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create conditions, when the information about an electrody-
namic mechanism and a mechanism caused by magneto-
striction can be obtained separately. This is assisted by the
fact that the elastic vibrations generated by the Lorentz force
have phases opposite to the phases of vibrations generated by
the surface force, which depends on magnetization. As a re-
sult, their total contribution becomes dependent on the mag-
nitude of the internal polarizing field, and effects of the
magnetostriction mechanism become noticeable in compar-
atively weak fields (300-500 Oe).

It was found that the efficiency of the magnetostriction
mechanism depends to a large extent on the direction of elas-
tic vibrations. In turn, the direction of propagation of these
vibrations depends on the degree of the inhomogeneity of the
HF field along the interface of two media, i.e. on the geome-
try of the source of radiation. In the process of producting an

inhomogeneous field the manifestation of magnitostriction
mechanism in weak fields increases sharply. Fig. 1 shows the
efficiency of the double conversion (electromagnetic field—
sound—electromagnetic field) as a function of the polariz-
ing magnetic field. In the case of a relatively uniform HF
field the efficiency of magnetostriction mechanism (e,) is
small (longitudinal vibrations are excited). With an in-
crease of the field, the contribution of the mechanism de-
creases sharply, and the contribution from the electrody-
namic mechanism becomes dominant (section of the curve
aboveH0 = 103 A/cm).

For an inhomogeneous HF field the efficiency of excita-
ton of transverse vibrations (e,) in weak fields increase
sharply due to magnetostriction. As a result, it becomes pos-
sible to use the EMA conversion of evaluation of internal
stresses of the second kind and for quality control of thermal
processing of steels6, and for the measurement of internal
friction. A device called EMAKS-1R has been developed,
which allows (in the resonant regime) to use the phenome-
non of field conversion for practical applications.
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A. P. Silin. Semiconductor superlattices. Solid state
structures having, in addition to the periodic potential of the
crystal lattice, an additional one-dimensional potential the
period of which significantly exceeds the lattice period, are
usually called superlattices.

Superlattices are a new type of semiconductors charac-
terized by the presence of a large number of energy bands,
having very large anisotropy (they are practically two-di-
mensional). For the first time such systems were studied by
Keldysh in 1962.' The properties of semiconductor superlat-
tices are presented at some length in the review articles of
Refs. 2-5 and the monographs of Refs. 6-7.

The rapid growth both of theoretical and experimental
interest in superlattices is related to the latest achievements
of the technology based on the molecular-beam epitaxy in
ultra-high vacuum, metallo-organic epitaxy from the gas
phase, and other methods. A low temperature of an epitaxy
and a low growth rate (~ 1 A/sec) allow one to achieve
atomic smoothness of the interface, and to grow superlat-
tices of high quality.

Physical properties of semiconductor superlattices are

determined by their electronic spectra. While the motion of
the charge carriers perpendicular to the superlattice axis is
free, the motion along the superlattice axis (z) will have a
mini-band character.

Compound superlattices of type I (Fig. 1) constitute
such periodic alternation of the layers of two semiconduc-
tors of thickness </r and dn and with energy gaps E^ and
/?on)> which gives rise to a periodic system of quantum wells
for electrons and holes (type I semiconductors), separated
from each other by quantum barriers.

The energy spectrum of electrons in compound super-
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lattices of type I has the following form:

where £; y- (dl ) is the position of the bottom of an energy
miniband, which is determined mainly by the width of the
quantum well d j ; for lowest minibands

EC, "~ 2mcd|.»

where Ec, (p2 ,dn ) is the dispersion of the energy minibands,
which in the strong coupling approximation has the follow-
ing form:

C, j (pz, dn) = — cos - (3)

where | Acj ( d u ) \ is the width of they'th miniband, d is the
superlattice period. With the increase of the miniband num-
ber its width increases, and the width of the energy minigap
decreases. By varying the width of the quantum well dl it is
possible to find the required position of the miniband
Ecj ( d l ) , and by varying the barrier width du —the width of
the miniband AC-J(<'").

