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%e have studied the effect of an applied rf signal on the radiation emitted from a large-area
Josephson junction by means of a model based on the sine-tJordon equation. The rms value of the
voltage of the emitted signal has been calculated and a hysteresis loop found. An analysis sho~s
that the hysteresis is due to the nonlinearity in the system, i.e., the dynamics of the lower branch
can be described by a solution to the linearized system while the upper branch is described by a
breather mode. These solutions are frequency locked to the driving signal. Various characteris-
tics of the loop such as threshold value and level of the branch are predicted analytically.

The study of the dynamical behavior of large-area
Josephson junctions is of fundamental as well as practical
interest. On the one hand, the characteristics of Josephson
junctions have a rich content of nonlinear properties which
are suitable for detailed investigations of various areas
such as nonlinear wave dynamics'2 and chaotic states. 3

Further, the system is suitable for testing of perturbation
approaches. s On the other hand, there have been sugges-
tions for applications of large-area Josephson junctions
within such diverse fields as microwave oscillators-ampli-
fiers and data processing systems.

In most experiments in Josephson physics one finds hys-
teresis phenomena. Thus, an understanding of the basic
dynamics behind the hysteresis is important. In the
present paper we focus on large-area Josephson junctions
(overlap tunnel junctions) irradiated by rf signals (without
applied dc current). The microwave pump signal is ap-
plied to one end of the junctions. This system is modeled
by a perturbed one-dimensional sine-Gordon equation with
approximate boundary conditions describing the influence
of the rf signaL Period doubling (i.e., the first steps in the
transition to chaos) has been found for the model and in
experiments in Refs. 6 and 7, respectively. We have exam-
ined this system by means of the model. In order to get an
understanding of the influence of the applied rf signal on
the emitted radiation we have calculated the rms value of
the emitted voltage as a function of the amplitude of the
applied signal.

This relation exhibits hysteresis. The dynamics describ-
ing the lower branch can be found linearizing the model
equation while the dynamics of the upper branch can be
well described as a breather mode frequency locked to the
driving signal. Application of a perturbation approach
gives expressions for the level and the lower threshold for
the upper branch.

The dynamics of a long Josephson tunnel junction is as-
sumed to be governed by a perturbed sine-Gordon equa-
tion

exx —@„sin@+ae
where @is the phase difference between the two supercon-

@,(I ) a sintot,

e„(0)-0,
(2a)

(2b)

where a H, /J) g and I L/'kj are the normalized mag-
netic field strength and junction length, respectively.

Equations (1) and (2) have been solved numerically. In
the numerical solution we have applied an approximation
based on a stabilized leap-frog scheme. Throughout this
paper the frequency to 0.8, the loss parameter a 0.2,
and the normalized length I 5 are held fixed. In Fig. 1

we show the rms value of 4, in the right end of the junc-
tion as a function of the amplitude a resulting from nu-
merical simulations. In order to simulate an experimental
situation the curve has been obtained in the following way:
For a 0 we use flat initial conditions [i.e., 4(x,0) 0
and 4, (x,0) 0), a is then increased gradually by an
amount ha (using a ramp function „,„a,a+1d(d /5a0)t
for the time t «50). When steady state is obtained the
computations are stopped, restarted (the initial conditions
now being the former obtained steady solution), and a
gradually increased. This procedure was continued for
a (0.8 with da 0.1, while for a &0.8, ha 0.05. The
steady state was typically obtained after t 500 and each
run has typically been continued to t 2000.

In Fig. 1 it is seen that the rms value changes rapidly for
a„,h =0.87 and saturates at an almost constant level (re-
ferred to as the upper branch). This change corresponds

ducting films. The spatial variable is measured in units of
the Josephson penetration depth XJ (5/2ed pcJ )'i and
the time in units of the reciprocal plasma frequency coo

where too (2ej/AC)'i . Here J is the Josephson current
density, d is the magnetic thickness of the barrier, and C is
the capacitance per unit area The . loss a is defined
through the relation a G (h/2e JC) 'i, where G is the
shunt conductance per unit area.

With an oscillating magnetic field H, sintot applied to
one end of the junction, perpendicular to the length of the
junction and parallel to the plane of the barrier, the
boundary conditions for the phase difference 4 at the ends
are
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