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Resistancanomalyin high-temperatursuperconductorHTS) YBa Cu O (YBCO) and
Bi Sr CaCuO (BSCCO)thin Im microstrips,coveredby gold thin Im, wasobsenred.

The resistanceof the microstrip bilayer increaseaup to about30% above the bilayer nor

mal stateresistance  atthe beginning of the superconductinghasetransition. Although

in a numberof recentpublications,reportingan increaseof the electricalresistanceabore

the superconductonormal stateresistance , concerningof nonequilibriumquasiparticle
andpair electrochemicapotentialsin mesoscopisystemsor asa resultof structuralnon-

homogeneityof the sampleswe amguethatthe resistanceanomalyin our HTS/Au bilayers
is associatedvith the proximity effect thataccompaniesuperconducting-normahetalin-

terface. The sharpnessf resistancgpeakcon rms a possibilityto prepareHTS/Au interface
with very high quality.

PACS: 74.76.Bz,74.50.4+1 74.25.Fy
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1 Intr oduction

A numberof recentpaperg1-4] havereportedontheoccurrencef ananomalousndvery sharp
peakin theresistancerersusemperaturelependencat the onsetof superconductophaseran-
sition from the normalto superconductingtate.Besidespapershaving the extrinsic origin of
such“resistancepeak”inducedby the detectionof anexternalrf eld in superconductingveak
links [5], or by astrongnonhomogeneitgf a Im [6], therearemary publicationsreportingona
systemati@ccurrencef sucharesistancgpeak(RP)in mesoscopisuperconductingtructures
(geometricalimensionscomparableo the coherencéength andthe effective penetration
depth ) dueto along-rangeof phase-coheremffectsatthe superconductenormd metal
(SN) interface[7, 8]. Nearthe onsetof thecritical temperature , atwhich the probability of
Andreers re exionsatthe SNinterfaceis reducedanonequilibriumdistribution of quasiparticles
createsa chageimbalancewhich givesriseto a differencein the chemicalpotentialsof quasi-
particlesand Cooperpairs[1]. The chageimbalancdength , Where isthe
diffusioncoefcient and  the chageimbalancerelaxationtime, canbe severalmicronslong
in superconductorwith a large coherencdength , suchasaluminium,andit caninduce
a RP (up to several tenspercentsabove a normalresistance ) nearthe SN interfaceor in a
vicinity of the phase-slipcentre(PSC)[9]. Theresistancgeakcanberecordedf thedistance
betweerthevoltageprobe(onthesuperconductingideof the SN interface)andthe SNinterface
is shorterthan . Thereforethis effect is at presenfpracticallyimpossibleto obsenein HTS
becausef the small coherencdengths. The amplitudeof the RP strongly dependsn applied
currentandmagneticeld, andit is totally depressetly magneticelds abore 15mT [4].

A closeconnectiorbetweerasuperconductdiS)andanormalmetal(N) allows Coopetpairs
to penetratérom S into the N, andon the contrary electronsfrom N into the S. For isotropic
superconductinthin Ims of thickness , thecritical temperature atthe SN interface
is depressedy , Where is zerotemperature
coherencéengthof Sand isanumericafactor mayberelatively large(severalK)
in the caseof low temperatursuperconductor®n the otherhand,the normalmetalundegoes
a transitioninto the S statedue to the penetrationof Cooperpairsin a thickness . In the
dirty limit (meanfree pathin N ) this thicknesscorrespondgo the coherencdength

, where isthePlanckconstanand the Boltzmannconstant.n the
caseof anisotropiqd-wave, s+dwave) high-  superconductorshe transmissiorcoefcient of
chage carriersstrongly dependsn the anglebetweenthe symmetryaxis ( or -axis) of the
HTS andthe normalto the SN interface. Transmissiorthroughthe SN interfaceis the largest
in the directionalongwhich the orderparameter is minimal. Thereforethe morphology
roughnesandanisotroy of theHTSthin Im in closecontactwith thenormalmetalcanstrongly
in uence the propertiesof the SN interface[11].

SNScontactscontaininga doubleSN interface,arevery frequentlyincorporatedn various
typesof low- andhigh- superconductingircuits and devicesbasedon Josephsoitunnel-
ing effects (SQUIDs, analoganddigital circuits, etc.). Therefore the proximity effect hasat-
tractedconsiderablénterest,bothin theory[10,11] andexperiment[12]. Its presencén SNS
junctions,especiallyin the caseof superconductoraiith small coherencdengths(e.g. HTS),
causesonsiderablgroblemsin the preparatiorof SN interfacesof very high quality (sharp-
ness). In this paperwe presenta study of electrical propertiesof YBa Cu O (YBCO) and
Bi Sr CaCuO (BSCCO)superconductinghin Im (thickness nm) stripsof submi-
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Fig. 1. STM micrographof thesurfaceof high-  superconductathin Im consistingfrom blocks(grains)
connectedy intergrainregions(a), andSEM micrographof submicronwidth microstrip(b).

cronwidth m, coveredby a thin Im of gold ( nm). A resistance
peakin the dependenceasobsenedin our samplesieartheonsetof the superconducting
phaseransition,which we interpretby the proximity effect at the SN interfaceof the structures
studied.Thesharpnessf theresistancgeakcon rms negligible depressiomnf interfacecritical
temperature.

