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Superconducting properties of fractal Nb/Cu multilayers
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Multilayers of Nb and Cu with a fractal or periodic stacking sequence were prepared by electron-beam
evaporation onto sapphire substrates. Their superconductivity was investigated by measuremesuts! dfie
temperature and angular dependence of the upper criticalBigldFor low temperature$<T,, all samples
show the characteristic behavior of two-dimensional superconductivity independent of the stacking sequence,
whereas for temperatures négyr the type of layering determines the effective dimensionality, resulting in a
“multicrossover” behavior in fractal samples.

[. INTRODUCTION Below a crossover temperatuiie,<T. where &£, (T) be-
comes comparable to the SM peridd the behavior be-
The possibility of new mechanisms of superconductivitycomes two-dimensiondPD) with’
in layered materiafsand the recent advances in deposition
techniques have led to the intensive study of artificial modu-
lated structure.In addition, these investigations were moti- Beo)(T)= oo/ ﬁwA§||(T)~(1—T/TC)1’2. (2)
vated by the search for superconducting systems with a

higher transition temperatur€; and new superconductive , , )
puch a dimensional crossover has been observed in the tem-

phenomena. These studies have become particularly impoperature dependend,,;(T) and in the angular dependence
tant after hight ductivit di d in lay- . 2| R :
ant atter Mght ¢ SUpErconcuictivity was Ciscoversd in fay Bo(6) in both types of SM, i.e., in the S/I typeMo/Si®

ered metal-oxide compounds. Experimental studies on artifi: 11 13 14
cial superconducting multilayefSM) have mainly focused Nb/Ge; ~ Pb/C (Ref. 12] and S/N type[Nb/Cu;= V/Cu,

. . Nb/Ta (Ref. 15].
on Tﬁ;,gepe”dence a7 on t.he quula_Uon period. of the At temperaturesT>T_. the dimensional crossover can
S.M’ on the effects of dimensionality, 9. the SO'Ca”e‘]lalso be observed in the dependence of the fluctuation con-
dlmens_|on§1I crossovérand on vortex motion and vortex ductivity o' (T). A change from 3D- to 2D-like behavior of
dynamics. " _ o . o’ (T) with increasingT has been measured in Nb/Gtef.

The possibility of using artificial SM for obtaining new 16) and V/Cul” The dimensional crossover was also ob-
superconducting materials was illustrated by PbTe/PbSgned in the fluctuation conductivity' (T) of YBa,CusO,
multilayers with a critical temperaturél;=5.5 K, which single crystal® and in theB,(T) andB.(6) dependences
were composed of individually nonsuperconducting layers ogt gj ,Sr,CaCu,0, single crystald?
the semiconductors PbTe and P#th an electron concen- In a simple periodic SM there is only one characteristic
tration of ~10" cm~). Another example for dimensional geometric length scale, the modulation peribd However,
effects in SM is the oscillatory dependence Tf on the it is possible to prepare multilayers with several different
thickness of the superconducting layer and of a number ofeometric length scales, i.e., one-dimensional quasiperiodic
kinetic characteristics on the compositional modulation pestructure$’ and self-similar or fractal geometriésin these
riod A in Mo/Si multilayers? systems the temperature-dependent ratig ofo the differ-

SM can be composed of either superconductor—insulatognt geometric length scales may lead to new physical phe-
(or semiconductgrlayers which are coupled by the Joseph-nomena. The motivation to study such geometries stems in
son effect(S/I type), or superconductor—normal-metal layers part from the numerous examples of fractal structures that
coupled by the proximity effectS/N type. Of course, a exist in nature, and also because of their relation to inhomo-
superconductor with a much low&g, can play the role of the  geneous materials—percolative thin films, ceramics, and net-
normal metal in the S/N type SM. works. A particularly nice example are two-dimensional su-

Because of the strong temperature dependence of thserconducting fractal networks like Sierpinski gaskets,
superconducting  Ginzburg-Landau  coherence  lengtiivhere the fractal structure is directly reflected in i)
&(T)=¢(0)/J1—TIT,, a dimensional crossover can occur phase-transition liné
as a function of temperaturé. Near T, the perpendicular In this paper we present the results of our investigation of
coherence lengtl§, is large, &, (T)> A, and superconduc- the superconducting properties of Nb/Cu multilayers with a
tivity extends over many layers. In this region a three-fractal stacking sequence, in particular the behaviofT of
dimensional3D) anisotropic behavior with a linear tempera- andB.,, extending the previous work on fractal Nb/Cu mul-
ture dependence of the parallel critical field is observed: tilayers, where a preliminary report of soni, data was

already giverf> However, for practical reasons one is limited
to only a few self-similar length scales. Nevertheless, fractal
Beo|(T)= o /27&(T)EL(T)~(1=TITy). (1) features can be clearly identified.
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