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CharacterizationofCriticalCurrentDensltyln
Silver-SheathedBi-2223Tape

TeruoMatsush]ta,Yosh)koHJmeda,Masaru KluChI,)unFuJlkaml,andKazuh]koHayashl

Jlbslrqcl-Thecriticalcurrenlpropertyorasuperconducling
Bi-2223tapeproducedbytheoverpressureprocessinR且ttheFinal
heatLrealmcJltWasinvestjgated･ThecriLicaJcurrentdensllyln･
creasedbyabclororl･61J･8a177.3KincomparisonwithLhc
tapeprodLJCedbytheI)5ualprocess.Thus,thecriticalcurrentin-
creasedinspiteorareduction]rl一he61amer)tthickness.ltwasal50
roundthattheirreversibjlityfieldiJICreaSedbyaractoror134at
77･3Kby一henewprocess.AJSareSu)I,theenhancementorLhccrit-
lCalcurrentdensllyathigherfieldsisremarkable.Theseresults
suggestlhaHheoverpressureprocessnotonlyenrlChcsthemass
Coneenlralionorlhesuperconduclil1gphasebutalsoconlribuleslo
thec･axisallgnment･Thisi5Supporteddireellybythereductionor
FWliMofrockingcurveandindirectlybyanenJlaneementthen
value･Thecrltica]currentpropcrLyallowertemperaturesisa)so
lnvesligatcdandthepOSSibLlityortherurlherlmprOYCmCntOrthe
properlyisdiscussed.

I,ldeJ Te,,TIS-Bi-2223 tape,crltICalcurrentdensity,lrre-
versibilityFicld,nyalue,overJ)reSSurePrOt:eSSmg･

11NTRODUCT10N

StYa7号.R,Ca諾 .BaT.ITISceB:こ2e2,2a:,.tyaph冒hhca,器.can.h霊 cpn71三an;
beenach)evedandvery)OnewlreSWllhahlghhoITIOgeneltyhas
beenconsLantJyfabrlCaledHowever,west))1needfurtherde-

velopmentofthecmZcaLcurrentaswellasthereducL10nOfthe

AC]ossestoIncreaseLJlePOlenualofB112223tapesTorprac-
tlCaJuselnfact,LJleenhancementofthecntlCalcurTenlseems

tobefeaslble,sLnCeaqulteh唱hcntlCa】currenldenslIyhasbeen
round)ocallybyamagneLo10Pt)Galobservauonll]andtheanaL-

ysLSOfE-JcurveswhLChc]an鮎sthedIStnbutlonorthelocal

cnucalcuJTenLdens]tyalsosupportsthisresultl2]

OneorthelnlPOrtantfactorswhichdetermlnethecrltlCalcur-

rentdenslLylSthedensincatlOnOfthesuperconducL]ngB1-2223

phaseaswellasthec-axlsorierLlatlOn･ForthlSPurPOSe山eaP-

PllCaLlonofhighpressurehasbeenlnVeSugatedlndeLalll31Re-

centlywehavedeveLopedanoverpressureprocessandahlgh

lsostaLJCPressureOver20MPaISaPPlledtothetapedunngthe

finalheatt∫ealmenLlnaneWfurnacel4日n山ISPaper,thecn1-

lcalcurrentpropertyorasuperconductJngLaロefabncatedbythe

overpressureprocesslngW】11belnVeStlgatedlndetallDLSCuS-

S]onw日日)eglVenOnthefeaslbll)tyoffurtherdevelopmentor

thecr山caIcu汀enldensl【y.
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u Exl巧RJMENTS

