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A self-generated magnetic flux and critical current are considered theoretically for
Josephson junctions with an alternating critical current density. Experimentally a sponta-
neous flux has been observed in asymmetric 45° [001] tilt grain boundaries in YBa2Cu3O7_
films in zero applied field.[l] Also, these grain boundaries exhibit a novel dependence of
the critical current Ic on the applied magnetic field H, the observed patterns IC{H) are
manifestly non-Fraunhofer type.[2]

We use a model [1,2] based on the assumption of a dxi^ symmetry component of
the order parameter and on the observation of facets with alternating orientation forming
the grain-boundary. This model introduces a tunneling current density j(x) oc sm[<p(x) —
a(x)], where x is along the grain-boundary line, (p(x) is the phase difference caused
by the flux, and a(x) is the phase difference caused by the misalignment of anisotropic
a ^ ^ - w a v e superconductors. The value of a(x) is determined by the orientation of the
facets, for asymmetric 45° grain boundaries a(x) = 0 or TT. In this case one has j(x) oc
cos a(x) sin <p(x), which results in an alternating critical current density jc(x) oc cos a(x).

We assume that jc(x) alternates randomly along the tunnel contact on a length-scale
much less than the local Josephson penetration depth. The phase difference is then a
sum of an alternating term and a smooth term which self-consistently contribute to the
formation of a stationary state. We derive a criterion of spontaneous flux existence. Two
new types of Josephson vortices are found in the state with self-generated flux, one with
magnetic flux $j < $0 /2 and another one with magnetic flux $ 2 = $o — $i > $o/2,
where $ 0 is the flux quantum.

The magnetic field dependence of the critical current IC(H) is considered for a short
Josephson junction with a critical current density jc alternating randomly along the tunnel
contact. Two model cases, periodic and randomly alternating j c , are treated in detail.
Recent experimental data on IC(H) for grain-boundary Josephson junctions in YBCO are
discussed.
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