
mechanisms in this temperature range. As the temperature
is decreased, two plateaus clearly appear (Q ~J~2.5 • 10~9

for 3.5 K^rS lOKandg-^ l • KT8 for 25 K5T560
K). The deviation from the law tan5~r5 for T<60 K is
apparently attributable to defects and impurities in the sin-
gle-crystals used.

It may be expected that as the perfection of the single
crystals is further improved it will be possible to eliminate
the nonfundamental loss mechanisms for 7T<60 K and to
achieve 2~ 1012 at the temperature of liquid helium. Such
losses would make it possible to perform a number of inter-
esting physical experiments.
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A. A. Samokhvalov and V. V. Osipov. Electron-magnon
interaction in magnetic semiconductors. Since the discovery
in the 1960s of the magnetic semiconductors—ferromagne-
tically ordered semiconducting compounds with a quite
high charge-carrier mobility—europium oxide EuO and
spinels of the type CdCr2Se4, the physics of magnetic semi-
conductors has been at the forefront of solid-state physics.
Interest in magnetic semiconductors stems from the pres-
ence of electric and magnetic subsystems, which interact
strongly with one another via Vonsovskii's s-d exchange in-
teraction.1 This interaction leads to a number of unique phe-
nomena observed in magnetic semiconductors2: a giant mag-
netoresistance, an insulator-metal transition with a very
large change in the electrical conductivity, a giant shift of the
optical absorption edge, formation of spin-polarized com-
plexes—ferrons, etc. These phenomena, observed under
equilibrium conditions, do not, however, exhaust the possi-
bilities of magnetic semiconductors. A new and large group
of physical phenomena is possible due to the interaction
between elementary excitations—itinerant electrons, mag-
nons, and phonons under nonequilibrium conditions.3-4 For
example, the interaction of hot charge carriers, drifting in a
strong electric field, with spin wave (magnons) can lead to an
amplification or Cherenkov generation of spin waves, heat-
ing of magnons, and a number of other electron-magnon
interaction phenomena. Such excitation of spin waves (mag-
nons) by hot charge carriers under favorable conditions must
affect the macroscopic parameters of magnetic semiconduc-
tors. In particular, in this case, since each excited magnon
decreases the magnetic moment by one Bohr magneton, the
magnetization should decrease. Since in a magnetic semi-
conductor the electronic structure determining its physical
properties depends, as a result of s-d exchange interaction,
on the magnetization, other physical parameters will also
change correspondingly: electrical, optical, and magnetoop-
tical properties, magnetic and dielectric uhf properties, etc.

To observe experimentally the phenomena made possi-
ble by the strong electron-phonon interaction, quite large
and perfect single-crystals of magnetic semiconductors

based on EuO, CdCr2Se4, and HgCr2Se4 with a quite high
charge-carrier mobility (up to ~1000 cm2V~1s~1), low
damping of spin waves (AH k ~ 1 Oe), high saturation magne-
tization, and comparatively low Curie temperature, were
grown. A complex of experimental techniques for studying
the magnetic, electrical, optical, magnetooptical, and uhf
properties of magnetic semiconductors in strong electric
fields in the pulsed mode was developed in order to avoid
Joule heating.

The magnetization, electrical conductivity, uhf absorp-
tion, and the optical, magnetooptical, and other parameters
of magnetic semiconductors as a function of the intensity of
the electric and magnetic fields as well as their relaxation
characteristics during and after the pulse were studied in the
temperature range 4.2-300 K. The measurements were per-
formed on single-crystals of the magnetic semiconductors n-
type EuO, p-type Cd, _x A.gx Cr2Se4, and n- and p-type
HgCr2Se4 with different concentration and mobility of
charge carriers.

The results indicate the substantial effect of a strong
electric field (up to 10 kV • cm~') on the physical properties
of magnetic semiconductors. Thus anomalies were observed
in the dependence of the electrical conductivity on the elec-
tric-field intensity in the region of magnetic ordering, indi-
cating Cherenkov generation of magnons by charge
carriers, in the high-resistance magnetic semiconductors
Cd, _x A.gx Cr2Se4 with p-type conductivity.5 More distinct
effects were observed in magnetic semiconductors with a
high concentration of mobile charge carriers.6'7 In this case,
the decrease in the electrical conductivity due to excitation
of magnons by hot charge carriers reached 50%, indicating a
significant transfer of energy from the charge-carrier system
to the magnetic system. A drop in the magnetization in a
strong electric field (up to 10%), resulting from the excita-
tion of magnons by charge carriers, was also observed in the
same samples. The drop in the electrical conductivity and in
the magnetization in a strong electric field were studied as a
function of the conditions (electric and magnetic field inten-
sities and the temperature) and parameters of the magnetic
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semiconductors (electrical conductivity and the concentra-
tion and mobility of charge carriers). It was found that the
indicated effects occur only in the presence of a quite high
concentration of mobile charge carriers. The relaxation
characteristics of the magnetization and electrical conduc-
tivity were studied. During the electric pulse the magnetiza-
tion drops; after the pulse, depending on the experimental
conditions and the parameters of the magnetic semiconduc-
tor, the magnetization either continues to decrease (though
E = 0) or it increases, returning in both cases to the starting
value within 10~3 s. This, at first glance, strange result was
explained under the assumption of independent and differ-
ent, with respect to intensity, excitation (heating) of mag-
nons and phonons by charge carriers. According to the the-
ory,4 this possibility arises as a result of the weak coupling
between the magnon and phonon subsystems in magnetic
semiconductors with a low Curie temperature (lower than
the Debye temperature).

