
ferrites, gadolinium and nickel. These indices and ampli-
tudes are calculated from measurements of the field and
temperature dependences of the magnetization, the magnet-
ic and magnetoelastic susceptibility, the heat capacity, the
coefficient of thermal expansion, magnetostriction, the mag-
netocaloric effect, nuclear gamma resonance, the Faraday
magnetooptical effect, the velocity of propagation and ab-
sorption of sound, and the thermal conductivity. The rela-
tions of the similarity theory (scaling), a series of magnetic
equations of state, and the equations of state of the heat ca-
pacity are checked experimentally based on these data. Mag-
netoelasticity in the critical region is described theoretically
based on the ideas of the similarity theory and scaling func-
tions are constructed for the magnetostriction, the magne-
toelastic susceptibility, and the thermal expansion and they
are checked experimentally. The equation of state (scaling
function) for the magnetic susceptibility is also checked ex-
perimentally.

The anomalies in the dynamic properties in the critical
region are explained based on two mechanisms: relaxational
and fluctuational. The scaling function for the fluctuational
and relaxational parts of the coefficient of absorption of
sound, describing its temperature, frequency, and field de-
pendence is constructed.

The discussion of the experimental data shows that the
anomalies in the velocity and absorption of sound, owing to
the spin-lattice interaction, are linked to the dissipation of
elastic energy in fluctuations of the spin-energy density. The
main mechanism for the spin-photon coupling in the ferrite
studies is the exchange-magnetostriction coupling, which
arises from the phonon modulation of the exchange interac-
tion between magnetically active ions. The qualitative fea-
tures of the thermal conductivity in the magnetic critical
region turned out to be closely related to the scattering of
thermal phonons by thermodynamic critical fluctuations of
the spin system or of the order parameter, which is an addi-
tional scattering mechanism added to those already known:
three-phonon, impurity, boundary, etc. We obtained infor-
mation on the role of critical fluctuations in the thermal re-
sistance from measurements of the thermal conductivity in a
magnetic field. A strong magnetic field, which suppresses
fluctuations, removes these anomalies.

2. Magnetic critical phenomena in isotropic and aniso-
tropicferro- andferrimagnets in weak magnetic fields.4 Stud-
ies in this area essentially concern the fundamental questions

of magnetism. Studies of phase transitions in the presence of
a magnetic field showed that the#-r diagram contains not a
point, but rather a line of phase transitions. For weak mag-
netic fields, comparable to the demagnetizing field of the
sample, phase transitions from the nonuniformly magne-
tized state into the uniformly magnetized state are observed.
In the nonuniformly magnetized region, the magnetization,
the susceptibility, the magnetooptical effect, and magnetos-
triction are observed to be temperature independent.

Based on these studies, the most accurate estimates of
the spontaneous magnetization and of the Curie point are
presented and a new method for determining the spontane-
ous magnetostriction is proposed. The results obtained are
of both theoretical and practical interest.

3. Multicriticalphenomena. Based on measurements of
the temperature and field (weak fields) dependences of the
magnetic susceptibility,the H-T phase diagrams are con-
structed for hexagonal gadolinium, yttrium ferrite-garnet,
and yttrium orthoferrites, and samarium. They reveal a new
sequence of phase transitions: from the nonuniformly mag-
netized state into the uniformly magnetized state into a
phase transition associated with the crystallographic mag-
netic anisotropy.

In addition, a somewhat different picture is observed in
orthoferrites, because of the fact that the Dzyaloshinskii
field is much higher than the demagnetizing field. Thus,
based on the experimental data on the magnetic properties, it
is shown that multicritical phenomena can be observed in
orthoferrites. The discussion of the experimental phase dia-
grams of samarium and yttrium orthoferrites shows that
there exist phase transitions with a Lifshitz point, owing to a
rearrangement of the domain structure as well as spin reor-
ientation.5
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Z. D. Kvon, I. G. Neizvestnyi, and V. N. Ovsyuk. Effect
of a surface superlattice on a two-dimensional electron gas.
Quantum space-charge layers formed at the surface of a se-
miconductor by an external electric field in metal-insulator-
semiconductor (MIS) structures are currently one of the
most interesting objects in solid-state physics. Phenomena
such as size quantization, charge localization, surface trans-
fer of charge, and the quantum Hall effect appear to be shar-
pest and most multifaceted precisely in these systems.

