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PinnlngPropertyofBi-2212SingleCrystals
WithColumnarDefects
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AbsLTaCL-ThecntlCalcurrcnldensityartdLtlelrreyersibjllty
fieldweremeasuT･edbeforeandarlernickeHonirradlationror

臥2212singlecrystBLIsirtanoptimallydopedoraJtOYerdoped
slateinamagnetie丘eldparallellothedirectionoHrradiatjon.
TJleCriticalcurrentdensLlywaLStheorctjcaIIycalctJLatedbyuslrtg
thesummationtheoryandthenuxcreep-nowmodelFromthe
comparisonwithexpcrimenlalresultsthecot)derLSationenergy
densitywasesllmaledToreachspecimen.Theseresultsare
comparedwithaSimllaranalysJSOnlhree-dimensiona一Y-123.
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superconductorsl1日3]However,theImprovementorthepln一
mngPrOPertleSSuchascrltlCaLcurrentdensl【yandlrreVerSlbllity

rLelddependsonthedlmens10na)ICYOrSuPerCOnductorThatJS,

theimprovementlSratherweaklntwodlmenSIOna】Bl12212and

Bi-2223IncornparlSOnWlththreedlmenS10nalY-123rnllSdlf-

ferenceseemsLObeattnbutedtothedlfferenceorthesLEeltglll

ofsuperconducLJVltylnblocklayers.Therefore,theanalysLSOr

theplnnlngStrengthlSexpectedtobeusefulfortheevaluatlOn

orthestrengthofsuperconductJVllylnblock)averslntwo-d1-
m enslOnalsuperconductors
lnLhlSstudy,thecntLCaLculTentdensILyaLldthe)rTeVerS]bHlty
fieldweremeasuredforB1-2212slnglecrystalslrradlaledby
nlCkelIons,whLChwereinanoptlmallydopedoranoverdoped

slate.TheseresultswerecomparedwILh山elheoretlCalcalcu-

1auonbasedonthesummauontheoryandthenuxcreep-now

modeltoestlmatetheekmentaTyPlnnlngforceofcolumJlaT

defectsThecondensatlOnenergydenslty averagedalongthe

c-a光lsWasCalculatedarLdtheresultISCOmParedwiththator

athree-dlmenSIOnalY-123.Discuss10n)Sg)VenOn山erela110n-

shlpbetweenthecondensationenergydensltyand也edlmen-

sl0nalltyOfsupcrconducLor
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TABLEI
SpECIFICATl0NSOFSpECtMENS

5PeClmen dopedcondLtIOJl dose T{
レop optlmum
04-op optLmuln
1OICP OptLTnum
b10V OVerdoped
04-ov overdoped
i01OY OYerdoped

no 89K
O4T 891く
10T 861く
no 84K
O4T 83K
10T 80Ⅸ

n ExpERIMENTAL

A Specimens

Specimens were B1-22I2 slngLe crystals prepared by

KCHluxmethod l4】 TypICalslZeOfthespeclmenswas

2mmx2mmx4jimandawldesurfacelSperPendlCulaTtO

thec-axisThestateofdopingwasconLrol1edbychanglngthe

parttalpressureOfoxygendunnganneallngProcessandtwo

typesorspeclmenSWerePreparedThosewerelnanOPtlmally

dopedoraslightlyoverdopedstate.ThesespeclmenSWere

lmdlatedalongthea-axISbynlCkelionswlththeacceleration

energyof180MeV･ThecorTeSPOndLngmatChlngfleldfordose,

B少.was04andi0T Theaverageradiusof山ecolumLlar
defectsIS20mm,asobservedbyTEM l5]ThenlCke)Ions

pelletratethroughLhespeclmenthlCknessSpecIFIcat10nSaTld

crltlCaltemperatureeStlmatedbyDC susceptlbllltyOf山e

specimensareI)sledLnTableIThecntlCaltemperatureIS

sllghtlylowerfortheoverdopedspeclmenandltdecreasesWl山

IL1CreaSingdoseorionLrradlauOn

B.Measurement

DCmagnetizauonhysteresISWasmeasuredlnamagnetLC

FIB)dalongthec-axISbyaSQUIDmagnelomeLer(MPMS-7)【o

estlmatethecntlCa]curTenldensltyandttleLTTeVerSlbHltyrleld

Stncuyspeaking,theyalueofcntlCalcurrentdependsondle

electrlCGeldatwhichtheDCmagnedzatlOnhysteresISISmea-

sured.ArelaよatlOnOfmagnellCmomentWasObservedaJld山e

electrlcfieldvs.currentdensLty(E-J)chalaCterlShcswaseval-
uatedfromthefoLlowlngequations

