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6araTolapoBUX CTPYKTYP

2. Resonant X-ray diffractometry near K-edges of absorption of components in studies of multilayer systems

Pedepar:

1. B pucepTauii HaBesleHi pe3yabTaTy AOCIIKEHb 0COOMMBOCTEN AUPPaKiii X-IIpoOMeHiB 17151 iHTepBay JOBXKUH
XBWIb B 0o6s1acTi K-kpaiB norsavHaHHsS KOMIIOHEHT 6iHApHUX CIIOJIYK, 1[0 MiCTSITh JedeKTH i opyiieHHs
cTexioMeTpii Npy BUKOPUCTaHHI KBa3i3abopoHeHUx pedieKciB. BcTaHOB/IEHO, 110 B 6iHAPHUX KPUCTaaX 3
0JIM3bKMMY HOMEPAaMU aTOMIB MiArPATOK AJIs1 HOBXUH XBUJIb 1106113y K-KpaiB NOrJIMHAHHS KOMIIOHEHT Aj1s1 K3P
MaloTh Micle guHaMivHi e@exTu po3cigHHs X-nipoMeHiB. OnHOYacHe BUKOPUCTAHHS CTPYKTYPHUX i
KBa3i3ab0poHeHuX pedieKCiB lae 3MOTy KOPEKTHO BU3HAUUTHU SIK XapaKTEPUCTUKU e PeKTiB, TaK i mapameTp
HecTexiomeTpii. BcranoBeno, mo B reometpii bperr-gudpakuii icHye MiHiMyM B eHepreTU4Hil 3anexHoCTi IB3,
KOTPUI1 BUKJIMKAHUI HAGIMKEHHSIM [0 HyJs [ificHOI yacTuHU KoedilieHTa poskiany Oyp'e Noasipu3oBaHOCTI

KpucTasy. XapakTep 3MiHU [TOJI0’KEeHHS MiHIMyMiB iIHTEHCUBHOCTI B 06J1aCTi JOBXXMUH XBUJIb 11067113y K-Kpais



IIOTJIMHAHHS KOMIIOHEHT BU3HAYA€ThCS BiIXUJIEHHSM Bif] CTEXiOMETPIi, SIKe BIIJIMBA€ HA BEJIMYUHY CTPYKTYPHOTO
¢daxTopa. Ha ocHOBI cIIiBCTaB/IeHHS eKCIIePUMEHTAJIbHUX | TeopeTUYHUX 3ayeskHocTel [B3 gy K3P Ta ix MiHiMyMiB
MOXKe OyTH BU3HAU€Ha CTeliHb HECTEXIOMETPUYHOCTI, a TAKOXK XapaKTepUCTUKHU MiKposedeKTiB B 6iHapHUX
KpUcTasnax. BctaHoBieHO, 1110 ITapameTp HECTEXIOMETPIi eMiTaKCiMHUX CTPYKTYP B 3HAYHIM Mipi 3aJIeKUTD Bif iX
CTPYKTYPHOI JOCKOHAJIOCTi (HasIBHOCTI KYJIOHIBCbKMX LIEHTPIB, 30araueHnx KpeMHieM). Tomy piBeHb JleTyBaHHS
IapiB aTOMaMU KPEMHIIO He 3aBXXA1 MOXKE KOPEJIIOBATU 3 KOHLIEHTPALli€l0 HOCIiB CTPyMY, gKa 3aJ1eXXaTh Bif Y1Cia
aTOMIB KPEMHIIO, 1110 3aMilllyI0Th ATOMU BJIACHUX KOMIIOHEHT KpHucTasa. PO3BUHYTO OCHOBU HEPYHHYIOYOTO X~
IIPOMEHEBOro AUQPaKLiTHOr0 METOAY KOHTPOJIIO HecTexioMeTpii 6iHapHUX KpUCTaliB Ha piBHI 010-5, a TaKOX
XapaKTepUCTUK MikpoaedeKTiB (po3Mip, KOHLIEHTPALlisl), sSIK1i1 6a3yeThCsl HA BUMipIOBaHHSIX €HEPreTUYHUX
3asnexxHocrelt IB3 nyis K3P i cTpykTypHUX pediiekciB B o6sacti K-kpaiB norsuHaHHsI. MeToaMyu peHTI€HiBCbKOI
Iudpakuii BU3Ha4eHO JedopMaliiiHui CTaH KOpOT-KonepiogHux Haarpatok AlxGal-xN/GaN, a Takox nepiof, i
TOBIIVHU MOrO 1IapiB, CKJIaJ, TBEPAOrO PO3YMHY. BUABJIEHO, 110 CTPYKTYPU, BUPOLIEHI 3 HU3bKUM CITiBBIIHOLIEHHAM
IIOTOKiB KoMIIOHEHT III /V, MaloTh 6isiblily CTYIiHb aTOMHOTO [1aJIbHbOT'O YIIOPSIAKYBAaHHS. BcTaHOB/IEHO, 1110 piBEHb
nedopmanin B nepioai HI' 3anexxuTs Bif, CHiBBiIHOIIEHHS TOBIIMH sma-6ap’ep. [TokasaHo, 1110 MBUAKOCTI POCTY
OKPEMUX LIApiB B 3HAYHIiN Mipi 3a7€XaTs Bif, JeOopMaLiliHOrO CTaHy CUCTEMH — P 301/IbIIEHH] HANIpyKEHb