One method for studying such layers involves quantum
inversion channels on high-index surfaces (i.e., surfaces with
high Miller indices), which are surfaces that are tilted at
small angles 6 away from the singular surfaces of the crystal.
We studied in greatest detail silicon surfaces, tilted away
from the (100) and (111) surfaces around the direction [011]
by angles of 0= 1-10°.

It was previously predicted that superlattices can in
principle exist on such surfaces for two reasons: first, be-
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cause of the appearance of new translational order1 and, sec-
ond, because of the possible presence of a periodic system of
terraces and steps.1-2 The existence of such a system was
observed experimentally on the vicinal surfaces of silicon
based on the splitting of the main reflections in the diffrac-
tion of slow electrons.2 There now exist data indicating that
the periodic system of steps and terraces is preserved also
after thermal oxidation of the surface.3-4 The anisotropy of
charge-carrier transfer in inversion channels, formed on the
vicinal surfaces of silicon in our work, was explained precise-
ly by the partial disorder of this system.5

The anomalies caused by the superlattice were first ob-
served in Ref. 6, but they were not entirely correctly inter-
preted because the electronic energy spectrum was not con-
structed correctly.

The expected mechanism by which the superlattice af-
fects the properties of a two-dimensional gas is linked to the
appearance of a minigap in the energy spectrum of the
charge carriers in the first quantum subband. As soon as the
Fermi energy E¥ reaches the minigap under the action of a
field applied perpendicular to the surface, a feature in the
form of an inflection, instead of monotonic growth, appears
in the curve of the conductivity of the channel Gc as a func-
tion of the surface excess of holes Fp in the channel. In a two-
dimensional gas the quantity Fp4, corresponding to the be-
ginning of the feature, is related to the period of the
superlattice L by the simple relation Fp = -rr/2L 2. Thus, giv-
en the period L, it is easy to determine the required value of
r*.

We observed these features while studying the conduc-
tivity of the hole channel.7 Figure 1 shows the derivative
dGc /dFp as a function of Fp for tilt angles 6 = 2.2 and 3° at
4.2 K; the indicated features are located at Fp = 2.2 • 1012

and 4.2 • 1012 cm~2. The corresponding period of the super-
lattice Z,exp = 80-85 and 60-65 A is indeed in good agree-
ment with the value computed from the tilt angle L T = a/
v5 sin 6, where a is the lattice constant in silicon. The experi-
mentally determined periods for three angles 6, indicated in
the inset in the figure, follow well the expected theoretical
dependence.

The experiments described show that the existence of
one-dimensional superlattices is a fundamental property of
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FIG. l.ThecurvesofdGydrp versusTp for two tilt angles 0 (2.2° (1) and
3° (2)). The arrows mark the positions of the features. The dependence of
the period of the superlattice on (sin 0)~' is shown in the inset (the circles
are the experimental values, and the straight line represents the theoreti-
cal dependence L T = a/v3~ sin 8).
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FIG. 2. a) Dispersion law for two-dimensional electrons on the vicinal
surface (the vertical solid is the boundary of the Brillouin zone; the broken
line is the position of the centers of the valleys; 1-4—isoenergetic contours
in the plane of the MIS structure); b) dependence of the magnetoresistance
tLR(H)/RonTa at#= 3.3 kG and T= 4.2 K for a current flowing paral-
lel (1) and perpendicular (2, 3) to the axis of the superlattice (the arrows a
and b mark the boundaries of the minigap, determined from the conduc-
tivity measurements).

vicinal surfaces, and it must be taken into account when ana-
lyzing not only hole, but also electron channels, where the
appearance of minigaps is usually linked to intervalley split-
ting.8

