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Recently, mterest has been renewed in the study of Josephson structures of variable
thickness bridges. The calculations carried out in Refs. [1-3] indicated the possible prospect of
their use as basic elements of digital and analog superconducting devices.

Josephson variable thickness bridges were first proposed by Likharev [4] and were intensively
studied both theoretically [5-9] and experimentally [10—14] until the end of the 80s. The structure
(see Fig. 1) consists of rwo superconducting (S) electrodes with a thickness d; connected by a
structured film of a weak link material with a thickness d;.
In SN-N-NS and SF-F-FS Josephson junctions the final interface mansparency leads to violation of

the rigid boundary conditions used in the above estimates [15] and delocalization of the weak
coupling region [1]. In the limit L, < £ both critical current /, and I R, product are mainly deter-
mined in these junctions by suppression parameter Yg,, rather than on bridge geometrical factors
L, and W. There is no need for additional structuring of the width of the bridge film [1]. Its width
may coincide with the width of the composite electrode and be determined by the requirements for
the line width of a technological process.

To find the required dependencies /(@) and Jy(x, @), it is necessary to solve in the F-film the
Usadel equations. In case of low film thickness, d; << Z;. Usadel Green's functions @ independent
of the coordinate y. Figure 2a shows the dependence of the current. J(x), in the F.N-layer for dif-
ferent values of the normalized on =7, exchange energy H. It can be seen that there are Josephson
junctions with positive (O-junction) and negative (r-junction) critical current (J, = [(0)). In addition.
the presence of a vortex can be observed in both cases. It makes the existence of junctions with

the bistable phase-current relation. _ o e .
From Usadel equation in the S-electrodes it follows that i this approximation phases of order

parameter A(x.yv) and anomalous Usadel Green’s functions. @ (x,y) coincide with each other. while
their modules equal to their equilibrium values in a superconductor at a given temperature, It
D, (x) = A(x.y) = Aexp{y(x.v)}. Here A is normalized on n7, magnitude of superconductors order

Figure 1. Sketch of SF-F-FS Josephson junction with vanable thickness bridge geometry.
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Figure 2. a Dependence of the current, /(x). in the EN layer for different values of the nonmalized exchange
energy /- b Spreading of the y-component of the current, . in the superconducting electrode S for
H=2

parameter. The phase y(x.y) obeys the Laplas equation with Neumann boundary conditions. Figure 2b
shows the calculation of the spreading of the y-component of the current, 7, in the superconducting
electrode S for 4 = 2. In the vicinity of F-FS comer the vortex character of current spreading in
the S-electrode is observed. When moving away from the bridge by a value of about 35 the current
is evenly distributed along of coordinate y.

In summary. we assert that SF-F-FS junction with variable thickness bridge geometry can have
a different sign of the critical current (0 or & junctions). In addition. we have shown that in the
presence of Zeeman splitting in a weak link material. these supercurrent configurations can be even
of a vortex namre. Another mmportant feature is the absence of the critical cwrent oscillations when
the film thickness d; or the S electrode thickness d; changes.
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