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Abstract

The main goal for the dissertation is the research of physical nature of large
size defects in InP, InAs and in some of their solid solutions. The main method
used for accomplishing this was determining mechanisms of scattering of current
carriers in crystal lattice and researching law of changes of electrons
concentrations.

Samples were radiated with fast neutrons, powerful streams-@=2-10'®n/cm?
and highly energetic (50MeV) electrons-@=5-10"el/cm?. Researches were carried
out in wide range of temperature T=4.2-300K. Crystal annealing was done at up to
700°C temperature. Single crystals were acquired via methods of horizontal zonal
melting. Concentration of doping impurities was 10¢ - 10cm3.

The topic is important as InP and InAs and their solid solutions are widely
used in opto- and micro electronics. Also, InP represents one of the best materials
for manufacturing photo elements, which is especially important for space
equipment. In addition, effective way of improving quality of InP crystals has been
discovered.

The work will display for the first time that using high energy particles for
radiation can result in decomposition of large-size technological defects and,
subsequently, improvement of physical properties of crystal. In particular, InP as
observed to develop mobility increase of 100%, and also numerical theoretical
analysis for this phenomenon was done for the first time. Also a research was
carried out on main properties of disordered areas: geometrical radius of disordered
areas; concentration of disordered areas; number of atoms in disordered areas;
effective radius of disordered areas; penetration of electric field; tension of electric
field in barrier. It is displayed that as a result of radiation, large-sized defects are
disintegrated into smaller defects (of dotted type), which serve as acceptors and, as

a result, concentration of electrons is decreased by several orders.

viii



Mechanisms of scattering of electrical current carriers was determined in
all substances, in both radiated and non-radiated samples. It was displayed for the
first time that scattering of charge carriers on neutral atoms in InP is not
characterized by widely used Erginsoy model and that it is essential to take into
account the scattering on disordered statistical distribution of neutral atoms.

On the basis of calculations carried out, and analysis of temperature
dependences of current carriers mobility and concentration, it was established
that as a result of rigid radiation, besides dotted defects, large sized radioactive
defects also emerge and cannot be analyzed using only traditional mechanisms.

It is displayed that as a result of radiation on InP and InAs solid solutions
defects of acceptor type emerge with deep energetic levels which drastically
reduce concentration of current carriers.

Concentration of charge carriers for InAs and InAs-InP solid solution rich
with InAs, increases significantly on each fixed temperature as a result of radiation
and does not change with temperature increase. This fact is weakened with
increase of phosphorus composition and only becomes noticeable when
m<4.10%cm-3. Donor type effects of small energetic levels emerge in forbidden
zone and Fermi level moves to conductor zone as a result of radiation. Role of
donors is accomplished by radioactive defects that represent interstitial atoms of
arsenic.

It is displayed that concentration of charge carriers in InP and InAs-InP solid
solutions rich with InP creates defects of charge carriers trapping character, with
deep energetic levels. In given instance, role of electrically active radioactive
defects are accomplished by interstitial phosphor atoms that, under the InP-InAs
rigid radiation, emerge in significantly greater numbers than the interstitial atoms
of arsenic.

For the first time, research has been done on anomaly temperature
dependences of charge concentration and mobility in n-type InP crystal with

disordered areas. Besides the scattering on lattice and impurity ions, mobility in



crystals containing disordered areas is also determined by scattering on disordered
areas. Disordered areas block movement of main carriers of charge carriers and
scatter them on their volume charge. Concentration of charge carriers is reduced
drastically, and mobility increased twice after radiation with fast neutrons
(#=2-10%n/cm?) and electron streams of 50 Mev and @=5-107e¢/cm?.

Research was carried out on annealing process for radiated crystals at 400°C
- 700°C temperature range. It is displayed that the process is of complex character
and also that annealing radiated InAs-InP solid solutions rich with InAs at 700°C
causes elimination of defects and restoration of charge concentration. As a result of
radiation in solid solutions rich with InP disordered areas emerge, which act

effectively in scattering charge carriers .
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