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RESISTANCE ANOMAL Y NEAR SUPERCONDUCTING-NORMAL METAL
INTERFACE
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Instituteof ElectricalEngineering,SlovakAcademyof Sciences,Dúbravskácesta9,
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Resistanceanomalyin high-temperaturesuperconductors(HTS) YBa � Cu� O� (YBCO) and
Bi � Sr� CaCu� O� (BSCCO)thin �lm microstrips,coveredby gold thin �lm, wasobserved.
The resistanceof the microstrip bilayer increasesup to about30% above the bilayer nor-
mal stateresistance

���

at thebeginningof thesuperconductingphasetransition.Although
in a numberof recentpublications,reportingan increaseof the electricalresistanceabove
the superconductornormalstateresistance

���

, concerningof nonequilibriumquasiparticle
andpair electrochemicalpotentialsin mesoscopicsystems,or asa resultof structuralnon-
homogeneityof the samples,we arguethat the resistanceanomalyin our HTS/Au bilayers
is associatedwith the proximity effect that accompaniessuperconducting-normalmetal in-
terface.Thesharpnessof resistancepeakcon�rms a possibilityto prepareHTS/Au interface
with veryhigh quality.

PACS: 74.76.Bz,74.50.+r, 74.25.Fy
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1 Intr oduction

A numberof recentpapers[1-4] havereportedontheoccurrenceof ananomalousandverysharp
peakin theresistanceversustemperaturedependenceat theonsetof superconductorphasetran-
sition from thenormalto superconductingstate.Besidespapersshowing theextrinsic origin of
such“resistancepeak” inducedby thedetectionof anexternalrf �eld in superconductingweak
links [5], or by astrongnonhomogeneityof a�lm [6], therearemany publicationsreportingona
systematicoccurrenceof sucha resistancepeak(RP)in mesoscopicsuperconductingstructures
(geometricaldimensionscomparableto thecoherencelength

�������

andtheeffective penetration
depth�	��
�


���
�

) dueto along-rangeof phase-coherenteffectsat thesuperconductor-normal metal
(SN) interface[7,8]. Neartheonsetof thecritical temperature

�������

, at which theprobabilityof
Andreev re�exionsat theSNinterfaceis reduced,anonequilibriumdistributionof quasiparticles
createsa chargeimbalance,which givesriseto a differencein thechemicalpotentialsof quasi-
particlesandCooperpairs[1]. Thechargeimbalancelength �����

�����

�

�������

, where
�

is the
diffusioncoef�cient and

�

� thecharge imbalancerelaxationtime, canbe severalmicronslong
in superconductorswith a large coherencelength

�����
�

, suchasaluminium,andit caninduce
a RP (up to several tenspercentsabove a normalresistance 

�

) nearthe SN interfaceor in a
vicinity of thephase-slipcentre(PSC)[9]. Theresistancepeakcanberecordedif thedistance
betweenthevoltageprobe(onthesuperconductingsideof theSNinterface)andtheSNinterface
is shorterthan � � . Thereforethis effect is at presentpracticallyimpossibleto observe in HTS
becauseof thesmall coherencelengths.The amplitudeof theRP stronglydependson applied
currentandmagnetic�eld, andit is totally depressedby magnetic�elds above15mT [4].

A closeconnectionbetweenasuperconductor(S)andanormalmetal(N) allowsCooperpairs
to penetratefrom S into the N, andon the contrary, electronsfrom N into the S. For isotropic
superconductingthin �lms of thickness!�"$#

�&%

, thecritical temperature
�'�

at theSN interface
is depressedby (

�'�

�*),+

�&-.�&�/�

%

�.��021

!

