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Abstract

We are measuring the critical current of grain boundary Josephson junctions fabricated from pure and magnetically
doped cuprate "lms to search for the onset of subdominant superconducting phases. Complex order parameters
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are predicted to arise near interfaces and magnetic impurities due to a suppression of the
d-wave state by Andreev re#ection from the strongly anisotropic order parameter. Simulations indicate that this should
signi"cantly alter the variation of the critical current with temperature and magnetic "eld. ( 2000 Published by
Elsevier Science B.V. All rights reserved.
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1. Motivation

The d-wave state dominant in the bulk of high-temper-
ature superconductors is readily suppressed at surfaces,
interfaces, vortex cores, and near impurities because of its
strong magnitude and phase anisotropy [1]. This allows
the emergence of localized regions with subdominant
symmetries, likely including complex order parameter
states that break time-reversal symmetry. These novel
phases are of scienti"c interest, and important for under-
standing the microscopic pairing mechanism and for
electronic device applications of HTSC.

We are searching for the existence of subdominant
superconducting phases by measuring the critical current
of grain boundary Josephson junctions. These are ideal
for studying the modi"cation of the symmetry because
they allow directional probing of the surface order para-
meter. In this paper, we outline the signatures of a com-
plex superconducting order parameter in the variation of
the critical current of grain boundary junctions with

temperature and magnetic "eld, and present preliminary
measurements in asymmetric 453-grain boundary junc-
tions of YBCO.

2. Simulations

The d-wave symmetry of the cuprates is clearly seen in
the critical current of asymmetric 453-grain boundary
junctions in which the lobe of the bulk d-wave order
parameter in one electrode faces the node in the other.
A complex variation with magnetic "eld is observed due
to interference of the Josephson supercurrent between
facets of the interface that probe oppositely signed lobes
[2]. This provides a sensitive geometry to test for the
onset of secondary phases in the bulk of the supercon-
ductors or near the interface. To demonstrate this, we
calculated the critical current of asymmetric 453 grain
boundary junctions as a function of temperature and
"eld. We assume directional tunneling with critical cur-
rent proportional to the order parameters normal to the
interface in the two electrodes, and take account of the
phase coherence across the junction in the short junction
limit. We consider a faceted boundary, randomly-varying
from a straight line. In Fig. 1, we compare the critical
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Fig. 1. Calculated critical current modulation of a grain bound-
ary junction for d and d#id@ symmetries.

Fig. 2. Measured critical current modulation versus temper-
ature for a YBCO asymmetric 453-grain boundary junction.
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incorporating a 10% d
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com-
ponent. The onset of an order parameter component
in the node causes a signi"cant increase in the critical
current at zero-"eld, and more subtle variations in the
di!raction pattern for "nite "elds. Similar results are
obtained for a d

x
2~y

2#is state. The zero-"eld critical
current exhibits a sharp increase at the onset temperature
of the secondary phase as the node in the order parameter
is removed, even for very small complex mixture fractions.

3. Results

The magnetic "eld di!raction pattern of a YBCO
asymmetric 453 grain boundary junction, fabricated by
pulsed laser ablation, is shown in Fig. 2. Fine structure in
the modulation is characteristic of d

x
2~y

2 symmetry, but
we "nd no signi"cant modi"cation in the shape of the
pattern over the temperature range from ¹

#
"85 K

down to 1.5 K, indicating that the symmetry remains
unchanged. The zero-"eld supercurrent is observed to
increase smoothly with decreasing temperature, showing
no features that we would identify as the onset of a sec-
ondary superconducting phase. Since a spontaneous

splitting of the zero bias conductance, suggestive of
a complex order parameter, is observed below 10 K in
SIN junctions [3], but not in grain boundary junctions
[4], we are now considering the e!ect of the high trans-
mission of the grain boundary junction [5]. We are also
extending the measurements to lower temperatures (20
mK) and testing magnetically doped cuprates in which
a bulk complex order parameter has been suggested by
thermal conductivity measurements [6].
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