It is well known that the magnetoresistance (MR) of a
degenerate gas with a spherically symmetrical Fermi surface
(FS) and an isotropic relaxation time T is small and, in order
of magnitude, is equal to (o>r)2/(EF/kT). The MR of real
degenerate Fermi systems (in particular, metals) is usually
much higher, which is most often explained by the compli-
cated form of their FS.9 The two-dimensional electron gas on
the vicinal surface of silicon is a convenient object for observ-
ing the transition from the isotropic FS to the FS with a
complicated configuration, since here this transition is quite
simply realized by changing the surface excess of charge car-
riers.10 Figure 2a shows the Fermi surfaces (more precisely,
the contours) for different values of the surface excesses. It is
evident that for low values of Tn the FS is virtually isotropic,
and as Fn increases, i.e., as the boundaries of the Brillouin
zone are approached, it begins to become distorted and ac-
quires a complicated configuration, which is a function of
the position of the Fermi level. In particular, when it is situ-
ated in the second miniband, the FS consists of two closed
surfaces, having the form of a "dumbbell" and "lens" and in
this case a transition should be observed from small values of
MR, corresponding to an isotropic FS, to significantly high-
er values, corresponding to a Fermi surface which does not
have spherical symmetry.9

Figure 2b shows the dependence of the MR of an MIS-
transistor channel for directions along steps and perpendicu-
lar to them; in addition, curve 3 was measured for a sample
with a large tilt angle away from the singular surface and
with a lower mobility. It is evident that for small values of Fn

(and, correspondingly, E F ) the MR behaves analogously to
the channels on the singular surfaces and is the same for both
directions of the current. In the direct vicinity of the minigap
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the MR increases rapidly and remains constant, while the
Fermi level passes through the minigap. In the second zone
the MR once again begins to decrease monotonically as Tn

increases.
The results presented show that the observed pheno-

menon makes it possible to obtain information on the disper-
sion law and the behavior of the relaxation time in a two-
dimensional Fermi system accompanying a change in the
form of the Fermi surface. We note that in the course of the
above-described change in Tn the FS undergoes two topo-
logical Lifshitz transitions.9 These transitions were first ob-
served from the anomalies in the phonon entrainment of
two-dimensional electrons in Ref. 11.

Further studies of such systems include a study of the
absorption and, especially, the emission of far-IR radiation,
cyclotron resonance,12 as well as transport phenomena in
strong magnetic fields.13
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I. A. Shcherbakov. Energy transfer in solids, new active
media for solid-state lasers. The present status of the problem
of nonradiative transfer of electronic excitation energy in
dielectric crystals and glasses is discussed. It is demonstrat-
ed that the theory of static transfer and the theory of hopping
quenching of luminescence agree quantitatively with the ex-
perimental data on the interaction of rare-earth and transi-
tion-element ions in laser crystals. The three-stage nature of
the law governing the energy transfer from the donor subsys-
tem into the acceptor subsystem is revealed experimentally.
The general laws relating the microscopic mechanisns of in-
terionic interaction with the energy relaxation processes in
the group of interacting particles are established. It is shown
that rejection of the "T" approximation and realization of

experimental methods for measuring the evolution of the
population of the excited states over a large dynamic range
will make it possible to determine the microscopic interac-
tion constants and to forecast the spectral-luminescence
properties of impurity crystals. The quantitative interrela-
tionship of the evolution of the population in the donor and
acceptor subsystems is established. Matrices in which the
concentration quenching of luminscence and, in particular,
nonradiative losses from the upper laser levels are anoma-
lously weak and proposed; this made it possible to increase
substantially the concentration of working particles.

Methods for increasing by more than an order of magni-
tude the energy density stored in the active medium of a laser
were proposed and realized. This effect is achieved by separ-

N& (t), relative units

FIG. 1. The population of the upper laser level of Nd3 + ions at T = 300 K
as a function of time Na (t) in crystals activated by chromium ions; the
sample was excited by a S-pulse of light, whose spectral composition cor-
responds to the spectral composition of the ISP-1000 lamp, a) YAG crys-
tal with a neodymium concentration of 1 • 1020 cm"3 and a chromium

concentration of 1.5 • 1020 cm 3; b) GSGG crystal with a neodymium
concentration of 2 • 1020 cm"3 and a chromium concentration of 3 • 1020

cm~3 (total curve (1)); neodymium ions, excited into their own charac-
teristic absorption bands (2); neodymium ions excited by chromium ions
(3)).
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