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Pedepar:

1. Inceprauiina po60Ta IPUCBIYEHA BCTAHOBJIEHHIO 3arajbHUX 3aKOHOMIPHOCTEN BIIJIMBY TEMIIEPATypH i
PO3MIpHUX Ta KOHLIEHTpaLiHUX e(QeKTiB Ha €JIeKTPO- Ta MarHiTOPE3UCTHBHI BJIaCTUBOCTI OJHOIIAPOBUX I1J1iIBOK
FexCol-x Ta Tpumaposux miaiBkoBux cuctem FexCol-x/Cu/FexCol-x. BcTaHOBI€HO 3aKOHOMiIPHOCTi (P OPMyBaHHS
KPUCTaIiYHOi CTPYKTYpH i pa3oBoro ckiamy, NoBeiHku eaekrpodisuynux (nuromuii omip, TKO),
MarHiTOpe3UCTHUBHUX (aHI30TPOIIHUH i riraHTChKUM MarHiToomip) i ix B3a€M0O3B’s13Ky [1J14 [IJIiIBKOBUX CIIJIABiB Ta
TPULIAPOBUX CUCTEM HA iX OCHOBI B iHTepBasi ToBWUH d = 5 - 80 HM i koHUIeHTpauiil Fe 10 - 90 at.% y
TemrepaTypHoMmy inTepai 120 - 700 K. 3’scoBaHo, 1o miiBku criaBy FexCol-x € roMOreHHMMU 32 TOBIIHUHOIO.
BuueHo nudysiiiHi nponecu y miiBkosux cucremax FexCol-x/Cu/FexCol-x 3 dF = 30 - 40 Hm Ta dN =10 - 20 HM

Ta [10Ka3aHo, 0 Y HUX B LiJIOMY 30€piraeTbCsl iHAUBiIyalbHICTh OKPEMUX MApiB. TepMo- Ta iOHHO-CTUMYJIbOBaHa