J= 127も
W2t(3l-W)I

E=- FLo dTh
2t(I+W) dt'
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L

aLld7丸lSthelrreVerSlblecomponent0fthemeasuredmagneLIC
momentThen,thecrlt】Calcurrentdensltywasdelermlned

bythecurrentdensILyatwhichtheelectncfielddecreased
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Ⅰ :B.=OT 010-2 叩 ) 100Flg1 MagrlelICFICLddependenceolcntlCal
currentdensltyOfoverdopcdspcclmenSOfbcrore.

a+=04TaLlda+=10Tat20Kto20×10-8V/m TheLrreVerS
lb]]ityfieldwasdeLermlnedasthefLeldatwhlChthecnllCalcurrentdensLty

decreasedlolox107Aノm2

ul

RESULTSALIDDISCUSSIONLt'FLg1showsthemagnetlCfLeldd

ependenceofcrlLICalcurrentdensltyln山eoverdopedspeclrnen

at20Kforexample.LnthecaseofB¢≡1･OT,theenhance
mentofthecnticalcurTentden-sitylSSlgni血:antandlhcpeakef

fectdlSaPPearSOntheotherhand,JcISnOLenhancedapprecla
blylnlhecaseorB4,=04TTheterldencylSalmostthesamea
slnLheoptlmaHydopedspec-lrnenTherefore,hereafterthedlSCuSS10nWlllbefocused

onlyonLhecaseOrB4-1･OT･Flg2ShowsmagnetJCrlelddepeTl

denceofthecnLicalcuJTentdensityof山eoptlmallydoped

speclmenOfBd,= 10T･Theresultsontheoverdopedspecim
enareShownlnFIB3Flg･4represents山eenhancementEacLor

ofJcbyuTadlaLIOnOfB4,-10TfortJletwoSPeCLmenSThlSfa
ctorlSlikelytobehlghaLmedlumfieldsandalmedzumt

emperatures.ThereducuonofJcathlghlemperaluresISattrlbutedtothedecr

easeofTcbythel汀adlatlOnFlg5showstemperaturedepen

denceofthelrTeVerSIbilltyfield,B.,Foreachspecimenbeforea
ndafterthelrTadJat10nBe-forethelTT'adlatlOn,theslopeofthe

curvechangesdrasllCallyatthecntLCalpointbetweenthetwo-
dlmenSlOnalandthree-dlmen-slOna)vortexstatesataroundT

/Tcと03.However,thlSChangelSSrT)earedoutbythetntroductl

onofstrongpLnnlngCentersSomeanomaliesTnaybefoundaLmagneLICfieldaboutLwlce･a

ShighasthematchlngfleLdHerethecrltlCalcurrentderLSIL

yLStheoretJcallyestlmatedForslmplICltyWeassumeanIde
alcasewhereLhermalLyacu-vatedmotlOnOfnuxlinesdoesnott

akep)aceItisalsoassumedthatcolumJlardefectsofradjusTo

WhlChpeneLlatethroughthesuperconductorofdllCkLleSSiaredlStnbutedra
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8(T)3 Magnet]C鮎lddependenceofcnucalcuErelltdensltyOto
verdopcdニlmenln(a)two-dJmenSlOnalvortexstateatlowLcmpcraLuresand(b
)Lhrec･ens10nalvortexslateathlghtempe

raturestheabove¢olSanuXquanttJm.Then,thev)rtualcnu
calcur-LldensttylnthecreepfreecaselSexpresse

dasl6lJc｡

- 響 , (5)ere771SaPlnmugefrlCZenCy-

1 - α1+α-(S+1)+V/82+6S+

123 (6)<

1, (7)】a=4･o/7
T2ro2Bd.tnthepractlCaLsltuat10n,thecr山calcurrentdenslly

lSSlg-lCandydeterlOratedfromJcodueltOthenuxcreepSu

chcrll-LcurrentdensltyCanbetheoreptlcaJlyestimatedusmgtheflux 10-2

100

8(T)Fig4 EnhancementfaCtOrOfJ｡bylmdlat10nOrB
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TABLEII
PINMNGPARAMETEftSINB1-2212SLNGLECRYSTAL

temperature 叩eClmen JL,,. 仇
reglOIl
<40K
<40Ⅹ
>40Iく
>40Ⅰく

叩
小
叩
.?

