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6J1aropoIHUX METaiB

2. Electrophysical and magneoresistivity properties of film materials based on ferromagnetic and noble metalls

Pedepar:

1. Inceprauiiina po60Ta NPUCBSIYEHA €KCIIEPUMEHTAIbHOMY i TEOPETUYHOMY BUBYEHHIO OCOOIMBOCTEN
€JIEKTPOTPAHCIIOPTY IIPU 3MiHi TEMIIEPATYPU i 30BHIITHBOTO MarHiTHOTO M0JIS1 B HAHOPO3MipHUX IJIiIBKOBUX
Marepianax y BUIJIsi OOMEXEHUX TBepIUX POo34MHiB (T.p.) aTroMiB Fe ab6o Co y T'lIK peuritkax Ag abo Au, B IKMX
(POPMYIOTLCS €JIEMEHTU FPAHYJIbOBAHOIO CTaHy C(PEPUYHOI a0 HENPABUIbHOI (POPMHU Ta Yy BUIJISZI OCTPIBLB
IJIIBKM MArHiTHOI KOMIIOHEHTU. B 0CTaHHbOMY BUIIAJIKY IJIiBKOBi 3pa3Ky OTPUMAJIN Ha3BYy «KBa3irpaHyJIbOBaHi».
dopmyBaHHS IpaHy/IbOBAaHUX IJIiIBKOBUX T.p. 3/iICHIOBAIOCS] METO/IOM OJJHOYACHOI ab0 NOIapoBoi KOHAEHC Callil
KOMIIOHEHT i3 HaCTYIHOIO TOMOT€eHi3alielo (a30Boro CKIany LUISIXOM BiNantoBaHHs fo temneparypu T = 700 -
900 K. KBasirpaHnysiboBaHi I1J1iBKM KOHLEHCYBJIUCA Y BUTJIALI TPUIIAPOBOI CUCTEMHU, Y SKIM CEPENHIN map

IIpeJCTaBJIsAB OCTPiBLEBY IUIiBKy. KpucTaniyHa cTpykTypa, $a3oBuil i €1eMeHTHU CKIIal, TITiBOK JOCIIiIKyBaBcs i3



