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are artificial dielectrics with a reactive, strongly nonlinear
conductivity up to submillimeter frequencies. For this rea-
son, they are especially promising for producing devices
based on a distributed interaction of electromagnetic waves,
such as frequency converters and parametric amplifiers, in
this range. We present the results of numerical calculations
of the parametric processes (v = 1,2,...) in SL based on GaAs
layers with d = 250 A, n = 1018 cm"3, and T= 300 K. In
this SL£l''~20 kV/cm, and the attenuation length of the
pumping wave with ca = 10' 2s ~' is za ;= 2.3 cm. For a pump-
ing field amplitude of El = E(P the parametric gain of a sig-
nal with ca3 ~ 2 • 1012 s~' over a distance of 0.6 cm is equal to
60 dB. The coefficient of conversion of the signal at ca3 into a
low frequency eo2 = lO^s"1 over a distance of za is of the
same order of magnitude. The coefficient of conversion of
the pump into its third harmonic (as a result of parametric

cy CO<,T^ '

generation with v = 6) over an interaction length of 1 cm is
equal to tens of percent.

Since the SL is a strongly nonlinear reactive medium
with weak dispersion, by filling a nondispersive transmission
line with it, it is possible to realize sharp current and voltage
drops with a leading edge of duration ~ 10~ 12 s, and with
special dispersion it is possible to achieve efficient genera-
tion of oscillations with a period of the same order of magni-
tude. In particular, a video pulse can be efficiently converted
into a radio pulse. A typical picture is presented in Fig. 1 for
two values of the dimensionless time r.

Under the action of an alternating voltage with frequen-
T~ la)TD •< 1 and an amplitude greater than Eg /

e it is possible to produce in a classical SL a population inver-
sion in the bands and stimulated emission on interband tran-
sitions. This is possible because the conduction band is filled
by electrons from the valence band as a result of electron
tunneling more rapidly than it is emptied, since reverse tun-
neling occurs in weaker fields.

Thus the classical SL are promising artificial materials
for producing different electronic and optoelectronic de-
vices.
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S. V. Gaponov. Ultrathin solid-state films and multi-
layered structures: methods of fabrication, study, and appli-
cations. Films with a thickness of monatomic layers can be
obtained either by slow deposition with precise control or by

a pulsed method. The pulsed method requires natural mech-
anisms which stabilize the measured amount of the deposit-
ed material. Laser sputtering of materials in a vacuum has
such properties. For definite parameters of the process, the
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TABLE I. Semiconductor superlattices.

Conducting
layers

Barrier layers

Structure

Single crystal

»

Amorphous

Material

InSb
PbTe

Be
CdTe
PbTe
GaAs

Ge
C

Layer thickness,
A

50—100

20—50

10—20

screening of the target surface by the plasma lessens the de-
pendence of the amount of evaporated material on the radi-
ation intensity, and the width of the spreading pattern in-
creases as the energy stored in the plasma cluster increases.
Ultimately, the number of particles deposited per unit area
of the plate positioned above the target remains constant
over a comparatively wide range of intensities of the incident
radiation. The high instantaneous sputtering velocity
vk = 104-106 A/s and the rich spectrum of energies of the

incident particles E = 0.1-103 eV allow the use of a laser
plasma to fabricate different thin-layer structures. The pos-
sibilities of the laser method are summarized in Fig. 1.

The band structure in ultrathin InSb, PbTe,
Pb1_xSnxTe, Pbs, PbSe, and CdTe films was studied by
optical methods based on size-quantization effects. In parti-
cular, the effective mass of the electrons at the bottom of the
conduction band £, in InSb, the energy gap between the
valence bands in Pbs and PbSe, and the effective mass of
light holes in CdTe were determined. The dependence of the
exciton binding energy on the thickness in ultrathin CdTe
films and splitting of exciton levels were observed. Multi-
layered structures consisting of ultrathin semiconducting
films (quantum superlattices) were studied. The set of mate-
rials used in the experiments is presented in Table I. Figure 2
shows a typical absorption spectrum of a superlattice and the
current-voltage characteristic at room temperature.

The difficulties in fabricating multilayered optical com-
ponents for soft x-ray radiation (10-300 A) are linked to the
absorption and low optical density, which are characteristic
for all materials in this range. In spite of this, by using the
characteristic features of the dielectric susceptibility near

D

0,6

J, mA

0,1 0,6 0,8 hv,eV 0,1 0,3

Experiment V%%

Theory

FIG. 2.

TABLE II.

x, A

1,54
17,6

24,3

44,7

67

Structure

Ni (19A) — C(22A)
W(24A)_C(41A)
Ni(19A) — C(22A)
W(24A)-C(4lA)
Ni(WA) — C(22A)
W(24A) — C(4lA)
Cr(16A) — C(34A)

Ni(18,5A)~- C.(43A)
Ni(19A) — C(22A)
Ni(12A)— C(28A)

W(8A)-C(26A)

N

72
30
72
30
72
30
40
20
72
96
80

9,
deg.