If the width of a quantum well becomes comparable to
or smaller than the Bohr radius of an exciton in a bulk semi-
conductor, then, because of the spatial confinement, the
binding energy of the exciton increases. Due to the increase
in binding energy, excitons in such superlattices can be ob-
served at higher temperatures, including room temperature.
The spatial confinement manifests itself also in the fact that
the emission and absorption spectra of type I compound su-
perlattices are determined mainly by free excitons, and not
by impurities8, and also by the anomalously large Stark ef-
fect.9

Of special interest for the study of transport properties
are modulation-doped type I superlattices, in which only the
layers of the semiconductor with the wider energy band are
doped. The ionized impurity centers and the charge carriers
generated by them which move to the layers of the semicon-
ductor with a narrower energy gap are spatially separated.
As a result, the strong doping of some layers leads to signifi-
cant change in concentration of free carriers in others, al-
most without changing their mobility.

In a strong constant electric field Ez, directed parallel
to the axis of a superlattice, the motion of charge carriers is
confined-they undergo vibrations with a Stark frequency
H = eEz d /fi, and the current is equal to zero. This behavior
of charge carriers can be easily explained by the fact that in
the periodic potential of a superlattice the motion energy of
charge carriers along the axis of the superlattice, given by
expression (3), and, therefore, the velocity vz = dEcj/dpz,
oscillate with the period 2;r/ft.10

The small dimensions of the regions to which the charge
carriers are confined in the coordinate and momentum space
lead to a strong nonlinearity in superlattice conductivity in
particular, to a negative differential conductivity already for
weak electric fields.

In compound type II superlattices, the peak of the va-
lence band of one semiconductor (GaSb) has a higher ener-
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gy than the bottom of the conductivity band of another semi-
conductor (InAs), and for this reason a flow of electrons
from the valence band of GaSb into the conductivity band of
InAs occurs.

However, if the thickness of the layers of this superlat-
tice is sufficiently small, the quantization of charge carriers
which depends on the layer size, may lead to the transition
from a semimetal into a semiconductor state.3

Significant improvement in spatial (on the atomic
scale) control over the doping during the growth process of
films by the method of molecular-beam epitaxy has made it
possible to grow doped superlattices, i.e., periodically alter-
nating thin layers of GaAs of H- and/>-types. The superlattice
potential is created only by the spatial distribution of the
charge (Fig. 2).

An important characteristic of doped superlattices is
that the extrema of wave functions of electrons are shifted by
half a period of a superlattice relative to the extrema of the
wave functions of holes. For this reason, the effective energy
gap E °ff is not rectilinear in coordinate space. By choosing
the parameters of a doped superlattice, it is possible to make
the recombination times of charge carriers extremely long,
since the overlap of the wave functions can be made very
small.4 The large lifetimes allow one to vary easily the con-
centration of charge carriers.

In addition to the compound and doped superlattices
considered above, stressed superlattices with a large mis-
match (1-5%) of lattice constants, and amorphous com-
pound and doped superlattices (see, for example, Ref. 5)
were also synthesized.

Superlattices provide a unique opportunity to change,
in a practically arbitrary manner their energy band structure
(band engineering). This allows one, in particular, to
change greatly their transport and optical properties and to
create, using them as the basis, low-noise avalanche photo-
diodes, photomultipliers, fast-acting devices, and photode-
tectors." In addition, semiconductor superlattices are al-
ready used for the desgin of a new generation of
light-emitting devices, which are easier to manufacture and
more efficient than the presently used LED.12
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A. I. Golovashkin and A. N. Lykov. Submicron super-
conducting structures. At the present time, superconducting
structures of submicron size and systems consisting of such
structures are of considerable interest for superconductor
electronics. The transition to a submicron level allows one,
first of all, to increase the packing density of elements, to
decrease the signal transmission time, to decrease the capaci-
tance and the power loss at high-frequency applications, etc.
Secondly, the smallness of a coherence length in the most
interesting superconductors (transition metals, their alloys
and high-temperature compounds) also limits the size of
weak superconducting contacts, at which the "classical" Jo-
sephson effect can be observed. In the "vortex bridges" the
achievement of a "single-line" coherent motion of vortices
also requires the decrease in size. There are also some other
reasons for the increased interest in submicron supercon-
ducting structures. New physical phenomena in these struc-
tures', and other important results show the relevance and
usefulness of work in this direction.

