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V. BimomocTi npo guceprauiio
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Tema gucepranii:
1. TeTepoCTPYKTYpHU Ha OCHOBI MOHOKPUCTAJIIYHUX Ta MOPYBATUX CHOJIYK A2B6 Ta A3B5, oTprMaHi MeTonOM

PaAuKano - IPOMEHeBOi eniTakcii

2. Heterojunctions on the basis of single-crystal and porous A2B6 and A3B5 structures obtained by radical beam
epitaxy

Pedepar:

1. TerepocTpykTypu Ha ocHOBI crionyk A3B5 (GaN /GaAs; GaN /por-GaAs) i A2B6 (ZnO /ZnSe; ZnO/ZnS:Mn).
MeTonu IocyifKeHb: CKaHylo4ya eJleKTPOHHA MiKpOCKOIIis, peHTTeHiBCbKa TudpakToMeTpist, poTosoMiHeCcLeHII s,
€JIEKTPOJIIOMiHECLIEHIIisl, MaTeMaTU4YHE MOJie-JII0BaHHS IIPOLECiB Ae()EKTOYTBOPEHHS, BTOPUHHO-I0OHHA Mac-
CIIEKTPOCKOIIisl, peHTTe-HiBCbKa (POTOEJIEKTPOHHA CIIEKTPOCKOIIisl, pACTPOBA €JIEKTPOHHA MiKPOCKOITis,
CIIeKTPaJIbHUM aHali3, KoMOiHaliliHe PO3CilOBaHHS CBiTJIa, €JIeKTPOHHA CIIEKTPOCKOIIS [J1s1 XiMIiYHOro aHami3y,
€JIEKTPOHUI [TapaMarHiTHUM pe3oHaHC. HaykoBa HOBU3HA OTPUMAaHUX PE3YJIbTaTiB. Y pe3ysbTaTi KOMIIJIEKCHUX
€KCIIEPMMEHTAJIBHUX T TEOPETUYHUX OCIIIIKEHb (PI3UKO-TEXHOJIOTIYHUX ACTIEKTIB (POPMYBAHHS F€TEPOCTPYKTYP
Ha OCHOBI croslyk A3B5 Tta A2B6 Briepiie OTpUMaHO Taki pe3ysibTaT: CTBOPEHO Ta aHANITUYHO i YMCEJIbHO

PO3paxoBaHO MOJIEJIi ITPOLeCiB pOCTy TOHKUX eniTakciiHux miiBok GaN npu HiTpunusanii GaAs; Po3pobiieno ta



€KCIIePUMEHTAJIbHO JOCIiIKeHO (Pi3UKO-TEXHOJIOTYHI OCHOBY MPOLeCiB HiTpuau3aliii MOHOKpHUcTaniyHoro GaAs
IIJIIXOM 00pOOKY HOT0 30yI)KEeHNMU aTOMaMHU a3oTy; Briepie oTpumMaHo HaHonopysarti mapu GaAs gk n-, Tak i p-
THITYy, a TAKOXX BCTAHOBJIEHO iX MOP(QOJIOTivyHi Ta JIIOMiHECLI€HTHI BJaCTUBOCTI; BcTaHOBIEHO BIINB MOP(OJIOTii
nopysaroi nigxknagku GaAs i mapameTpiB HITpUAM3aLii Ha MEXaHiuHI HaNIpy>KeHH y IliBKax GaN, a TakoX Ha ix
JIIOMiHECLI€HTHI BJIaCTUBOCTI; EKCIleprMeHTaJIbHO BUSIBJIEHO OCOOJIMBOCTI BUIIPOMIHIOBAIbHUX BIACTUBOCTEN
eniTakCcifiHuX I1iBOK GaN, OTpMMaHUX Bifl[1ajJIOM [IOPYBAaTUX i MOHOKPUCTAJIYHUX MinKIagoK GaAs B OTOL
30yIpKEHMX aTOMIB a30Ty; BcTaHOBJIEHO BIJIUB [1ApaMETPIB Bifillaly B IOTOLi aTOMApPHOT0 a30Ty Ha JIIOMiHECL|€HTHI
BJIACTMBOCTi HU3bKOOMHUX KpUCTaJliB p-GaN:Zn, BUSIBJIEHO HOBi CMyry (POTOIIOMIHECLIEHIIii Ta BCTAHOBJIEHO
y4acThb KUCHIO B ix popMyBaHHi; EKciepuMeHTaIbHO NT0Ka3aHo, 1o niaiBku GaN Ky6iuHOi cuHroHil popmyioThCst Ha
nopysatux (001) -ninknankax GaAs, a rekcaroHajbHOI CUHTOHII - Ha nopysartux (111)-nigknankax GaAs:
BcTaHOBJIEHO MeXaHi3M 1e(deKTOYyTBOPEHHS! B ILTiBKax ZnS:Mn mif yac 06po6Ku B aTOMAapPHOMY KUCHI, SIKUI
BKJIIOYA€E HE TiJIbKY BUTATYBAaHHS iOHIB IMHKY Ha [TIOBEPXHIO i CYIIPOBOIKYETHCS reHepauieto VZn, ane 1 gudysito
iOHIB KMCH!IO BI7IMO IJTIBKYM 3 YTBOPEHHSIM TaM i30BajieHTHUX nacTok [Os2-]0 Ta ix KOMIJIEKCiB 3 ioHamu Mn2+.
[TpakTuyHa LiHHICTb pe3ysabTaTiB po60TU: PO3p06seHO Pi3NKO-TEXHOJIOTIYHI OCHOBY NPOLECIB HITpUAMU3aLlii
nigknanok GaAs B aTOMapHOMY a30Ti Ta CTBOPEHO €KCIIEPUMEHTAJIbHO TEXHOJIOTIYHY 6a3y 1j1s1 OTPMMAHHS
rerepocTpykTyp: GaN /GaAs; GaN /por-GaAs (111); GaN /por-GaAs (001); Pozpo6sieHo Ta arfpo60BaHO HOBY
TEXHOJIOTII0 BUPOIIYBaHHS TOHKUX IJIiBOK GaN 3 MiHiMaJIbHUMU ME€XaHIYHMMU HANIPYKEHHSMH, 10 JO3BOJIUTD
301IBIIMTY TEPMIH CIIyKOU ITpUafiB Ha 0cHOBI GaN; MpoBeeHO ONTUMI3allilo IPoLeCciB BUPOOHULITBA
TOHKOIIJIIBKOBUX €JIEKTPOJIFOMIHECLIEHTHUX CTPYKTYP Ha OCHOBI ZnS:Mn MIJIIXOM HU3bKOTEMIIEPATYpHOI 06pOOKHU iX
y IIOTOLi aTOMAapHOT0 KUCHIO, 10 BeJ€ IO 3HIDKEHHS [IOPOroBOi HAIlIPYTH Ta NIOKPAILIEHHS! CUMETPUYHOCTI XBUJIb
SICKPaBOCTi; IPOJIEMOHCTPOBAHO MOXKJIUBICTb OTPUMAaHHS Pi3HMX KOJIbOPiB BUIIPOMIHIOBAaHHS OJHOTO I TOTO CAMOTO
JIIOMiHECIIEHTHOTO 1mapy ZnS:Mn, 06po671€HOro B MOTOL,i aTOMApHOi CipKH, KUl MiCTUTh He OMH, a JeKilbKa
LIEHTPiB BUIIPOMIiHIOBaHHS Pi3HOTO THUITy. [Ipy boMy 3MiHa yMOB 30yKEHHS €KTPOJIIOMiHeCLieHIIii TPU3BOIUTE 10
3MiHM KOJIbOPY BUIIPOMiHIOBaHHS 3BUYaiHOi 'stumaposoi MIHIM ctpykTypu. Chepoio BUKOPHUCTaHHS €

