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Po3po06sieHO KOMIUIEKCHUM HAyKOBUH MiAXiJ Ui BpaXyBaHHS <«IIEPEXPECHUX e(EeKTiB»
BIUIUBY (D13MKO-TEXHOJOTIYHUX IMapaMeTpiB TEPMIYHOTO OCAPKCHHS Ha CTPYKTYPY 1 BIIACTUBOCTI
HaHOPO3MipHHUX MeTaieBux miBok Cu-Sn, Cu-Au, Cu-Mn, Cu-Sn-Mn, Al-Mn-Cr, Ni-Al, Ni-Au,
Ti-Ag, Fe-Pt, Tomo. BcraHoBiaeHO 3araibHi 3aKOHOMIPHOCTI mepediry mudy3idiHHX MpoIeciB
BHACITIZIOK TOAAJIBIIOTO TEPMIYHOTO BiJNally B HaJBUCOKOMY BaKyyMi, KHCEHb- Ta BOJHEBMICHUX
atMocepax, MOHHO-IIa3MOBOi Ta JlazepHoi oOpoOku. BceranoBneHo poib  (akTopy
HAHOPO3MIPHOCTI, B3a€EMO3aJICKHICTh MPOIIECIB peakuiiHoi 6araTodaznoi qudysii, ymopsakyBaHHs,
MOPOYTBOpEHHA, (OpMyBaHHS OKCHIHUX IIapiB, 3MiH MOpQoJorii moBepxHi Ta IiX BIUIUB Ha
TEPMIYHY CTaOUTBHICTh Ta eNEeKTPO(di3MuYHI BIACTUBOCTi. PO3BHHYTO MOJAENBHI YSBJICHHS IOJO
MEXaHi3MIB Ta KIHETUKH TEPMIYHO-CTUMYJIbOBAHOI caMo- Ta rerepoaudysii, a Takox crenudiyHux
edekTiB, OOYMOBIEHUX IHBEpPCI€I0 MaTepialiB IapiB, BIUIMBOM JIOAATKOBO HAHECEHUX
MOBEpXHEBUX Ta Oap’epHUX mapiB Toio. /[oBeneHo, 1Mo MpoIecH OKCHAO- Ta TiIpHI0yTBOPEHHS
Ha 30BHINIHIA MMOBEPXHI TEPMOIMHAMIYHO BH3HAYAIOTh 3aKOHOMIPHOCTI (pa3oyTBOpEeHHS B 00'eMi;
Ha i} OCHOBI 3alPOIIOHOBAHO (PEHOMEHOJIOTIYHI Ta aHATITHYHI Mojen Audy3ii y OararomapoBux
IUTIBKOBUX KOMIIO3MIIISIX. 3aCTOCOBAHO TaKOX MiAXoAu «ab initio», Car-Parinello monexynspHoi
IUHaMIiKH, KiHeTH4HO1 Mojieni Monte Carlo 3 MeTOr0 KOMIT IOTEPHOTO MOJISTIOBAHHS Ta ONTUMI3aIlli
JOCIIKYBaHUX TPOILIECIB. 3alpONOHOBAHO MaTepialo3HaBul KpUTEpIi s BU3HAYEHHS PEKUMIB
TEepMIYHOi OOpOOKH, sKI 3a0e3MedyroTh MiJBUILNEHHS TEPMIYHOI CTaOUIBHOCTI HAHOPO3MIPHHUX
METaJIEBUX KOHTAKTIB, SIK YACTHHHM MIKPOEJIEKTPOHHUX MPUCTPOIB 13 OLIbII BUCOKHM CTYIEHEM
iHTerparii, HiJbHOCTI MOHTAXY, IBUAKO/IIT Ta HAIIHHOCTI.

(poc.)

