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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
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IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHUX PYOPHK: 29.19.04

Tema guceprauii:
1. MexaHnizmu GopMyBaHHS CTPYKTYPH Ta BJIACTUBOCTEM TOHKHUX IIJIIBOK Ha OCHOBI aMOp(HOro ByTJIeLo, sKi

O E€PXYIOTh MAarHETPOHHUM METOOM.

2. Mechanisms of structure and properties formation of thin amorphous carbon based films prepared by
magnetron sputtering.

Pedepar:
1. OcamxenHs pu Temnepatypi nigknaaku B iHTepsai 20-400 oC npuBoauTh 10 GopMyBaHHS aMOP(HUX I1JTiBOK.
MIKpOCTPYKTYpY TakuX IJ1iBOK (POPMYIOTh KJIACTEPU MaJIOro po3Mipy, SIKi CKIIaZaloThCsl i3 HEYIIOPSIIKOBAHO
PO3TallOBaHUX Ta BUKPUBJIEHUX KiJIEl[b TUITy apOMATUYHUX [3 MiIBUIIEHHSIM TEMIIEPATypPU OCATKEHHS B IIbOMY
inTepBasi B miiBKax GoOpMyeThCs BCe Oisbllle IPAaBUIIbHUX KiJlellp, IKi pO3TAIIOBYIOTECS B KJlacTepax i3 Oiabpmmm
CTyIlleHeM ynopsaKysaHHs. [Ipu ninBumeHHi Temnepatypu KoHgeHcauii Buie 500 oC Ha niaxiaaui ogpasy

0CaPKyIOThCS IUTiBKY rpadiTy. Binnan B inTepsani 50-6500C miiBoK, 0CaIpKeHUX IIPU HU3bKiN TEMIIEPATypi, He

3MiHIO€ CTPYKTYpY IUIBOK, a Bule 6500C B CTPYKTYpi MJIiBOK YTBOPIOIOTLCS rpaditonofioni pparmeHTu. TBepHicTs

Ta MPYKHiA MOIyJb a-C MIiBOK 3HWKYIOTBHCS i3 MiIBUIIEHHSIM TEMIIEPATYPU KOHIEHCAllii, ajle He 3MIiHIOIOThCS i3



TeMIiepaTypolo Bianaimy B iHTepsasi 50-6500C. JleryBaHHsS 60pOM i KpeMHIEM He 3MiHIOe MexaHi3M GOpMyBaHHS
CTPYKTYpH ILTiBOK, ajie IPU3BOAUTD [0 YIIOBIJIbHEHHS NIPOLeCy [1IepeTBOPEHHS KiacTepiB B rpaditononioHi. [Tpu
OCaJPKEHH] Ha NiIKJIaiIKu IpY HU3bKIl TemnepaTypi I1iBOK, 110 MicTsaTh meTanu (Cu, Ag), aTOMU METay He
[OPYIIYIOTb aMOP(HY CTPYKTYPY ILUIBOK. Bifnas B BaKyyMi TaKux IUTIBOK ab0 OCaI>)K€HHSI IPU BUCOKIiN TeMIepaTypi
[IPUBOAUTD 1O BUiJIEHHI aTOMIB METaJly B YACTUHKHU SIK Ha MIOBEPXHi MJIiBOK, Ta i B iX 06'eMi. B aHCaMO151X 4aCTUHOK
Ha IIOBEPXHi I1JIIBOK PO3BUBAETHCS [IPOLieC KoajlecleHIlii 1o MexaHi3My roBepxHeBoi rerepoaudysii (aJst Cu) abo
3MillIaHOMY M€XaHi3My IIOBEPXHEBOI reTepoauysii Ta 3IUTTs MaJIMX YACTMHOK BHACJIJIOK iX NTepeMillleHHsI SIK

LIi7I0TO MO MOBEPXHI IJIiIBOK Ta 3iTKHEHHS (IJIIA).

2. The microstructure of films deposited at near room temperature is formed by small size clusters consisted of
chaotically arranged and distorted rings of aromatic type. With increasing condensation temperature in the range
20-4000C more regular rings form in the films, which are arranged more ordered. An increase in substrate
temperature upon condensation above 500 oC results in change in the film formation mechanism, and the
nanocrystalline graphite films deposit onto substrate. Annealing in the temperature range 50-650 oC of a-C films
deposited at low substrate temperature doesn't change in whole the film structure, whereas above 650 oC the
graphite-like fragments form in the film structure. The hardness and elastic modulus of films decrease with
increasing substrate temperature upon deposition, and don't change with annealing temperature in the range of
50-650 C. films with boron and silicon doesn't change in whole the mechanism of structure formation but slows
down the process of transformation clusters into graphite-like ones in the deposition temperature range 20-400 C
because of additional distortion of rings by incorporated boron and silicon atoms into them. When depositing
metal-doped (Cu, Ag) films at low substrate temperature, the metal atoms are uniformly distributed within the
carbon matrix and don't disturb its quasi-amorphous structure. Annealing in a vacuum of such films or deposition
of the films at high (600 oC) substrate temperature results in precipitation of metal atoms in particles both in the
film volume and on its surface. The process of coalescence develops within the particle ensemble located on the
film surface by the surface hetero-diffusion mechanism (for Cu particles) or by the mixed mechanism of surface
hetero-diffusion and simultaneous fusion of fine particles as a result of their movement as a whole onto film
surface (for Ag particles).
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