V. N. Alfeev. Properties and Uses of Structures
Based on Paraelectrics, Superconductors and Semi-
conductors. 1. Structures based on the materials that
the author calls “cryogenic paraelectrics” (PE) and on
junctions of superconductors (SpC) and semiconductors
(SmC) are interesting objects of study and open up new
possibilities for cryoelectronics, which usually uses
either SpC or SmC elements.

2. The properties of “cryogenic paraelectrics” are
discussed: the departure from the Curie-Weiss law at
low temperatures and the absence of a phase transition
to the ferroelectric state due to the appearance of the
lattice zero-point vibrational energy. The paper in-
dicates types of structures based on PE- film junctions
in the normal or superconductive state, which can be
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used to create various types of elements. The results
of experiments performed jointly with N. A. Irisova,
T. N. Narytnik, G. V. Kozlov, V. P. Fedorov, and

I. M. Chernyshev in the course of low-temperature
studies of the dispersion, dielectric and nonlinear prop-
erties, and controllability of PE structures with metal-
lic electrodes are reported; they confirmed the possi-
bility of obtaining low lag, a broad range of electronic
tuning, and high €. The basic results according to
literature data are reviewed, and certain new trends
affecting SrTiO; and other PE in the normal and super-
inductive states are discussed.

3. The combination of SpC and SmC in the same
structure produces qualitatively new results and broad-
ens the possibilities of these materials. Features of
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SpC-SmC-SpC energy diagrams are examined and their
advantages over tunnel SpC structures with dielectric
gaps no greater than 10-20 A in thickness with J oseph-
son funneling are pointed out. Results on Josephson
and single-particle tunneling in such structures using
various SpC and SmC are reported. Certain properties
of single SpC-SmC junctions are discussed. The be-
havior of SpC-SmC junctions at the natural resonance
frequency under exposure to an external microwave
signal and the influence of infrared radiation on the
characteristics of tunnel SpC structures with SmC are
considered. Published experimental results are gen-
eralized, including those of experiments to study ano-
malies in degenerate SmC p-» junctions near V=0, in
which B. M. Bul, N. V. Zavaritski\i', E. I Zavaritskaya,
B. A. Logan, E. I. Wolf, and others observed the in-
fluence of the SpC ohmic junction. Problems of using
hard SpC in the structures are discussed.

4. Structures based on PE, SpC and SmC broaden
the possibilities of known materials greatly and may be
used to create cryoelectronic devices for various pur-
poses: amplifiers, generators, resonators, detectors,
convertors, selectors, infrared detectors, and other
devices, perhaps even ranging up to new laser types
and modulators. )

Structures containing SpC and SmC may also be used
in cryotronic integrated circuits for computers, in the
form of microstrip SpC filters on SmC bases. In addi-
tion, PE structures can be used in a broad tempera-
ture range as resonators and filters with electronic
tuning, phase shifters, parametric devices, tempera-
ture sensors, and bolometers for a broad range of
electromagnetic wavelengths.

The work was done under the supervision of Acade-
mician A. M. Prokhorov. A considerable part of the
material was submitted to the office of the Ukrainian
Academy of Sciences Physics Division on May 12, 1972,
and the bulk of it to the office of the USSR Academy of
Sciences Division of General Physics and Astronomy on
June 4, 1974. Certain sections of the report have ap-
peared in the following publications: a) Byulleten’ Izo-
bretenil No. 23 (1967); test of U.S. Patent No. 3, 381, 225
with priority from October 2, 1963; the monograph
“Radiotekhnika Nizkikh Temperatur” [ Low-temperature
Radio Engineering], Sov. Radio, Moscow, 1966; Izv.
Vuzov, Ser. “Radioélektronika” 13, 1163 (1970); Elek-
tron. Tekhn., Ser. XV (Kriogennaya Elektronika) No.
1, (1969) and No. 2 (1970). b) Collected abstracts of

papers FNT-17, Donetsk, 1972 (jointly with N. A.
Irisova, T. N. Narytnik, G. V. Kozlov, A. M. Prok-
horov, V. V. Smirnov, and I. M, Chernyshev). c) The
collection “Spektroskopiya Diélektrikov i Segneto-
élektrikov” (Spectroscopy of Dielectrics and Ferro-
electrics), Kiev, 1971; Radiotekhn. i Electron. 19, 796
(1974); Vestn. KGU Ser. Fiz. 15, 80 (1974) (jointly with
T. N. Narytnik, Yu. N. Koval’kov, M. V. Rozhdest-
venskaya, and V. B. Fedorov). d) Collected abstracts
FNT-17, Donetsk, 1972 (jointly with S. A. Grusha and
G. V. Kuznetsov). e) Two papers were sent to the
journal “Radiotekhnika i Elektronika” (jointly with S. A.
Grusha, A. I. Kolesnikov, and M. 1. Ugrin) (1976).
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