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EnhancementofCriticalCurrentDensltyandFlu丈
PinmnginBi-2212ThickFilmsDuetoMgOAddition

BaorongNl,MasaruKiuchl,andEdmundSo)iOtabe

AbsLracl-Lnordertosubstjtulecheapersheathmaterialsbr
Ag,Bi-2212supercorLductiFLglhickGlmsgrownonOXidi乙edNisub･
如ateswerepreparedbytis)nganormalpartialmeltprocess.0-5
'yol%ofheMgOprticLesweredopedinBi-2212phasedL)rirtg

監la.bernisci芯iてこcf,o;nlhBei_P2u2T;?S;hO:seanAapT:mwee;ioafn'aT;zcerjt諾Ziicnr;
AissistBnCeSOrX･raydirrraclomeLerCKRD)andelectronprobemi一
幸roanalyzer咋PMA).ThecrjlicaltemperatureandJ｡weremea-
suredbyllSingtLleCOnYen一ionalresisliyemethod(4-probemethod).
山川PParenlimprovementinJccharaeterislicwasobseryedin一hc
sampleswithfineMgOparticlesdoped.TheJ｡valueinlhe5voL%

tEIだeo,dAOgese.:eSa諾epdLesar:pc.he:チ::rL.hhee:emVoeiec,0.nhteP?,rraebyleer霊t.-.tiLtI1aR.tei3
筈asconnrnledlobelargelyenhancedbytheadditionofMgOpa一
Bcles.ThepinparalTLeterSderiyedfromthescall爪gbehayiororpin-

yngforcedensityturnedouttobeSIJT-ilarlothosepredictedhthe
caseOfnorma一precLpltatenuXPmnLng,lndicaling一hatMgOpar一
肘cslnB1-2212actasefrecLivepmnlngCenterS･
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l.1NTRODUCTIONORthernoslpart,theindusLnalandsclentlficappllCat10nS

Torhlgh-Tcsuperconductors(HTS)requlreSthelow-cost

uctlOnOrlonglenglhsofwlreOrtapewJthsufficlenLllle-

LCalflexlbiLILyaswellassuperlOrCntlCalcurrentCharacter-

lgicAlthough B卜22)2superconductlngmaterial.sconsldered
畜OneofthepromjslngCandldalesforappl】cauons,oneofthe

;obstaclestotheinduslnalprogressIStheh∫ghmanufac-

cosl,sincealargeamountofAglSrequiredforthesheath

IreOrtapeFurthermore,thecrlLICaJcurrentcharacterlStlCln

2212sl111remalnSrelatlVelylowleve),compaflngWl山that

LherHTSTherefore,ILISlmPOrtanHoreducethemanu-
rlngCOStbysubstltu【lngOdleTCheapersheathmaterialsfor

,aswellastolmPrOVethecrlLICalcurrentChalaclerLStlCby

anclngthefluxplnnlnglnBl12212.

ecently,somesLudleSOnSubstltuLLngOthercheapersheath
terlals,eg.Nl,forAghavebeenreported〔1】,【2].[4]h

astudleS,ItWasClarifiedLhaHheN10bufferlayerformed

thesurfaceofNltapePreVentS山eBト2212phasefromNl

taminatlOnandbnngsacerlalnqUalltyLnSuPerCOnducllng
acter)stJCSOntheotherharld,wedemoJ)StratedlnOurPre一

anuscrlplrCCeJVedAugust5,2002ThlSWOrkwassupportedlnPartby
トLn-ALdtorYou,･gSczentlStS(8)fromJapanSocLeLyfortheProJT･OL･OnOf
cc(JSPS)
Nl.SW.LhtJ.eFaculLyorEngmeerJng,FukuokaLnstltuleorTechnology,
kaBH-0295.Japan(亡-mallrlee@rJtaCJP)
KLtJCh.andESOtabeareWILhtheFacultyofComputerSclenCCand
msEngLneerlng.KyushulnstJtuLeOfTechnoJogy.lほuka820-8502.Japan
鳩ltalObleCLIdentlfler10I109/mSC20038125I8

vlOuSStudiesl3],[4】thattheaddLtlOnOffineMgOpartJCleslntO

Bl12212phaseenhaJICeS山ecrlbcalcurrentdenslty(Jc)inbulk

andthlCkfilmsamplesTheenhancementwasconslderedasthe

resultoftheImprovedfluxplnnlnglnteraC110nduetoMgOpar-
1lCles

TnthlSStudy,wepreparedseveralkindsofB1-2212super-
conductLngthlCkrllmsgrownonoxldlZedNISubslratesSev-

