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2. Optical and morphological properties of low-dimensional structures based on of silicon, germanium, and their
solid solutions

Pedepar:

1. lucepTaliito mpuCBsYEHO BUPIlIEHHIO ITPOHIeMU BCTAaHOBJIEHHSI MEeXaHi3MiB Ta 0CO6IMBOCTEN BiZUIHUX
IIPOLIECIB, 5IKi BU3HA4al0Th (POPMYBAHHS repMaHili-KpeMHi€BUX HAHOCTPYKTYP, Ta B3a€EMO3B'SI30K MOP(OJIOTIYHNX
XapaKTEPUCTHK 3 IX CTPYKTYPHUMH Ta ONTUYHMMU BJIACTUBOCTSIMU. B po6OOTi y3arajbHEHO pe3yIbTaTh OOCTiIKEHb
MOp(dOJIOTriYHNX, CTPYKTYPHUX Ta ONTUYHUX BJIACTUBOCTEN CaMOiHyKOBaHUX HAHOOCTPIBLiB, C(pOPMOBAHUX B
IIPOLECi MOJIEKYJISIPHO-TIPOMEHEBOI €ITiTaKCii, IIp1 BapiloBaHHI Pi3HMX TEXHOJIOTIYHUX MapaMeTpiB. [IokazaHo, o B
npoleci caMmoiHIyKoBaHOTro (popmyBaHHS GeSi HaHOCTPIBLIB Ha Si MiJIKJaKax BaKJIMBY POJIb Biflirpae
inTepaudysis, 06yMOBI€Ha HEOOHOPIAHUMU HANIPY>KEHHSIMU K B CAMUX OCTPIBLSX, TaK i B 00J1aCTAX MiAKIAIKK, IO

iX OTOYYyI0Th. 3HaYHE KOMIIOHEHTHE TI€PEMIlllyBaHHS B OCTPIBLSIX BILJIMBA€E HA BEJIMYVMHU MEXaHIYHUX HAINIPY>KEHb, iX



po3Mipu Ta BU3HaUa€e KPUTUYHUI 06'eM, IIPU SIKOMY BiflOYBAIOTbCSI [IEPEXOU 3 MipamifanbHOi pOpMU POCTY [0
KyTI0JIONOAi6HOI. BcTaHOBIEHO, 1110 HA OCTaTOYHI BJIACTUBOCTI HAHOCTPYKTYP 3 GeSi OCTPiBLSIMYU BIIJIMBAIOTH SIK
napameTtpu 6ydepHUxXIIapiB, Ha sKi eNiTakcialbHO 0CaIKy€EThCsI FTepMaHii, Tak i IpoLecu OKPUTTS OCTPiBLIiB
KPEMHi€BMM IIAPOM, OCKIiJIbKY iX popMa, KOMIIOHEHTHU CKJIA[l Ta CTYNiHb pejlakcallii 3ayexarTsb BiJi TeMIepaTypu
3apOIyBaHHS Ta TOBUIMHY IOKPUBHOTO Mapy. B po60Ti NpogeMOoHCTpOBaHa MOXJINBICTb BUKOPUCTaHHS
OaraTomapoBux CTPYKTYp 3 GeSi OCTPiBLSIMU SIK IETEKTOPiB BUIIPOMIHIOBaHHS 17151 6J1vkHboi [Y obsacTi. [TokazaHo,
1o A5 naHapHux SiGe mapis, cOpMOBaHUX Ha Si MiK/IaKax, J€ryBaHHS ByIJlE€LleM 3 PiBHOMIPDHMM Ta
HepiBHOMIpHUM NpodizieM HOoro po3noiny n03BoJisi€e KOHTPOJIIOIOYMM YMHOM BIVIMBATH Ha MIPOLIECH peJlakcallii
HaIpyXeHb B CTPYKTypax. [JoclimkeHO BUIIPOMIHIOBaJIbHI IIPOLIECH B HAHOCTPYKTypax, COOPMOBaHUX Ha OCHOBI Si
npu TpaicdopmMaliii MoHodazHoi cuctemu SiOx B nBodazny (Si+SiO2) nif BIJIMBOM TEPMiYHUX BifaliB.

2. The thesis presents the solution of the problem of finding out the mechanisms and specific features of physical
processes which determine the formation of germanium- and silicon-based nanostructures and the relationship of
their morphological characteristics with structural and optical properties. The work generalizes the results of the
studies of morphological, structural, and optical properties of self-assembled nanoislands formed by molecular
beam epitaxy, at the variation of different technological parameters. An important role of interdiffusion in the
process of self-assembled formation of GeSi nanoislands on Si substrates is shown. The interdiffusion results from
non-uniform strain both in the nanoislands and in the surrounding areas. A considerable intermixing of the
components within the islands affects the mechanical strain values as well as the islands size and determines the
critical volume, at which the transition from pyramid-shape to dome-shape growth occurs. The properties of the
nanostructures with GeSi islands are shown to be affected by the parameters of buffer layers used for the epitaxial
deposition of Ge and by the processes of covering of the islands by the silicon layer because their shape,
composition and relaxation degree depend on overgrowth temperature and cover layer thickness. A possibility of
application of multilayer structures with GeSi islands as detectors of near infrared radiation is demonstrated. It is
shown for planar SiGe layers, formed on Si substrates, doping with carbon provide controllable influence on the
relaxation of strain in the structures. Radiative processes in Si-based nanostructures, fabricated by a
transformation of a single-phase system SiOx into a two-phase one (Si+SiO2) at thermal annealing, are studied.
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