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Resume

It is established, that doping of silicon by isovalent germanium improves a
quality of silicon-based substrates for application in the super large scale integrated
Circuits. Dislocation crystallographic characteristics and density of Si-Ge alloys do
not change up to high Ge concentration. Changes of reaction speed of point
defects and impurities have taken place in conditions of Ge concentration
variations. Ge doping is one of the effective methods of developing semiconducting
device based on silicon.

High probability of interaction between Ge atoms and vacancies in Si
crystalline lattice and formation of additional internal elastic stresses in areas of Ge
atoms stipulate decreasing efficiency of secondary radiation defects generation
and, consequently, increasing radiation resistance of Si-Ge alloys. Si-Ge alloys can
be used in radiation resistant solar cells, detectors operating in a wide range of
ultraviolet and infrared radiation, X-rays and neutrons monochromators, great
power thermoelectric generators.

At present, defects generation and motion conditions, mechanisms of their
influence on fundamental properties and their transformation in thermal and
radiation impact conditions in substrates and heterostructures based on Si-Ge bulk
crystals have not been complexly studied. This circumstance significantly hinders
their wide application in semiconducting devices and equipments of different
functional purposes.

Present work deals with investigations results of metallographic, thermal
and electrophysical properties of polycrystalline Si-Ge alloys and development of
p-n junctions based on p- and n-types substrates by hightemperature diffusion and
study of their I-V characteristics.

Substrates were developed by cutting on the diamond disk, mechanical
grinding and polishing.

Microstructure of Si-Ge substrates has been studied by the optical
microscope NMM_800RT/TRF. Twins and stacking faults have been revealed in
the internal structure of individual grain. Dispersive inclusions with different
sizes and shapes have been occurred in nondoped Si-Ge alloys. They are
distributed along the twins. It is possible to control number, shapes and sizes of
dispersive inclusions by thermal annealing, that is practical interest to achieve
determined electrophysical characteristics.

Electrophysical characteristics of Si-Ge substrates have been studied by Hall
effect registration Van der Pauw method in constant magnetic field and the values
of electroconductivity, current carriers concentration and mobility have been
determined. Contribution of defects formed by mecanical treatment in
electrophysical characteristics instability, conditions of decreasing their
concentration and optimization of Si-Ge substrates characteristics have been
analyzed.

It is shown, that doping by isovalent germanium causes changes of
substrates characteristics, in particular, is reveales tendency to increasing current
carriers sheet concentration and decreasing electrical mobility. This circumstance
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is stipulated by changes of defects structures in crystallization process in
conditions of increasing Ge concentration.

Structural-sensitive internal friction and shear modulus temperature
spectra have been investigated for establishment of activation characteristics of
the defects motion in the upper layers of Si-Ge substrates doped simultaneous by
isovalent germanium and electrical active boron.

Relaxation internal friction maximum and shear modulus defect have been
revealed in nondoped highly polished Si-Ge substrates at -45°C temperature at
1Hz torsional oscillations frequency. Activation energy (0,4eV.) and frequency
factor of structural defects motion has been determined. Increase of dynamic shear
modulus defects of relaxation process by 10-15% in temperature area has been
established. Above mentioned changes are stipulated by increasing structural
defects concentration and decreasing absolute value of dynamic shear modulus by
10-12% in their migration areas.

Based on investigations of hightemperture thermal treatment and chemical
polishing influence on intensity mechanism is presented, according to which
geometrical mechanical relaxation at -45°C is connected to interaction between
individual geometrical kinks and vacancies formed in a processes of mechanical
cutting, grinding and polishing of Si-Ge substrates surfaces. This circumstance
might be used for diagnostics and control of Si-Ge substrates surfaces treatment
degree.

Peculiarities of changing relative elongation and linear thermal expansion
coefficient of polycrystalline Si-Ge alloys in a wide temperature interval (20-
800°C) have been studied. In 200-500°C temperature interval relative elongation
is characterized by different value deviations, that is clearly reflected in
nonmonotonous changes of linear thermal expansion coefficient in measuring
conditions of heating-cooling, and different fixed temperatures. Strong influence
on anomalous temperature changes of thermal expansion characteristics has been
implemented by annealing (5-10hrs) in 800-1300°C temperature interval. It is
established, that thermal annealing at 800-900°C temperatures weakens
nonmonotony of linear thermal expansion coefficient in 200-250°C, 380-400°C
and 450-550°C intervals, while annealing at 1150-1300°C temperatures for 3-5hrs.
enhanced anomalous deviations of thermal expansion from normal linear
character. One of the main reasons of the thermal expansion anomalies in
polycrystalline Si-Ge alloys is phase transformation processes in complexes of
dislocation origin defects, vacancies and oxygen atoms.

Temperature dependence of electrical conductivity of p-type Si+2%Ge from the
room temperature up to 800°C has been investigated. In the real structure of
experimental sample phase transformation type processes with weak deviations of
electrical conductivity have been revealed in 200-500°C temperature interval.
Based on changes of temperature dependences of electrical conductivity stipulated
by annealing at high temperatures it is possible to control electrical characteristics
of Si-Ge alloy in a wide range of temperature.
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p-n junctions have been developed on the base of different concentration boron
doped Si-Ge substrates by hightemperature diffusion of phosphorus.

Variations of current carriers concentration in upper active layer and p-n
interface depth have been implemented. Ohmic contacts have been formed on p-
n junctions and I-V characteristics have been studied. Short circuit current, and
emf have been determined. Photoelectric conversion efficiency have been
estimated.

Regularities established by investigations of microstructure, electrophysical,
thermal, mechanical properties of polycrystalline Si-Ge alloys and I-V
characteristics of p-n junctions might be used for developing radiation resistant
solar cell and modulus with improved parameters.
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