eralvoZ%ofrlneMgOpaTtICleswereintroducedJntOBLl2212

phaseforthepurposeofenhanclngthecnuca)currentcharacter-

1StlClnB1-2212ThestructuresandsuperconducILngprOPerl1eS

wereLnVeStlgatedAdlSCuSSLOnbasedonthenuxplnnlngdue

tonormalpartlClesandthescaL▲ngortheglobalplnnlngforce
densityWasglVen

rrExpERIMENTAL

A SamplePrepaTlatLOrZS

Thesampleswarepreparedusinganormalpartialmelt
processNISubstra一cwlthoxidiz.edNIOollItsSurfacewas

prepared.meoxldatlonwascamedoutat600oCfor20hours
lnthealr,andthelhLCkLleSSOfNIOwasabout15/Jm Several

voI%offmeMgOpaTtlClesorabout200nmlndlamelerwere

addedintoPreV10uSlycompoundedB1-2212powders The

mxturewasdissolvedlnaSOIvenLCOnSIStlngOfanorgamc

bLnderThen,theresulungslurrywascaslon山eoxldlZed
NISubsLTaleFina日y.aheattTeatLnentOfnormalpartialmell

processwasapplied,wlthavaTiatlOnOfmeltlemperaLureac-

cordingtOtheamountofdopedMgO Thesamplepreparaし10mS
weredescrlbedlnrurtllerdetallelsewhere[4】

B AnalyzesandMeasuremenLs

ThecrysLalllnltyandmlCrOStruCtureOfsampleswereldentl-

fiedaJldanalyzedwLththeassISLancesofX-raydlffractomeler

(XRD)andelectronprobemlCrOanalyzer(EPMA)Thecrys-

ta111nephasewasldentlfiedasB1-2212forthemostpart,whlIe

atraceofNIWasalsodetectedlJ)allsamples.ltwasfoundthat

山emajorl【yoftheflake-shapedB1-2212crystalsalealong山e

Ni/N10substratewlththec-axISPerpendiculartottleSubstTale
surface

F)AIshowsanexampleorSEMlmaBeOfthepoIJShedcross-

sectlOnOFBL-2212SarnplesTheaverageorthethICknessof
Bト2212phasewasobtalnednsabout18-30FLm ThewhltlSh

partLClesunlfonnlydlSperSlngLntheBl-2212phasewereob-

servedlnthesampleswlulMgOdoped,whllenosuchwhltish
paruc)eswereobservedlntheMgO-freesampleTheseparti-

cleswereconflrmedtobeMgObyelemenlmapplnganalysIS

andaddltlOna)quaLllauveanalystsOfEPMA
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FLg1 SEMlmageOfthe
poLIShcdcross-sect10nOfB卜22]2TllethlCknesscsofB1-2212pLlaSCandNIOaTCabout251JmaLld15l▲m.reSPeCtlVely

TABLEICRITICALTEMPERATURESINVARlOUSS

AMPLESMgOaddlILOn(vol%)n ecntlCaltemperature(Tc)

andcritLCalcurrentdensl【yweremeasuredusingaCOnVent10naLf

our-probeTeSIStivemethod.Thetemperatureandapplledmagnell

Crleldwerevanedfrom42Klo100 KandfromOTlo10T,respe

cllVelyThemaxlmumOftransportcurrentflowlnglnSampleswasL

lmlLedtoabout150A,whlChcausesatemperaturenslngOfseveraldeg

rees)nsamplesThelempe
ralureofsampLeswasmonltOredandrecordedlnreal-time

TTledLreCt10nSOftlansportcurrentandmagneticfieldarew I

Lhintheab-planeofB1-2212crystalandperpendlCuLareachot

her tIIRESULTSTableIgi

vesthemeasuredcntICalLemperatuTeSlnVanOuSsamplesAllhough ul

erelSaCerLalndispersionorTevaluesbe-tweenthesamples
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FIg4 TcmperaluredependerlCCOflrreVeTSlblllLyrteldThe
openandrllledclEClesdenote【heva一ueslnSarnP)eswllh3and

5yo1%MgOdoped,respectLVely8.,,.ntheMgO-freesarnpEear

ealsoplottedforcompansonbementl
Onedlater,theraL100fJcbetweenthesampleswLlh5and3

vol% MgO dopedunderacerlalndcfieldcanbe10nSldere

dtobeslmplyproportlOnaltothetotalsurfaceareaofMgOp

aTtlCles,Ie,theratIOOfvolumepercentMeanwhl1e.山eexp
enmentalvaluesoftheJcratloareglvenfromFIE3as50for