To estimate the efficiency of excitation of magnons by
hot charge carriers, the parameter y = A Tm /A Tp, equal to
the ratio of the increment to the magnon temperature during
the pulse and the increment to the phonon temperature, is
introduced. The increments A Tm and A Tp are determined
experimentally from the magnetization relaxation curves. A
set of studies of the parameter y was performed as a function
of the intensity of the electric and magnetic fields, tempera-
ture, and concentration and mobility of charge carriers in
the magnetic semiconductor. The results of these studies
agree with the theory.4

The results obtained on the excitation of magnons by
hot charge carriers were confirmed by independent studies
of the temperatures of hot charge carriers and magnons
based on the uhf noise temperature.8 These studies showed
that under typical experimental conditions the charge carri-
ers are heated by several tens to several hundreds of Kelvins.
Heating of magnons up to several tens of Kelvins has also
been observed.

The results obtained on the excitation of magnons by
charge carriers have a number of consequences for other
physical properties of magnetic semiconductors. These con-
sequences are determined, first of all, by the effect of the
drop in magnetization (due to excitation of magnons) on the
electronic energy spectrum of the magnetic semiconductor
and, second, by the possibility of a controllable transfer of
energy from the charge carriers to the magnons. This can be
illustrated by the results of experiments on the effect of a
strong electric field on uhf absorption,9 as well as on the
optical and magnetooptical parameters10 of magnetic semi-
conductors.

On the whole, it may be concluded that the results pre-
sented are the first but very hopeful steps in a new area of
applied solid state physics—semiconducting magnetoelec-
tronics, an area with important new possibilities for technol-
ogy.

'S. V. Vonsovskii, Magnetizm (Magnetism), Nauka, M., 1971; Zh. Eksp.
Teor. Fiz. 16, 981 (1946).

2A. A. Samokhvalov in: Redkozemel'nye poluprovodniki (Rare-Earth
Semiconductors), Nauka, Leningrad (1977), p. 5.

3A. I. Akhiezer, V. G. Bar'yakhtar, and S. V. Peletminskii, Zh. Eksp.
Teor. Fiz. 45, 337 (1963) [Sov. Phys. JETP 18, 235 (1964)].

4I. Ya. Korenblit and B. G. Tankhilevich, Fiz. Tverd. Tela 18, 62 (1976)
[Sov. Phys. Solid State 18, 34 (1976)].

'A. A. Samokhvalov, V. V. Osipov, V. T. Kalinnikov, and T. G. Aminov,
Fiz Tverd. Tela (Leningrad) 20,595 (1978) [Sov. Phys. Solid State 20,344
(1978)].

6A. A. Samokhvalov, V. V. Osipov, V. T. Kalinnikov, and T. G. Aminov,
Pis'ma Zh. Eksp. Teor. Fiz. 28, 413 (1978) [JETP Lett. 28, 382 (1978)].

7A. A. Samokhvalov, V. V. Osipov, and L. T. Ivaev, Pis'ma Zh. Eksp.
Teor. Fiz. 30, 658 (1979) [JETP Lett. 30, 623 (1979)].

"A. P. Gal'dikas, I. B. Matulechene, A. A. Samokhvalov, and V. V. Osi-
pov, Fiz. Tverd. Tela 25, 1999 (1983) [Sov. Phys. Solid State 25, 1153
(1983)].

9N. I. Solin, A. A. Samokhvalov, and V. T. Kalinnikov, Fiz. Tverd. Tela
18,2104 (1976) [Sov. Phys. Solid State 18, 1226 (1976)].

10A. A. Samokhvalov, A. F. Gunichev, N. A. Viglin, and Yu. P. Sukhoru-
kov in: Abstracts of Reports at the All-Union Conference on the Physics
and Chemistry of Rare-Earth Semiconductors, Nauka, Leningrad
(1979). p. 40.

I. O. Kulik. Superconductivity of narrow-band metals
and semiconductors and the model of superconducting glass.
In recent years, in connection with the problems of super-
conducting materials technology and the search for high-
temperature superconductors,1 considerable experimental
data have been accumulated and the superconducting com-
pounds exhibiting significant deviations from the Bardeen-
Cooper-Schriefler (BCS) model have been discovered. They
include, in particular, the following: 1) superconducting ox-
ides with the perovskite structure BaPbi_JCBixO3

2 and
spinels Li1+JtTi2_xO4,3 Chevrel phases of EuxMo6Sg,

4

tungsten MXWO3 and vanadium MXVO3 bronzes
(M = Rb, K, Cs),6 superconducting semiconductors
Pbi_J(_>,NaxTl>,Te,6 variable-valence compounds with
"heavy fermions" CeCu2Si2, etc.7 They have the following
general properties: 1) quite high transition temperatures
(~13 K in the case of BaPb1_xBiJCO3); 2) nonmonotonic
dependence of the superconducting transition temperature
Tc on the composition and a transition into the dielectric

phase at a definite value of x; 3) semiconducting behavior of
the resistance as a function of temperature for T> Tc; and, 4)
strong sensitivity to the structural state. In this report, the
possibility of explaining such properties within the frame-
work of the "superconducting glass" model8"10 is examined.
Analogous models were later studied by Aleksandrov and
Ranninger,1 Robashkevich et al.,12 and Rice and Sneddon.13

The electron-phonon interaction (EPI) leads to the ap-
pearance of attraction between electrons U = £?/(&), where
g is the EPI constant and (a) is the average vibrational fre-
quency. If the value of U is smaller than the Fermi energy
(the width of the conduction band) t, i.e., the dimensionless
constant A ~ U/t ^ 1, then we are dealing with the BCS the-
ory of superconductivity or its modifications to the case of
"strong" coupling. A different situation appears for /I > 1
(Fig. 1) when pairs are localized at lattice sites and due to the
polaron narrowing of the band (t~t(f

gl/<af)) the transi-
tion temperature does not increase, but rather drops as the
coupling constant A increases. The coherence length (pair
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