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HaHOMaTepianax

2. The influence of physical fields on the properties and electronic processes in multilayer and granular film
nanomaterials

Pedepar:

1. InceprauiiiHa po60Ta NPUCBSIYEHA €KCIIEPUMEHTAIbHOMY BUBUEHHIO Y3arajbHIOIOUOTO XapaKTePy BILJIMBY
eeKTUBHOI TOBUIMHY 1IapiB, KOHIEHTpallii KOMIIOHEHT Ta yMOB TEPMOOOPOOKU Ha (Pi3nyHi BJIAaCTUBOCTI Ta
€JIEKTPOHHI NIPoliecH B 6araTollapoBUX i TpaHyJIbOBAaHUX IIJIIBKOBUX HaHOMaTepiasax Ha ocHOBi Fe, Co, Ni80Fe20 Ta
Ag, Au a60 SiOx sK eeMeHTHOI 6a31 Cy4aCHOI MarHeTOeJIEKTPOHIKM Ta CEHCOPHOI TeXHiKU. BcTaHOBIEHI
3aKOHOMIPHOCTI B KOHLIEHTPALIIHUX Ta PO3MIPHUX 3aJIE>KHOCTSIX [INTOMOTO OIIOPY, TEMIIEPaTypHOro KoedilieHTy
OIIOpy, TEMIIEPATYPH 3aJ1iKOBYBaHHS le(EKTiB Ta MarHiToOONOpPY /J1s1 HAaHOMarepiasiB Ha ocHOBi Ni80Fe20 Ta Ag

(Au), oTpMaHMX METOZIOM OJHOYACHOI Ta [IOMapoBoOi KOHAeH callii. BusHaueHi ymoBHU 1715 peasnidallii eeKTUBHOTO



CITiH-3aJIE5KHOTO PO3CiI0BaHHS Ta, SIK HACJIiJOK, IIPOSIBY i30TPOIMHOr0 MarHiTHOPE3UCTUBHOTO edeKTy. [IpoBeneHo
IOCJIiIKeHHS TePMOCTabiIbHOCTI MarHiTHUX XapaKTepUCTUK IICEBIO CIiH-BeHTUIbHUX cucteM Co/Ag/Fe,
Co/Ag/Ni80Fe20 ta Co/Cu/NixFel-X, a TaKo>X pO3paxyHKU YyTJIMBOCTI MarHiTOONOpPY NOCJiI)KYBaHUX 3Pa3KiB [0
MarHiTHOTO IOJISI 3aJI€KHO Bifj TOBIIMHYU MAarHiTHUX Ta HEMArHiTHUX 1IapiB, peXXUMY T€PMOOOPOoOKU. [TokasaHo, o
IOCJiIKyBaHi CUCTEMU Bif[IOBINAIOTh BUMOraM $IK [0 JAATYMKIB i3 BUCOKOIO HIBUIKICTIO pearyBaHHs Ha 3MiHy
MarHiTHOro IOTOKY, TaK i 10 AaTYMKiB, OCHOBHOIO QYHKII€I0 SIKUX € NETeKTyBaHHS CIa0KUX MarHiTHUX IOJIB.
[IpoBeneHi gocigKeHHs rpaHyJIbOBaHUX IIJIiBKOBUX Marepiasis (Co+SiOx)/I1 B mianasoni koHueHTpauil cCo= 35-
90 aT.% Ta 3aranbHoi ToBImMHYU d = 30-70 HM. [Toka3zaHo, 1[0 XapaKTep KOHLEHTPALiNHUX 3aJIe>KHOCTEN
MarHiTOONIOPY, & TAaKOX XapaKTep KPMBUX I€peMarHidyBaHHs IPaHyJIbOBAaHMX HAHOPO3MiPHUX MaTepiaiB
(Co+SiOx) /I1 Bu3Haya€eThCsl TOPOTrOM MEPKOJIALIi B CUCTEMI, IKUii 3HaXonuThcsl B Meskax 40 < cCo < 60 aT.%.
ExcriepuMeHTaIbHO [OCIIiIPKEeHI 0COOIMBOCTI €1eKTPOQi3NYHNX, MarHITOPE3UCTUBHUX Ta MAarHiTHUX BJIACTUBOCTEN
6araromapoBux cuctem [Fe /SiOx]n 3 epeKTUBHUMU TOBLIMHAMU mapiB MeHue 3a 10 HM. [Tokas3aHo, 0 3a/1€5KHO
BiJl yMOB TepMOOOPOOKY Ta €(PeKTHUBHOI TOBIIMHY (PEPOMArHiTHOIO Ta JieJeKTPUYHOro MapiB MOKJIMBA peaisallis
TPbOX PEKUMIB ITPOBiIHOCTI: METaNE€BOro, NIEPEXiAHOTO Ta AieJIeKTPUYHOro. TemnepaTypHuil KoedillieHT onopy
3aJIEXKHOC Bif] pEKMMY MIPOBiIHOCTI HabyBa€ MO3UTUBHOTO, HEFATUBHOTO 200 6JIM3BKOTO 1O HyJIS 3HAYEHHS.
BusHaueHi yMOBU [J14 peasizallii CrliH-3aJ1e>KHOrO TYHEJIIOBaHHS €JIEKTPOHIB i, SIK HACJIIOK, peanisalii i3SoTponHoro

MarHiTOOIopYy.

2. The thesis is devoted to the experimental study of the generalised nature of the effect of effective layer
thickness, component concentration and heat treatment conditions on the physical properties and electronic
processes in multilayer and granular film nanomaterials based on Fe, Co, Ni80Fe20 and Ag, Au or SiOx as the
elemental basis of modern magnetoelectronics and sensor technology. The general trends in the concentration
and size dependences of the resistivity, temperature coefficient of resistance, defect healing temperature, and
magnetoresistance for nanomaterials based on Ni80Fe20 and Ag (Au) obtained by the simultaneous and layer-by-
layer condensation method have been established. The conditions for implementing effective spin-dependent
scattering and, as a result, the manifestation of the isotropic magnetoresistive effect are determined. The thermal
stability of the magnetic characteristics of the pseudo spin-valve systems Co/Ag/Fe, Co/Ag/Ni80Fe20, and
Co/Cu/NixFel00-x was studied. The sensitivity of the magnetoresistance of the analysed samples to the magnetic
field was calculated, depending on the thickness of magnetic and nonmagnetic layers and the heat treatment
regime. It is shown that the studied systems meet the requirements for sensors with a high response speed to
changes in magnetic flux and sensors whose primary function is to detect weak magnetic fields. The study of Co
island films with an effective thickness of 5-25 nm, as well as granular film materials (Co+SiOx)/S in the range of
Co atom concentrations cCo = 35-90 at.% and total thickness d = 30-70 nm, was carried out. It has been shown
that the nature of the concentration dependence of the magnetoresistance, as well as the nature of the
magnetisation curves of granular nanoscale materials (Co+SiOx)/S, is determined by the percolation threshold in
the system, which lies in the range 40 < cCo < 60 at.%. The peculiarities of electrophysical, magnetoresistive and
magnetic properties of [Fe/SiOx]5 multilayer systems with effective layer thicknesses less than 10 nm have been
experimentally investigated. It is shown that, depending on the heat treatment conditions and the effective
thickness of the ferromagnetic and insulator layers, three conductivity modes can be realised: metallic, transition,
and dielectric. Depending on the conductivity mode, the temperature coefficient of resistance takes positive,
negative, or close to zero values. The conditions for realising spin-dependent electron tunnelling and,
consequently, the realisation of isotropic magnetoresistance are determined.
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