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Large and small structural fluctuations in Pb—CdS-In junctions were investigated. It was found that
such photosensitivity junctions were particularly suitable for investigations of this kind. The dependence of
the maximum Josephson current on the magnetic field was determined and a good agreement was obtained

between the experimental and theoretical results.

PACS numbers: 85.25.+k, 85.60.Gz, 74.40.+k, 74.50.+r

1. INTRODUCTION

Influence of inhomogeneities in the barrier layer on
the properties of a Josephson tunnel junction has been
investigated comprehensively by Yanson.[!+211) Of
special interest are “structural fluctuations,” which are
randomly distributed inhomogeneities altering greatly
the properties of a contact. In particular, Yanson
studied the influence of such structural fluctuations on
the dependence of the critical current on the applied
magnetic field. Since these fluctuations disturb the ho-
mogeneity along a Josephson junction, the observed ef-
fect was particularly noticeable for low values of the
barrier energy, namely near the minimum of the depen-
dence of the superconducting current on the magnetic
field. Although the experiments described above were in
agreement with the theory, some of the effects predic-
ted by the theory have not yet been confirmed experi-
mentally.

We investigated photosensitive semiconductor junc-
tions®? which made it possible, as shown below, to
study more effectively the problem mentioned above.
Yanson’s theory was considered from a somewhat dif-
ferent point of view and it was developed further. Ex-
perimental dependences of the critical current on the
magnetic field in the presence of fluctuations were ob-
tained and discussed. A comparison was made with the
theory and a very good agreement was obtained.

2. THEORY

We shall consider the main results of Yansont*2] in
a somewhat modified form. The relationship between
the Josephson current and the applied magnetic field is
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known to be given by the modulus of the Fourier compon-
ent of the maximum current density:

I_,((p)-:lWTJ,exp(z_—g—i(pz) dz|. 1)
-L/2

It is assumed that the barrier is in the (x,y) plane; L
and W are the dimensions of the junction along the x and
y axes; ¢ is the normalized magnetic flux ¢ =&/,
where ¢ is the flux produced by an external magnetic
field B directed along the y axis and ¢,=h/2e is a quan-
tum of this flux.

We shall allow for the presence of structural fluctua-
tions by rewriting the current in the one-dimensional
form:

1=l (z)+],(z)=],(z)+ Z (a.. cos 2—2£x+b,. siugz—nz) ; (2)

=t

here, J,(x) is the distribution on the current density in
the absence of fluctuations and J,(x) is the random dis-
tribution of inhomogeneities, such that (J,(x))=0, where
the angular brackets represent averaging over the junc-
tion area. We shall assume that the correlation function
of J,(x) is of the form"*’

Up(a)Ip(@:) > = Pexp (= |oi=:] /r); @)

(J ;) is the average value of the square of the ampli-
tude of the fluctuations (it is assumed that (J}) is con-
stant over the whole junction) and # is the correlation
radius characterizing the size of inhomogeneities.

Substituting Eq. (2) into Eq. (1), and allowing for Eq.
(3), we obtain
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L@ = {7 @+ e, )40, 9)] e @)

n:(pz
here, § is the Fourier transform of J,(x);

I,=WLQ2r'(J)"/? and »'=7/L. The expressions for
a(r’,¢) and b(r', @) are as follows:

, had q): )z 1
a(r',p)=2 —_—)
¢ q:)’ ZI (q;“—-n2 1+ (2nnr’)?

=1

, 1 o _¢ t 7
- (1 exp(— r )) [ 2; ¢*—-n? '1+(2:mr')2] !

o L) z 1
b g)=2Y" ( ‘p—zng'n?) 1+ @anr')*

ne==1

, 1 O e 2anr’ 2
r (1—“lJ (”T ))[2Z¢f—nl 1+(2.w')2] '

For small-scale fluctuations (' <«<1) and a weak mag-
netic field (277'¢ « 1) the expressions in Eq. (5) be-
comet®!

(5)

. ¥\ __*e 9
T I (it . . S
') Z o' —n? 2sin*ng 2 ctgng—t

ne=y

. C ng \*  n'¢’ nQ
v =23 (G ) =gy~ 2 e

et

so that

Lw=[r@(1-20)]" (6)

In discussing this expression it is clear that the usual
dependence I(¢) = [sy(:p)l is modified by the presence of
fluctuations. In particular, we can see that in addition
to the term oscillating with the magnetic field, there is
also a constant background of amplitude I,. Moreover,
in the absence of a magnetic field there is no change in
the current. In general, an analysis of Egs. (4) and (5)
shows that the main result, which is the appearance of
the background current, is retained but its amplitude
decreases on increase of the magnetic field.

3. EXPERIMENTAL RESULTS AND DISCUSSION

In the case of small-scale fluctuations and a weak
external field it is not possible to separate the average
amplitude of fluctuations from the correlation radius.
All the information about the fluctuations follows from
Eq. (6) and is contained in I,. In the other limiting
case (¢ >>1) a reduction in the background current
makes is possible to determine independently »’ and
also (J2).

Yanson carried out experiments on tin—-tin monoxide-
tin junctions. His results showed that the experimental
conditions corresponded to the first case of small-scale
fluctuations and a weak magnetic field. The values of
the parameter y=1,/I,(0) found by Yanson'*! was 0.066.

