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Abstract

We consider numerically unquantized Josephson vortices at asymmetric grain boundaries in YBCO films. The study
is focused on the effect of random variations of facets size on the values of fractional flux carried by these vortices. The
grain boundaries are treated as Josephson junctions with a critical current density alternating along the junctions with a
typical length-scale of order of the facets size. Numerical simulations demonstrate that the value of the flux of the
unquantized vortices varies along the junction depending on the local Josephson properties of the grain boundaries.
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1. Introduction

The asymmetric 45° [00 1]-tilt grain boundaries in
YBCO films exhibit remarkable electromagnetic prop-
erties. The dependence of the critical current across
grain boundaries on an applied magnetic field has a
manifestly non-Fraunhofer behavior, a spontaneous flux
is generated at grain boundaries in zero field cooled films
[1-3]. These fundamental anomalies arise due to the
existence of a dominant d,._,.-wave symmetry compo-
nent of the superconducting order parameter and a
facetted structure of grain boundaries in YBCO films, as
a result the critical current density j.(x) alternates along
the asymmetric grain boundaries [3-9].

The alternating j. model was successfully used to
consider the anomalous properties of the asymmetric
grain boundaries [10-12]. In the case of a periodic j.(x)
the analytical and numerical calculations exhibit two
interesting and important features: (a) a spontaneous
flux alternating along grain boundaries with an ampli-
tude less than ¢,, (b) unquantized vortices with frac-
tional fluxes ¢; = ¢y/2 and ¢, < ¢,/2 related by a

* Corresponding author.
E-mail address: mints@ccsg.tau.ac.il (R.G. Mints).

complementarity condition ¢; + ¢, = ¢,. The existence
of these vortices and the values of ¢, and ¢, may be
affected by an irregularity of the facets sizes.

In this paper we treat numerically the effect of ran-
dom variations of the facets size / on the unquantized
fractional vortices at asymmetric grain boundaries in
YBCO films.

2. Numerical simulations

We write now jc(x) = (jc)[1 + g(x)], where (jc) is the
average value of j.(x) over distances L > /, the function
g(x) characterizes the Josephson properties of grain
boundaries. In this study we use a model dependence
g(x) = gosin[2nx/I(x)], with this notation the phase
difference across grain boundaries satisfies

A2@" — {1 + gysin[2nx/1(x)]} sing = 0, (1)
where A = /c¢,/167n2A(j.) and A are the Josephson and

London penetration depths, A4 > 1> 4.

First, we use Eq. (1) to treat grain boundaries with
smoothly varying size of the facets. In Fig. 1 (curve a) is
shown the phase ¢(x) obtained for /(x) linearly in-
creasing from 0.044 to 0.144. This graph demon-
strates the main effect of smooth variation of /(x) on the
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Fig. 1. The upper graph shows the effect of a smooth facets size
variation (curves a,al,a2) and an additional random variation
of the size of each of the facets (curves b, b1, b2).

vortices at asymmetric grain boundaries: (a) the vortices
with fractional fluxes may exist only in certain areas of
grain boundaries, (b) the fluxes ¢, and ¢, may signifi-
cantly depend on the vortices positions, (c) the com-
plementarity condition relating ¢, and ¢, may be
broken. Indeed, curve a exhibits vortices with fractional
fluxes if x > 1004; ¢, decreases from ¢, at x ~ 1004 to
0.5¢, at x =~ 5004, and ¢, increases from zero at
x~ 1004 to 0.5¢, at x ~ 5004; the complementarity
condition is broken.

Next, we treat the combined effect of smooth and
rough variations of the facets sizes on the unquantized
fractional flux vortices. The phase ¢(x) shown in Fig. 1
(curve b) obtained for a random sequence of facets sizes

with 8/ = \/(I?) — (I)> = 0.0054 superimposed by a

linear increase of /(x) from 0.044 to 0.144. This graph
demonstrates that the random short order variations of
/(x) result in a wiggling phase difference ¢(x) with a wide
range of length scales shorter than A. This wiggling can
effectively mask the unquantized vortices with small
fractional flux.

3. Summary

To summarize, we demonstrate numerically the ex-
istence of unquantized vortices with a fractional flux
depending on the local Josephson properties of a non-
uniform asymmetric grain boundary in YBCO films.
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