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HaHoOMarepianax

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

Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA EKCIIEPUMEHTATILHOMY BUBUEHHIO y3arajbHIOI4Oro XapakTepy BILJIUBY
e(eKTUBHOI TOBIIMHY 11apiB, KOHLEHTPALlil KOMIIOHEHT Ta YMOB TEPMOOGPOOKM Ha Qi3UyHi BIaCTUBOCTI Ta
€JIEKTPOHHI IIpoliecy B 6araToLlapoBUX i FpaHyJIbOBaHUX IIJIIBKOBUX HaHOMaTepiasax Ha ocHOBi Fe, Co, Ni80Fe20 ta
Ag, Au a60 SiOx sK ef1eMeHTHOiI 6a31 Cy4aCHOI MarHETOEJIEKTPOHIKM Ta CEHCOPHOI TEXHIKU. BcTaHOBIEH]
3aKOHOMIPHOCTi B KOHLIEHTPALIHUX Ta PO3MiPHUX 3QJIEXKHOCTSIX IUTOMOTO OIOPY, TEMIIEPATYPHOTro KoedilieHTy
OTIOpY, TEMIIEpATypH 3aJlikOByBaHHS fedeKTiB Ta MarHiTooNnopy AJisi HaHoMarepiasiB Ha ocHOBi Ni8OFe20 Ta Ag
(Au), oTpMMaHUX METOJIOM OJIHOYACHOI Ta NOIapoBoi KOHJeHcalii. BusHayeHi ymoBu 17151 peasizaliii epeKTMBHOTO
CITiH-3aJIE5KHOTO PO3CiI0BaHHS Ta, SIK HACJIiJOK, IIPOSIBY i30TPOMHOr0 MarHiTHOPE3UCTUBHOTO e(eKTy. [IpoBesieHo
IOCJIiIPKEHHS TEPMOCTA0IIbHOCTI MAarHiTHUX XapaKTEPUCTHUK MCEBIO CIiH-BeHTUWIbHUX cucteM Co/Ag/Fe,
Co/Ag/Ni80Fe20 ta Co/Cu/NixFel-X, a TaK0o>X pO3paxyHKH YyTJIUBOCTI MarHiTOONOPY NOCJiI)KYBaHUX 3Pa3KiB [0



MarHITHOTO MO0JI51 3aJI€XKHO BiJl TOBIIMHY MarHiTHUX Ta HEMarHiTHUX 1IapiB, peXXUMy TepMoo6pooku. [TokazaHo, 110
IOCIIiIKyBaHi CUCTEMM BiTIOBiNAI0Th BUMOTaM SIK JJO JAaTYUKIB i3 BUCOKOIO MBUAKICTIO pearyBaHHs Ha 3MiHY
MAarHiTHOro IOTOKY, TaK i 40 JATYMKIiB, OCHOBHOIO (PYHKILI€IO SIKUX € AeTEeKTyBaHHS C1a0KUX MarHiTHUX I0JIiB.
[TpoBezeHi BociiKeHHs TpaHy/IbOBaHUX IIiBKOBUX MartepiaiiB (Co+SiOx)/I1 B mianazoHi koHueHTpauiit cCo= 35-
90 at.% Ta 3aranpHoi ToBIMHU d = 30-70 HM. [TokazaHo, 0 XapakTep KOHLEHTPaLilHNX 3aJIeKHOCTEN
MAarHiToOIOpY, a TAKOX XapaKTep KPUBUX II€pEeMarHivyBaHHs rPaHyJIbOBaHMX HAHOPO3MipHUX MaTepiaiB
(Co+SiOx)/I1 BU3HAYA€ETHCS IOPOTOM NEPKOJIALIL B CUCTEMI, sIKUI 3HaxoauTbCs B Mexkax 40 < cCo < 60 aT.%.
ExcriepuMeHTanbHO AOCTiIXKeHI 0CO6IUBOCTI €1€KTPOQi3UIHNX, MAaTHITOPE3UCTUBHUX Ta MAarHiTHUX BJIACTUBOCTEN
6aratomaposux cuctem [Fe /SiOx]n 3 epeKTUBHUMY TOBIMHAMU mapiB meHe 3a 10 HM. [TokazaHo, 1110 3aJ1eKHO
Bifl yMOB TepMOOOPOOKY Ta €(PEKTHUBHOI TOBIIMHU (PEPOMArHiTHOIO Ta JieJeKTPUYHOro apiB MOKJIMBA peaisallis
TPbOX PEKMMIB ITPOBiIHOCTI: METaJIEBOTO, IEPEXIAHOTO Ta AieJIeKTPUYHOro. TemnepaTypHuil KoedilieHT onopy
3aJ1€KHOC Bifl peXXUMY ITPOBiTHOCTI HAOyBa€ O3UTUBHOTO, HETaTUBHOTO a60 6JIM3BKOrO [I0 HYJISl 3HAYEHHSL.
BusHavyeHi ymMOBU [J14 peasizaliii ClliH-3aJ1e>KHOrO TYHEJIIOBAHHS €JIEKTPOHIB i, SIK HACJIiIOK, peaisalii i3oTpoIrHoro

MarHiToOIopy.

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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