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Abstract

Technology of preparation of some pnictides and sulfides films, investigation of
optical and electrophysical properties

The paper deals with reception of thin films of some the rare-earth
elements (REE) sulfides, antimonides and tellurides and study their optical,
electrophysical and mechanical properties. The work consists of an introduction,
four chapters and conclusions.

The first chapter provides a critical review of the scientific literature
relating to our interest in phase diagram of condition, manufacturing technology,
crystal structure, electrophysical and optical properties of REE  sulfides,
antimonides and tellurides volume and thin film objects. As it is seen in the
review, the halkogenides and antimonides of REE represent a substantial interest
as from the scientific research, as from the practical application perspectives point
of view. Preparation of high-quality samples of these materials of the stechiometric
composition is a quite difficult technological challenge, which is not yet
completely surmounted up to day. That in turn affects on studying levels of their
physical properties. Particularly scarce is or there is almost no data on the physical
properties of thin films and technology. It is not yet studied as well the impact of
technological parameters on their phase and chemical composition and on
improvement of the crystal lattice. REE one and a half sulfides of stechiometric
composition have high resistivity greatly limiting their practical application, so it is
actual selection of the appropriate doping elements and processing of doping
technology. Virtually no data are available for the zone structure parameters of a
whole range of REE antimonides and sulfides. Despite of the increased interest
paid to the mechanical properties of the films of REE compositions, in the
scientific literature there is almost no data concerning their mechanical properties.

The second chapter describes the measuring equipment and measurement
methods acceptable for modern technology, control and the physical properties of
films: in particular, the components from two independent sources and the device
for reception of films by preliminary synthesized material by vacuum-thermal
evaporation method. Requirements to substrate and their cleaning methods,
control of the thickness of films, X-ray and electron diffraction research methods,
chemical composition research methodology, research methodology for
electrophysical properties, devices for examination of optical spectra, installations

for studying the photoelectric properties.
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The third chapter is conventionally divided into three sections: the first
section briefly describes the vacuum - thermal spraying provisions of various
processes and methods of making the films themselves. The second part deals with
results of specific activities carried out to receive the films of given composition.
Perfection of the phase and chemical compositions, crystalline structure and
dependence of survey/investigation data on technological regimes are considered.
The third part is devoted to the films doping issues. In presented work the
reception of all films was carried out by the method of vacuum-thermal
evaporation of components from two independent sources. In addition, thin films
of one and a half sulfide of gadolinium were prepared by the method of discrete
vacuum - thermal evaporation of preliminary synthesized volume crystals. Results
of , electron diffraction and X-ray micro-probe investigations are presented. In
the same section the doping elements and the rationale of selection of doping
methods and doping regimes for the films of Gd,S; are given.

The fourth chapter is devoted to experimental results and their discussion.
Particularly, the results of study of optical, electrophysical and mechanical
properties of thin films of Gd,Ss, DySb and ErTe are presented. Based on the study
of the results of optical properties of Gd,Ss the width of the forbidden zone is
estimated. It is shown that it is equal to ~2.85 eV. It is stated as well that within
the spectrum of DySb the deep minimum and increase of the long-wave reflection
both are related to the plasma vibrations of charge carriers. ErTe absorption
spectrum has a well-defined strong four stripes of absorption with the energy
maximums at 1.2 eV, 2.0 eV, 2.8 eV and 3.5 eV. Their analysis has been completed.

In 95-700 K temperature range the temperature dependence of the
resistivity and Hall’s constant of DySb have been studied. It is shown that the films
are of electronic conductivity. It is calculated the temperature dependence of the
mobility and concentration of charge carriers. Based on it the conclusion is given
that DySb is the semi- metal itself. In 100 - 500 K temperature interval the
temperature dependence of resistivity, Hall’s constant and thermoelectric power
(TEP) of ErTe films is studied. The temperature dependence of the concentration
and the mobility of charge carriers is calculated. It is shown that according to
Hall’s constant measurements the ErTe films are of n-type conductivity, while
according to the TEP — of p-type. The mechanism of such difference is explained.

Spectral and temperature dependences of the photoconductivity of films
of y-Gd,S; doped by the cadmium and the lead are studied. It is shown that the
dominant role in the photosensitivity play the acceptor levels, created by their
compensation in the cationic sub-lattices by insertion of cadmium and lead doping

atoms there. For cadmium doped y - Gd,S; films the long-time relaxation of
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photoconductivity is investigated. Relaxation threshold value is estimated at 0,13-
0,27 eV. The ionization energy of the acceptor level created by Gd vacancy is
assessed as 0.88 eV. The conclusion is made that the Gd,S; films doped by the
cadmium and the lead should be the perspective material for the creation of
photosensitive structures.

By full rubbing method the relative mechanical stiffness of the films
received by two varieties of the method of vacuum - thermal evaporation of Gd,S;
is studied. It is shown that the relative mechanical stiffness of the films received by
the method of discrete evaporation is about 1.5-times more than the relative
mechanical stiffness received by evaporation of components from two independent
sources. Also, by full rubbing method the relative mechanical stiffness of DySb
and ErTe is investigated. It is shown that these films have almost the same relative
mechanical stiffness. It is estimated that for all the studied thin films substrate
materials (silica, glass-ceramic, leiko-sapphire ) apply the significant effect on the
relative mechanical stiffness.

At the end of the work the basic conclusions of the thesis and the cited

literature are presented.
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