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Resume

Since the nineties of the last century germanium is one of the basic material in
electronic technologies. Semiconducting properties of germanium is widely
applied in electronic devices, solar energy converters and also in Ge-Si alloys of
various characteristics. Lenses of night vision devices of infrared range are made
on the basis of monocrystalline germanium, obtained by Czochralski method.
Germanium is main semiconducting material for heterostructures of III-V
materials.

Wide application of germanium is stipulated by its unique semiconducting
properties. Among semiconductors, applied in practice, germanium is
distinguished by high values of holes mobility (1900cm?/v.sec).

Germanium has special characteristics for operations in high frequencies devices.
Its low value of width of band gap (0.66eV) gives opportunity to conduct
operations by influence of low stresses, when correction and reduction of thermal
noise to minimum is possible.

Studying of influence of crystalline lattice defects on optical properties is
necessary for application of germanium for making infrared techniques elements.
First of all, contribution of dislocations and boundaries of dislocation origin in
formation of optical characteristics must be established. Analysis of intensity and
distribution of internal stresses, existed in crystal volume is very important too.

At present, great results are obtained in field of technology and investigation of
semiconducting materials, based on germanium, but unfortunately there are group
of unsolved problems and unstudied tasks. In particular, inter-correlation
dependences of dislocation structures and structural-sensitive physical-mechanical
properties are not complexly investigated. Influence of interaction of axial and
radial temperature gradients on dislocation and dislocation origin defects (blocks,
twinnings and grain boundaries, stacking faults) is not investigated complexly.

In the present work, investigation results of obtaining, real structure states,
electrophysical characteristics, microhardness, thermal expansion and dynamical
mechanical properties temperature dependences, relaxation and hysteretic
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processes of absorption of oscillation energy of bulk crystals of undoped and boron
—doped germanium have been presented.

Bulk crystals of pure and doped germanium by different concentration of boron
have been obtained by Czochralski method along to [111] orientation. Profiled
specimens with definite sizes have been prepared on the standard devices of
mechanical polishing and cutting by diamond disk.

Microstructure of experimental specimen of poly- and monocrystalline
germanium have been studied by optical microscope. Individual and groups of
dislocations have been revealed in the structure of monocrystalline specimens.
Dislocation density has been estimated.

Electrophysical characteristics of experimental specimens at room temperature
by Hall Effect have been established. Their values have been estimated according
to structural state. Increase of concentration of current carriers- holes in deformed
state has been shown.

Influence of structural state, crystallographic orientation, boron doping,
hightemperature deformation and annealing in deformed state on microhardness
of Ge bulk crystals have been studied. It has been experimentally studied, that
doping by boron with low concentration, causes increase of values of
microhardeness. Its maximum value is revealed on planes of (111) orientation of
Ge:B (~10cm®) monocrystal, when dislocation density does not exceed 103cm™

Thermal expansion of the bulk crystals of germanium have been studied by
capacity sensor dilatometer in a wide temperature interval from the room
temperature upto 1100K. Nonmonotony of thermal expansion has been revealed
on temperature dependence of relative elongation in the temperature interval of
500-900K. Increasing effects of nonmonotony of relative elongation has been
distinctly revealed in monocrystalline specimens. Deviations of linear regularities
of thermal expansion have been revealed on [111] crystallographic orientation in
undoped monocrystals and on [100] orientation with less intensity. It has been
established, that anomalies of thermal expansion are clearly revealed on 3K/min.
velocity of temperature changing. Intensity of effect reduced to zero at high or low
velocities of heating.

Relaxation internal friction two maxima and shear modulus defect have been
revealed in the range of low temperatures, in areas of 150 and 250K. Activation
characteristics (activation energy, frequency factor, intensity, broadening of
maxima) of relaxation internal friction processes have been determined and
regularities of their changes by the influence of boron doping have been
established. It has been shown, that boron doping causes increase of activation
characteristics of both relaxation processes. Hightemperature deformation causes
increase of intensity of the processes and decrease of activation characteristics.
Annealing at 1070K, for 10hrs, reveals tendency to increase of activation
characteristics of relaxation processes.

It has been experimentally established, that intensity of both relaxation
processes increases by increasing of strain amplitude, that confirms their
dislocation origin. According to obtained result, activation energy values of
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relaxation processes are equal to the energy values of interaction of dislocation-
point defects, at critical strain amplitude. Microscopic mechanisms of low-
temperature relaxation processes are presented on the basis of obtained result:
breakaway of oscillating segment/kink of dislocations from impurity atom(150K)
and point defects from simple complexes (250K) by influence of mechanical
periodical stress.

Relaxation and hysteretic processes of oscillation energy dissipation have been
revealed in 300-1100K temperature interval. Activation characteristics of
relaxation processes have been determined. It has been established, that
temperatures of hysteretic internal friction processes coincides with temperature
intervals of nonmonotonic increasing of thermal expansion.

Increase of dislocation origin defects mobility has been revealed in the bulk
crystals of heavily boron doped germanium, that is confirmed by decreasing of
activation characteristics of dislocation relaxation processes, critical strain
amplitude of dislocation and pinning points interaction, absolute value of shear
modulus and elasticity limit.

Intercorrelation dependences of characteristics of structural state, structural-
sensitive thermal, mechanical and relaxation processes in bulk crystals of boron-
doped germanium have been analyzed. Microscopic mechanisms of relaxation
processes of torsion oscillations energy dissipation have been presented.
Contribution of processes of generation and motion of geometrical and kink pairs
on the screw and 60-dislocations, and also their interaction with Cottrell
atmospheres, in formation of elasticity and plasticity of monocrystalline
germanium have been analyzed.

Established regularities of changes of structural-sensitive characteristics of
boron- doped germanium bulk crystals can be used for obtaining and investigation
semiconducting materials and devices, based on germanium.
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