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2. Structural transformation and nonequilibrium electronic processes in oxide-based nanocomposites

Pedepar:

1. Incepraliiio NpUCBSY€HO BCTAHOBJIEHHIO 0COOIMBOCTEN (Pi3MUHUX NPOLECIB, SIKi 3yMOBIIIOIOTH
TEPMOCTHUMYJIbOBaHI CTPYKTYPHI [I€PETBOPEHHS B HAHOKOMIIO3UTax Ha OCHOBI OKCHJIiB KPEMHIIO, aJIlOMiHiI0, radHiio
Ta L[UPKOHII0, JIETOBaHUX OJHUM ab0 JAeKilbKkoMa TUTIaMU IOMIIIOK (KpeMHieM, repMaHieM, piiko3eMeTbHUMU
ioHamu) Ta 3'ICyBaHHIO BILJIMBY LIMX MTPOIIECIB HA ONTUYHI, €JIEKTPUYHI Ta JIIOMiHECL[€HTHI XapaKTePUCTUKHU
HaHOKOMIIO3UTIB Ta CTPYKTYp Ha iX OCHOBi. Ha OCHOBI CUCTEMATUYHUX JOCIIIKEHb IPOJIEMOHCTPOBAHO, 1[0 METO],
MAarHeTPOHHOI'O HAINIWJIEHHS JO3BOJISIE BUTOTOBJISITY TOHKI KOMIIO3UTHI IIApU 3 33JaHUMU XapaKTePUCTUKAMU, a
TaKOX 0araTolapoBi CTPYKTYPH Ha ix OCHOBi. BcTaHOBJIEHO, 10 OCHOBHUM MEXaHi3MOM YTBOPEHHSI 3aPOJIKiB
KPEMHII0 B OKCHUJIHUX IIapax, JIeTOBAaHMX KPEMHIeM, € CIIIHOabHMI po3Maf, Ta BUCXinHa gudysis KUCHIO. 3'sICOBAaHO

MexaHi3M JIoMiHeclLeHIIii B TaKuX MaTepiasax Ta BCTAHOBJIEHO KJII0YOBY POJIb KPEMHIEBUX KPUCTAJIITIB B 30y IKEHHI



JmoMiHecleH1ii pifko3emesnbHUX iOHIB. BusiBnieHo, mo 3racanns @JI pinko3emenbHUx ioHiB B mapax (Si,Er)-SiO2 ta
(S1,Nd)-Si0O2, BinnaneHux 3a BUCOKUX TEMIIEPATyp, OOYMOBJIEHO IIpOLiecaMy cerperariii piziko3eMebHUX iOHIB Ta
(opMyBaHHSM BiIIOBIIHUX CUJIIKATiB. BCTaHOB/IEHO YMHHMKHY, 110 AO3BOJISIIOTHCS CTabiIizyBaT aMopdHy
cTpykTypy okcuzis HfO2 Ta ZrO2 , a TakoxX IOKa3aHo, o [Ipy TepMivHUX Biananax mapis Si-HfO2, skuit
IIPU3BOJUTH 10 POPMYBaHHS Si KPUCTAJIITIB, BOHM 3aJIMIIAI0Th BKPUTUMU 060J10HKOI0 SiOX, sIKa BiJOKPEMIIIOE iX Bif,
martpuui HfO2. [Tokazano moxxinBicTs yrBopeHHs Ge kpuctaiitiB B HfO2 Ta ZrO2 3a paxyHOK CIiHOJAIbHOTO
posmnany, K1 BiiOyBaeThCs 32 HIDKYMX TEMIIEpaTyp, HiX posnap Si-HfO2, mo nossosse crBoproBatu Ge
KpUCTasiTi, BOynoBaHi B amopdny matpuuio HfO2 a6o ZrO2. [IpogeMOHCTPOBaHO e(deKTU aM'sITi B TAaKUX
Marepiaax.3anpornoHOBaHO METOAMKY HEPYHHIBHOTO €KCIIPECHOTO KOHTPOJIIO ONTUYHUX Ta CTPYKTYPHUX
BJIACTUBOCTEU LIMX MaTepiasliB HJISIXOM MTOEIHAHHS METO/IiB CIIEKTPaJIbHO] eJtincomeTpii Ta iHppayepBoOHOI

CIIEKTPOCKOTII.

2. The dissertation is devoted to the investigation of the features of physical processes that cause thermally
stimulated structural transformations in nanocomposites based on oxides of silicon, aluminum, hafnium and
zirconium doped with one or more types of impurities (silicon, germanium, rare earth ions). The effect of these
processes on the optical, electrical and luminescent characteristics of nanocomposites and structures based on
them is clarified. It is shown that radio frequency magnetron sputtering allows the fabrication of thin composite
layers and multilayer structures with the desirable characteristics. The structure of the work reflects its evolution
from the study of simpler materials, in particular, undoped or doped with one type of oxide impurity, to complex
nanocomposites, when they are doped with several impurities and /or they are constructed as multilayer
structures. This way - "from simple to complex" - allows not only to summarize the results of research, which were
obtained gradually in the direction of complicating the types of materials and structures based on them, but also to
trace the relationship between different materials in terms of evolution of their properties, common patterns and
predict the properties of new, more complex, materials and identify ways and means of managing their
parameters. The thesis contains seven sections that cover and summarize the results of research. The first section
of the dissertation presents a review of the literature on the topic of the dissertation, describes the main methods
of obtaining composite layers doped with silicon/germanium and rare earth ions. The second section describes
methods of manufacturing composite layers and structures based on them. Different approaches in the production
of samples by the method of radio frequency magnetron sputtering and atomic ball deposition are analyzed. It is
shown that the change of different technological parameters (deposition temperature, partial gas pressure, target
power) allows to control the chemical composition of composite layers, as well as to grow multilayer structures.
Several experimental methods were used to get information on structural, optical, electric and luminescent
properties of the samples. In particular, spectroscopic methods (study of photoluminescence and its excitation
spectra, Raman scattering, infrared absorption, spectral ellipsometry) and structural methods (atomic force
microscopy, X-ray diffraction, electron microscopy, atop probe tomography), and electrical methods are used. The
main results of this work are the following. It is established that the main mechanism of Si crystallites formation in
oxide layers doped with silicon is spinodal decomposition and out-diffusion of oxygen. The mechanism of
luminescence in such materials is elucidated and the key role of silicon crystallites in excitation of luminescence of
rare earth ions is established. It is found that the quenching of rare earths photoluminescence in the (Si, Er)-SiO2
and (Si, Nd)-SiO2 layers annealed at high temperatures is due to the processes of segregation of rare earth ions
and the formation of the corresponding silicates. It is established the factors that allow the stabilization of
amorphous structure of HfO2 and ZrO2. It is shown that upon thermal annealing of Si-HfO2 layers, which leads to
the formation of Si crystallites, they are covered with SiOx shell, which separates them from HfO2 matrix. The
possibility of formation of Ge crystallites in HfO2 and ZrO2 due to spinodal decomposition which occurs at lower
temperatures than in the case of Si-HfO2, is shown. This allows the creation of Ge crystallites embedded in the
amorphous matrix of HfO2 or ZrO2. Memory effects are demonstrated in such materials. A method of non-
destructive express control of optical and structural properties of these materials by combining the methods of
spectral ellipsometry and infrared spectroscopy is proposed. The application of developed materials and

structures for optical communication elements, solar cells, and flash nonvolatile memory is demonstrated.
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