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Yanson, Svistunov, and Dmitrenko [1] observed in an Sn - Sn tunnel structure current
peaks at a barrier voltage v = 28/n (n - integer, A - energy gap). A similar phenomenon was
observed recently by Marcus in a Pb - Pb structure [2]. In tunnel junctions of the same type
as in [2], Rochlin and Douglass [3] observed a more complicated dependence of the current on
the voltage. The authors of [1,2] relate the appearance of peaks with tunneling of certain
particles [4]. Such processes, however, have low probability and lead to a very rapid decrease
of the intensity with increasing peak number, in disagreement with the data of [1,2]. In [3]
the complicated dependence of the current on the voltage was attributed to the anisotropy of
the electric gap.

We propose in this note another mechanism, which is apparently in good agreement with
both the results of [1,2] and the data of [3].

As shown by the author earlier [6], the tunnel current through the junction is

1G, +) = far(k (x) sinlo(t) + 9(t - )] + K (r) sinle(t) - o(t - 1)1). (1)
0

The concrete form of the kernels K and K is immaterial in what follows,and @ satisfies the

relations
R - (3, 1), (2)
Bre . =,>
%=_CEALJ(I'; t). (3)

Here r are the coordinates in the Junction plane, xL the London depth of penetration (xL >> 4,
where d is the thickness of the oxide), and 3 is the current along the surface of the super-
conductor.

Relations (1), (2), and (3), together with Maxwell's equations, form a closed system.
We could therefore, as in [7-9], obtain one equation for ¢. As shown in [6], for a point con-

tact this equation has no solutions with dp/dt = const. This statement holds true also for

2o



extended contacts. Consequently, the stationary processes in the system will be either sto-
chastic or periodic, depending on the experimental conditions. We note that singularities of
the current-voltage characteristics appeared in [1-3] for structures having both large dc and
large ac Josephson currents. To suppress the resonant steps [10-11], a sufficiently large
magnetic field, ~10% Qe, was turned on. Thus, periodic solutions for the voltages and currents
were realized in these experiments.

We write the solution for o(r, t) in the form
o(T, t) = et + kT + 0(T, t), ()

where ev and k are the mean values of (2) and (3), respectively, and &(r, t) is some periodic

function of the time with period T. TFrom the condition for the periodicity of I we find that

T = m/ev. (5)

Here m is an integer determined by the boundary conditions (the question of boundary condi-
tions is considered in [9]).

The average current through the junction is

T
= %\/dtfdz?z(i ), (6)
[e] S

where s is the junction area. Using (5), (%), and (1) we obtain after trivial transformations

I(V) = %‘, cnIO[V(m + Qn)/m], (7)
Here io(§> is the single-particle tunnel characteristic and

SR (- Ty 2. -

e, = Sb/a rlAn(r)I ; % c =1,
s

where

AnG) = -%_/it exp[0(T, t) - (2ev/m)nt].
0

In calculating (7) we used the fact that the experiments of [1-3] were made in strong magnetic
fields, and neglected the terms of order ev/|k|ec (¢ is the wave propagation velocity in the
tunnel structure).

Expression (7) agrees well with the data of [1,2] if Ye put m = 2. This describes cor-
1
must be determined by the concrete experimental conditions. In the author's opinion, the data
of [3] also agree well with formula (7) if m = T.

In conclusion we consider also the case when ¢ << 1, and the junction is exposed to an

rectly the form obtained empirically in [2] for the peaks . As to the peak amplitude c it

external high-frequency field of freqguency Q1. We then obtain for the voltage regiocn ev >> Q
(¥ = 2 3 T v S
I(V) = L 12(ev /)T (V + na/e). (6)

Here In - Bessel function and Vo - amplitude of the high-frequency oscillation. We see from

oh3



(8) that peaks will appear on the curremt-voltage characteristic at ev = 2o = nQ. This phe-
nomenon was observed experimentally by Dayem and Martin [12].

The author is grateful to I. K. Yanson for acquainting him with the unpublished results
contained in his dissertation, and to V. M. Svistunov for supplying information on this topic

and for useful discussions.
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The form of the peaks due to many-particle processes will differ greatly from (7) (see
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It was observed in an investigation of the effect of a strong pulsed magnetic field on
the electric conductivity of tellurium, that the plot of the magnetoresistance against the
field intensity H is an oscillating curve with extrems that are periodic in the reciprocal
field l/H. Such a singularity, observed in a nondegenerate semiconductor, may be evidence of
magnetophonon resonance, the phenomenon predicted by V. L. Gurevich and Yu. A. Firsov [1] and
studied in detail in n-InSb [2]. 1In magnetophonon resonance the oscillation amplitude should
decrease with decreasing temperature, and the period A(1/H) should be independent of the den-
sity and determined by the carrier effective mass m* and by the frequency w of the optical os-

cillations of the crystal:
A(1/H) = efn*uwc.
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