku,Fukuoka812-8581,Japalt

JunFujibmi3andIくa2:uyaOhmatst13

3Ba5.CHlgh TechnologyLaboratorleS,SumitomoElectriclndustr-es,Ltd.,

l-1-3Shlmaya,Konohana-ku,Osaka554｣)024,Japan

AbstTaCt-Theenergylossden写itywasmea8uredfor

aBi12223tapewirewithsuperconductingmamentB
ofaveragethickness2･5FLm tOConfirm thereduction

orenergylossdensityduetothereyersibleRuxoid

motion･TheenergylossdensitylSCOmParedwiththe

predictionbythemodifiedKinmodel.Itislowerthan

thepredictionatACReldamplitudesbelowthepene-

trationReldattemperaturesabove77K.Theslopeor
theminormAgnetiBationcurveiBIe砧 thanunityand

theestimatedACpenetrationdepthis一ongerthanthe

6)amentthicknessinthesamereglme.Thisresultsup-
portsthespeculationthatthereductionoftheenergy
lossdensityi5duetothereycrsiblefluxoidmotion.

Ⅰ INTRODUCT10N

B1-2223silver-sheathedtapesareuseda51VlrCSforelec-

trlCalpowercablesortransformersbecauseoftheirm e-

chanlCalflexlbllltyalldeasyfabricatiol10日ollgWilesl1】･

ThereductionoItlleAClossattlleCOmmerCialrrequeIICy
isakeyissueforsuchpowerappllCatlOn ItlSWellknown

formetallicmultimamentarywireswlthfhleSuPerCOll-

ductlngRlamentsthattheenergylossdeIISltyCal一bedras-

ticallyreducedfrom thepredlCtiol10日lleClltlCal State

modelduetothereversibleRuxoldmotionl21,l3).The
hysteresISenergylossdensitywaspreviouslymeasuredfor

aBi-2223silvcトSheathedmultlmamelltarytapeWirewith

61Alamel一tSWlththeaveragethlCklleSSOfabout10ILml4】

Altl10ughtheenergylossdensitywatslowerthallthepre-
dlCtIOIIOfthecritlCalstatemodelduetotheleVerSlble

auxoidlnOtlOllattemPelatuleSahnve1()07(,theleduc-
t10llWasnotaChleVedat77.3I(ItISdeslredtoachieve

suchareductionoftheellergylossdel-SLLyevellat773I(

Whellthee打ectlVeSizeofsupercon(luctor.a,lSlalger
tllal-tlleACpelletrationdepth,Aa,deR.ledbyCamp-
bell【5】,tlleplnl一日lgene.gylossofllyStel･eS.StyJ)elSWell
describedbythecrltlCalstatemodel.Thistossoccul.S

mostlywhenfluxoldsalllnalldJumpOutOfpllllllngpO-
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terLtialwells.Hence,tilePhenomenonlSexpectedtobc
almostreversiblewhenthemovementof81tXOidsisre-

strictediIISIdethepulnlngPOtentialwells.Thiscolldit10n

isachleVedwhenaiscomparabletoorsmallerthan人も

andwhe･ltheACm空gnetICGeldamplitudeissmallerthan
2J5(2人も/a)2H,=H,,wllereH,=JCd/21Sthel'elletra-
tlOn允eldwithJcdellOtingthecriticalcurrel一tdeIISlty.
TheACpenetrat101ldepthlStlleOretical1yglVCl一by

人;-(器)り2 (I,

wllelCaristhefluxoidspacit一galld(isaconstantof
uleOlderof4depelldillgOlltlleklltdofpllltllngCell-

tersl2】･Accordll一gLo( 1),Aabecomessl101tCrWlthin-
creaslllgOfJE,le,decreaslngtemperaturealldmaglletlC
Geld.Therefore,ltWasPOilttedoutthatthelCducLion

oftlle61amentthicknesslessthal12JJm isl一cceSSarytO
achleVethereductlOnOftheenergylossdellSltyat77･31く

1.IBll2223multimamentarytapeWirel4】.
lntllisstudy,tlleenergylossdeIISltylSmeaSuledand

ACpenetrat10ndepthlSeStlmatedfromthes一opeofmag-
neti2:ationcurveatvarioustemperaturesforaBi-2223

LaロewirewlthfiLleGlamelltSOftheaveragethicklleSSOf
about25I川1.Themeasuredresu一tlSCOmparedwitll

ourI)reV10uSWorkalldalsoWlt･1lthepledictiollbythe

modlAedIく1mmOdel､alldthereductlOnOftlleellCl･gyloss
dellSiもyduetot】lerevel.SlblenuxoldmotlOllisdiscussed.