BUKOPUCTAHHSM MiIKJIAOK y BUTJISAI IJTiBKY Byriew o ToBuHO0 d = 30 - 50 HM (715 es1eKTpoHOorpadiyHux i
€JIEKTPOHO-MIKPOCKOMIYHUX JocaimkeHb MmeTonoM [TEM) abo nprupoaHbO OKMCIIEHOI IJIACTUHMU Si i3 I0BEpXHEBUM
mapom SiOx ToBmuHOW0 A0 60 HM . EsnlekTpodi3nyHi Ta MarHiTope3nCTUBHI BIaCTUBOCTI LOCIiIPKYBAINCS. METOLOM
BHCOKOTOYHOI pE€3UCTOMETPIi i3 BUKOPUCTaHHSIM BiJITOBITHUX KOMIT'IOTEPU30BAHMUX KOMILJIEKCIB 1a60PaTOPHOTO
BUPOOHULITBA. [HTENpeTalist pe3yJbTaTiB 3/iliCHIOBa/IaCh i3 BUKOPUCTaHHAM KiacuyHoi mogesi M.Csontos et all. i
3aIPOIIOHOBAHOI HAMU HalliBKJIACUYHOI MOJIeJIi 4J1s1 MarHiTHOro KoeilieHTy 111 po306aBieHuX T.p., B SIKUX Lie He
copmyBanucs rpaHyy MarHiTHOi KOMIIOHEHTH. [lepuuii etan po60TH O6yB IPUCBSIYEHUI OCBOEHHIO METOIUKU
(opMyBaHHS IrpaHyJIbOBaHUX IJIIBKOBUX CIIJIaBiB ITPY Pi3HUX 3arajbHUX KOHLEHTPAIisIX MarHiTHOI KOMIIOHEHTH
(TObTO CyMapHUX KOHLEHTPALLisSIX aTOMIB, HA OCHOBI SIKUX (OPMYEThCS pelliTKa po30aByieHuX T.p. i cucTema rpaHyJ)
Ta nacnopTusallii ix ¢pazoBoro i eJ1IeMEHTHOrO CKJIafy Ta cUcTeMU rpanys. O6pooka [TEM - Mikpo3HiMKiB 103BoJIsIE
PO3paxyBaTU CEpPeIHil po3Mip rpaHyJl Ta iX IOBEPXHEBY KOHLIEHTpaLilo. Ha nepmomy eTarni fJociakeHb 0cobamBa
yBara OyJia IpujizeHa NMTaHHIO TPO KOHLIEHTPALLil0 aTOMiB MarHiTHOI KOMIIOHEHTH Ta JIETKUX ra3oBux atomis (O, C,
N Ta in). [lepeq TuMm, sik ckopucrarucst merogom EJIC 6ynu Bnepiue oTpruMaHi po3paxyHKoBi popmyu 1jist
KOHILIEHTpAallii aTOMiB MarHiTHOI KOMIIOHEHTH y I'PaHyJlax i B po36aBJIeHUX T.p. i3 ypaxyBaHHSIM CEPEIHbOrO pafiycy
rpaHyJs Ta TOBUIVHY MJIiBKU T.p. PO3paxyHKOBi BEIMYMHU MOTJIM YTOYHIOBATUCS IPU BUKOPUCTaHHI BUCOKOTOYHOTO
metony EJIC. TlapasnesnpHO Biepuie 6yJjia yCTaHOBJIEHA MAaKCUMaIbHO MOXJINBA KOHLIEHTPALlisl JIETKUX aTOMIB
I7IiBLi T.p. IpY YMOBi KOoHJeHcalii B Bakyymi 10-4 I1a. lonaTkosi nociifgxkeHHs: metofoM Benna pyHKuii posnoginy
Ie(EeKTiB TUIY «BAaKAHCIis - iHOPiAHMI aTOM» [10Ka3ajHy, 0 €Hepris akTUBallii 3aJ1iKOBYBaHHS LIMX BaKaHCIHUX
KOMILIEKCiB MeHIue 1 eB, o Mae Turose 3Ha4eHHS /1151 KOMILJIEKCIB («BaKaHCisl-JIeTKUii aToM rasy»). Ha gpyromy
eTalli BUB4Yauncs enekTpodisuyHi B1acTuBoOCTi (mutomuit onip Ta TKO) rpanysboBaHux T.p. 5K i cain 6yi1o
OUiKyBaTH, BUXOASUH i3 aHAJI3Y JITEepaTypHUX [aHUX, BeJIMYMHA [IMTOMOIO MarHiTHOTO OIIOPY Mae€ BEJIMKE
3HavYeHHs nopsgka 10-7 OM.M, 10 Ha NMOPSAOK Oisbile, HK y MACUBHUX MeTasleBUX 3paskax, a TKO B gekinbka pa3is
MeHIle Y IIOpPiBHSHHI i MacuBHUMU 3pa3kamu. OCHOBHA yBara Ha IIbOMY eTalli JoCJiKeHb OyJia IpuaiieHa
IIATAHHIO TIPO BHECOK Yy 3arayibHy Benn4drHy TKO mpoueciB po3ciloBaHHS €JIEKTPOHIB Ha rpaHysax. Ha TpeTbomy
eTarli IpoBeleHi JOCiI)KEHHS MarHiTOPEe3MCTUBHYX BJIACTUBOCTEH IJIIBOK i OyJla 3BEPHYTA yBara Ha aHOMaJIbHO
masti BenmunHu MO, sikuil y 6inbmocTi BUnagxiB Mae yci o3naku 'MO, aze npu NeBHUX yMOBaX peasli3oByBaBCs
a”izoTponHuil MO i3 Tako10 X aHOMaJIbHO MaJIOI0 aMILIiTy1010. BuHMKIIa HEOOXiHICTh Y po3po0Lli TEOPETUYHOI
MogeJi 7151 po36aByieHuX T.p. 6€3 MarHiTHUX rpaHyJl. 3allpolIOHOBaHa HAMU HaliBKJIACUMYHA MOJEJIb, Ha BiIMiHY Bif,
BMKOPHMCTaHOI (P€HOMEHOTIYHOI MOJIeJIi, 6iIbIll KOPEKTHO BPAXOBY€E MOJKJIMBI BapiaHTH PO3CiIOBAaHHS €JIEKTPOHIB i
3aJIEXKHICTb Bifl MAarHiTHOTO I10JIS1 HE TiJIbKY CepeHbOI TOBXUHU BiJIbHOTO IPOGIry, aje i koedinieHTis
I3€PKajIbHOCTI i IpOXOIKeHHs Mexi Ta iHTepdeiiciB. AfanTyBasiu KjiacuyHy Mozesb M.Csontos et all., sika onucye
3QJIEXKHICTb IMTOMOT'O MAarHiTHOTO OIOPY Bifl BEJIMYMHY MAarHiTHOTO MOMEHTA (CIIiHa S) TpaHyJiv, MU BIIEpLIE
OTPMMAJIM CIiBBiIHOMEHH AJ14 i y 3aymexHocTi Bif, S. TIpu (pisnyHO KOPEKTHUX BEJIMYMHAX S PO3PaXyHKOBI i
CIIiBMAJAIOTH i3 eKcliepruMeHTanbHUMU. Qi3uHa IpUpoa LbOTo [10B’513aHa i3 HEJOCKOHAJIO CUCTEMOIO I'paHyJl
(6araTo i3 HMX 3BHAXOMAThCS y CyllepliapaMarHTiHOMy CTaHi abo MaloTh BiTHOCHO MaJlnii CIIiH), 110 HE J03BOJISIE
peatizaiiio e(peKTUBHOTO CIIiH-3aJIE)KHOT0 PO3CiI0BaHHS €JIEKTPOHIB. Y pe3yJIbTaTi OCHOBHU BHECOK Y IATOMU
OTIip IJTIBKY [1a€ MUTOMUIA OIIP T.p., OCKLIbKY B 06'€Mi HAHOTPAHYJI peali3yeTbCs 6aNiCTUYHUN MEXaHi3M
NpoBigHOCTI. HelockoHanMii HU3bKOOMHUY CITIHOBUI KaHaJl HE IIYHTYE Y IOBHIM Mipi BUICOKOOMHUI OMiYHUI
KaHaJl MPOBiHOCTI, M0 06yMoB0e Maii BennynHu TKO i 'MO. Ha ¢peHOMeEHOI0TiYHOMY PiBHI TpOaHasli30BaHi
IIMTAHHS [IPO TEMIIEPATYPHY i KOHLEeHTpauiiny 3anexHocTi 'MO i AMO, mo moxe 6yTy BUKOPUCTAHO NpU