B - 1TandT-45K,whlChlSqultelargerthan血eexpectedvalueo
f5/3ThlSquanLltatlVedlSCrePanCymayぬcausedbythedLfferen

ceofthelrreVerSlbll)[yfieldlnthe2satnples,slnCea

largeenhancementofBmWasObtalnedlnthe3vol%MgOdopedsam

pleasshownbelowOntheotherhand,thepeakeffectl

nJcwasobservedLnthe血mplewLth

5vo1%MgOdopedasshownLnF1g2(b),whLleD6suchphenomenon

couldberecognlZedlnOthersamplesthathivelessMgO
addlhonandlowercrltICalcharacLerlStlCThe如kfieldofa

bout2TseemsLobemuchlargerthanthatob-hrvedlnaBl12

212slnglecrystal【6]ThlSdlfferencemayhave品merelah

onwlththeenhancedlrreVerSlb111tyfieldAssofar,脆ereha
sbeennoconsensusabouttheorlglnOfthepeakef-fie(,although someLnterPretat】OnS,SuCl-as2D13DdLmenSIOI-a

l1nthevortexstmcturel6]ormatc

hlnge拝ect【7],wereFurtherlnVeStlgatlOnlSprOCeedlng'
､ThelrreVerSlbllltyfleldwasdefinedt'y山emagnetlCfield

atChthecrluCalcurrentdensitytSreducedto106AJm2At

ertemperatures.becausethecrltlCalcurrentexceededthe

axlmumCurrentoutputofourdcpowersupply,thlSVal

uewasrmlnedbyextrapolatingthe･experlmentalJcFlg

4showstemperaturedeperldenceoftheLrreVerSLblllL

yFJeldsulthep)eswltJ13and5vol%MgOdopedCompafLngWllhthat
theMgO-freesample(denotedbyfilledrectangle),B.rrwas

FICientlyImprovedbyseveraltlmeS
Flg5showsthetemperature-scalingO
ftheglobalplnnlng
orcedensltleS(Fp
'S)･nthesampleswlth3and5vo】%MgO

Fed ,w
h eremagnetlCfieldandpuⅦlngforcedensltyarenor-

･zedbyB .,ran
dthelnaXLmumOfF

,
(F
pmax
)
,respec
tlVely
dlSOrderedscallngbehavlOrlnlowermagnetlCReldand

ertemperaturereBIOnSmaybecausedbythe coexistence
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Flg5Scal.ngbchaylOrOrtheplnr"ngforcedensLlyThemagncILCfleldLS
normallZedbytheexpenmental
B
.,,TheSOILd-llneLSrlttLrLgCurveglVenby(2)

ofmultlPIenuxplnnLngmeChanlSmSlnthesetemperatureand

magnellCfieldreglOnS
AccordlngtOtheconventlOnalfluxplnnlngtheoryl8】,

[9】
,
thefluxpLnrungforcedensltyLSrepresentedbythefollowlng
scallnglaw

F
p
(a)αbT(1-b)6(2)

wher eb-B
/

BLrr,7an
d6arescallng (orpJn)pa∫amelersILIS

wellknownthatthescalingpararneterSareaffectedbytheflux
plnnlngmeChanlSmlnthesuperconductorlnourcase,7an
d6

areobLalnedbyflttlngthescalingShownlnFlg5as08and
11
,respec
LIVely-
ThesevaluesareslrrulartothosepredlCtedln
thecaseofstrongfluxplnnLJlgduetorLOrmalprecIPltateSl10].
eg,7-1
/2-1and6-1,1ndlCatltlgthatthefLneMgO
particlesdopedIllB1-2212phaseactaseffectivePlnmngCenters

andenhancethecrltlCalcurrentcharacterlStlClnhlghmagnetlC
fieldandhlghtemperatureregtons

IVCoNCLUS10N

BL-2212superconductlngthick氏lmsgrownonoxldlZed

NISubsLrateswerepreparedusinganormalpartialmelt

plOCeSSSeveralvol%offineMgOparticlesweredopedInto
B1-2212phaseThecrltLCaltemperaturewasconfirmedtobe

urllnfluencedbytheaddlhonofMgOparuclesThecrlhcal

currentdensltJeSlnthesampleswJth0,
3and5vo 1



lEEETRANSACllONSONApPL血 SUPERCONDUC'nVITY〉OL13,No2J

plnnlng TYLeresultcan beconsideredasevidencethatMgO

particleslnBi-2212actaseffectivepmnlngCenters
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