ⅠⅠ.ExpERlMENTS

TlleSPeCimellWasaBト2223multifilamel一tarytapeWllC
andtlleSpeClGeatlOll0fRpeCLmenlSShow】HllTableIThe

DCmagnetizationmea5uremelltWasperformedllSll一ga
SQUID magLletOmeter(MPMSJ ).Thetemperatureof

TABLEI
Sl)eCIRe▲LIOrlOTBl･2223rTILJILL爪hmellLAryt■PeVlrE

mm) 30×022
volumeTraCL■onohLJPer｡OnducLor(%) 14
numberorfHaments 1369
averagefnamenHhlCkndS(FLm) 25
crlt.Caltemperature(K) 1095



2570

thespecimenwascolltrOlledlntherangeof10-110ⅠくIThe
magnetlC鮎1dwasappliedparalleltoawldesurfaceofthe

specimenandperpendlCulartothelollgaLXiso川Iaments
TheamplitudeofmagnetlCGcldwasva.riedfrom1mTup

to1.0T.Thus,thee打ectlVeSizeofthesuperconductor,a,
lSglVellbythetlllCknessoftllemaments.Forslmpliclty,
thedlStrlbutlOnOfthemamentthicknessISdlSregarded

alld､veusea-2･5JAMlntllefollowlng

ln.RESULTSANDDTSCUSSlON

Fig･1showstheobservedmagnet･zatiol-Curvesat
773Ⅰく･Themagneti21atlOnhysteresISdecreasesabruptly

accordillgtOincreas)ngmagnetlCfield ThisiscollSidered

duetotheefFectoftl.efluxcreepathigllfieldsatthistem-
perature Thee打ectofdlamaglletismisremarkablealld

thelnagnetizatlOnCurvelSa･Symmetry,Sil一CethecritlCaJ
currentdensityisrelativelylowandmamentsaletllill
ThelnnuenCeOftllereversiblemIXOldlnOtlOlllSalso

seenlnthereductionOftheslopeofaminorDCmagne-

tizatlOnCurve,S,justafterreversingthesweepoftheex-
ternallnagnetlC汽eld.AccordingtothelrreVerSlbleBean
clltlCalStatemodel,S15I)redlCtedtobeunlty.However,
SreduceswhentheeWectoftherevelSiblenuxoidmo-

t･ollisremarhble･ThisslopedependsonlyonA;andlS
theoretlCallyglveltby

s-ト 争 al瑞 ･ (2)

Thc･efore,人もcallbcestlmatedfl･Om a･111eaStu･Cdvalue
ofS(3】･The.magnetlCRelddepelldel-CeOfSatvazious
temperaturesISShownil-Fig.2.AtlowLelllPeratureS,S
isclosedtounltylnlowmagnetlCGeldreglOll,SinceAも

FI
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8(T).MagneLIZatlOnCurVeS"a.-2223multlfHamentary
tape.V】re3ドSolldllnerepresentstheorcいcalpred■Cいonrron
lthemod･LfledKHnTTIOdelwlthdlamagTteLISm Parametera･redet
ermlned soastoobLalnagoodi.iw･thexperlmeEltaJmagnetl乙at10n
hysLeresはa5ShoヽvninTablell ～_
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8(T) 100Flg2 SLopcormlnOrmagneい21atl0nCurveYSmagnetl
Cfieldatvarl0uSLempera

tLJreSISSmallcrthal一dandtheRuxoldmotionisa

lmostcom_plctelyIrreversible.However,SdecreasesdrastlCa
l1yvヽitllincreaslrLgmaSnetic斤eld,especiallyathigh tem

peratures.ThisresultlSexplainedby(1)and(2),i･e･,Jc
decreaseswltllillCrCaSll一gtemperatureand/ol･magneticAel

d.leSultllngIlltheelongatlOnOfAa･ThevalueofSI一ltl
lepICSentspeciL)lel一islowerthaJttheprevlOuSSpeCilller
lWlththeRlalllenttlllCklleSSOfabout10/lm.Tlusmeal一St

h(TLttlleeffectoftllel･eVerSiblefluxoldmotlOnlSmoleS)gnl
EicantIlltllePleSent.叩eClmeI1,1VhichisattrLbutedtoth

el･educedmamenttllicklleSS BeIICe,thereductiol10日l
leel一ergylossdensitylSexpectedevenatlowerte

mperaturesObservedresultsoftheellergylossdcllSity,

W,vs.theACmagneticfieldamplltude,Bm,atvarious

telnPCra-turesaresl10WninFig･3(a)･Thetempel.at
uredepcn-deIICeOfW iSCOnSIStenいvitlltllePl.edlCtlOl10fth

eclltLCalstatel110delatlowtemperatures.Tllatis,W

decreasesatlllghBn,whllelもiIICreaSeSatlow Bmac
cordingtodecreasingHpwltlllnCreaSlngtemperatureAt
higlltem-peratures,110WeVer,lγdecreaseswlthiltCrCaSl
ngtemper-atureevet=llthelowmagnetlCGeldreg1011.dcvlall
tlgf101--thepredictionofthecritlCalstatemodel.Tlll

