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1. Inceprauiiina po60Ta NPUCBSIY€HA BCTAHOBJIEHHIO 3arajbHUX 3aKOHOMIDHOCTEN BIIMBY TEMIIEPATYPU i
PO3MIpHUX Ta KOHLIEHTpalLitHUX e(eKTiB Ha eJIeKTPO- Ta MarHiTOPEe3UCTHBHI BJIaCTUBOCTI OJHOIIAPOBUX I1J1iBOK
FexCol-x ta Tpumaposux miiskoux cucreM FexCol-x/Cu/FexCol-x. BcTaHOBIEHO 3aKOHOMIPHOCTi (POPMYBaHHS
KPUCTAJiYHOi CTPYKTYpH i (ha30BOro CKJIAZy, IOBEAIHKU eJeKTpodisuuHux (muromuii omip, TKO),
MarHiTOpe3uCTUBHUX (aHI30TPONHUH i NraHTCHKUM MarHiToOOMip) i ix B3aeMO3B'513KY /1J1s1 [1JIiBKOBUX CIIJIABiB Ta
TPUILIAPOBUX CUCTEM Ha iX OCHOBI B iHTepBasi ToBImKH d = 5 - 80 HM i koHLeHTpaLiil Fe 10 - 90 at.% y
TemrepatypHomy iHTepsai 120 - 700 K. 3’sicoBaHo, mo miBku criaBy FexCol-x € rOMOr€ HHUMU 32 TOBIIMHOIO.
BuBdeHo nudysiiiHi npouecu y nmiiBkoBux cucremax FexCol-x/Cu/FexCol-x 3 dF = 30 - 40 um ta dN =10 - 20 HM
Ta I10Ka3aHo, 110 Y HUX B LIi7IOMYy 30epiraeTbCsl iHAUBILyalbHICTh OKpEMUX apiB. TepMo- Ta iOHHO-CTUMYJIbOBaHa
ouysig cipuumnHse nudysito atomis Fe ta Co, siki € pesysbraToM gucounianii mosnekysn FeCo. BcraHoBieHo
3aKOHOMIPHOCTI B [TOJIbOBUX 3aJIEKHOCTSX aHI3OTPOITHOTO Ta i30TPOIMHOrO MAarHiTOONOPY AJIs1 OJHOLIAPOBUX

IIJIiIBKOBUX MaTepiasliB Ta TPUIIAPOBUX CTPYKTYP i3 Pi3HOIO TOBIIMHOIO MAaTrHITHYUX Ta HEMarHiTHUX MIapiB Ta



