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Current-VoltageCharacteristicsina
SuperconductingBi-2223TapeintheRangeof

VeryLowElectricField
EdmundSoJiOtabe,TakeshlKodarna,MltSuhiroFukuda,TeruoMatsushlta,Klkuo工toh

AbstracL- Current-voltagechaL.aCteristLCShltherangeor
verylowe)ect･rLCFieldwereanaly2,edfrom are]aズaLionor
themagneti2.atLOnuSLngaSQUID magnetometerLnaSu-
per(:onductLngB卜2223tape.ItwasflOundいIaLtheobserved
current-voltagecharacteristicsjnth】sI.angewerescaledwelJ
asLpredictedbythevortexglass-llquldtransitiontheory.
However,I.heobtaLnedLransitLOnReldwasmu(:hlowerthan
thatobtained From ascalingiJlthehigherelectrit:fleld
range AtthesameI.ime,thedynamiccritlCaHndex,I,
wasmu(:llLargerthanusualyaLue5 Hence,)tLSCOnCLuded
thattheseparametersarenotunLquelydeterminedlnde-
pendentlyortheleveloreJectrLCfleld Theexperimental
resultwascomparedwiththetheoretica)anaJySLSuSLngthe
nux(:reep-flowt･heoryinwhichthedlStrLbut･lOnOrtheefre(･-
tivefluxpmnitlgStrengthwastakellintoaccount.ltwas
roundthatthetheoretLCa)resuJtexplalnSapPrOXLmat･eLythe
observedreSu)L Thisshowsthattheessentialmechanism

whLChgovernsthetransportpropertyLnthesupercolldu(:ト
ingtapeisthenuxpJnning･

KeywoTds- E-JcllaraCteristics,Bi-2223,fluxcreep-flow
model,veryloweLectrlCfield

I lNTRODUCT[ON

F ERnepcreascsitrcyalt:pupiidCeart:?an.:dolt17禁 us,u,:::fvo.nleaugC三ocr,S:alt

acterlStlCSITlaWiderangeortheelectrl.:field,slnCetheelec-
trlC丘eldwhichthesuperconductorreelsstronglydepends

ontheklndorappllCatlOnSuchasDCorACequlpmentS

Therefore,ltlSnecessarytOmeasurethecurrent-vo一tage
characterlSticsortlleOXldesuperconductorlndetaJlina

WideraLrLgeOrtheeLectrlCfield However,thechaTaLCterlS-

tlCShaverLOtyetbeenclarlfied,andthemechan15mO川 ux

motlOnWhlChgeneratestheelectrlCGeldunderdユStrLbuted

plnnlngrOrCeSisstlllunderdlSCuSS10n lt lSWellknown

tha･ttheelectrlCfieldvscurrentde･lSlty(E-J)characteト
lStlCSOfanoxidesuperconductorlSsealedlntwomaster

curves aspredlCtedbythevortexglass111quidtransit10n

theorytl],【2】 Ontheotherhand,･thasbeenshownthat
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thescallngOftheE-JchaTaCterlStlCSWaSalsoexplalnedby

thefluxcreep-BowmodeLl31

InthisPaper,thecurrent-VoltagecharacterlStlCSLnthe

rangeofverylowelectrlCGeldwereand.lyzedforasuper-

conductHlgB卜2223tapeFromareLaLXat10nOrthemaglletL-

2,at10mmeasuredbyaSQUID magnetometer.Thescallng
wasexamlnedfortheresultofE-JcharactenstlCSatthe

electr)cGeldoftheorderoflO~10V /m TheE-Jcharacter-
1StlCSarenumerlCal1ycalculateduslngthenuxcreep一尺Ow

modelandtheresultsarecomparedwlthexperimentalre-
sults

lI ExpERIMENTAL

SpeclmeIIWasaSuPerCOnductingmultifi1amenLaryB1-

2223sllversheathedtapew)th59maments Thewldth

andthicknessorthetapewere37mm and270/Jm,re-
spect)vely Theaveragewldth,W,andthICkness,a,ofthe
filamentsWere320jim andllFLm,reSPeCtIVely Thetape
wascutlnalengthorI-42mm forthemagneti2.at10n
measurement ThetemperatureorthespeclmenWasCon-

trolledlnaraJlgeOr40to83KandthemagnctlC鮎1dwas

applledparalleltothec-axIS AhlghermagnetlC爪eldwas

Grstapplled,whlChwasthenreducedtoacertalnValue,
andtherelaxatIOnOfthemagnetLCmoment,m ,Wasmea-

suredbyaSQUIDmagnetometer(MPMS-7)Thecurrent

denslty,J,anduIeelectricGeld,E,wereestimatedbythe
followl.lgequauons【4】

J- & ･ (1)

β=- 〃o dm

2d/(I+W) dt'
(2)

where/I59】sthenumberoffilaments
III RESULTSANDDISCUSSION

A EqeTlTnenlaLresults

TheE-Jcurvesat70上くevaluatedfrom themeasured

relaLXa･t10nOfthemaLgnetlCmomentuslng(1)and(2)are

shownlnFig 1(a) TherangeoftheelectricfieldlSOf
theorderoflO~10V/mandlS6to7Ordersofmagnltude
lowerthantha.hnusualmea5urementSbythefourprobe
method_

