Short-coherence-
length
superconductors

by Guy Deutscher

The new high-T_ oxides present some
anomalous electromagnetic properties, such as
low critical current densities, a reversible
behavior of the magnetization at fields much
lower than H_,, and internal Josephson effects,
that distinguish them from the conventional low-
T, metals and alloys. These anomalous
properties were first observed in bulk-sintered
samples and were often ascribed to the poor
connectivity of these ceramics. More recently, a
qualitatively similar behavior has been observed
in single crystals and oriented films. The
fundamental role of the short coherence length
in determining the behavior of the high-T_ oxides
is discussed. We show that the short coherence
lengths at the local depressions of the order
parameter at crystallographic defects lead to
reduced critical currents and cause glassy
behavior in the vicinity of T_.

Introduction

It is now established that the new high-T', oxides have by and
large BCS-like superconducting properties: a clear jump in
the heat capacity at T, whose magnitude is that predicted by
BCS [1]; a gap in the density of states at least equal to the
BCS value [2]; an upper critical field consistent with type-II
behavior [3]; and a critical current density that approaches
the de-pairing limit in high-quality thin films at low
temperatures [4]. As the sample quality has improved,
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peculiar features such as a linear term in the heat capacity at
low temperatures and a weak cusp in the heat capacity at T,
have given way to more conventional behavior. The known
electronic normal-state properties—electrical conductivity,
Hall effect, optical reflectivity, heat capacity—may also be
explained in terms of a strongly anisotropic Fermi surface
and a small Fermi energy [5], although we still lack
definitive experiments establishing the existence of a Fermi
surface in the high-T, oxides.

In spite of the above, the new superconductors do present
some puzzling properties that are not readily explained by
textbook superconductivity. There is growing evidence that
the behavior of the heat capacity near T is not strictly
mean-field, but presents at least the beginning of a critical
divergence [6], as had previously been suggested [7]. The
critical current density, which is very low in bulk ceramics
even in zero fields and at low temperatures, is also quite
depressed in single crystals under applied fields well below
H,_, (particularly at high temperatures) [8]. In a related way,
the diamagnetic susceptibility x is irreversible below a
characteristic temperature T*(H ). for T < T*(H ) | xecl
< | Xz |, where FC and ZFC stand, respectively, for field-
cooled and zero-field-cooled measurements. This is observed
both in sintered ceramics [9] and in single crystals [10]. In
both cases, [T, — T"(H)] « H””, a result that has been
interpreted as a de-Almeida-Thouless line indicative of
glassy behavior [9], or as reflecting giant flux creep [10]. The
temperature dependence of H_, is in general nonlinear near
T, contrary to the predictions of the Ginzburg-Landau
theory; instead, H,, « (T, — T)", with n = 1.5 [11]. On the
level of local properties, it has been shown that “clean” grain
boundaries (i.e., free of second-phase material) act as weak
Josephson junctions [12]; and there is strong evidence for
the existence of intragrain junctions in a number of
magnetization experiments on powders, particularly on

powders originating from one single crystal [13]. 293
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