KOHIIEHTpAllie1o KOMITIOHEHT B mapax FexCol-x. EKcriepyMeHTanbHO BUABJIEH] IHTEpPBaIi KOHL,EHTPALIi i TOBILUH
IIapiB, Y SIKUX CIIOCTEPiraBcs aHi30TPONHUH (MMO3UTUBHUI ITO3TOBXKHI | HEraTUBHMI [TONIepeYHU MarHiToomip) Ta
isoTponHuil (HeraTUBHUI NO3/I0BXKHIH i IONepeYHMi MarHiTooI1ip) xapakTep MarHitoornopy. Pesyabratu
€KCIIEPMMEHTAJIbHUX OCIiI)KEeHb BIIJIMBY BiflIaJI0BaHHS HA BEJIMYMHY i30TPOITHOTO MArHiTOONOPY Ta BAJ,
MarHiTOPE3MCTUBHUX IIETEJIb [TI0KA3YIOTh, 110 XapakTep nosefinky MO i 10ro BeJM4YnHa B 3arajJlbHOMY BUIIAIKY
BM3HAYaIOTHCS SIK TOBIIMHOIO (DEPOMArHiTHUX i HEMarHiTHUX IIApiB, TaK i KOHLEHTpALli€lo KOMIIOHEHT Y Lapax.
ExcriepuMeHTanbHO nokKasaHo, mo npu dF = 25 - 40 um ta dN = 3 - 20 HM B yCiX JOCTIIPKyBaHUX
CBDKOCKOH/JIEHCOBAHUX TPUIIAPOBUX CUCTEMAaX CIIOCTEPIraeThCs i30TPONHUM XapaKTEP MarHiTOOIOPY,
00YMOBJIEHUH CHiH-3aJIE)KHUM PO3CiI0BaHHSIM €JIeKTPOHIB IIPOBiTHOCTI. MakcrumMasbHe 3HaueHHs i3oTpornHoro MO
B 1 % npu KiMHaTHI} TemIepaTypi 11 HEBiAIaJIEHUX IIJIiBOK CIIOCTEPIraeThCs IJj1sl CACTEMU
Fe0,1C00,9/Cu/Fe0,1C00,9 npu 0lHaKOBUX TOBIIMHAX MAarHiTHUX 1IapiB i TOBMHI powmapky 3 HM. [Ipu
TEPMOMAarHiTHOMY IIO€TAlTHOMY BifllIa/Il0BaHHi (4epe3 npomikHi Temneparypu 400, 500 K) 0y Bcix cucrem 3a
BUKJIIOYEHHSM 3DPa3KiB 3 YTBOPEHHSIM I'PaHyJIbOBAHOIO CTAHY CIIOCTEPIraeThCs Mepexif Bifl i30TPONHOro 1o
aHI30TPOIIHOIO XapaKTepy MarHitoonopy. [yt CTpyKryp 3 KoHueHTpauieto Fe 10 - 20 aT. % Ta BifHOCHO TOHKUMU
mwapami (dF = 10 - 20 uM, dN = 5 - 15 HM) criocTepiraeTbCst aHi30TPOIHUI XapaKTep MarHiTOONOPY B BUXiTHOMY
cTaHi. Binnamosanns 3a Temrneparypu 550 K IpusBoguTh 110 MOSIBY i30TPOIIHOTO MArHiTOOIOPY, 0 06YMOBIIEHO
(opMyBaHHSIM I'PaHyJIbOBAHOrO CIIJIaBy Ha ocHOBi Cu Ta aTroMiB Co. TepMoo6po6Ka 3pa3KiB HE3aleKHO Bifl BMICTY
koMmnoHeHT Ta 3 dF = 20 - 30 um, dN = 5 - 15 M nipu Temneparypi 400, 550 K cTumyiitoe 36ibIIeHHS i30TPOITHOTO
MO no 3,5 % npu KiMHaTHill TeMIiepaTtypi. 3HIKEHHS TeMIIEpPaTypy BUMipIOBaHHS BiJ KiMHaTHOI 1o 120 K
IIPUBOAUTD 1O 30ibIIEHHS aMIIITY 1 i30TPOIHOr0 MarHitoornopy B 1,2 — 1,5 pasu. OTpuMaHi eKcliepuMeHTaslbHi
Pe3yJbTaTU CBiYaTh PO JOCUTh BEJIMKY TEMIIEPATYPHY CTabiNbHICTb BJIACTUBOCTE IIJIIBKOBUX CTPYKTYP Ha OCHOBI
ciaBy FexCol-x ta Cu, o [03BOJIsSI€ PEKOMEHAYBAaTH IIPU BUTOTOBJIEHHI MarHiTOPE3UCTUBHUX €JIEMEHTIB, SIK OOUH
3 eTarliB TeXHOJIOT{YHOTr 0 poliecy, TepMocTabisizaliliHe BifnaaioBaHHs y BakyyMi 3a TemnepaTtypu 550 a6o 700 K
6e3rocepeIHbO IiCs 0CaIPKEHHS M1iBOK. [10Ka3aHo, 1110 Ha TEMIIEPATYPHUX 3aJIEKHOCTAX TMTOMOTO OMOPY
TPUILAPOBUX IJIIBOK HE3aJIEXKHO Bif] KOHLIEHTPallii KOMIIOHEHT (iKCYIOTbCSI TPU XapaKTEPHI IiISTHKY, Ha SIKUX
peanisyeTbCsl pO3CilOBaHHS €JIEKTPOHIB Ha e eKTax KpUCTalidHOI Oy10BH, MeXax 3epeH Ta iHTepgeiicax.
ExkcriepyMeHTaIbHO Ta TEOPETUYHO IT0KA3aHO, 110 i3 POCTOM TOBIIVHU ILTiBKOBOTO cIiaBy FexCol-X Ta TOBIMHU
npouapky y Tpuinaposux cucremax (dF = 30 Hm) 3nauennst TKO 3pocrae. EkcriepruMeHTasbHi Ta pO3paxyHKOBI 1aHi
CITiBNIaAIOTh 3 TOYHICTIO 10 20%. BuBueHi ¢i3nyHi npoliecy B MIIiBKOBUX MaTepiasiax i3 TOYKU 30py iX MOKIIMBOTO
3aCTOCYBAHHS SIK YyTJIMBUX €JIEMEHTIB 3 BUCOKOIO TEMIIEPATYPHOIO Ta YaCOBOI CTAOINIbHICTIO

6araTOyHKIiOHAJIbHMX CEHCOPHUX Ta iHpOpMaLliiHUX IPUJIaZiB pi3HOrO IPU3HAYEHHSI.