We investigated photosensitive semiconductor junc-
tions. Considerable structural fluctuations were ex-
pected because of the strongly inhomogeneous nature
of the CdS barrier. Moreover, we assumed that the
structures in question were most suitable for the ver-
ification of the theoretical approximation. We were
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dealing only with the Josephson current induced optical-
ly, i.e., we considered samples through which no cur-
rent flowed under zero voltage in the absence of illumi-
nation. This guaranteed the absence of the background
current, due to short-circuiting, in I, considered as

a function of B. Moreover, illumination made it pos-

.sible to increase the Josephson current to a value al-

lowing for careful measurements even of the secondary
maxima.?’

Figure 1 shows the experimental dependences of the
maximum value of the current on the magnetic field for
a Pd-CdS-In junction (points). These results were ob-
tained for a sample whose electrodes and barrier were
formed by evaporation on a substrate made of ordinary
glass; the evaporation process took place in vacuum of
(1-2)x107 Torr. A CdS barrier was deposited at a
rate of 15 A/sec until a thickness of about 450 A was
reached. Undesirable effects, associated with the form-
ation of pinholes, were prevented by placing a sample
(after evaporation) for 2 h in an atmosphere of pure ox-
ygen at room temperature and pressure of 760 Torr.
The junction was cross-shaped with dimensions 0.34
x0.17T mm. In darkness the normal resistance was 0.5
£ and under zero voltage there was no current (to with-
in1 pA). A magnetic field, perpendicular to the long
side of the junction, was produced by two Helmholtz
coils (1 G=6 mA). The whole cryostat was surrounded
by two coaxial screens made of a magnetic metal. The
Josephson current was induced by illumination with
light from an iodine-in-quartz lamp. The current max-
imum was measured mainly by the method of Balsamo
et al.'”? The maximum current in zero field was I,(0)
=2.2 mA.

The results in Fig. 1a exhibited a slight increase in
the constant background current, indicating that the in-

4, rel. units

FIG. 1. Photoinduced Josephson current in a magnetic field
flowing across a Pb—CdS—In junction (a: small-scale fluctua-
tions; b: large-scale fluctuations). The points are the experi-
mental results and the continuous curves are theoretical.
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fluence of structural fluctuations could be analyzed by
means of Eq. (6) (small-scale fluctuations in a weak
field). The continuous curve was the theoretical depen-
dence obtained from Eq. (6) assuming that the ratio
y=1,/1 s(0) had the value y=0.06. Moreover, a suitable
step-like profile was selected for the current density
J,(x) so as to allow for the interference contribution re-
sulting from the edge effects.l®?33) We assumed that
some discrepancy between the theory and experiment in
Yanson’s work!? could be due to the presence of such
edge effects. It should be noted that our value of ¥ was
close to that obtained by Yanson. However, in our case
the current measurements were possible in relatively
strong magnetic fields, which enabled us to determine
also the quantitative values of 7’ and (J ). For this
purpose we had to take into account the two-dimensional
nature of the problem. This gave the same dependence
of the Josephson current on the applied field as before
except that now F(¢) was the Fourier transform of the
integral of the current density along the y axis and

I=WL(4a<J > /LW)"?

where a is the average area of structural inhomogeneit-
ies. The results in Fig. 1a enabled us to estimate the
upper limit of the correlation radius »’' <0.003(r <1p).
In fact, only for these values of ' did Eq. (4) predict
the background current in the ¥=0.06 case and, accord-
ing to the experimental results, this current showed no
significant reduction. Consequently, the rms amplitude
of the fluctuation current represented o= 0.7 of the max-
imum current density.

The experimentally determined dependence of the
maximum current on the applied magnetic field, exhib-
iting strong fluctuation effects, is plotted in Fig. 1b
(points). In this case the sample was prepared by the
same technology as before. A CdS film was deposited
at a rate of 7 A/sec until a thickness of 500 A was ob-
tained. The dimensions of the junction were 0.20
x0.11 mm. In darkness the normal tunnel resistance
was 22.7 €. Once again there was no current under
zero voltage; the maximum optically induced super-
conducting current was 230 pA. A magnetic field was
applied along the short side of the junction.

A theoretical curve (shown continuous in Fig. 1b) was
obtained from Eq. (4) for the values*’»’=0.016 and
v=0.25. In this case an increase in the magnetic field
reduced the background current and weakened consid-
erably the modulation of the current, which was a con-
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sequence of the fluctuations. Knowing the adjustable
parameters 7’ and ¥, we could find the correlation rad-
ius 7 and the relative amplitude of the fluctuations o.

In particular, the values =2 u and ¢=1 were obtained.
Such a high amplitude of the fluctuations could be at-
tributed to the presence of a large number of oxidized
pinholes, which were impermeable to the tunneling
pairs. This result should not be regarded as final be-
cause. of the lack of independent data on the nature of

the inhomogeneities in a semiconductor film of this kind.

We thus found that the use of photosensitive junc-
tions made it possible to investigate in detail the prob-
lem of structural fluctuations in Josephson junctions,
confirming the validity of the theoretical approach. The

‘values of the parameters used to match the experiment-

al data to the theory made it possible to find the size of
the inhomogeneities and the amplitude of the fluctuations
of the current density.

The authors are grateful for valuable discussions
with I. O. Kulik and I. K. Yanson and they are indebted
to G. Della Volne, K. Salinas, and K. Salvia for valuable
technical help.

DThe authors are grateful to I. K. Yanson for information on
his investigations.

2 any case, the photoinduced Josephson current should not
exceed the values at which the junction becomes larger than
the Josephson length.[8]

1t follows from an analysis of our data®®’ (notation as above)
that in this case £=0.01 and s’ =0.01.

9 As in the preceding case, use was made of a step-like cur-
rent density profile with £=0.06 and s’ = 0.06.
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