The principal and most promising method of obtaining
submicron superconducting structures for wide use in mi-
croelectronics is lithography. With the help of electron lith-
ography it was possible to obtain Nb bridges with a width of
250A and a length of 0.8 /u.2 Using special "tricks", it is also
possible to obtain small quantities of such structures using
photolithigraphy.3

Let us mention the most interesting simple submicron
superconducting structures. The tunnel contact Nb-I-Nb of
submicron dimensions is obtained with the help of a "sus-
pension bridge" (formed by the photolithographic meth-
od). The end-face tunnel junctions and the junctions of the
S-N-S type, in which one of the dimensions (the length) is
determined by the thickness of a metal film. This method
was used to make junctions with two Nb electrodes, (see
Ref. 4). The contacts Nb3Ge-Cu-Nb3Ge with an end-face
(vertical) bridge of Cu made in Ref. 5 have demonstrated
the ideal Josephson behavior over a very wide range of tem-
peratures (1.4-19 K). Based on these bridges, interferome-
ters with high energy sensitivity were developed.

Until now there still exists an interest in a number of
experimental methods of obtaining submicron supercon-
ducting structures. Among them are: double-scribing, var-
ious methods of creating shunts between two films of super-
conductors, separated by a layer of a dielectric, pressure and
point contacts, etc. In addition to the Josephson effect, these
contacts have also exhibited on their /- ̂  curves a number of
interesting phenomena such as excess current, subharmon-
ics and harmonics of the superconducting energy gap. An

original element is the "cut", i.e., a thin superconducting
film cut across its entire width. When the cut has a small
width this contact has the properties of a tunnel contact.6

The properties of the Dayem bridges made from high-
temperature superconductors of the type A15 and Bl are
determined by the motion and pinning of the flux quanta. A
number of interesting physical effects in such bridges has
been found—coherent motion of vortices synchronized by a
microwave field, amplitude oscillation of the current steps in
a magnetic field, appearing in a microwave field, oscillation
of voltages on the bridge, caused by penetration of vortices,
stimulation of critical current and its oscillations with mi-
crowave power, subharmonics of current steps, subharmon-
ics of the energy gap singularity on I-V curves.7'8 It became
possible to determine experimentally the most important pa-
rameters of the pinning phenomenon for individual vortices
(the potential well depth of the pinning centers, etc.).

Systems of superconducting submicron elements are
also intensively studied. Linear arrays of tunnel junctions
and submicron bridges consisting of dozens of elements have
been developed. It has been demonstrated that with the help
of a magnetic field one can phase such systems. Using these
sysems as generators, one can observe an increase in power
by a factor N2 and a narrowing of the generated line by a
factor of A^, where ./V is the number of elements. In Ref. 9 it
was possible to observe the phase coherence of a two-dimen-
sional system consisting of 20,000 tunnel junctions of submi-
cron size.

Over the last several years there have been studies of
various two-dimensional superconducting structures for the
purpose of using the coherent motion of the Abrikosov lat-
tice of vortices for generation of electromagnetic radiation.
Among those structures are corrugated films (with periodi-
cally modulated thickness), lattices of pinning centers, gran-
ulated and layered structures. For the formation of a lattice
of vortices one needs to have the magnetic fields close in
magnitude to the upper critical magnetic field. The necessity
to achieve that the size of the lattice of vortices would be
commensurate with the defect lattice leads to submicron
periods of the latter. The synchronous motion of dozens of
vortex chains has been observed experimentally.

The research area of submicron superconducting struc-
tures is an interesting and rapidly developing direction.
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