qp Thus, even if the sum of the

e — states appearing in the forbidden
band AZNA were to equal or exceed
v

B ND’ the "limiting" state of the

_ system at 0°K can be obtained
12 only if the bulk of the group-V
donors are bound into complexes
N whose electronic states lie in
the valence band.

- It is possible that the
localization of these states is

5 one of the conditions that deter-
mine the difference in the "limit-
ing" position of the Fermi level,
U in n~-type germanium and silicon,
since the levels of the complexes
| in silicon lie near the middle

of the forbidden band [5, 6].

5 ' ] ! 700 * A The authors are grateful to

S.M. Ryvkin for interest in the
work and to G.L. Bir for taking
part in a discussion of the re-
sults.

Fig. 2. Temperature dependence of the
hole concentration for the irradiated
sample in the "limiting" state.
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We investigated semiconducting quantizing CyS films. The dispersion law
in the subband is € = an( ) (n=1, 2, 3, ..., L 1s the quasimomentum with

components PX and Py) [1, 2]. The distance between fthe subbands is glven by

2 2 2n +1

LA 2m* L2

Ae

where m¥ is the effective mass in the direction normal to the film, and depends
on the masses in the bulky sample [3].

The conditions for the appearance of superconductivity in a semiconductipg
film, according to [4], differs from the conditions in a bulky sample. This 1is
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connected with the dependence of the electronic density of states on the film
thickness on the special character of the Cooper pairing, which makes the study
of thin semiconducting films much more promising from the point of view of
ralsing the existing transition temperature.

We have therefore investigated semiconducting CuS films of various thick-
nesses. The transition temperature TC in the bulky sample is 1.62°K [5]. A

superconducting transition was observed in a film 6 x 10~°% cm thick at a tem-
perature 3 * 0.3°K.

Further, an investigation of the entire course of the temperatyre depen-
dence of the film resistivity at definite thicknesses (200 and 500 A) resulted
in an oscillatory picture.

The CuS films were obtained by sputtering on glass from a bulky sample and
accompanying enrichment with sulfur in a vacuum not lower, than 10=°% mm Hg. The
error in the determination of the film thickness was 50 A, and the temperature
was maintained constant within 1°K and measured with a platinum thermometer.

An essential manifestation of the presence of the observed effect 1g the crea-
tion of a low-resistance ohmic constant which was realized by us'’. The
measurements were performed by a null method, using the formula [6]

2
, D

Pl = o | 2@/
2rUL a-(¢/2)

where a = [(&/2)2 - dzjl/z; £ is the distance between contacts, d the diameter
of the contacting surface, U the potential difference between contacts, and I
the current flowing through the sample (I = 4.6 pA, 2 = 10 mm, 4 = 1.5 mm).

The figure shows a plot of the resistivity of the CuS films 200 and 500 A
thick against the temperature, with the measurement errors indicated.

As seen Tfrom the figure, in the temperature interval 20 - 60°K the p(T)
dependence 1s so weak that the plot is a straight line parallel to the tempera-
ture axis. This makes 1t possible to state, assuming that the mobility is

) . \ . , .
175 patent application was filed for this work (disclosure 1423472/26-25).
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independent of T in this interval, that the electron gas is degenerate.

Measurement of the Hall effect at room temperature has shown that the
electron density in the CuS film is of the order of 102? cm~? at thicknesses
200 and 500 &

'In the case of films of these thicknesses, the values of the maximum
measurement error referred to the values of the amplitude is on the average
0.4 and 0.3, respectively.

Thus, the observed temperature oscillations are beyond the measurement
error and the maximum value of the amplitude corresponds to a temperature
v150°K.

The periods of the oscillation change insignificantly with decreasing
thickness (by approximately 1°K).

It is also seen from the figure that the smaller the film thickness the
stronger the oscillatory dependence of p on T and the ratio of the two succeed-
ing periods for a given thickness increases with increasing temperature like

172
AT, T, .
ATn.* 1 Tnlizl

The authors believe that the observed temperature oscillation of the re-
sistivity of the CuS films is due to the non-equidistant arrangement of the sub-
bands in the high-temperature quantum size effect, in accord with the theory of
S.8. Nedorezov [T].

In conclusion, the authors thank G.M. Abdullaev and B.G. Lazarev for help
and support during the performance of the work, and to M.I. Kaganov, V.B.
Sandomirskiil, S.3. Nedorezov, and A.M. Rustamova for a discussion of these
results.’
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The approximations on the basis of which exciton-impurity complexes in
crystals are considered usually do not take into account exchange, spin-orbit,
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