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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

HusbkoremnepaTtypHe GOpMyBaHHSI HAHOPO3MipPHUX IJIIBKOBUX MaTepiaiB 3 epeKToM nam'siti Gopmu s

Cy49aCHHUX MiKpoeﬂeKTpOMeXaHi‘{HI/IX CHUCTEM

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Low-temperature formation of nanosized thin-film materials with shape memory effect for modern

microelectromechanical systems

Pedepat yKpaiHCBKOIO:

Merta po6oTu. BcTaHOB/IEHHS 3aKOHOMIPHOCTE HU3bKOTEMITepaTypHOro AudysiliHoro pasoyTBOPEHHs B MIJIIBKOBUX
komnosuuisx Ni/Ti 3 epexTom nam’aTi GopMHU B 3aJ1€3KHOCTI Bif, (Pi3KO-TEXHOJIONYHMX IapaMeTpPiB 0CaIKEHHS Ta
TepPMiuHOi 06pPOOKH, a TAKOK HASIBHOCTI OJATKOBUX IPOMIKHUX LIAPiB Ta 30iIbIIE€HHS KiJIbKOCTI BHYTPIIIHIX
rpaHulb po37iny Mk HaHOpo3MipHuMH mapamu Ni Ta Ti. OCHOBHI pe3ynbTaTh. BCTaHOBIEHO 3aKOHOMIPHOCTI
TEepMiYHO-iHJyKOBaHOTro (POPMYyBaHHS CTPYKTYPH, (pa30BOro CKJIaAYy i BJaCTMBOCTEN IJIIBKOBUX MaTepiasiB Ha
ocHOBi cuctemu Ni/Ti, sIKi TOJSITalOTh Y HACTYITHOMY: ® BUBHAaY€HO 3aKOHOMIPHOCTI (pa30yTBOPEHHS B CUCTEMI
Ni/Ti 3 pisHuM NepioloM MOAYJ LIl (TOBIIMHOIO) Ta Pi3HOIO KiJIbKiCTIO FPaHULb PO3iy (Bif OfHi€el 10 TppOX) IPU
30epeskeHHi 3arajabHOi TOBLIIMHYU cucTteMu (60 HM); ® BUBHAUEHO BIJIUB Nepiony Moayssiuii B cuctemi Ni/Ti 3 pisHOIO
KUJIBKICTIO 1IapiB HA TEMIIEPATYPHI 3aJIEXKHOCTI IIMTOMOIO €JIEKTPOOIIOPY; ® BCTAHOBJIEHO IIOCIIiLOBHICTh
dbopmyBaHH# (a3 Ta TeMIepaTypHi iHTepBasu ix cTabiIbHOCTI B 3aJIEXKHOCTI Bif cepenoBuIa TepMidHOI 06pOOKHY,
gKa IPOBOAMIIACS Y BaKyyMi Ta aproHi; ® 3 BUKOPUCTAaHHSIM CTPYKTYPHUX METOZIB NOCIIIIKEHO 3MiHY HAlIPy>KEHOTO
crany B cuctemi Ni/Ti 3 pisHuM nepiofom MoayssiLii Ta KijIbKiCTIO HAaHOIIAPIB; TOKA3aHO, 110 36i/blIEHHS KiJIbKOCTI
BHYTPIIIHIX 'PaHuULlb PO3ALTYy MDK METaJIeBUMU IIapaMU JO3BOJIsIE 3MEHIINUTY BEJIMYUHY 3aJIMIIKOBUAX
MaKpPOHAIIPY>X€Hb 1-TO pOAy; ®* BUKOPUCTaHHSI CHHXPOTPOHHOTO BUIIPOMIHIOBAHHS JO3BOJIMJIO BIIEPIIE II0KA3aTH,
110 306i7IbIIE€HHS KiJIbKOCTI BHYTPilIHIX iHTepdeliciB f03BoJIsie e(PeKTUBHO BIUIMBATH Ha OKUCHeHUI cTaH Ti Ha
BiJIbHI TOBEPXHI; ® BU3HAUYEHO BILJIMB JOJATKOBUX IapiB MeTasiB (Ag, Cu) Ha 3aKOHOMIPHOCTI JUQy3iiHOTrO
¢dasoyTBOpeHHS B GiHapHiil cuctemi Ni/Ti; Bnepiue nokasaHo, o J0AaBaHHS IPOMDKHOrO mapy Ag He yuie
3anobirae cTpyKTypHiil amopdizauii Ha inTepderici mixx Ni Ta Ti i cripusie popmyBaHHIO iHTEpMeTanigHuX ¢das.

Pedepar aHr1ilicbKOIO:

The aim of work. Establishing the regularities of low-temperature diffusion phase formation in Ni/Ti film
compositions with a shape memory effect depending on the physical and technological parameters of their
deposition and thermal treatment, as well as the presence of additional intermediate layers and an increase in the
number of internal interfaces between nanoscale layers of Ni and Ti. Main results. The regularities of the thermally
induced formation of the structure, phase composition and properties of thin-film materials based on the Ni/Ti
system have been established, which are as follows: * regularities of phase formation in the Ni/Ti system with
different modulation period (thickness) and different number of interfaces (from one to three) while maintaining
the total thickness of the system (60 nm) are determined; * the influence of the modulation period in the Ni /Ti
system with different number of layers on the temperature dependence of the electrical resistivity is determined; *
the sequence of phase formation and the temperature intervals of their stability depending on the heat treatment
environment, which was carried out in vacuum and argon, were determined; ® with the use of structural
techniques the change of the stress state in the Ni/Ti system with different modulation periods and number of
nanolayers was explored; it is shown that an increase in the number of internal interfaces between metal layers
allows to reduce the amount of residual macro-stresses; ¢ the use of synchrotron radiation allows to show that the
release of Ti on the outer surface is taking place upon heat treatment up to the complete disappearance of the
signal from Ni; * the effect of additional layers of metals (Ag, Cu) on the regularities of diffusion phase formation in
the Ni/Ti binary system has been determined; it has been shown that the addition of an intermediate Ag layer



prevents structural amorphization at the interface.
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