Speclmen#lusedlnthelnVeSugal10nlSaBl12223tapefabn-

catedbytheoverpressurepr∝esslngThesHverratLOOfthelape

lS1.5andthecrincaltemperalurenleaSUredbyaDCmagneL12か

tlonlsIO7KForreferenceausua)tapespec)men#2fabncaled

lnanamblenLpressureWasalsoInvest)gated

Themlcroscoplcobservat10nOfthecrosssect10nrevealed

thattheaverageoffi)amentLhlCknessdeRnedaHhecenterof

eachfilamentwasreducedLoaracLoror084,suggest)ngthat

山esuperconductmgPhaselSdenslrledThLSLSCOnSIStentWlth

theLnCreaSelnthemassconcenlratLOnbyl2% AHhesametlme
thestandarddevlatlOnOftheLiLamenlLhLCkJleSSWasreducedto

afaclororO78Hence,)IJSfoundthauhlsnewprocessnotonly

denslfiestheR1amenlbutalsoIncreasestheLLnlrOrmJtyOfLhem-
amenHhlCkness

ThecrltlCalcurrentdensllyofthetapespecimensWasrTlea-

suredresIStlVdyat773K"1aJllagneLICReJdwlLhdJrrerenLan-

glesfromtothetapesurfaceThenvaluewasesnTlaledfrom
theEIJcurveMagnetlzal10mmeasurementWasalsodone
uslngaSQUIDmagnetomeLerlnthelemperalurereg10nOf10

lo773K,andthecrltICalcurrentdens)tywasestlmaLedbyex-
tendedBean'smodel

ⅢlRESULrSANDDISCUSSION

F】g.1ShowsthecntlcalcurrentdensllyorthetwospecmlenS

lnamagneticfieldparal一el(0-00)andnormal(C=900)to
thetapea1773K ltlsroundlhalLhecrltLCalcurrentdensltyLS

enhancedbyaracloror16-1_8mthebothfielddlreCuOnSby

theLnt∫OducL10nOftheoverpressureprocesslngThlsexplalllS

theenllanCementOr山ecntlCa】cu汀entlnSplleOr山ereduct10n

orthecross-sectlOnalareaOfthesuperconductLngres)On

FIg.2showsthefie)dangledependenceofspeclmen#1

Whenthecrlt)Ca]currentdensllylSrePloLtedversusthenorma一

magnellCfieldcomponentto山etapeaslnFlg3wlth0de-

notingafieldanglefromthetapesurface,amastercurvelS

obtalnedFromapolntatWhich山ecr)llCalcuTTentLSSaturated,

tJlemSOnentat10nang)e)～eSllmaledLobeLntherangeof7

1olooAFWtn40farockmgcurveofaslmlIaTSPeClmen

preparedbytheoverpressureprocessLngIS970,whichlS

ImprovedFromthatof)030fortheusuahape

Flg4ShowsthenvaJueohhetwospeclmenSmanlagnehc

fie)dnormaltothetapesurfaceThenvalueofspeclmen#1

]shlgherthanthatorspecimen#2,andexceeds20lntheab-

senceormagnetlCfieldAM10ughtheenhancementofthen
valuelSllmlledlnthelowFLeldregIOn,lhlSSuggestsulalthe
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Figl TraJISJX)rlCntlCalcurTerLtdensILyOrSfXClmenS#IaTld#21namagneLJC
肘dpaEallelaJldnonTla1101ktapesurfaceat773K
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Flg2 TraJISPOTtCnLLCalcurrentdensILyOfspeclrnen#llnamagneLICI)eldor
vュnousdlr∝nOnSat773K

un)formltyOrthelocaLcrltJCalcurl'entdensLlylSlmPrOVedby

thenewprocess

Flg5ShowsthecntlCalcurrentdensltymeasuredFromaDC

magneLIZat10na1773KThlSValuelSlower,especlallyaLhlgh
magnetlCRe)ds,thanthevalueobLa)nedbytheres)st]vemea-

surementlnFIE1ThlsLSdueLO山edl仔erenceorlheelecnc

Reldcntenonl5]..LISOfLheorderor15×10-10v/mlnLhe
magneLLZationmeasurement,whLleltlS10x10-4V/mLnthe
reststLVerneaSurement