2 Samplepreparation and measurements

Thin Im bilayersof YBCO/Auwerepreparedy pulselaserdepositionandthoseof BSCCO/Au
by dc magnetrorsputteringon singlecrystalSrTiO or LaAlO substratesiespectiely. An Au
Im wasex-situdepositedo athicknesof nm (substrat@atroomtemperaturelmme-
diatelyafterthedepositionof aHTS thin Im. X-ray analysegon rm thesingle-phasepitaxial
c-axisorientedgrowth of the HTS thin Ims. The Ims were patternedby ion beametching
throughPMMA maskspreparecy electronbeamlithography After the etchingof the bilayers,
a seriesof microstrips,with variouswidth  rangingfrom 1.0to 0.2 m andlength ,
weremeasuredn atemperatureange4-300K andmagneticelds upto 30 mT. A seriesof in-
dividual microstripsin onerow wereconnectedvith a100 m wide stripswith thepossibilityto
measurgropertieof thesewide strips,aswell. Resistancerersustemperature measure-
mentswereperformedusingadc four-pointmethod.Themorphologyof the Im surfaceaswell
asthe geometryof the microstripsareillustratedin Fig. 1. The STM imagein Fig. lashovsthat
the c-axisorientedHTS thin Ims werevery smooth.They consistedf blocks(grains)with the
sizeof severaltensof nanomete(the surfaceof BSCCOis without Au) thatwereconnectedy
anintergrainregion. The microstripgeometryof YBCO or BSCCO Ims is shavn in the SEM
imagesof Fig. 1b.

3 Resultsand discussion

Thecritical temperature  (correspondingo theonsetof HTS phasdransitionfrom N into S
state)andthe critical currentdensity of the as-depositetHTS Ims coveredby Au were
measuredisinga SQUID magnetometefl3] or using a magneticsusceptibilitymeasurement
technique.The measuremergave the valuesof K, (77K) Alcm
for the YBCO Ims and K, (77K) Alcm for the BSCCO Ims,
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Fig. 2. Temperaturelependencef YBCO/Au andBSCCO/Authin Im bilayermicrostripresistanceThe
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Fig. 3. Thetemperaturelependencef critical currentdensityfor YBCO thin Im microstripof two dif-
ferentwidth . Comparisorwith Ginzkurg-Landau(GL) theory con rms somedegradationeffects on
transporfpropertiesof microstrips.

with thewidth of the phaseransition (bulk) in arangeof 0.5-3K. Thevaluesmeasuredre
typical volume (“bulk”) propertiesof the Ims, andthey do not characterise¢he SN interface.
The temperaturedependencef the microstrip (bilayer) resistancewithout a resistancepeak,
is illustratedin Fig. 2 for microstripsof several differentwidths. The resistanceof a high-
superconducteat atemperatur@above , is effectively shuntecby a smallresistancef Au.
Fromthe microstripdimensionst canbe determinedhattheresistvity  of Au is within the
range5to25 cmat300K. Thislargeresistvity of Au is probablyaffectedby themorphology
of HTS Im andpossiblyby achemicalinteractionof Au with theHTS, aswell. The highvalue
of andasmall ratiofor theAu Im makesit reasonabléo usethedirty limit for the
calculationof thecoherencéengthof Au nmnearl00K (
m /s,where istheFermivelocityand theelectronmeanfree path).Fig. 2 shavsthatthe
width of themicrostripsuperconductinghaseransitionis muchhigher( (strip) K)
thanthatfor theas-depositedi.e. nonpatternedpilayers.Thereasoriesin apartialoxygenloss
duringtheion beametching(oxygencontentwasnot optimizeby annealingafter patterning) as
well asin theintergranulampropertiesof the microstrips becauséhe percolationpathof current
is strongly directedby the narrov microstrip. The resistvity of the BSCCO/Aumicrostripsat
is severaltimeshigherthanthatof the YBCO/Au microstripsandit is evidentlyrelated
to rougherBSCCO Ims preparedoy dc magnetrorsputteringas comparedwith the smoother
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Fig. 4. Resistanceanomaly(resistancepeak)in the temperaturelependencef resistanceof YBCO/Au
bilayer microstrip (width m). Insetshavs the sharpnes®f the phasetransitionat the SN

interfacecorrespondingo phaseransitionof thin Im grains.

