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11. Summary of the new findings of the thesis

- We have successfully fabricated the single and double perovskite manganites CaFe,Mn3,03 (x = 0; 0,01;
0,03; 0,05) and La,Co,,Fe,MnO¢ (x = 0; 0,01; 0,02; 0,03). We studied their structures and properties by
means of highly precise experimental techniques such as the XRay diffraction, Raman scattering,
IRabsorption, resistivity measurements, magnetic susceptibility measurements ... The results of our

research were published in 10 publications in the scientific journals in the field of the research.

- By means of the modeling methods we studied all possible magnetic configurations for CaMnO; and
showed that the ferromagnetic configuration might prevail in the nanometer scale. All these magnetic
configurations can practically exist, providing that the conditions satisfy, and there are the structural
deformations so that the ferromagnetic interactions can prevail and lead to the ferromagnetism. The
appearance of ferromagnetism in ceramic compounds is the topic of interests for decades. The optimized
values for GAF ground state in CaMnO; are: Ey=1,09eV, Ays=3eVandU=6,2eV; for the thin films the
ground state should be the insulating C-AF. The energy gap between GAF and CAF states in the bulk
samples should be around 16 meV, that induces the T about 185 K. At the size less than 2,7 nm the
penetration of ferromagnetism into the inside layers may reach 3,5 layers and induce the ferromagnetism.

The band-gaps for the thin films are smaller than that of the bulks.

- In the singlelayer perovskite system CaFeMn,.,O3 (x = 0.01, 0.03, 0.05), the replacement of Mn by Fe

forced the decrease of magnetization, but the similar replacement in the double perovskite manganites



La,Co.,Fe,MnOg induced the increase of saturated magnetization besides the decrease of T and
coersive-field strength H,. The resistivity of the samples was also decreased but the conduction
mechanism remained unchanged and the Variable-Range-Hopping (VRH) model was still considered as
the most probable. The decrease of ferromagnetic interaction from 3D to 2D (i.e. from CaMnO; to
La,CoFeMnQOg) also induced the decrease of the magnetization and coercive-field strength. The
dependence of T on doping level also agreed well with the empirical models and with our modified rule.
The influence of Fe- concentration on the ratio Mn®*" / Mn* had direct impact on the strength of the

ferromagnetic interactions.
12. Practical applicability, if any:

- The result obtained in both experimental and theoretical studies contribute to the knowledge about the
origin of ferromagnetism in the Fe-doped manganites, the multi-ferroics with many important applications in
the modern spintronics, so our results may be used directly in the process of the fabrication of the other

novel compounds
13. Further research directions, if any:

- The study of the ferromagnetic transitions in low temperature region in the double perovskite system is
very interesting object, which promises new important results about the phenomena still less understood

such as the re-entrant spin glass state.

- The study of metallicity in the nanosize CaMnOj; (under 5,4 nm) is an important direction. The appearance

of ferromagnetism in the anti-ferromagnetic insulator materials is very interesting problem.
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