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Abstract

In the last decade provoked a prospect of development of principally new
materials and devices for information technologies operating as charge, and spin
degree of freedom of carriers, which allow include ferromagnetic elements into
semiconductive devices and thus create the spintonic devices operating principle
of which is based on effective spin injection into semiconductor, spin
manipulation, control and transport properties,also spin detection. From this, the
main role is addressed to the semiconductors being good injectors.

In the introduction the thesis subject actuality value has been discussed,
which underscores that the Diluted Magnetic Semoconductors(DMS) such as the
possibility of controlling the magnetic state of material with an electric field and
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the giant planar Hall effect, which exceeds the Hall effect in metal ferromagnets
by several orders of magnitude.

the main goals in DMS studies is also to reach high Tc values, but Curie
temperatures in (111,Mn)V DMS are limited by low solubility of Mn in I1I-V and
by complexity of the LT-MBE (low-temperature molecular-beam epitaxy)
technique.

In the first chapter there is reviewing the spin related phenomenon in the
semiconductors, spin transfer mechanisms and transfer problems across
ferromagnetic metal/semiconductor and metal/semiconductor junctions.

The second chapter is theoretical and deterministic. In this chapter we
reviewed the Ferromagnetism in (l1I,Mn)V DMS, exchange interactions and
theories for explaining spintronic phenomenon.

In the third chapter we explain DMS synthesis methods. we use more
advanced Laser Plasma Deposition(LPD) methods at which deposition needs more
low temperature then other growth technology.

The forth chapter dedicated to discussing and main results of our work.
Epitaxial films of I11-V compounds of Ga, InGaAs, and InAs were grown by laser-
plasma deposition methods, which exhibited ferromagnetic behavior up to 500K.
The pronounced anomalous Hall Effect for InSb:Mn and GaSb:Mn DMS layers
with an X-ray spectral content of manganese N mn = 13 and 15%, was observed for
Ge:Mn and Si:Mn layers.

Disorders wich take place in such films at high content of Mn, forms
grains consisting of a Mn compound with a type V-element, such as MnAs or
MnSb, which are ferromagnetic metals. GaSb:Mn Films with thickness 40-140 nm
were deposited by means of laser plasma. For calculation of Disorder in 2D
structures and Coulomb long-range fluctuation potential we introduced quantum
well (QW) structures GaAs/d-Mn/GaAs/InkGai-«As/GaAs with high enough carrier
mobility (2000 cm? V-1 s1).
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INMnAs film structures grown at Xwn = 0.3-0.5 and Ty = 280-330<=C
exhibited ferromagnetic properties both at room temperature and at 77 K. We
have found that the pulsed laser annealing promotes the substantial activation of
the Mn impurities (the increase of the holes concentration) not only in case of
INMnAs, but also for GaMnAs and GaMnSb films.

However, this nonequilibrium process leads to the non-uniform
distribution of Mn acceptors causing the appearance of areas both with the
increased hole concentration (degenerated or “metallic droplets”) and with
reduced that (strongly compensated region).

In the experimental part there are described Ge:Mn, Si:Mn and Si:Fe films
on GaAs or Al:Os substrate, also InMnAs, GaMnSb, and GaMnAs ferromagnetic
alloys’ synthesis experimental methods by means of laser plasma deposition, laser
ablation, Nd:YAG impulsive laser (A=1.06 mkm) method. Ferromagnetic
resonance (FMR) were studied at 77-500K , 9.3 GHz frequency, by different
orientations of external (0.66T) magnetic field. Substrate, crystal quality and phase
composition of the samples were studied by X-ray diffractive methods using
DRON-4 diffractometer. Magnito-optical properties were studied by longitudinal
Kerr effect.

As a conclusion we can declare that for Ge:Mn/GaAs, Si:Mn/GaAs and
Si:Fe/Al.0s films magnetic force microscopy measurements together with high
electrical activity of 3D impurity shows ferromagnetism to be provoked by 3D
solid solution rather than ferromagnetic phase conclusion.

For InxGaixAs quantum wells with a Mn d-layer in a GaAs matrix the
disorder related to the long range fluctuation potential caused by nonuniform
distribution of Mn atoms. At low magnetic fields sample exhibited paramagnetic
behavior. In high fields the unusual shifted hysteresis loop is observed, attributed
to the coexistence of separated ferro- and antiferromagnetic islands.

In the case of InMnAs films with optimal Mn concentrations anomal Hall

effect is caused by InMnAs ferromagnetic properties not by secondary phase MnAs
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conclusions. For this system strongly degenerated areas (droplets) with the
increased holes concentration is appeared, separated by the compensated spacers,
where the holes transport has the hopping character.

At the end it should be emphasized that the presented experimental data
shows the effect of disorder in the properties of dilute magnetic semiconductors.
The main reason for disorder in dilute magnetic semiconductors is the very high
concentration of randomly distributed magnetic impurities (Mn), which is needed

to provide sufficiently strong magnetism.
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