BUPILIE€HHI 3a/1a4 IPUKJIAJHOTO XapaKTepy.

2. The thesis is devoted to the experimental and theoretical study of electrotransport features in changing
temperature and external magnetic field in nanoscale film materials in the form of limited solid solutions (s.s.) Fe
or Co atoms in hcc lattices Ag or Au, in which granular state elements of spherical or irregular shape in the form of
islands of magnetic film component. In the latter case, the film samples were called «quasi-granular». In
accordance with the purpose and the study objectives were complex in nature, because they used a number of
methods and techniques that have found application in the metallophysics of film materials. In particular, the
formation of granular film soils. were carried out by the method of simultaneous or layered condensation of the



components, followed by homogenization of the phase composition by annealing to a temperature 700 — 900 K.
Quasi-granular films were condensed in the form of a three-layer system, in which the middle layer was an island
film. The crystalline structure, phase and elemental composition of the films were investigated using carbon film
substrates with a thickness d = 30 - 50 nm or a naturally oxidized Si plate with a SiOx surface layer thickness up to
60 nm. Electrophysical and magnetoresistive properties were investigated by the method of high-precision
resistometry using appropriate computerized laboratory complexes. The results were interpreted using the classic
M.Csontos et all. model and our proposed semiclassical model for the magnetic coefficient for diluted s.s. in which
magnetic component granules have not yet formed. The first stage of the work was devoted to the development of
the method of formation of granular film alloys at different total concentrations of the magnetic component (i.e.
the total atoms concentrations, based on diluted s.s. and the granule system is formed) and certification their of
phase and elemental composition and granules system. TEM micro-images processing allows us to calculate the
average granule size of 2 - 12 nm. In the first stage of research, particular attention was paid to the magnetic
component atoms concentration and light gas atoms (O, C, N, etc.). Before using the EDS method, the first
formulas were obtained for the concentration of magnetic component atoms in granules and in diluted s.s. given
the average granules radius rO and the thickness of the film, etc. Estimated values should be specified when using
the high-precision EDS. For the first time, the maximum possible concentration of light atoms in the so-called film
was established. subject to condensation in a vacuum of 10-4 Pa. Additional studies by the Vend method of the
function of the distribution of defects of the type «vacancy - foreign atom» showed that the activation energy of
healing of defects of these vacancy complexes is less than 1 eV, which has a typical value of complexes («vacancy-
light atom of gas»). As a result, it is concluded that atoms oxygen and carbon cannot appreciably affect the kinetic
properties of s.s. films. In the second stage, the electrophysical properties (resistivity and TCR) of granular soils
were studied. As expected, based on the analysis of the literature data, the value is of great importance on the
order 10-7 Ohm, which is an order of magnitude larger than in massive metal samples, and the TCR has an order
10-3 K-1, which in several times smaller compared to bulk samples. The main focus at this stage of the research
was on the contribution to the total value of the TCR of electron scattering processes on the granules. At the time
of formulation of the research problem, a single phenomenological model was known for. In the third stage, the
studies of the magnetoresistive properties of the films were carried out and attention was paid to the abnormally
small values of the MR, which in most cases has all the features of GMR, but under certain conditions anisotropic
MR with the same abnormally small amplitude was realized. There was a need to develop a theoretical model for of
dilute s.s. without magnetic granules. Our semiclassical model, unlike the phenomenological model used, more
correctly takes into account possible electron scattering and dependence on the magnetic field not only of the
average free path length, but also the parameter of specular reflection from external surfaces and the transmission
parameter at the grain boundary and interfaces of electrons. As a result, the main contribution to the resistivity of
the film is given by the resistivity of the so-called, since the ballistic mechanism of conductance is implemented in
the nanogranule volume. The imperfect low-ohmic spin channel does not completely shunt the high-ohmic
conductivity channel, which causes small values of TCR and GMR. At the phenomenological level the questions of
temperature and concentration dependence of GMR and AMR are analyzed, which can be used in solving problems
of applied character.
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