Accord.ngtothevortexglass-1】quLdtheory【1】,t2】,E-
JcharacterlStlCSCanbescaledontwomastercurvesby

replottlngthem lntheformof(E/J)lT-TgFv(I+2-D)vs

J/lT-TgIレ(Dll) Intheabove,vandIarethestatlC
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whereJcoISt
hevlrtualCrltlCaJcurrentdensitylnthecreep
freecaseandg2lSthenumbero‖luxlineslnSldetheflux
bundle.
Themagneticfieldandtemperaturedependence

ofJcoat
lowfieldsIS

assumedasJco-Alll(;)2r β7-1, (4)whereA,帆and7ar
eplnnlngparameters.ItlSWellknownthatthemagn)tude
ofJcoISWidelydlStrtbutedlnoxidesuperconductors Her
e,forslmPllCity,thedlStrlbut10nOfJcoISassumedtoorlglnateOnlyfromthedlStrlbutlOnOfA

ln(4)oftheform･(A,-Kexp卜幣 ], (5, 40

60 80丁(K)

Ftg4 Tcmperaturedependenceofq2whereAm LSthe

mostprobablevalue,012,saconstantrepresentlngthed
egreeofdevlatlOnandK ISaCOnStantdeterm

lnedbythecondlt10nOfnormallZat10nThevalueof921
SassumedtobedetermlnedsothatthecrltlCalcurrentdensltyundertheLluxcreepmlghtta.k

eamaxlmumValuel8],

andlSglVenbyg2- gC2[掛 (響 )]4′3 (6,wheregelSthevalue

wherefluxllneSformaperfecttrlan-gularlattlCe,a
ndUe lSthevalueofUowhengIge-(nthepresentcalcul

ationg(B,T)lSObtalnedby(6),wh･leE- 10~10V/m lSa
ssumeda5atypicalvalueoftheelec-trlCfield Furtherdetails

ofthecalculatlOnaredescribedln【3】Theparameters
Am,帆and7usedlnthenumericalcal-culationlnthew

holerangeoftemperatureandmagneticGeldlnthepresent
measurementarellStedlnTable.10rLu▲eutllelhand,qつ
,wI.[chlSuseda5a爪ttlllgPalameterateachtemperatu
re,lSShownlnFlg4 ThedlStrlbutlOnwidthofJcIncre
asesWlthtemperature ThistendencyLSconsIStentWLth

theusualtemperaturedependenceofn-value,slnCenbeco
messmallerduetotheIncreaseOrthedlStrlbut10nwidthofJC

accordlngtOIncreasingtempera-tureThecalculatedre

sultsarecomparedwlththeexperimen-talresultslnFlgS1(
a),2(a)and3(a)ItlSfoundthatthetheoretlCalresultexplainsapproximatelytheobserv

edre-TABLEIIPARAMETERSUSED IN THENUMEFuCALCALCULATION
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suitslntherangeorverylowelectrlCfield SITtCetheE-J
characterlStlCSlnthehigherlangeOrelectrlC汽eldcanalso

beexplalnedbythetheoryL9Hllい tcanbesaldt).at
theduズCreep-80､vmodelcanapproxlmatelydescr)bethe

EIJcharacteristics)∩Wlderangesoftemperature,mag-
net)C汽eldandelectnc点eld Thisshowsthattheessentlal

mechanlSm Whichgovernsthetransportpropertylnthe

superconductlngtapelSthenuXplnnLng

llowever,thepresenttheoretlCalmode一caJlnOtexplain

thedetallsoftheobservedE-JcharacterlStlCS ThaLt)S,
thetheoretlCalpredlCtlOnleadstoanE-Jcurveconcave

downwardwithamuchlargervalueofEatverylow J
value ThlSbecomesmoreremarkableathighertemper-
a.I,Ores ThlSdevlatlOnSeemstObeattllbutedtothea5-

sumptlOnOftheconstantvalueorE - 10~】01n(6)For
slmPllClty lnfact,tlllSdevlatlOnlSqualltatlVe)yexpla=1ed
bythee)ectrlC烏elddependenceln(6)-ThatlS,WhenE
becomessmall,92takesalargerValueaLndthee打ectof

fluxcreepISexpectedtobecomeweak However,theesti-

matedresultsat401く,900mTand70K,80mTarealmost

ullCllangedevellbythlstreatment

･zedbyLhcscalingOrE-Jcurves,doesnotorlglna.te
flOmtheLntrlnSICnatureOfnuxllneS

･TheE-JcharacterlStlCSarea.PPrOXlmatelyexplalned

bythe8uxcreep-月owmodeloverwlderaLngeSOftem-

peratureandmagnetlCfLeld ThISShowsthatthether一

maldeplnnlngtSthebasicmechanism Whichdeter-

mmestheE-JcharacterlStlCSlnaWlderangeorthe
electrlCfie】d.

･However,thedevlat)Onbecomeslargeatlowcurrent

denslt)eSeSPeCIallyathlghtemperaturesThereason
forthlSdevlatlOnisconslderedtobeattrlbutedtothe

expressmnofg2atlowcurrentdensltleS
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