2. Ph. D. thesis is devoted to the established general laws of the influence of temperature and size and
concentration effects on the electro- and magnetoresistive properties of FexCol-x single-layer films and FexCol-
x/Cu/FexCol-x three-layer film systems. The regularities of formation of crystalline structure and phase
composition, behavior of electrophysical (resistivity and TCR), magnetoresistive (anisotropic and giant
magnetoresistance) and their interconnection for film alloys and three-layer systems on their basis are established
in the interval of thickness d = 5 - 80 nm and concentrations of Fe 10 - 90 at.% in the temperature range of 120 -
700 K. It is found that FexCol-x film alloy are homogeneous in thickness. Diffusion processes in FexCol-
x/Cu/FexCol-x film systems with dF = 30 - 40 nm and dN =10 - 20 nm have been studied and it is shown that
they generally preserve the identity of is retained. The thermal and ion-stimulated diffusion causes the mutual
penetration of Fe and Co atoms, which are the result of dissociation of FeCo molecules. The regularities in the field
dependences of anisotropic and isotropic magnetoresistance for single-layer film materials and three-layer
structures with different thicknesses of magnetic and non-magnetic layers and the concentration of components
in FexCol-x layers are established. The concentration and layers thickness ranges, in which anisotropic (positive
longitudinal and negative transverse magnetoresistance) and isotropic (negative longitudinal and transverse
magnetoresistance) character of magnetoresistance observed, have been identified. The experimental results of
the annealing effect on the isotropic magnetoresistance value and the shape of magnetoresistive loops show that
the MR behavior and its magnitude in the general case are determined by both the thickness of the ferromagnetic



and nonmagnetic layers, and the concentration of the components in the layers. It has been shown experimentally
that for all investigated three-layer systems at dF = 25 - 40 nm and dN = 3 - 20 nm, the isotropic character of
magnetoresistance as a result of the spin-dependent electron scattering is observed. The maximum value of
isotropic MR of 1% at room temperature is observed for Fe0,1C00,9 /Cu/Fe0,1C00,9 as-deposited system with the
same thickness of the magnetic and copper layers of 3 nm. In the case of thermomagnetic step-by-step annealing
(through intermediate temperatures of 400, 500 K), the transition from isotropic to anisotropic nature of the
magnetoresistance is observed. The exception is samples, in which the granular state forms. For structures with a
concentration of Fe 10 - 20 at.% and relatively thin layers (dF = 10 - 20 nm, dN = 5 - 15 nm) the anisotropic nature
of the magnetoresistance in the initial state is observed. Annealing at a temperature of 550 K results in an isotropic
magnetoresistance, as a result of the granular alloy based on Cu and Co atoms formations. The heat treatment at a
temperature of 400, 550 K stimulates an increase in isotropic MR to 3.5 % at room temperature for the samples
regardless of component composition and with dF = 20 - 30 nm, dN = 5 - 15 nm. Reducing the measurement
temperature from room temperature to 120 K leads to an increase in the isotropic magnetoresistance magnitude
by 1.2 - 1.5 times. The obtained experimental results indicate sufficiently high temperature stability of the
properties of film structures based on the alloy FexCol-x and Cu. This allows recommending thermal annealing in
vacuum at a temperature of 550 or 700 K directly after the film deposition as one of the stages of the technological
process at the formation magnetoresistive elements. It is shown that at the temperature dependencies of the
resistivity of three-layer films, regardless of the component concentrations, three characteristic regions are fixed.
These regions correspond to the realization of electron scattering on the defects of the crystal structure, grain
boundaries, and interfaces, respectively. It has been shown experimentally and theoretically that the TCR value
grows at the increase of the FexCol-x film alloy thickness and the spacer layer thickness in three-layer systems (dF
= 30 nm). The experimental and calculated data agree with an accuracy of 20 %. Physical processes in film
materials studied from their possible application as sensitive elements with high temperature and time stability of
multifunctional sensors and information devices for various purposes.
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