_01｡
げ
が

x
X
x

o
8
8

creep-nowmodelm Accordlngtothismodel,theplnnmgPO-

tentlalforbulksuperconduclorlSgIVenby

UO-欝 芸裟 (8,

where92ISthenumberofnuxlineslnSldethefluxbundleThe
maBnellCFieldandtemperaturedependenceofJcoatlowfields
ISassumedas

Jco-A(1一打 BT-I, (9)

whereA,m and7 aleplnnlngParameters
TEMobseryatlOnSrevealedlhalthedlSlnbutlOnOfcolumnaT

defects)snotunlrOm butrandomーHence.LtlSnecessarytOIn-

troduceaw)dedlStnbutlOnOftheparameterAlnJcobecause

ofsuchadLStnbuLH)nOfN;In(5)Then,anumencalslmU]a-
1lonJSCamedoutPlnnlngCentersaredlStrlbutedrandomlyon

asquarenuXHnelatticeCOnLalnlng10x10fluxlinessince

g2fortwo-dimens10nalBt122121SCOnSlderedtobeL,themax-

imumplnnlngforceWhlCheachfluxlineeXperlenCeSdunnga

travelbyonelaltlCeSpaClnglSestimatedFromah)sLogramof

thisforce,adlSlnbuuonFunctlOnOfAISaPPrOXlmatelyfittothe
Form

J(A)-Kexpl-(logA三言gA-)2]･(10,
whereA7TLISthemostprobablevalue,cr21SaPaTamelerrepre-
sentingthedegreeofdevlauOnandKisaconstantltisround
tha=hJSdlStnbuuonfunctionWlthq2-010approxlmalelyBts
totheresultofstmulatJOn

Thevalueof921SeShmaLedsuchthatthecrltlCalcurrent

densltyunderthefluxcreeplakesonamax)mum valuel8】

DerlVedLheoreuca192valuelSLe･ssthanunlLylnWLdereglOnS

ofmagnetic丘eldandtemperature,aSWasSOlnPreVIOuSCases

ofBii2212[7]Thus.we･usedthelheoreuCalmlnimumvalue,

92三 1･ThecrltlCa-currentdensLLylSdeLermnedfromcalcu-
latedE-JcharacterlSLICSWlththeelectrlCfleldcmenonEc=
2×10-8V/m･whlChcorrespondstotheexpenrqentalanalysts
Tab)erILLStSPlnnlngParametersObtainedbyrLtungthe

theoretlCalresulttotheexperlmenlalre･sul11ntwo-dlmenSIOnal

and血'eep-dlmenSIOnalvortexslatesattemperatureslowerand

higherthan40K,respeC【1VelyTheradiusOfthecolumJlaT

defectsIST0- 20nmaELdtheLhlChessorthespeclmenlS

d-30-60FLm SoudlineslnFlgS.2and3showtheoretical

result等9fthecrLtlCa)currentdensltyltlSFoundthattheagree-一･

mentlSfaLrlygoodexceptfortheresul【Saroundtheboundary

temperatureOf40K

lnthecaseofopLlmallydopedspeclmen,WeeStlmaLeaSα≡

184×10~2andり-096Thus-JcoatlTandatT/Tc-081S
calculatedas118×107AJm2by(9)andparameterslnTableI],

wherethemostprobablevalueisusedforA Frornthlsvalue,

wehaveBc-58×10-2TwilhLhea'dor(3)<5),resuILingln
Bc2/2川,≡13x103I/m3 1nlhecaseofLheoverdopedspecl
-men.wehaveBc-I8×10-ITandBc2/2FLo=1･3×104I/m3
m山esamecondltLOnTherefore,thecondensaLLOnenergyden-

sLtylntheoverdopedspeclmenlS10timesaSlargeasthatlnthe

optlmaHydopedspecimenThecondensatJOnenergydensityof

anY-123slnglecrysLal【61at1TandatT/Tc-081SeStlmaLed
as48x104∫/m3fromthesaLneanalysISThus,thecondensa-

110nenergydensltyOhhree-dlmenSLOnalY-1231SrnuChlarger

eventhantheoverdopedB1-22L2Suchdifferenceofthecon-

densaLlonenergydensltyOnglnateSfromthedlfferenceorthe

superconductJVILylntheblocklayerandthelayerlhlCknesslt
shouldbenotedthatmuchlargervalueoFLhelrreVerSlbllilyrLeld

lnY-123JSaurlbutedLosuchalargecondensalLOnenergyden-

sLLyandtolargeg2

lV SuMMARY

FromtheobservedcntLCaLcurrentdensLLyOrB1-2212spec-

1menSWlthcolurnnardefects,thecondensat10nenergydensity

waseStlmatedThecondensa110nenergydensltyOrOVerdoped

speclmenLSfoundtobe10urnesaslargeasthatlntheop-

umauydopedspecLmenThecondensauonenergydensltyOf

Y-123S=1gLecrysta)lSfurtherlaTgerthanthatorlheoverdoped

B卜22L2 SuchdlfFerenceofthecondensauonenergydensL【y

ongLnateSfromthedlfFerenceoftLleSuperCOnducLIVLtylnthe

blocklayerandthelayertLtlCkness
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