SSeemstObeexplainedbythee打ectofthereverSlblenuxold

lllOtiolllnn gl3(I))tl､epleSe-!tresultsat77Ⅰくal-d1
00I(･Tuecomparedwltlltheprev10uSresultsl4)fortllCth
ickerA)a-mentthickness.Ⅰnbothtemperatures,ll/issma

llerthaJltllepreviousresultIllthewholeregiol10fAC

maglletlCfieldaml)litude.ThlSisalsocontradictorytot

lleCLltidstatemodelTherefore,itlSCOnCludedthatth
ee打ectorthereverslbletluxoidmot10llCausesthetowel

AClossattemperatureshigllertl

lan77Ⅰく.Tlledlailled1.neIllFlg･3(b)iJldicatesthetl
leOreticalcalculatiol一baSt:donI.hemodi6edIくimnlOdclit一ヽV

tlichtlledlamaglletisrnofsupercozlductoristakenilltoacc
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FI古.4Magneいci.e]ddepe
ndenceofACpeneLratl0ndepthaLvar-10uStemperaturesS

olldllneSaretheoretlCalvalue50((I)wlthJcestlmated

frommagnetほat)Onhysteresi5bytheBeanmodeJ･therevelSl

blenuxoidmotionlStakenIntoaCCOul一t,theen-ergylossdensitylS(El/2人も)4/4timesassmallasthepre-
dictionofthecompletelyIrreversibleBe

anmodel,whena/2人も≪ 1･ThlSl101dsapproximatelyforthe
ACfieldamplltudesma)lertllanHp･StllCtlyspeakln
g,thecor-rectlOllfactorof(a/2人乙)4/4foIW ISVa

lld0--1yfol･theBeal11110de) However,thisfactoICanals

obeapprox-imatelyusedforanothercriLICalStat

emodelssuchasthelrie-YamafujlmodelE3】Ifweus
ethisfactorforthepresentcase,W a･t77.3I(lSPre

dictedtoreducetovaluesshownbythedottedlHleinF

lg 3(b),whel°tllepre-dlCtlOllbytllelくlm rnOdelisrep
resentedbythechainedllnefo

rcompa.rlSOn ltisroundthatthetelldencyofWcanbeexplaine

dbythisCOIreCt10nfactor.Intheabove,人も-13pm was assumed,althouglli
tissliglltlylargertlla

ntllCObservedva)ucof10IImat315mT(-FLoHp)IllFlg

4 Therefore,thelnCIeaSeinW atlow B mmightpartly
comefrom theshorte1-111gOf入aattllCSefie)dsshownlnF

ig.4.Thus,theabovecorleCt10nfa.=LorseemstobeusefuHor

anapproxjrnateestlmateOftheACloss.ThlSSeemstO beattrlbutedLo

thefacttllatthemagnetlCfielddependenceofAabel
owHp15Smal一asobservedToestImatetheAClossmote

exactly,110WeVCr,amoree.tacttheoreticalanalysISisneed

ed hlSuClltlleOrymag-netlCGelddepet-deI-CeSOfJcan

d入;alenecessarytObcll--corporated I

LISalsoim))ortanttoclaLlfyWh.Cll0fbndg一川gOffi1amell
tSa】-ddLSaPPeal･anCeOflCVelSlblefluxoidmotlOnCausestheHICleaSeOftlleenergylossdellSILy. IV.

SuMMARYIllthlSPaper,theenergylossdel-SltyWasmea
suredforaB1-2223multifi)amentarytapeWireandthepos

slbllltyorredllCtionoftheeIlergylossdensityduetoth

ereverslble8uxoidmotionwasdiscusseduslllgtheACpe

lletrationdeptlleStlmatedfrom theslopeofminormag
netlZationcu

rve.FollowlngreSu)tswereobtalIICd.●Theenergyloss
deIISltyattemI)eratureShigherthat)773Kwaslowerthant

hepredictionorthemod16edKlmmodelatlowACmagneticGe

ldamplitude,Wllentheaveragemalllentthicknesswas redllC

edtoa=25〃m.●Th

eslopeormlnOrlna即et17,ationcurve,S,wassmallerthanullitya

ndtheestimatedAafromSwascomparabletoorlongert