�

"43*576 8:9

�.�&���;%20
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�=�

, where
�&%

is zero temperature
coherencelengthof Sand+

3?>@6�A

1

is anumericalfactor. (

���

mayberelatively large(severalK)
in thecaseof low temperaturesuperconductors.On theotherhand,thenormalmetalundergoes
a transitioninto the S statedue to the penetrationof Cooperpairs in a thickness

�2B

. In the
dirty limit (meanfree path in N C

BEDF�;B

) this thicknesscorrespondsto the coherencelength
�GB

�

��H IJ�K0/L/-'M7NO�
�������

, where
HI

is thePlanckconstantand
M<N

theBoltzmannconstant.In the
caseof anisotropic(d-wave,s+dwave) high-

�
�

superconductors,thetransmissioncoef�cient of
charge carriersstronglydependson the anglebetweenthe symmetryaxis ( P or Q -axis) of the
HTS andthe normalto the SN interface. Transmissionthroughthe SN interfaceis the largest
in thedirectionalongwhich theorderparameter(

�����

is minimal. Thereforethemorphology,
roughnessandanisotropy of theHTSthin �lm in closecontactwith thenormalmetalcanstrongly
in�uence thepropertiesof theSN interface[11].

SNScontacts,containinga doubleSN interface,arevery frequentlyincorporatedin various
typesof low-

�.�

andhigh-
�'�

superconductingcircuits anddevicesbasedon Josephsontunnel-
ing effects(SQUIDs, analoganddigital circuits, etc.). Therefore,the proximity effect hasat-
tractedconsiderableinterest,both in theory[10,11] andexperiment[12]. Its presencein SNS
junctions,especiallyin the caseof superconductorswith small coherencelengths(e.g. HTS),
causesconsiderableproblemsin the preparationof SN interfacesof very high quality (sharp-
ness). In this paperwe presenta study of electricalpropertiesof YBa � CuR OS (YBCO) and
Bi � Sr� CaCu� OT (BSCCO)superconductingthin �lm (thickness!

"

3U5V>7>

nm) stripsof submi-
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Fig. 1. STM micrographof thesurfaceof high-
���

superconductorthin �lm consistingfrom blocks(grains)
connectedby intergrainregions(a),andSEMmicrographof submicronwidth microstrip(b).

cron width
>�6

L������

576 >	�

m, coveredby a thin �lm of gold ( !

B

3 5G>:>

nm). A resistance
peakin the  

���
�

dependencewasobservedin oursamplesneartheonsetof thesuperconducting
phasetransition,which we interpretby theproximity effect at theSN interfaceof thestructures
studied.Thesharpnessof theresistancepeakcon�rms negligible depressionof interfacecritical
temperature.

2 Samplepreparation and measurements

Thin �lm bilayersof YBCO/Auwerepreparedbypulselaserdeposition,andthoseof BSCCO/Au
by dc magnetronsputteringon singlecrystalSrTiO R or LaAlO R substrates,respectively. An Au
�lm wasex-situdepositedto athicknessof !

B

3 5G>:>

nm(substrateat roomtemperature)imme-
diatelyafterthedepositionof aHTSthin �lm. X-ray analysescon�rm thesingle-phaseepitaxial
c-axisorientedgrowth of the HTS thin �lms. The �lms werepatternedby ion beametching
throughPMMA maskspreparedby electronbeamlithography. After theetchingof thebilayers,
a seriesof microstrips,with variouswidth

�

rangingfrom 1.0 to 0.2
�

m andlength 


3 5V>

�

,
weremeasuredin a temperaturerange4-300K andmagnetic�elds up to 30 mT. A seriesof in-
dividualmicrostripsin onerow wereconnectedwith a100

�

m widestripswith thepossibilityto
measurepropertiesof thesewide strips,aswell. Resistanceversustemperature 

���
�

measure-
mentswereperformedusingadc four-pointmethod.Themorphologyof the�lm surfaceaswell
asthegeometryof themicrostripsareillustratedin Fig. 1. TheSTM imagein Fig. 1ashowsthat
thec-axisorientedHTS thin �lms wereverysmooth.They consistedof blocks(grains)with the
sizeof severaltensof nanometer(thesurfaceof BSCCOis without Au) thatwereconnectedby
anintergrainregion. Themicrostripgeometryof YBCO or BSCCO�lms is shown in theSEM
imagesof Fig. 1b.

