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2. Electronic phenomena of charge transport in two-component nanoscale metal film systems.

Pedepar:

1. Y nuceprauiiiziil po60oTi Brieplie OTPMMAHO LIiJIICHI Ta y3arajabHIOOUi Pe3yJIbTaTy 110 BCTAHOBJIEHHIO
3aKOHOMipHOCTeN (OPMYBaHHS CTPYKTYPH, €JIEKTPUYHUX Ta ONITUYHUX BJIACTUBOCTEM MiBOK NpocTux (Au, Ag, Cu) i
nepexigHux metaiis (Ni, Pd, Cr), cbopMoBaHuX Ha [IOBEPXHi 10BepxHEBOAKTUBHUX peyoBuH (Ge, Si, Sb) y
HaJBCOKOMY BaKyyMi (TUCK 3aJIMIIKOBUX ra3iB He Buluii 3a 10-7 [1a) B micsis nepkossLiiHuil o6acti ToBmyH (d >
dc), 3 Hanepe, 3aJaHMMH BJIACTUBOCTSIMU. 3aBJSIKA CTBOPEHIN METOAMII CYyMiCHOTO BUKOPHUCTAHHS METOIIB
“samopoxxeHoi koHgeHcanii” (“quench deposition”, Tnigknakau < 0,1 Ttom, e TTomn - TemnepaTypa TOIJIEHHS
MeTaJly) Ta IOBEPXHEBOAKTUBHUX Hifmapis (Ge, Si, Sb), po3BUHYTO iHCTPYMEHT KEPOBAHOI'O POCTY
MOJIIKPUCTAIiYHUX TIJTIBOK METaJIiB i3 33JaHOI0 CTPYKTYPOIO (BEJIMYMHA CEPEIHIX JIiHIMHUX PO3MipiB KpUCTaiTiB D,
i30TPONHICTb BIACTUBOCTEH, BilOMi ITapaMeTPX MAaKPOCKOIIYHNX [I0BEPXHEBUX HEOJHOPITHOCTEN), €JIEKTPUIHUMU

(po3mipHi 3asyexxHoCTi nuTomoro onopy o(d), remneparypHoro KoedinieHTy ornopy o(d), repmo.-e.p.c. S(d),



MepKOJIALINHUI Nopir dC Ta iHIi) Ta ONTUYHMUMU BJIACTUBOCTSIMU. PO3BUHYTO MOZENb 6aliCTUYHOrO IEPEHECEHHS
3apsy B TOHKUX IJIiBKax MeTasis (d > dc), sika [03BoJuIa 3IiICHUTY IIPOTHO3 BIJIMBY IIOBEPXHEBUX
HEOJIHOPITHOCTEN Ha €JIEKTPOHHY CTPYKTYPY Ta PEKUM IIEPEHECEHHS 3apsy i3 3MiHOIO TOBIVHU ILTiBKU METAJY.
BuBueHHd edekTy 3eebeka y miiBkax npoctux (Au i Cu) Ta nepexigaux (Ni, Pd, Cr) meTanis nokasasno, 1o
€JIEKTPOHHA OYyZ,0Ba IJIiIBOK METAJIEBUX KOHAEHCATIB € ileHTUYHOIO €JIEKTPOHHIN CTPYKTypi MACUBHUX METAJIB,
MpUHANMHI 1715 TOBIIMH d < 7-9 HM, B TOI1 Yac sIK MOBEPXHEBOAKTUBHI MillIapy TepMaHilo, 3aBIISIKA TPUCKOPEHHIO
MeTasli3alii JoCliIpKyBaHUX 3pa3KiB, J03BOJISIIOTh 3aKiHYUTU (POPMYBAHHS €JIEKTPOHHOI CTPYKTYPH, 5Ka €
iI€HTUYHOIO €JIEKTPOHHIN CTPYKTYPi MaCUBHOTO METasly IpY TOBIIMHAX OJIM3bKUX A0 5 HM. PO3paxoBaHO ONTUYHY
IIPOBIIHICTb DOIIT IJTIBOK ITPOCTUX MeTaJliB (Au, Ag Ta Cu) pi3HOi TOBIIMHU Ta 3[ifICHEHO OLiHKY BiJIbHOTO MPOOGIry
HOCIiB CTpyMy i KoeQillieHTiB M>K3€pEHHOI 0 PO3CiI0BaHHS I' Ta TYHEJIIOBaHHS t B paMKax MoJeJieil BHyTPilIHbOTO
poamipHoro epexty (Masgaca-Illankeca ta Tenbe-Tocce-Ilimapa) B I4 0671acTi cCiEKTpY BUTPOMiHIOBaHHSI.
[NTokasaHo, IO Ha NPOTUBATY Bif} AHAJIOTIYHUX KOEillieHTiB, PO3PAaxOBAaHUX [IPY IIPOTiKAHHI MOCTITHOTO CTPYMY,

3rafiaHi BEJIMYMHU IPOSIBISIIOTH 3aJIEKHICTb SIK Bifl pO3MipiB KPUCTAJIITIB TaK i BiJj 4aCTOTHU CBITJIA.

2. In the thesis for the first time, the integral and generalized results on the establishment of phenomenon in the
formation of the structure, electrical and optical properties of simple (Au, Ag, Cu) and transition metals (Ni, Pd, Cr)
films formed on the surface of surface-active substances (Ge, Si, Sb) in an ultrahigh vacuum (the pressure of the
residual gases is not higher than 10-7 Pa) after the percolation range of thickness (d > dc), with predetermined
properties we obtained. Thanks to the developed method of "quench deposition” (Tsub < 0,1 Tm, where Tm is the
melting temperature of the metal) and surface-active underlayers (Ge, Si, Sb), the instrument for controlled
growth of polycrystalline metal films with the desired structure (the value of the average linear dimensions of
crystallites D, the isotropic properties of metal with known parameters of macroscopic surface inhomogeneities),
electrical and optical properties were developed. The first consistent theory of the electron transport in thin metal
films was suggested by K. Fuchs who offered the model of a uniform and homogeneous parallel plane layer. The
theory was developed for free electron Sommerfeld metal films. There are two sources of electron scattering in
thin films: the background (volume) scattering available in bulk materials, and surface scattering the relative
contribution of which depends on the thin film thickness d. An expression for thin film conductivity is derived by
considering the statistical distribution of all the electrons and by solving the Boltzmann transport equation with
the appropriate boundary conditions. J.T. Fuchs originally assumed that the electrons were diffusely scattered on
the surface and lost their momentum in the direction of the applied electrical field (i.e. all the electrons were
unspecularly reflected), and then he modified his theory by assuming that the p fraction of the electrons was
reflected specularly from the surface and the (1-p) fraction of the electrons was scattered from the surfaces
nonspecularly. J.J. Sondheimer extended this theory to galvanomagnetic effects. The classical theory assumes film
to be a plane parallel layer. The real film is not a plane parallel slab. There are macroscopic thickness
nonuniformities in a real film. Some of the mentioned deficiencies of the F-S theory were improved in further
investigations. Namba suggested to include the effect of the geometrical nonuniform cross-section of the film due
to the macroscopic surface roughness into the expression for the thin film resistivity. The surface roughness
profile was presented as a one-dimensional function in the current flow direction. It presupposed that the
deviation of the local film thickness from the average thickness could be expressed by a sine-shaped function. But
the Namba model does not take into account the structure of thin films including the existence of grain-
boundaries.
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