PazpaboTaH KOMIUJIEKCHBIH HAaydHBIH NOJAXOA Ul y4yeTa «IepeKpecTHbIX 3(hdHeKToB»
BIHMSIHUS  (DPU3UKO-TEXHOJIOTUYECKAX MApaMEeTPOB TEPMUYECKOTO OCAXKACHUS HA CTPYKTYpy U
CBOMCTBA HaHOPa3MEPHBIX MeTauTHueckux mieHok Cu-Sn, Cu-Au, Cu-Mn, Cu-Sn-Mn, Al-Mn-Cr,
Ni-Al, Ni-Au, Ti-Ag, Fe-Pt u T.1. YcraHoBieHBI 00IIHE 3aKOHOMEPHOCTH MPOTCKAHHS
TG PY3MOHHBIX MPOLIECCOB B Pe3yJIbTaTe MOCIEAYIOIIEr0 TEPMUUYECKOTO OTKHIa B CBEPXBBICOKOM
BaKyyMe, KHUCIIOPOJ- W BOJOPOACOAEPKANIMX arMocdepax, HOHHO-TUIA3MEHHOW W Ja3epHOU
00paboTku. YcTaHOBIEHa poyib  (akTOpa HAHOPO3MEPHOCTH, B3aUMOCBA3b  IPOIIECCOB
MHOro¢azHoll peakunoHHONW audPy3un, ynopsaodeHus, Mnopoodpa3oBaHus, (HOPMUPOBAHUS
OKCUJHBIX CJOE€B, HM3MEHEHUS MOP(OJIOrMH MOBEPXHOCTH M HX BIHUSHHE HA TEPMHUECKYIO
CTa0MIILHOCTh W DIIEKTPO(U3NYECKHE CBOWMCTBA. Pa3BUTBI MOJNENBHBIE  IPEICTABICHUS
OTHOCUTEJIbHO ~ MEXaHM3MOB U  KHHETHKM  TEPMHUYECKU-CTUMYJIHPOBAaHHOW  camMo- U
rereponudysun, a Taxxke crnenupuyeckux 3hQexToB, 00YyCIOBICHHBIX MHBEPCUEH MaTepHalloB
CJIOEB, BJIMSHUEM JOIOJHUTEIbHO HAHECEHHBIX NMOBEPXHOCTHBIX M OapbepHBIX cioeB. JokazaHo,
9TO TPOIECCHI OKCHAO- M TUAPUA000pa30BaHUs HAa BHENIHEHW MOBEPXHOCTH TEPMOJIMHAMUYECKH
OTIPENIeNIAI0T 3aKOHOMEPHOCTH (pa3000pa3oBaHusi B 00bEMe; Ha 3TOM OCHOBE IPEIIOKEHBI
(eHOMEHOIOTHYeCKHEe U aHaJUTHUecKue Mojenu AUGQGy3ud B MHOTOCIONHBIX TJIEHOYHBIX
KOMMO3ULUsAX. Mcrmonp30BaHbl Takke MOIXOAbl «ab initioy, Car-Parinello wmonekymnsapHon
JTUHAMUKH, KHUHEeTHYeckoi monenu Monte Carlo ¢ menbro KOMIBIOTEPHOTO MOJCIHUPOBAHUS H
ONTUMM3AIMU HCCIETYyEeMBIX IMporeccoB. IIpemiokeHbl MaTrepHaIoBEIUYeCKue KpUTEpUH IS
ompeJielICHUs] PSKUMOB TEPMUUYECKONH 00pabOTKH, 00ECIeUMBAIOIIMX IOBBIIICHHE TEPMUUYECKON



CTaGI/IJIBHOCTI/I HaHOPAa3MCPHBIX MCTAJUIMYCCKHUX KOHTAKTOB, KaK YaCTH MHUKPOIJICKTPOHHBIX
YCTpoﬁCTB ¢ 0oJiee BBLICOKOH CTEIEHBIO HUHTErpanuu, IJIOTHOCTH MOHTAXa, 6BICTpO,I[€fICTBHH u
HaJACXKHOCTHU.

(aHrJ.)

A comprehensive scientific approach to account for the "cross-effects" influence of physical
and thermal deposition process parameters on structure and properties of nanoscale metal films Cu-
Sn, Cu-Au, Cu-Mn, Cu-Sn-Mn, AI-Mn-Cr, Ni- Al, Ni-Au, Ti-Ag, Fe-Pt, and etc has been
developed. The general regularities of diffusion processes due to subsequent thermal annealing in
ultra-high vacuum, oxygen- and hydrogen containing atmosphere, ion-plasma and laser treatment
have been discovered. The role of nanoscale factor, interdependent processes reactive multiphase
diffusion, ordering, pore formation, the formation of oxide layers, the surface morphology changes
and their influence on the thermal stability and the electrical properties have been established.
Developed theoretical ideas concerning the mechanisms and kinetics of thermally-induced self- and
heterodiffusion and specific effects due to inversion layers of materials have been found together
with the influence of additional surface and deposited barrier layers and so on. The process oxide
and hydrade formation on the outer surface thermodynamically determines regularities of phase
formation in the bulk; on this basis the phenomenological and analytical models of diffusion in
multilayer film compositions were developed. «Ab initio» approaches, Car-Parinello molecular
dynamics, kinetic Monte Carlo model for the purpose of computer simulation and optimization of
the studied processes have been applied. A materials science criteria for determining the heat
treatment that enables increased thermal stability of nanoscale metal contacts as part of
microelectronic devices with a higher degree of integration, density mounting, performance and
reliability have been suggested.
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