301IbIIYETHCS MBUIKICTh POCTY 6ap’€pPHOrO LIapy

2. The dissertation presents the results of research of singularities of X-ray diffraction for the interval of
wavelengths in the region of the K-edges of absorption of components of binary compounds containing structural
defects and stoichiometric disturbances using quasi-forbidden reflexes (QFR). In particular, it was found that in
the binary crystals with close numbers of atoms of sublattice for the wavelengths near the K-edges of absorption
of components for the QFR there are dynamic effects of scattering of X-rays. Simultaneous use of structural and
quasi-forbidden reflexes makes it possible to correctly determine both the characteristics of defects and the
parameters of non-stoichiometry. For the wavelengths of the waves located between the two K-edges of the
absorption com-component, where the actual part of the structural factor for the guise- forbidden (QF) of binary
crystals is equal to zero, it is established that the integral reflectivity ability (IRA) is determined only by the
magnitude of its imaginary part. It is established that in the Bragg-diffraction geometry there exists a minimum in
the energy dependence of the electromagnetic spectrum, which is caused by the closure of the real part of the
coefficient of the Fourier decomposition of the polarization of the crystal. The nature of the change in the position
of the minimum intensity of intensity in the wavelength region near the K-edges of the absorption of components
is determined by the deviation from the stoichiometry, which affects the magnitude of the structural factor. On
the basis of comparison of the experimental and theoretical dependences of (IRA) for guise-forbidden reflexes
(QFR) and their minima, the degree of non-stoichiometry, as well as the characteristics of microdefects in binary
crystals, can be determined. It is shown that in real crystals and film structures with strong absorption, the
contribution of the diffusive component to the total reflectivity when using QFR is quite substantial and should be
taken into account for the correct determination of the defect parameter. The basis of the non-destructive X-ray
diffraction method of control-role of non-stoichiometry of binary crystals at the level of ~10-5, as well as the
characteristics of microdefects (size, concentration), was developed. The basis of this method is the measurement
of the energy dependences of the IRA for the QFR and the structural reflexes in the minimization of IRA. X-ray
diffraction methods have determined the deformation state of short-coperiod AlxGal-xN / GaN superlattices, as
well as the period and thickness of its layers and the composition of the solid solution. Structures grown with a low
ratio of III / V component flows have been found to have a greater degree of atomic long-range forging. It is
established that the level of deformation in the NG period depends on the ratio of the pit-barrier thicknesses. It is
shown that the growth rates of individual layers depend to a large extent on the deformation state of the system -
as the stress increases, the growth rate of the barrier layer increases
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