3 Resultsand discussion

Thecritical temperature
�'��� �

(correspondingto theonsetof HTS phasetransitionfrom N into S
state)andthecritical currentdensity�

�V���
�

of theas-depositedHTS �lms coveredby Au were
measuredusinga SQUID magnetometer[13] or usinga magneticsusceptibilitymeasurement
technique.Themeasurementgave thevaluesof

����� �

�
��� )��

5

K, �

�

(77 K)
3 9�� 5G>��

A/cm
�

for theYBCO �lms and
�

�����

����� )��

>

K, �

�

(77 K)
3 5�� 5G>��

A/cm
�

for theBSCCO�lms,
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Fig. 2. Temperaturedependenceof YBCO/Au andBSCCO/Authin �lm bilayermicrostripresistance.The
resistancecorrespondsto microstrips10 squareslong (

���������

). The superconductingphasetransition
width 	

� �

graduallyincreasesfor microstripswith smallerwidth
�

.
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Fig. 3. The temperaturedependenceof critical currentdensityfor YBCO thin �lm microstripof two dif-
ferent width

�

. Comparisonwith Ginzburg-Landau(GL) theory con�rms somedegradationeffects on
transportpropertiesof microstrips.

with thewidth of thephasetransition(

� �

(bulk) in a rangeof 0.5-3K. Thevaluesmeasuredare
typical volume(“bulk”) propertiesof the �lms, andthey do not characterisethe SN interface.
The temperaturedependenceof the microstrip (bilayer) resistance,without a resistancepeak,
is illustratedin Fig. 2 for microstripsof several differentwidths. The resistanceof a high-

� �

superconductor, at a temperatureabove
�

�����

, is effectively shuntedby a smallresistanceof Au.
Fromthemicrostripdimensionsit canbedeterminedthat the resistivity 


�

of Au is within the
range5 to 25

�

�

cmat300K. This largeresistivity of Au is probablyaffectedby themorphology
of HTS�lm andpossiblyby achemicalinteractionof Au with theHTS,aswell. Thehighvalue
of 


�

andasmall  
R

%�%
0

 

�

%�%

ratiofor theAu �lm makesit reasonableto usethedirty limit for the
calculationof thecoherencelengthof Au

� B

3

� )

5G>

nmnear100K (
�

�
��� C
���

0

8 3E9 � 5G>��

R

m
�

/s, where ��� is theFermivelocity and C
��� theelectronmeanfreepath).Fig. 2 shows thatthe

widthof themicrostripsuperconductingphasetransitionis muchhigher( (

���

(strip)
3 5V>

)

L

>

K)
thanthatfor theas-deposited(i.e. nonpatterned)bilayers.Thereasonlies in apartialoxygenloss
duringtheion beametching(oxygencontentwasnotoptimizeby annealingafterpatterning),as
well asin theintergranularpropertiesof themicrostrips,becausethepercolationpathof current
is stronglydirectedby the narrow microstrip. The resistivity of the BSCCO/Aumicrostripsat

��� �.�����

is severaltimeshigherthanthatof theYBCO/Aumicrostrips,andit is evidentlyrelated
to rougherBSCCO�lms preparedby dc magnetronsputteringascomparedwith the smoother
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Fig. 4. Resistanceanomaly(resistancepeak)in the temperaturedependenceof resistanceof YBCO/Au
bilayer microstrip (width

� � �

�

���

m). Inset shows the sharpnessof the phasetransitionat the SN
interfacecorrespondingto phasetransitionof thin �lm grains.

YBCO �lms depositedby pulselaserablation.
The temperaturedependenceof the critical currentdensity �

�V���
�

was estimatedfrom the
current-voltagecharacteristicsof microstripbilayers(placedin amagneticallyshieldedvolume),
andit wascomparedwith thetheoreticalGinzburg-Landau(GL) depairingcritical currentdensity

�

����� ���
�

[14]. Fig. 3 illustratesthe typical ability of submicronmicrostripsto transporthigh
currentdensitiesin the superconductingstate: �

�

(4 K)
�

5G>��

A/cm
�

for
�	�

>@6 9��

m. The
experimentalvaluesof �

� ���
�

wereseveraltimessmallerthanthetheoreticalGL depairingcritical
currentdensities,which is probablycausedby the granularityof the strips, and the effective
width of the microstripsis probablyshorterthan the geometricalone due to a depressionof
superconductivity at theedgesof themicrostrip.(Thiswill bediscussin moredetailelsewhere.)

