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Abstract

Properties of Josephson junctions between anisotropic superconductors are reviewed briefly. We focus on the
mechanical torque experienced by a tunnel junction and estimate the torque as a small but measurable quantity.
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1. Introduction

The initial stage of flux penetration into a twinned
high-T. superconductor is determined by the vortices
located at the twin planes. As a rule the twin planes have
Josephson properties. Hence Josephson junctions be-
tween anisotropic superconductors are subject of con-
siderable interest.

A tunnel junction between two anisotropic supercon-
ductors has been treated by one of us for the case of
perfectly aligned anisotropic superconductors [1,2]. It
has been shown that for uniaxial superconductors form-
ing a planar tunnel contact the flux penetration starts at
a critical field
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It is assumed here that the junction plane is parallel to
the ac-plane, A2 = &,c/167%j, ., . is the Josephson criti-
cal current density, /. is the London penetration depth,
k = J./2, > 1 is the anisotropy parameter, and « is the
angle between the c-axis and the external magnetic field
H_ which is parallel to the junction plane.

It has also been shown in Refs. [1,2] that a single
Josephson vortex directed at an angle 0 to the c-axis is
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described by the sine-Gordon equation for the phase

difference ¢ across the junction A2¢” — sin ¢ = 0, where

A3(0) = A%(sin? 0 + kcos? 0). )

In the equilibrium, in the vicinity of the critical field
H.y, ie., for |H, — H.y| < H. the angles 0 and o are
related by tan 0 = ktan o and the line energy of a Joseph-
son vortex ¢ is [1]

@3 k + k*tan?a
&= .
A3 AN\ 1 + k*tan® o (3)

Thus, in general, the vortices are not parallel to the
external magnetic field and the angular dependence of
&) results in a Josephson torque.

2. Josephson torque

The Josephson torque has been calculated for an infi-
nite thick slab with an infinite set of parallel tunnel
junctions separated by a distance d [3]. In this case the
Gibbs potential is given by

k
G 4£Hc cosa/H3 — H?sin? o, 4)
n

where
= n2k1/3207/1'
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The Josephson torque t,(«) is then equal to [3]

L dG_\/EH

—— =~—H,_sin
Y do 4 ¢

H3 + H?cos 2
—
H% — H?sin?«a

Note an unusual feature of Eq. (6): when the angle
o — 7t/2, the torque tends to a finite value

7,(n/2) = Hzi;/ﬁ /HE — H2. 7

For a > /2 (or H., < 0), one has to replace H., with
|H..|, i.e., the potential G(x) oc |t/2 — o] in the vicinity of
o = 1/2. This non-analyticity of G and 7 at « = m/2 is an
artefact of the infinite slab geometry. To treat the vicinity
of o = m/2 accurately one has to consider the sample as
an oblate ellipsoid with z-axis as the axis of rotation.

In this case the thermodynamic potential which is
minimum in equilibrium is [4]
~ H-B 1
F=F-=—=__MH,. (8)

4n 2
All macroscopic fields H and B as well as the magnetiz-
ation M inside the ellipsoid are uniform and related to the
applied field H, by

(©)

(] - n)Hx + an = Hexs (9)
2nH, + (1 — 2n)B, = H,_, (10)
where n = n, is the corresponding eigenvalue of the de-
magnetization tensor. Within the interval
[yl = |n/2 — o| < 1, a simple algebra results in

- H,
=" g, — H, cosy). (11)

8nn
This yields the torque for y < 1 [3]
dF A (2H, — Hy) (12)

T, = — = — . — Y.

Y dy 8mn o

Thus, as expected, the torque is continuous at y =0
(¢ = m/2) and fast increases in magnitude when [y| in-
creases. The crossover between Egs. (6) and (12) takes
place at a certain angle y,, which can be roughly esti-
mated by equating torques of Egs. (6) and (12). This
estimate leads to the angle y,, ~ 2n./k and the maximum
torque then is [3]

HOHe
m ~ ——~/ k. 13
t 41 f (13)

To estimate 1, assume that A~10"°cm and
Ay(0) ~ 10~* c¢m, then 1, ~ 10? erg/cm? in fields on the
order 100G. Even for a tiny crystal with dimensions
(0.1 x0.1x0.01) mm3 =10"7 cm?®, one estimates the
torque acting on the whole sample as 1073 erg. The
sensitivity of piezoresistive torque magnetometers is in
the range of 10~ 7 erg, so the Josephson torque can, in
principle, be measured.
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