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1. EleKTpOHHI Ta i0HHI IIPOLECU B CBITJIOBUIIPOMIHIOIOUNX HATIBIIPOBIZHMKOBUX Marepiasiax Ha OCHOBI CITONYK A2ZB6
i A3B5

2. Electronic and ionic processes in light-emitting semiconductor materials based on I1I-VI and III-V compounds

Pedepar:

1. Incepraliiio prucBsiY€HO BCTAHOBJIEHHIO MEXaHi3MiB Ilepebyj0BU NificUCTeMH Ae(deKTiB B 00’ EMHUX i
HaHOPO3MIPHUX CBITJIOBUIIPOMIHIOIOUMX HAMIBIPOBIIHUKOBUX MaTepiasiax Ha OCHOBI crioyk A2B6 i A3B5 mif gieto
€JIEKTPUYHOTO I0JIs, TEPMIYHOTO BifiTlIally Ta OIIPOMiHEHHS i 3'ICYBaHHIO BIUIMBY lLiiei nepe6y10BY Ha HEPiBHOBAXKHI
€JIEKTPOHHI Ta iOHHI MpoIlecy B uX Marepianax. [JocmimkeHo YOTUPU KIaCc HAaHOPO3MiPHUX OO’EKTIB, sIKi €
aKTyaJIbHUMU 1711 CTBOPEHHS BUCOKOE(EKTUBHUX, €HEPro3bepiraloynx Ta JeleBuX CBITIOBUNPOMIHIOIUUX

MIpUJIaliB BUAMMOTO Ta OJMKHBOTO iH(PPauepBOHOTO Aiana3oHiB CBiT/a: TOHKI IIJIiBKY, T€TEPOCTPYKTYPHU 3



kBaHTOBUMMU simamu (K51) i camoopranizoBaHumu kBantoBuMU Todkamu (KT), kosnoigni KT i koMio3uTu Ha iX OCHOBI.
Ha npuknazni monokpuctainis ZnO i CdS, ski 6y MofesbHUMU 00'€KTaMU, IIPOJIEMOHCTPOBAHO, 1110 3a JOIIOMOIOI0
€JIEKTPUYHOTO II0JIS1 MOJKHA JIETYBATH Ta OYMIIATY MaTepianu CroayK A2B6 Bin ZOMIIIOK MeTasliB, a TaKOX
PO3IiINTY BILIMB JOMIIIOK Ta BJIACHUX TOUYKOBUX Ne(EKTiB Ha X JIIOMiHECLIEHTHI XapaKTE€PUCTUKU. B TOHKUX Mapax
i MoHOKpUCTasax ZnO BUSBIEHO €(PEKTH, 3yMOBJIEH] BIZIMBOM BHYTPIlIHIX €JIeKTPUYHUX I10J1iB Ha [lepeJIoKali3alilo
MIJIKMX IOHOPIB Ta XapaKTep cerperauii JOMIlloK pPifKo3eMeJIbHUX METAJIiB IPU TEPMiYHUX Bifnanax. B
reTepOCTPYKTypax CIoJyK A2B6 BHsBiI€eHO e(deKT HEraTUBHOTO BIUIMBY KaTIOHHUX BaKaHCIill Ha caMOOpraHisariiio
KT uepes nocuneHnHs npouecis iHTepaudysii. [IpogeMoHCTpoBaHa PoJib BaKaHCiil B Aerpagauii crpykryp 3 KT npu
TepMiYHUX Binnasnax i migTepIpkeHa BUlLA TepMiuHa cTabinpHicTh cTpykTyp 3 KT y nopiBHsaHHI 3 K4, BcTanoBieHO
MEXaHi3MM TePMiYHOTO raciHHs IHTEHCMBHOCTI €KCUTOHHOI QoTosoMiHecteHii (PJI) B reTepocTpyKTypax
CdSe/ZnSe Ta InAs/ InGaAs /GaAs 3 camoopraHizoBanumu KT Ta 3arrponoHOBaHi JIIOMiHECLIEHTHI METOU
KOHTPOJIIO PO3MOJiny AedeKTiB B LUX MaTepiasax. 3anporoHOBaHi cnocooy nifgsuieHHs inTeHcuBHOCTI OJI
rerepocTpykTyp CdZnTe/ZnTe ta InGaAsN /GaAs 3 K. IneHTudikoBani npouecu Ta 3alipolloHOBaHi MexaHi3Mu
nepebynoBu e eKTiB Ha IOBEPXHI HEJIErOBAHUX Ta JIETOBAaHMX JoMilKaMy MeTaliB KosoigHux KT criosnyk A2B6 Ta
AlA3B6, CTUMYJIbOBaHi OIPOMIHEHHSM CBITJIOM, B3AEMOZI€I0 3 iOHAMHU BaXKKMX METaJIiB Ta IPUEHAHHIM 6io-
MoJieKyJl. BusiBneHo edpexty GOTO- Ta TEPMOCTUMYJIBOBAHOTO MifcuiieHHs Ta gerpanatii ®JI B komnosuTax 3 KT,
sIKi 3yMOBJI€H] 11epeOy10BOI0 PYHKIIOHAJIbHUX IPyIl nosliMepy Ha intepderici KT /xenatuH i KT /nonisiHinosuit
CIIMPT i BUSBJIEHA BUILA CTA01IbHICTh KOMIIO3UTIB 3 XXeJIaTMHOM. [IpOJeMOHCTPOBAHO MOKJIMBICTb BUKOPUCTAaHHS
kosoigHux KT criosnyk A1A3B6 1151 IeTEKTYyBaHHS iOHIB BOXKKMX METAJIiB. 3alIPOIIOHOBAHO METO/I MiITBEPIKEHHS
yTBOpeHHs! 6iokomiuiekciB 3 kosnoignumu KT CdSe(Te)/ZnS, sxuit 6a3yeTbcsl Ha peecTpallii 3MiHU CIIEKTPaIbHOTO

