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V. BimomocTi npo guceprauiio

Mosga guceprarii:

Koau TemaTHyHHUX pyOpHK: 29.19.31

Tema gucepranii:

1. ENEeKTpOHHI XapaKTE€PUCTHUKN KBAHTOBO-PO3MIPHUX CTPYKTYP Y Hi€JIEKTPUYHOMY CEPELOBULILi

2. Electronic characteristics of quantum-size structures in the dielectric matrix

Pedepar:

1. lucepraris MiCTUTb pe3yJIbTaTU PO3PaXyHKiB EKCUTOHHOIO CIIEKTPY B HYJIb—, OJIHO- Ta ABOMiPHNX KBAHTOBO-
PO3MipHHUX CTPYKTypax TUITy HalliBIIPOBiIHUK-/ieJeKTPUK. Y HabIMKEeHHI €(DEeKTUBHUX MAC i KBAAPaTUYHUX 3aKOHIB
JIUCIIEPCii pO3pPax0OBaHO €HEPril 3B's13Ky €KCUTOHIB, EHEPrii OCHOBHOI'O BUIIPOMIHIOBAJIBHOIO €EKCUTOHHOTO IIEPEXOY
Ta XapaKTepUCTUYHI Yacy IICeBIO-IIPSIMOI BUIIPOMiHIOBAJILHOI €KCUTOHHOI peKoMOiHallil B TaKUX CTPYKTypax.
Po3paxyHKu IPOBENIEHO 3 yPaxyBaHHSIM SIK CKIHU€HHOCTI BUCOTH OTOYYIOUOTO [IOTEHLiaJIbHOTO 6ap'epy [Jis1 HOCIiB
3apAamy, TaK i IPOHUKHEHHS CUJIOBUX JIiHIN €JIEKTPUYHOTO M0JIS KYJIOHIBCBKOI B3a€MOii MiX 3apsmamu B
niesleKTpruYHe cepenoBuie. [1okazaHo, o MoJIpu3allisi reTePOMeKi Ta MPUJIETJioi 06J1aCTi MOXKe TTPUBECTH 10
3HAYHOTrO 30i/bII€HHS] BHECKY KYJIOHIBCbKOi eHeprii B3aeMoiii B IOBHY €HEPTil0 eKCUTOHHOTO [1ePeXoAy y
KBaHTOBO-PO3MipPHUX CTPYKTypax. PO3paxoBaHO TaKOX CTalliOHAPHI CIIEKTPU Ta CMEKTPHU i3 4aCOBUM PO3iJIEHHIM
€KCUTOHHOI (POTOIOMiHeCHeHIIii KBaHTOBO-pO3MipHUX cucTeMm Si-SiO2. [IpoBeeHO NOPiBHSIHHS TeOpii 3

eKcriepuMeHTOM. [IoKazaHo, 110 OCHOBHUM (PaKTOPOM YIIMPEHHS CIIEKTPaIbHUX CMYT GOTOJIIOMiHECLeH11ii B



KPEMHi€BUX HAHOCTPYKTypaxX PO3MipamMu MeHIle 4 HM SBJISIETbCS €(PEKT KBAHTOBO-ME30CKOIIIYHUX (PITYKTyaLlil,
KOJIY HasIBHICTb HaBiTh OZHOTO 06ipBAaHOTO 3B'A3KYy Ha iHTepdelici, onHoro nedexTy y HaHOKpPUCTAaJi 44 B 10T
6J1M3bKOMY OTOYEHHI CUJILHO BIIJIMBA€ HA €HEPTil0 EKCUTOHHOTO [1€PEXOTY.

2. The thesis contains results of exciton spectra calculations for semiconductor quantum gaps, wires and dots
embedded in the dielectric matrix. Calculations have been made using effective mass and quadratic dispersion low
approximations. The exciton binding energies, the energies of main exciton transition and the characteristic times
of direct radiative exciton recombination (or pseudo-direct radiative recombination in the case of indirect-gap
semiconductors like Si) have been obtained as functions of the structure thickness. Both finite band off -sets for
electrons and holes at heterointerfsces and penetration of electric field lines of electron-hole interaction into the
dielectric matrix have been taken into account for the first time. It was shown that polarization of heterointerface
and adjacent regions in such quantum-size structures can lead to a substantial increase of Coulomb electron-hole
interaction energy and, correspondingly, to large shift of the total energy of exciton transition. The characteristic
times of radiative exciton recombination in indirect-gap semiconductor quantum-size structures have been shown
can be non-monotonous (oscillating) functions of the characteristic size. Within the framework of proposed model
the spectra of steady and time-resolved photoluminescence (PL) in silicon quantum-size structures have been
calculated and compared with experimental PL spectra. The kinetics of the exciton PL has been investigated in
details. It was shown that the main reason of exciton PL band broadening in such structures is the effect of
quantum-mesoscopic fluctuations due to small number of constituting atoms at least in one of the direction
(direction of size quantization), when even one atomic-scale defect in the nanocrystal, adjacent layer of dielectric
matrix or dangling bond at the heterointerface substantially shifts the energy of exciton transition in the ensemble
of nanocrystals with equal characteristic sizes.
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