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1. ®i3u4Hi BIaCTUBOCTI CBITJIOBUIIPOMIHIOIOUUX CTPYKTYP 3 KPEMHIEBUMU HaHOKJIACTEPaMu, OTPUMAHUX METOJOM

IOHHO-CTUMYJIbOBAHOTO CUHTE3Y

2. Physical properties of light-emitting structures with silicon nanoclusters got a method ion-stimulated synthesis

Pedepar:

1. Incepraris npucBs4YeHa OOCTiIKeHHIO (Qi3MYHNX BIaCTUBOCTEU CBITJIOBUIIPOMIHIOIOUNX CTPYKTYP 3
KPEMHi€BMMU HAaHOKJIACTEPaMU B [lieJIEKTPUYHIM MaTpULli, CHHTE30BAaHUX METOJAMU IJIa3MOXiMiYHOT'O OCAII>)KEHHS,
TE€PMiYHOrO BUNIAPOBYBAaHH Ta i0HHOI iMIIaHTalji i BIIMBY i0OHHO-TIpOMEHEBO] i TepmiuHOI Mogu@ikanii Ha
BJIACTMBOCTI TAKUX CTPYKTYP. Y POOOTi JOCIIKEHO CBiTJIOBUIIPOMIHIOBAJIbHI BJIACTUBOCTI CTPYKTYP 3 Si-HK B
marpuui SiO2 i nokazano, mo ®JI BIacTUBOCTI TaKUX CTPYKTYP 3aJIeKaTh Bifl MeTody cuHTe3y IuliBku SiOX. Bnepie
BHBUYEHO BIUIMB JOMIIIOK aJIIOMiHIIO i TUTaHy Ha CBIiTJIOBUNIPOMIHIOIOYi BIACTUBOCTI CTPYKTYP 3 Si-HK B OKCUIHIN
Marpuli. BcTaHOBJIEHO, 10 BBEJIEHHS aTOMIB ajIOMiHil0 nifgBuiLye iHTeHcuBHICTh OJI TaKMX CTPYKTYP 32 PaXyHOK
361/IbIIE€HHS KOHLEHTPAaLlil HaZJIMIIKOBOTO KPEMHIIO Ta MacuBallii 06ipBaHMX 3B's13KiB. 3alTPOIIOHOBAHO (i3NYHY

MOZeJIb BIUIMBY a30Ty Ha (POPMYyBaHHS Ta BUIIPOMiHIOBaJIbHY PEKOMOIHAIIiI0 Y CTPYKTYpax 3 Si-HK, sIKa I10JISIrae y



cTabinizarii po3aMipiB i KOHIEHTpallii HAHOKJIACTePiB KPEMHIIO Ta MogudiKallii rpaHUIlb IOy
HaHOKJIaCTep/MaTpHLs 32 paxyHOK [1acuBallii 1IeHTPiB 6€3BUIIPOMiHIOBAIbHOI peKOMObiHallii Ta CTBOPEHHS
IOJATKOBUX LIEHTPiB BUIIPOMiHIOBaJIbHOI pekomMbinalii. 1151 GopMyBaHHS CTPYKTYP 3 Si-HK B Marpuui SiO2
3aCTOCOBAaHO HOBUI METOJ, aKyCTOCTUMYJIbOBAHOTO iOHHO-TIPOMEHEBOro CUHTe3y. [TokazaHo, 1o in-situ Y3
06po6Ka 3paska B IpoLeci ioHHOI iMIIJIaHTallii 1ae MOKIUBICTb CHOPMYBAaTU MAaCHUB HAaHOKJIACTEPIB i3 Pi3KUMU
IpaHULISIMY Oy Si-HK/MaTpulsl. EKcrieprMeHTabHO HiATBEPAKEHO AOMiHYIOUY POJIb MEXaHi3My
BUIIPOMIHIOBaJIbHOI peKoMOiHallii yepes JIoKali30BaHi €J1eKTPOHHI CTaHY Ha rpaHuli po3niny Si-HK/SiO2 pjs cmyru
®JI y yepBoHiii Ta 6mxHi [Y o61acTi criektpa. [TokazaHo, 110 HU3bKOTEMIIEPATYPHUHM Bifllajl CTPYKTYP 3 Si-HK y
cyMimri a3oTy i KucHio npu Temreparypi 450 C nigpuinye iHTeHcuBHicTh OJI. 3anporioHOBaHO Pi3NYHUN MeXaHi3M
IAHOTO edeKTy, IKUI N0JIrae y peKOHCTPYKLii rpaHuLli po3ziny Si-HK/MaTpulls Ta GOpMyBaHHI eHEPreTUYHUX
CTaHiB, 110 6€pyTh Yy4aCTh Y BUITPOMIHIOBaJIbHINM peKoMbiHallii HepiBHOBaXXHUX HOCIiB 3apsay.

2. The thesis is devoted to the investigation of physical properties of light-emitting structures with silicon
nanoclusters in dielectric matrix synthesized by different methods and influence of an ion-beam and thermal
modification on properties of such structures. Light-emitting properties of structures with Si-nc embedded in the
matrix of SiO2, synthesized by the methods of plasma enhanced chemical vapor deposition, thermal evaporation
and ion implantation, was investigated. It was shown that photoluminescence of structures with Si-nc depend on
the method of synthesis of SiOX films. The influence of impurities of aluminium and titanium on light-emitting
properties of structures with Si-nc was studied. It was determined that introduction of aluminium enhanced the
intensity of photoluminescence of such structures due to the increase of concentration of silicon excess and
passivation of the dangling bonds. The physical model of influence of nitrogen on formation and radiative
recombination in structures from Si-nc was proposed. According this model nitrogen stabilized of the sizes and
concentration of silicon nanoclusters and modified of the interfaces between nanoclusters /matrix at the expense
of passivation of the centers nonradiative recombination and creation of the additional canters radiative
recombination. New method of ultrasound-assisted ion-beam synthesis for formation of structures with Si-nc in
the matrix of SiO2 was applied. It was shown that ultrasound treatment reduces concentration of the suboxide
states on the interfaces between silicon cluster and silicon dioxide matrix. It was observed that
photoluminescence properties are strongly correlated with the concentration of the suboxide states thereby
providing an evidence that besides a quantum confinement effect the chemical composition of the interface
between nc-Si and matrix SiO2 is important. The increase intensity of photoluminescence structures with Si-nc
after low-temperature annealing at 450 C in a mixture of nitrogen and oxygen was investigated and explained. The
physical mechanism of this effect consist in reconstruction of the Si-nc/matrix interfaces and formation at these
interfaces of the energy levels, which take part in recombination of the non-equilibrium charge carriers.
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