[I0JIOKEHHS CMYTH joMiHecueHii KT.

2. The dissertation is aimed at elucidation of the mechanisms of defect rearrangement under electric field, thermal
annealing, and irradiation as well as at clarification of the influence of this rearrangement on electron and ion
processes in bulk and nanoscale light-emitting semiconductor materials based on II-VI and III-V compounds. Four
classes of nanoscale objects that are relevant for application in highly efficient, energy saving and cheap light-
emitting devices of visible and near-infrared spectral ranges have been investigated: thin films, heterostructures
with quantum wells (QW) and self-organized quantum dots (QDs), colloidal QDs and nanocomposites on their
basis. In addition, the single crystals have been studied as the model objects. It is shown that in the single crystals
and thin films based on II-VI semiconductors the rearrangement of ionized point defects under internal electric
fields in the region of p-n junctions and the fields created by electric charges localized on the surface plays a
significant role in the reconstruction of defect system. Using the drift of ionized defects, it is shown that the
interstitial zinc, Zni, that is a shallow donor in ZnO, is a part of defect complex responsible for green luminescence
band. The model of the Tb3+ luminescence center in ZnO including the substitutional terbium, Tb3+Zn, and
interstitial oxygen is proposed. In the nanoscale heterostructures based on II-VI compounds, the negative impact
of cation vacancies on QD self-organization is revealed for the first time. It is shown that in CdSe /ZnSe QD
heterostructures with a large number of cation vacancies, a wetting layer with an ensemble of QDs with shallow
exciton localization potential are formed due to enhancing interdiffusion processes. Similarly, insertion of 1
monolayer of CdTe in the Cd0.4Zn0.6Te/ZnTe QW promotes Cd/Zn interdiffusion and formation of the QW with
shallow exciton localization potential that causes an increase in 8 times of the photoluminescence (PL) intensity.
The process of thermal generation of cation vacancies in the near surface layer of CdSe /ZnSe QD
heterostructures is revealed and the influence of cation vacancies on the degradation of the QD structures under
thermal annealing is demonstrated. Higher thermal stability of the QD structures in comparison with the QWs is
confirmed and ascribed to effective localization of carriers in the QDs that prevents their diffusion into other parts
of heterostructure, in which radiation-stimulated strain relaxation could occur. The mechanisms of thermal
quenching of exciton PL in CdSe/ZnSe and InAs/InGaAs/GaAs heterostructures with self-organized QDs were
established and the luminescent methods for control of defect distribution in these materials were proposed. An
analytical solution of the system of coupled equations in the stationary case for the model of independent capture
of charge carriers in the CdSe /ZnSe QD heterostructure is obtained. It is shown that this model satisfactorily



describes thermal quenching of quantum dot PL intensity. In the undoped and doped with metal impurities
colloidal QDs based on II-VI and I-1II-VI compounds, the processes of surface defect reconstruction under light
irradiation, interaction with heavy metal ions and conjugation with biomolecules were identified and their
mechanisms were established. It is found that the changes in the PL characteristics of CdSe(Te)/ZnS QDs
occurred upon drying the QD solution on a solid substrate are caused by QD oxidation resulted in the reduction of
QD'’s core diameter and rearrangement of defects on its surface. It is shown for the first time that QD conjugation
with biomolecules promotes QD oxidation. In the QD composites, the effects of photo- and thermally stimulated
enhancement and degradation of the QD luminescence caused by rearrangement of polymer functional groups at
the QD /gelatin and QD /polyvinyl alcohol interfaces which affects surface defect passivation were identified. The
mechanisms of the effects were proposed. Higher stability of the gelatin-based composites was demonstrated. The
method for the increase of the PL intensity of InGaAsN /GaAs QW heterostructures by adding about 1% Sb acting
as surfactant is proposed. The possibility of application of colloidal QDs based on I-III-VI compounds for heavy
metal ion detection has been demonstrated. A simple method for detection of QD bioconjugate is proposed. The
method is based on registration of the changes that occur in the spectral position of the PL band of CdSe(Te)/ZnS
QDs due to conjugation with bio-molecules upon drying on a solid substrate.
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