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V. BizomocTi npo gucepraniio
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1. ®azoBnii cTaH i quysiiiHa pyxJIMBiCTh KOMIIOHEHTIB HAHOPO3MipPHUX IIiBKOBUX cucTeM Ag - Pd, Cu - NiiAg - Ge

2. Phase state and diffusion mobility of the components in nanoscale Ag - Pd, Cu - Ni and Ag - Ge films

Pedepar:

1. Inceprarifina po60Ta IpUCBIY€Ha BCTAHOBJIEHHIO (Pi3NYHMX 3aKOHOMIpHOCTE!N 3MiHM (PAa30BOro CTaHy Ta
IVy3ifHOI pyXJIMBOCTI KOMIIOHEHTIB Y HAHOPO3MipHUX LapyBaTux IliBKax Ag (50 aT.%) - Pd, Cu (50 at.%) - Ni, Ag
- Ge npu 3MEHIIEHH] iX XapaKTepHOro po3mipy (TOBIIMHY IIJIiBKY, pO3Mipy 3€pHa). MeToau NOCiiKeHHS: apyBaTi
IUTiBKY IIPEeNapyBav 3 BAKOPUCTAHHSIM METO/y IIOCJIiJOBHOI KOHAEHCAllii 3 MOJIEKYJIIPHOTO My4Ka, COPMOBAHOTO
IIpU TepMiYHOMY 260 eJIeKTPOHHO-TIPOMEHEBOMY BUIIAPOBYBAaHHI KOMIIOHEHTIB 3 HE3QJIESKHUX IKEPEJT Y BaKyyMi.
Mopd@osoriio Ta CTpyKTYpYy 3pasKiB JOCII)KYBaJIM 32 METOZAMU IIPOCBiYYI0YOi i pacTPOBOi €J1IEKTPOHHO]
MIKpOCKOTIIii, a TakoX esiekTpoHorpadii. KineTuky ¢popMyBaHHS TBEPAOrO PO3YMHY B IIAPYBATUX IIJIIBKax Ag - Pd, a
TakKoxX azoBuii cTaH MiiBok Ag - Ge IoCinKyBay 3a 3MiHOIO TapaMeTpy KPUCTaJiuHOI I'PAaTKU Ta MIKPOCTPYKTypH
3pasKiB IpU HarpiBaHHi 6e3nocepeHbo B Mikpockomi. EHeprito akTuBauii audysii i TBeprodazHy po3unHHICTb
BM3HA4aJIM 33 3MiHOIO €JIEKTPUYHOTO OMOPY 3Pa3KiB B XO/i LIMKJy HAarpiB-OX0JIOIKEeHHS. EsleMeHTHUI aHai3
CKJIaZly IUIBOK IPOBOAWIIM 3 BUKOPUCTAHHIM METOMY €HEProAUCIIEPCIMHOI PEHTIE€HIBCbKOI CIIEKTPOCKOITII.

ExcriepuMeHTaIbHO BCTAHOBJIEHO, 10 NN QY3iiiHi Tpoliecy B HAHOAKCIIEPCHUX apyBaTuX ILIiBKax Ag - Pd 3



po3mipom 3epHa 5 - 10 HM, aKTUBYIOTbCS IIPU 3HIKEHUX Temneparypax (180 - 350°C) i mpoTikaloTb 3HaYHO WBUALIE,
HiXX B MAaKpOCKOIIYHUX 3pa3Kax. Brepiie nokasaHo, 1110 NOBHA FOMOT€Hi3allisl IJIiBKU 0 BCill TOBIIMHI MOXe
BifbyBaTucs 6e3 icToTHOI 3MiHH ii MIKpOCTpPYKTypu. Briepiie niis mapysartux iiBok Cu - Ni BcTaHOBJI€Ha
3aJIeXXHICTb eHeprii akTuBaljii AuQy3ifiHUX IPOLEeCiB BiJ, XapaKTepHOI TOBUIVHM apy B iHTepsasti Big 5 7o 100 HM.
BusHaveHo BianosinHi epexkTuBHi KoedinienTn audysii. Buepiie BU3HaUY€HO 3a1€KHICTh €BTEKTUYHOI TEMIIEPATypPH
B lIapyBaTuX I1iBKax Ag - Ge BiJ, TOBUIMHU IJIiBKU Ccpibiia. Briepiie nokasaHo, 1110 yTBOPEHHS Pifikoi ¢pasu B cucTeMi
Ag - Ge 11py €BTEKTUYHI TEMIIEPaTypi BiOyBa€eTbCA TiIbKY NPY TOBIIMHAX IJIiBKY CpibJia Gisiblle fesKoro
KPUATAYHOTO 3HAYE€HHs. Briepie a1 mapyBaTux IJiBOK Ag - Ge pi3HOi TOBLUIMHYM BU3HAYEHI 3HAYEHHS TBepHoPpa3Hoi
PO3YMHHOCTI repMaHilo B cpibJii. EkcriepuMeHTanbHO I10Ka3aHo, 110 KPMBA PO3UYMHHOCTI 3MIIyEeThCS B 06J1aCTh
MEHIIMX TEMIIEPATyp IIPU 3MEHILIEHHI XapaKTePHOI'0 po3Mipy CUCTEMH, a FPaHUYHA PO3UYMHHICTb repMaHilo B cpibi

3PpOCTae.

2. Thesis is devoted to the determination of the physical regularities of the characteristic size (film thickness, grain
size) effect on the phase state and diffusion mobility of the components in nanoscale Ag - Pd, Cu - Ni and Ag - Ge
films. Methods: layered films were formed by means of successive condensation during thermal or electron beam
evaporation of the components from independent sources in a vacuum. The morphology and structure of the
samples were investigated by transmission and scanning electron microscopy as well as electron diffraction. The
kinetics of the solid solution formation in Ag - Pd layered films and the phase state of Ag - Ge films were studied
using the change of samples microstructure and lattice parameter during heating directly in the microscope. The
activation energy of diffusion and the solid state solubility were determined by the change in the samples electrical
resistance during the heating-cooling cycle. Elemental analysis of the films was carried out using the method of X~
ray energy dispersive spectroscopy. The kinetics of homogenization of nanosized Ag - Pd film system has been
studied. It has been shown that diffusion processes in such object are accelerated and activated at lower
temperatures, compared to the bulk ones. It has been shown that the activation energy of grain-boundary
diffusion in multilayered Cu - Ni films decreases with decreasing characteristic size of the system. The
corresponding diffusion coefficients have been estimated. The eutectic temperature as a function of Ag film
thickness has been measured in a wide range of film thicknesses. The significant lowering of eutectic temperature
with the film thickness reduction has been registered. The lowest thickness of the Ag film and the temperature
required for the liquid phase formation at the metal-semiconductor interface have been found and estimated. The
results of the experimental investigation of the solid-state solubility of Ge in thin Ag films have been reported. The
significant increase of germanium terminal solubility in silver with characteristic size reduction, as well as the

shifting of solubility curves to the region of lower temperatures, has been shown.
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