MiIKpO€EJIEKTPOHIKa.

2. Heterojunction on the basis of A3B5 (GaN/GaAs; GaN /por-GaAs) i A2B6 (ZnO/ZnSe; ZnO /ZnS:Mn). Scanining
electron microscopre. X-ray diffraction, photoluminescence, This thesis dedicated to analysis of properties of
heterojunctions on the basis of single-crystal and porous A2B6 and A3BS5 structures obtained by radical - beam
epitaxy. For reduction of stress in heterostructure GaN /GaAs it is offered to use porous substrates GaAs. The
epitaxial layer GaN grown on the porous GaAs substrates is found to have no cracks on the surface. By results of a
Raman spectroscopy, XRD measurements and analyses of spectra of a photoluminescence the stress GaN-films
obtained on single-crystal (1GPa) and porous GaAs substrates (0,4 GPa) are determined. With the help of
nitridation of porous GaAs (001) in nitrogen plasma thin films cubic - GaN were obtained. The conclusion was
made that quality of the GaN films is dependent on the degree of porosity of the GaAs substrate. The samples of
porous GaAs were fabricated by an electrochemical method on n- and p- type GaAs. Low-frequency Raman shift of
the peaks, conditioned by the main optical phonons, in the Raman spectra of the porous GaAs was observed.
Estimations of the size of nanocrystals in a porous GaAs by results of a Raman spectroscopy, photoluminescences
and scanning electron microscopy are in a good agreement within the limits of 5-10 nm. In PL spectra porous GaAs
layers both n- and p-type the broad peak in the region of 590-650 nm was observed, that bound with
quantumsized effects as a result of formation of nanoobjects. The simulation of nitridation process of GaAs has
allowed to establish technological conditions at which there is a full replacement of As atoms by atoms of azote in
substrates GaAs and in surface area GaAs thin films of GaN are created. Depending on modes of radical-beam
epitaxy the structures p-ZnO/n-ZnSe and p-ZnO/p-ZnSe/n-ZnSe are obtained. The photoluminescence of ZnO
layers obtained by a method of radical-beam epitaxy is studied. The luminescence of Tm3+ in p- type ZnS and Er3+
in p- type ZnSe. The doping with rare - earth elements was performed by means of ion implantation in n-type
materials. The post- implantation annealing of the radiation damages was performed in the atomic flux VI group
elements. The interaction of such a flux with the treated crystal leads also to the inversion of the conductivity of
these semiconductors to p-type. It was found that in both cases rare -earth elements occupy zinc sites. Doping



with oxygen of ZnS:Mn films was performed by annealing at 673 -873 K in an atomic oxygen flow obtained by a HF
discharge. The effect of such a doping on the electro optical, luminescent and photoelectrical characteristics of
thin-film electroluminescent structures based on these films has been studied. The following changes in the films
doped with O have been revelated from the obtained results: 1) the appearance at the upper interface of a thin ZnO
layer and under it a ZnS1-x Ox layer with x < 0,013; 2) an increase of the concentration of Znvacancies and their
complexes with donors in the bulk of the film; 3) the appearance of point oxygen defects and their complexes with
other defects, e.g. with Mn2+ ions in the bulk.
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