1,12
8,5

12,5
11,5
17,5
20
27,7
21,7
33,5
32,5
87,5

Bexp, %

67
9,2
4,6
5,6
4,2
10
21
28
19
16

7

K(, %

93
27,8
25,5
17,5
19,5
22

33,6
39,5
25,5
32
14

— 1A l 'eip

35
8,5

70,5

—
77
17
33
24
49
60

47,6

X I
AA 1,

28
11
49
10
42
20
39

12,3
33

44,5
80
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the K and L lines of different materials it is possible to con-
struct over the entire range mirrors with reflection coeffi-
cients not less than 50%. This requires smooth initial sur-
faces (the rms height of the irregularities must not exceed 1-
5 A) and the ability to deposit ultrathin (up to 3-5 A) layers
of different (including also refractory) materials. The specif-
ic attributes of laser sputtering permit improving somewhat
the initial surface and depositing ultrathin films. The results
for multilayered x-ray optical materials are presented in Ta-
ble II.
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V. I. Moroz, V. M. Linkin, and D. Oertel. The results of
an infrared experiment on Venera-15and-16. From October
to December 1983 about 1500 infrared spectra of Venus
were transmitted by the Venera-15 and -16 satellites.1'2 The
experiment was carried out as part of the Interkosmos pro-
gram together with Institutes of the USSR and GDR Acade-
mies of Sciences. The apparatus (Fourier spectrometer) was
built in GDR and tested in the USSR, and reception and
primary data processing were also performed in the USSR.
The interpretation of the results is being carried out jointly.

The spectra were recorded in the range from 250 to
1600 cm~' (i.e., from 40 to 6/um) with a wave number resolu-
tion of 5 or 7.5 cm" *. The field of view (about 4°) permitted
distinguishing on the planet sections with dimensions of
about 60 km (near the pericenter of the orbit). These were the
first measurements of the outgoing thermal radiation of Ve-
nus with the help of a satellite-borne spectral instrument.
They cover the range of latitudes from -66 to 87°.

Samples of the spectra obtained in different parts of the
planet are shown in Fig. 1. Their most distinctive feature is
the absorption band of CO2 at 667 cm"1 (15/zm). There are
actually many bands of carbon dioxide in this region, but
absorption at the fundamental frequency v2, corresponding
to the bending oscillation of the CO2 molecules, makes the

largest contribution. The optical thickness r at the center of
this band reaches a level where the pressure sO.5 mbar, i.e.,
a height of about 90 km. The altitude dependence of the
temperature from approximately 60 to 90 km was recon-
structed from the profile of the 15-fj.m band (see below). The
curves represented in Fig. 1 exhibit a number of other
weaker bands of CO2: the "hot" bands (544, 791, 961, and
1064 cm"1) and the "isotopic" bands, belonging to
i2Ci6Oi8O (1259 and 1366 cm"1). This is the first observa-
tion of the complete profile of the 15-yum band in Venus'
spectrum.

The lines of a rotational band of H2O have also been
recorded for the first time in Venus' thermal radiation spec-
trum; they lie in the range 280-475 cm"1. The fundamental
v3 band of SO2 contributes to the absorption near 1360
cm~'. This band has also never been achieved previously in
addition to the absorption bands of gases, the bands of sulfu-
ric acid can also be identified in the spectra obtained (diffuse
details near 500 and 900 cm"1).

Different sections of the spectrum inside the 15-ftm
band are formed at different heights. The temperature pro-
file of the atmosphere can be reconstructed from each spec-
trum by solving the inverse problem of radiation transfer.
Examples of such a reconstruction are given in Fig. 2. It

-500 500 7OO 900 1100
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FIG. 1. Typical spectra obtained in a session of measure-
ments on October 14,1983. No. 6, <p = 48° is an example of a
spectrum in the first group (latitude less than 60°); No. 16,
q> = 67° is an example of a spectrum in the second group (lati-
tudes 70-75°, night side); No. 34, <p = 82° is an example of a
spectrum in the third group ("hot" region, latitudes 77-82°
daytime). The positions of the absorption bands of CO2, H2O,
and SO2 and of the aerosol (water solution of H2SO4) are
indicated. The squares are the brightness temperatures, mea-
sured in the infrared experiment on the Pioneer-Venera or-
biter (orbit 33, ip = 50°, see Fig. 6 of the paper by Taylor et
al?}. The triangles show the synthetic aerosol emission spec-
trum, obtained in modeling the spectra in the first group (see
text). The letters h mark the hot bands of CO2; i marks the
bands of the isotropic molecules 12C16O18O.
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