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1., In connection with the problem of high temperature superconductivity (see (1), -
large number of theoretical models have been proposed recently [2, 7], indicating that in
principle it is possible to effect various non-phonon mechanisms of pairing the free carriers
(conduction electrons); these models are based on collective Coulomb effects. A characterise
tic feature of all these models is the assumed presence of an auxiliary subsystem of charges
with sufficiently large polarizability (bound electrons in lateral chains of polymer molecules
[2], excitons in dielectrics or in superconducting coatings of “sandwiches" [1, 3], d-
electrons in transition metals and alloys [b4, 5], "heavy" holes in degenerate semiconductors
and semimetals [6, T]).

In the present paper we wish to call attention to one more type of systems with high
polarizability, namely granulated metallic films, consisting of individual particles
{granules) with dimensions a ~ 50 K, the dispersion properties of which were investigated, for
example, in {8]1). We note that the anocmalously large polarizability of small metallic
particles in an external electromagnetic field was pointed out also in [11].

2. As shown in [8], in a granulated metallic film there can exist proper collective
oscillations of free electrons propagating along the film. In this case, an important role
is played not only by the Coulomb interaction of the electrons with one another and with the
ion core inside each granule, but also by the interaction between the electrons located in
different granules. The latter can be teken into account in the dipole approximation (see

[8]). and then the equation for the oscillations tekes the form
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where ;i is the dipole moment of the i~th granule, due to the separation of the charges,
>
|Rij] is the distance between the i-th and j-th granules, m and n_. is the effective mass and

0
1/2 is the frequency of the dipole oscilla~

concentration of the electrons, w, = (L (eeno/m)]
tions of the electrons of each individual granule, and V and L are the volume and the de~
polarization factor of the individual granules (for simplicity the granules are assumed to be
identical).

The right side of (1) describes the dipole-dipole interaction between the granules,
and leads to a renormalization of the oscillation frequency (see below). We note that in (1)
no account was taken of spatial dispersion effects connected with the motion of the electrons
inside the granules, and also with the retardation of the electromagnetic field of the oscil-
lations; such a procedure is valid under the following conditions:

—

Other interesting properties of such films were invéstigated both experimentally and
theoretically in [9, 10].
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velwg << a, b << e/, (2)

where Vi is the electron Fermi velocity, ¢ the speed of light, and b the average distance
between granules (b 2 a).

In the long~wave limit (A >> b, where A is the wavelength af the oscillations), by re-
placing the sum in (1) by an integral over the surface of the film and introducing the average
density of the granule distribution N ~ l/b2, in the case when the electrons execute oscilla-
tions parallel to the plane of the filml), we obtain the following approximate expression for

the frequency [8]:

= a, (L/4n)= (NV/2r )%, (3)

1/2

where wp = (hweeno/m) is the plasma electron frequency, and roin Vb

in
On the other hand, if the electrons oscillate in a direction perpendicular to the

plane of the film, then the frequency equals
@=~a[(L/4n) +(NV/r 1%, (4)

We see that the frequency of the dipole oscillations depends strongly on their polari-
zation, and also on the choice of the material and structure of the film (for short-wave
oscillations with A ~ b, it is necessary to teke into account also the dependence of w on
k = 2n/A).

It is important to note that the electric field of the oscillations outside the film
penetrates at least a distance comparsble with the distance between the granules (b 2 100 K).

3. All the foregoing makes the idea of using granulated metallic films as coatings for
superconducting "sandwiches" quite attractive.

As is well-known [1], the main shortcoming of the model of a "sandwich" constructed in
accordence with the usual dielectric-metal-dielectric (or semiconductor-metal-semiconductor)
scheme is the strong screening of the electron-exciton interaction (at a distance
r23x 10'8
metallic film (d € 10 A).

em), which imposes very strong limitations from above on the thickness of the

These limitations can be greatly relaxed in semiconductor "sandwiches" [7] as a result
of the increase of the effective screening radius, on the one hand, and the guantization of the
transverse momentum of the conduction electrons, on the other. In this case, however, new
difficulties arise, connected with the satisfaction of definite requirements imposed on the
band structure of strongly doped semiconductors and on the character of reflection of the
electrons from the heterojunctions (see [T]).

A sandwich made of a thin (quantizing) film of a degenerate n-semiconductor (semimetal),

1]

nasmuch as the interaction between dipoles decreases with distance like l/r3, all
the dipole moments cen be in our approximation (A >> b) regarded as equal in both magnitude
and direction,
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on whose surface a granulated metallic coating is deposited, is practically free of the in=-
dicated shortcomings and constitutes a relatively simple (from the point of view of experi-
ment) system with easily controlled parameters. The interaction between the conduction
electrons in the film of the n-semiconductor and the aforementioned dipole oscillations of the
electrons in the granules can lead to a pairing effect, and consequently to the occurrence of
two-dimensional superconductivity along the film, If the parameters of the semiconducting
film are such that only one two-dimensional subband is filled in momentum space, then the
width of the gap characteizing the binding energy (correlation) of the electron pairs in the
film is given by (see [7, 12]):

A =2h expl~1/ply, u,>>h w, (5)
exp[-2/p]l, u <<t w,

where p = e2/endhm, € is the high~frequency dielectric constant of the semiconductor, d is
the film thickness, u, = ﬁ2/2mn[2wNnd + (nz/d2)] is the limiting (Fermi) energy of the con-
duction electrons, and m and Nn are their effective mass and concentration.

It is easy to see that when fiw v ealend the gap reaches a maximum, Amax ~ fiw, Thus,
for example, for films with 4 = lO’6 cm and e, = 3 at a dipole-oscillation frequency
w = lOlh sec™! we obtain as an estimate B ooy 2 3% 1072 eV, which corresponds to a
superconducting=junction critical temperature Tc > 100°K.

In conclusion, we are sincerely grateful to A, I. Akhiezer, V. G, Bar'yakhtar, and

A, S. Davydov for a discussion of the result and useful remarks.
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QUANTUM ELECTRONIC SPIN ACOUSTIC WAVES
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It is shown in [1] that in a metal, in the presence of a quantizing magnetic field,
there exist longitudinal oscillations of electron~-gas density with an acoustic dispersion law,
In the present communication we show that similar oscillations of the electron density are
connected with oscillations of the magnetization, and as a rule the difference between the
oscillating density of the number of electrons 2s§ with spins parallel and antiparallel to
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