ThemagnetlCCntLCalcurrentdensltylntheloweleclnc鮎ld

regloncanbeestlmatedwlththeavaluelnspecLmen#2,n-

81andLhetransporLJc-82A/rnm2alB-010Tnormaho

tsT.egthat7,e.S:rgfTearc:h-aenadti:I.hbesem,:芝dnevt:LJec.off.●56AA,/llrT:n22,aT註C.hull:
JnFlg6ThlSmeansthattheeffectlvenvaluedecreasessllghtly
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10T2 Bs.ne(T) 10~1Flg3 TranspoTIcnucalcurrcnldensltyOfspeclmen#
lversusamagnetlCFicldcornponcnlnOmlaltothetapesurfacea

L773K β⊥tape

■ #10 口 許20 丁=77.3K

0一0 8(丁) 01F,g4 rlValueofsFKC.menS#Land#21Tlamagnet.CFIB)dnor.T.aJ

10thetaFKsurfaLCe_aLveryLowelecLncfieLdsLftheaverag

envaluelSdeflnedlnthe,eg10nOr10~10- 10-4V/m,
ltamountsLo770ntheotherhand,thesLm)1aranalyslSWLthn-
92andtheLrallSPOrlJc-15×102A/mm2aeadlo34

A/nlm2forspeC.men#)althesamemagnellCFie)dThlsvalueLSSl

lghtlysmal)erthantheobservedvalueof38A/Inm2,.ndlcat.
ngthattheeffect.VenvaluelS)nCreaSedto99Thus-thelmpr
OVenlentOfthenvaluelSremarkablein山el

owelecLTICGeldreglonThlSdlfferencelSeXPlalnedbyaleFact

LhaLthestateoffluxHneSISClosetothellquldsLale)nspeC]men

#2,whLleltlSCloselotheg)assstatelnSPeCLmen#IForth]s

reasontheenhancementofthecrlllCalcurren(densltybecomes
largeratahlghermaB-nelLCheldZnotherwords,thelrTeVerSlbl

ILLyFIeldlSlnCreaSedbythenewprocesslnfact,JfthelrreVer

SlblllLy鮎IdlSdeflJledbythecurrentde■-sltyCr.Ler)onor10A
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FIE8 FaclOrOrtmprOVementOfE-gTletlZaL10nCnLICaJcurTemdensltybythe
overpressureprocesslngforamagneLICReld(a)pa∫alEeLaTld(b)norm.lIl0the
tapeSurfacc

amagnellCFieldparalleltothetapesurface,Somegratnshave

alargecLIrrenLCaPaCILyAllorthemcitnCOnLrlbuteLothemag-

net]zatlonJcevenlfthesegraLnSarelSOlated-whlleonlyatew

gralnSCallCOnlr】bulelothelransponJ｡duetoapercola110n

problem Therather)ow anisotropylnthetransportJclnthe

overpressureprocessedtapesuggeststhatthereLSalargeroom

ForaFurtherHllPrOVementOrthecritlCalcurrentdens)tybylm-

provlngthepresenHechnlqueThLSWHLtxeffectlVeLyreal)Zed

bytheImprovementOfthecrys(al(ltlgnTTlent

tV SuMMAFIY

ThecrltJCillcurrentdensltyOrtheBll2223Lape preparedby

theoverpressureprocesslnglSlnVeSL唱ated=1deLalJlHSround

thatthecrLLICa)curTenldens)LylSdrasLICally)mproved,whlCh

cannotbeaunbutedon)ytotheenhancementormassconcen-

LratLOnOrthesuperconducLlngPhase･ThlSISCOnS]deredLobe

causedbytheLmPrOVemen10rgralnCOnneC(rvlLyandcrysta)

alLgnmentTheobservedLmPrOVementOr山enva)uesuppoJIS
thlShypothesISAsaresult.the]rTeVerSlbHlryfieldlSalsoln-
creasedandLJILSbrLngSaboutthegoodcnucalcurrenLPerfor-

manceaLhlghfie)dsForthesereasons,theoverpressurepro-

cessmglspromlSlngforthe"llPrOVemCnlorthecnucalcuTTenl

pTOl光rLyoFB)-2223tapesandafurlheTlmPrOVementlSeXPeCled

byoptLmIZaL10nOrtheprocesscondlllOnS
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