YBCO Ims depositedy pulselaserablation.

The temperaturadependencef the critical currentdensity was estimatedfrom the
current-wltagecharacteristicef microstripbilayers(placedin amagneticallyshieldedvolume),
andit wascomparedvith thetheoreticalGinzhurg-LandauGL) depairingeritical currentdensity

[14]. Fig. 3 illustratesthe typical ability of submicronmicrostripsto transporthigh
currentdensitiesin the superconductingtate: (4 K) Alcm for m. The
experimentalaluesof wereseveraltimessmallerthanthetheoreticalGL depairingeritical
currentdensities,which is probably causedby the granularity of the strips, andthe effective
width of the microstripsis probably shorterthan the geometricalone due to a depressiorof
superconductity atthe edgesf themicrostrip.(Thiswill bediscussn moredetailelsavhere.)

An unusuafeatureof themicrostripsstudiedappeare@sa pronouncedesistancgeak(RP)
in dependencaearthe onsetcritical temperatureof the HTS/Au bilayer (Fig. 4). This
RP was registeredin about25% of the samplesmeasured.The RP amplitudedid not depend
ontransportcurrent(0.1 A mA) andmagnetic eld up to about30 mT, in contrastto the
effectsobsenedin the mesoscopistructureof low temperaturesuperconductorfs, 4,7]. The
increaseof the RP in our sampleswas often very sharp(0.5-1K, insetof Fig. 4), closeto the

(bulk), andthe amplitudeof the RP reachedsaluesup to 30% above the bilayer resistance

, dependingon a local depressiorof superconductity at the SN interface. The RPis not
anintrinsic characteristiof the microstripswith the smallestwidth , andit hasbeenobsenred
in 100 m wide strips,aswell. Theresistvities of YBCO andBSCCOsinglelayersarein nor-
mal stateN 1-2 ordersof magnitudehigherthantheresistivity of Au. Thereforethe HTS thin

Im is effectively shuntedby Au unlessthe resistizity of HTS falls down in the region of the
superconductinghaseransition. The RPis sharpandeasyto recordif the depressiomf super
conductvity atthe SN interfaceis small. Simulationsshow thatthe amplitudeof the RP quickly
decreasein theregionof a“bilayer phasedransition”where, onthecontrary theresistancef Au
is shuntedby a lower resistancef the high-  superconductoffig. 4). If themicrostripswere
not coveredby a normalmetal,we never obseneda RP bothin YBCO andin moreanisotropic
BSCCO.Therefore,we canconcludethat dueto the proximity effectin an HTS/Au bilayer a
small part of the Au thin Im, with athicknessof approximately nm (at 100K), un-
demoesa transitioninto the superconductingtate.n this casethe resistancef the Au normal
layerenhancegroportionallyto the thicknessof the layerthatbecomesuperconductingsthe
resultof the proximity effect. The sharpnes®f the resistancencreasedependson the width
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of theHTS phaseransition.Fig. 4 shavsthatthe sharpnessf the RPis closeto thatof the

(bulk) of a non-patternediTS/Au bilayer, andit is far away from a muchwider microstrip
phasetransition (strip). This con rms thatwhile the enhancementf the microstripphase
transition (strip) is givenmainly by the propertieqdispersion)f intergranularconnections,
the superconductinghaseransitionof the grains(superconductinglocks,Fig. 1a) (bulk)
is not depressedndactsasthe mainfactorin the proximity effect. Becausehe width of the RP
wasseveralKelvin in somecaseswe supposéehattheroughnessandcrystallographiorientation
of theHTS nearthe SN interfacealsoplay animportantrole in this effect.

4 Concluding remarks

In conclusion,we studiedthe propertiesof YBCO/Au and BSCCO/Aubilayer strips of sub-
microndimensionswith theaim to determinethetransporpropertiesaswell astheir usefulness
for SNSweaklink devices. The microstripsareableto transportcritical currentdensitiesabove
A/lcm attemperaturd K. Thisvaluecanbeenhancedy theoptimizationof theoxygencon-
tentthroughthe annealingpf themicrostripsafterthe patterningof the structures Theresistance
anomalynearthe onsetcritical temperaturevas obsened, which we ascribeto the proximity
effect at the HTS/normalmetalinterface. The sharpnessf the resistanceanomalyre ects the
role of bulk (grain) propertiesatthe SN interface,i.e. the possibility for a minor degradationof
interface which give ushopefor therealizationof superconductor/normatetal/superconductor
(SNS)sandwichunctions[16] with satishctorypropertiesor applications.
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