nuysisg cnpuuuHse nudysito atomis Fe ta Co, siki € pesyspraToM gucounianii mosekys FeCo. BcranoBieHo
3aKOHOMIPHOCTI B ITOJIbOBUX 3aJI€KHOCTSIX @Hi3OTPOIIHOTO Ta i30TPOMHOrO MAarHiTOONOPY AJIs1 ONHOUIAaPOBUX
IJIiIBKOBUX MaTepiasliB Ta TPUIIAPOBUX CTPYKTYP i3 Pi3HOIO TOBIIMHOIO MAaTrHIiTHUX Ta HEMArHiTHUX MIapiB Ta
KOHILIEHTpAlli€10 KOMITIOHEHT B mapax FexCol-x. EKcriepyMeHTabHO BUABJIEH] IHTEPBaIA KOHL,EHTPALli i TOBIIUH
1IapiB, y SIKUX CIIOCTEPiraBcs aHi30TPONHUI (TIO3UTUBHUI TIO3/I0BXHIl i HEraTUBHUI NONIEPEYHUI MarHiToOIip) Ta
isoTponHuil (HeraTUBHUM MO3/I0BXKHIH i IoNepeYHuil MarHiTooI1ip) xapakTep MarHitoornopy. Pesyabratu
€KCIIEPMMEHTAJIbHUX JIOCJIiI)KEHb BIIJIMBY BifllIaJI0BaHHS HA BEJIMYUHY i30TPOITHOTO MArHiTOONIOPY Ta BAJ,
MarHiTOPE3MCTUBHUX IIETEJIb [TI0KA3YIOTh, 110 XapakTep nosefinky MO i 10ro BeJM4YnHa B 3araJlbHOMY BUIIAIKY
BM3HAYaIOTHCS SIK TOBIIMHOIO (DEPOMArHiTHUX i HEMarHiTHUX IIApiB, TaK i KOHIEHTPALi€l0 KOMIIOHEHT Y LIapax.
ExcriepuMeHTasbHO 10Ka3aHo, mo npu dF = 25 - 40 M Ta dN = 3 - 20 HM B ycCiX JOCIiIXKyBaHUX
CBDKOCKOH/JIEHCOBAHUX TPUILIAPOBUX CUCTEMAaX CIIOCTEPIraeThCs i30TPONHUM XapaKTeP MarHiTOONOPY,
0OYMOBJIEHUI CITiH-3aJIE)KHUM PO3CiI0BAaHHSM €JIEKTPOHIB MPOBiAHOCTL. MakcuMasbHe 3Ha4eHHS i30TponHoro MO
B 1 % npu KiMHaTHI} TemMIepaTypi [y HEBiAIaJIEHUX IIJIIBOK CIIOCTEPIraeThCs IJjIsl CHCTEMU
Fe0,1C00,9/Cu/Fe0,1C00,9 npu olHaKOBUX TOBIIMHAX MAarHiTHUX 1IapiB i TOBIIMHI npowmapky 3 HM. [Ipu
TEPMOMAarHiTHOMY IOE€TATHOMY BifiIa/IlOBaHHi (4epe3 npomixHi Temneparypu 400, 500 K) 0y Bcix cucrem 3a
BUKJIIOYEHHSM 3DPa3KiB 3 yTBOPEHHSIM I'PaHyJIbOBAHOIO CTaHy CIIOCTEPIraeThCs Nepexif Bifl i30TPONHOro O0
aHI30TPOITHOTO XapaKTepy MarHitoonopy. [yt CTpykryp 3 KoHueHTpaujieto Fe 10 - 20 aT. % Ta BifHOCHO TOHKUMU
mapami (dF = 10 - 20 uM, dN = 5 - 15 HM) criocTepiraeTbCst aHi30TPOITHUI XapaKTep MarHiTOONOPY B BUXiTHOMY
craHi. BignantoBanHs 3a Temneparypu 550 K npusBoauTh 10 MOSIBU i30TPOIHOTO MArHiToOOIOPY, 10 06YMOBJIEHO
dopMyBaHHSM I'paHyJIbOBAHOrO CIJIaBy Ha ocHOBi Cu Ta aTromMiB Co. TepMoo6po6Ka 3pa3KiB He3anesKHO Bifl BMICTY
KoMmnoHeHT Ta 3 dF = 20 - 30 um, dN = 5 - 15 M npu Temneparypi 400, 550 K cTumytioe 36ibIIeHHS i30TPOITHOTO
MO no 3,5 % npu KiMHaTHill TeMIiepaTypi. 3HWKEHHS TeMIIepaTypy BUMipIOBaHHS Bif KiMHaTHOI 10 120 K
IIPUBOAUTD [0 30ibIIEHHS aMILIITYI1 i30TPOIHOr0 MarHitoornopy B 1,2 — 1,5 pasu. OTpuMaHi eKcliepuMeHTaslbHi
Pe3yJIbTaTU CBiYaTh PO JOCUTh BEJIMKY TEMIIEPATyPHY CTabiIbHICTb BJIACTUBOCTE! MJIIBKOBUX CTPYKTYP Ha OCHOBI
cinaBy FexCol-x ta Cu, o 03BOJIsSI€ pEKOMEHAYBATH IIPU BUTOTOBJIEHHI MarHiTOPE3UCTUBHUX €JIEMEHTIB, SIK OOUH
3 eTarliB TeXHOJIOT{YHOT O IIPoliecy, TepMocTabisizaliliHe BignaaioBaHHS y BakyyMi 3a Temnepatypu 550 a6o 700 K
6e3rocepeIHbO ICs 0CAIPKEHHS M1iBOK. [10Ka3aHo, 0 Ha TEMIIEPATYPHUX 3aJIEKHOCTSAX TUTOMOTO OMOPY
TPUILAPOBUX IJIIBOK HE3AJIEXKHO Bif] KOHLIEHTPallii KOMIIOHEHT (iKCYIOTbCSI TPU XapaKTEPHI JiISIHKY, Ha SIKUX
peanisyeTbCsl pO3CilOBaHHS €JIeKTPOHIB Ha AedeKTax KpUCTaliYHOI Oy10BH, MeXXax 3epeH Ta iHTepgeiicax.
EKcriepMMEHTaJILHO Ta TEOPETUYHO MTOKA3aHo, 10 i3 POCTOM TOBIIVHY IJIIBKOBOTO c1aBy FexCol-x Ta TOBIIMHA
npouapky y Tpuiaposux cucremax (dF = 30 um) 3Hauenns: TKO 3pocrae. ExcrieprMeHTasbHi Ta pO3paxyHKOBI 1aHi
CIIBNAJAIOTh 3 TOYHICTIO 10 20%. BuBYeHi ¢i3uyHi npouecu B MJIiBKOBUX MaTepiasax i3 TOUYKU 30pPy iX MOXKJIUBOTO
3aCTOCYBAHHS SIK YyTJIMBUX €JIEMEHTIB 3 BUCOKOIO TEMIIEPATYPHOIO Ta YaCOBOIO CTA0INIbHICTIO

6araToQyHKIiOHAJIbHUX CEHCOPHUX Ta iHpOopMaLliiHUX PUJIaZiB 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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