An unusualfeatureof themicrostripsstudiedappearedasapronouncedresistancepeak(RP)
in  

���
�

dependencenearthe onsetcritical temperatureof the HTS/Au bilayer (Fig. 4). This
RP wasregisteredin about25% of the samplesmeasured.The RP amplitudedid not depend
on transportcurrent(0.1

�

A )

5

mA) andmagnetic�eld up to about30 mT, in contrastto the
effectsobservedin themesoscopicstructuresof low temperaturesuperconductors[3,4,7]. The
increaseof the RP in our sampleswasoften very sharp(0.5-1K, insetof Fig. 4), closeto the

(

�.�

(bulk), andtheamplitudeof theRPreachedvaluesup to 30%above thebilayer resistance
 

B

, dependingon a local depressionof superconductivity at the SN interface. The RP is not
anintrinsic characteristicof themicrostripswith thesmallestwidth

�

, andit hasbeenobserved
in 100

�

m wide strips,aswell. Theresistivities of YBCO andBSCCOsinglelayersarein nor-
mal stateN 1-2 ordersof magnitudehigherthantheresistivity of Au. Therefore,theHTS thin
�lm is effectively shuntedby Au unlessthe resistivity of HTS falls down in the region of the
superconductingphasetransition.TheRPis sharpandeasyto recordif thedepressionof super-
conductivity at theSNinterfaceis small.Simulationsshow thattheamplitudeof theRPquickly
decreasesin theregionof a“bilayer phasetransition”where,onthecontrary, theresistanceof Au
is shuntedby a lower resistanceof thehigh-

� �

superconductor(Fig. 4). If themicrostripswere
not coveredby a normalmetal,we neverobserveda RPbothin YBCO andin moreanisotropic
BSCCO.Therefore,we canconcludethat dueto the proximity effect in an HTS/Au bilayer a
small part of theAu thin �lm, with a thicknessof approximately

� B

3 5G>

nm (at 100K), un-
dergoesa transitioninto thesuperconductingstate.In this casetheresistanceof theAu normal
layerenhancesproportionallyto thethicknessof the layer thatbecomessuperconductingasthe
resultof the proximity effect. The sharpnessof the resistanceincreasedependson the width
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(

�.�

of theHTSphasetransition.Fig. 4 showsthatthesharpnessof theRPis closeto thatof the
(

�.�

(bulk) of a non-patternedHTS/Au bilayer, andit is far away from a muchwider microstrip
phasetransition (

�'�

(strip). This con�rms thatwhile theenhancementof themicrostripphase
transition (

�.�

(strip) is givenmainlyby theproperties(dispersion)of intergranularconnections,
thesuperconductingphasetransitionof thegrains(superconductingblocks,Fig. 1a) (

� �

(bulk)
is notdepressedandactsasthemainfactorin theproximity effect. Becausethewidth of theRP
wasseveralKelvin in somecases,wesupposethattheroughnessandcrystallographicorientation
of theHTSneartheSN interfacealsoplayanimportantrole in this effect.

4 Concluding remarks

In conclusion,we studiedthe propertiesof YBCO/Au and BSCCO/Aubilayer stripsof sub-
microndimensionswith theaim to determinethetransportpropertiesaswell astheir usefulness
for SNSweaklink devices.Themicrostripsareableto transportcritical currentdensitiesabove

5V>��

A/cm
�

attemperature4 K. Thisvaluecanbeenhancedby theoptimizationof theoxygencon-
tentthroughtheannealingof themicrostripsafterthepatterningof thestructures.Theresistance
anomalynearthe onsetcritical temperaturewasobserved, which we ascribeto the proximity
effect at the HTS/normalmetal interface. The sharpnessof the resistanceanomalyre�ects the
role of bulk (grain)propertiesat theSN interface,i.e. thepossibility for a minor degradationof
interface,whichgiveushopefor therealizationof superconductor/normalmetal/superconductor
(SNS)sandwichjunctions[16] with satisfactorypropertiesfor applications.
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