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Pedepar:

1. Texnosorist razogasnoi enitakcii 3 Metasoopraniunux cnonyk (FOE MOC) Ha 1aHuit MOMEHT € Hal6iIbII
KOMEPLiTHO MacTaboBaHMM METOZOM eNiTaKCiliHOro HapoIllyBaHHS LIMPOKOTO CIIEKTPY MaTepiasliB Ha OCHOBI
TBepAuX po34yuHiB Alll-BV 1i1s oTpruMaHHS SIKiICHUX ITPUJIAJIOBUX FeTEPOEITITAKCIMHNX CTPYKTYp. XiMiyHa KiHEeTHKa
€IiTaKCiMHOrO HAapOLyBaHHA € HAJ3BUYaMHO TEMIIEPATYPO3AJIEKHOI0, TOMY B IIpOLeci POpMyBaHHS
HaIMiBIPOBIIHUKOBUX CTPYKTYP HEOOXiZHUM € in-Situ KOHTPOJIb MapaMeTpPiB 3pOCTaI0YNX eMiTaKCIMHMX MapiB.
3acTrocyBaHH4 in-situ MeTOiB, 3aCHOBaHMX HA B3a€MO/Iii €JIEKTPOHIB YU iOHIB 3 IOBEPXHEIO, € HEMOKJIMBUM [1JI51
I'QE MOC 4epes BifiCyTHICTh IMIMOOKOrO BaKyyMy B DOCTOBIl KaMepi Ta HassBHOCTI ITOTOKY raszy-Hocis. Tomy,
OIITMMi3allisd Ta BOCKOHAJIEHHS METO/IB, 110 HAMPABJIE€HI Ha ITIOKPALIEeHHS ITapaMETPIB ONTOEJIEKTPOHHUX

IipOMETPUYHUX CUCTEM [1JI51 KOHTPOJIIO IIpolecy ra3zodasHoi eniTakcii 3 MeTasoopraHiyHuX CIIOJYK € HaJ3BUYaliHO



aKTyaJIbHUM HAIPSIMOM y PO3BUTKY TE€XHOJIOTH emniTakcii. [lucepTauiiiHa po6oTa MpUCBsSYeHa po3pooLi Ta
TIOCIIIPKEHHIO ONTOENEKTPOHHOI TIPOMETPUYHOI CUCTEMU 7151 IPELU3iTHOTO BUMIPIOBaHHS TEMIIEPATYPH,
TOBIIMHY 3pOCTAl0Yoro Mapy Ta JUHaMiKu 3apOJI’KeHHsI KJIaCTePiB eNiTakCiiHUX apiB, oTpuManux metonom 'OE
MOC. MeTo10 po60TH € po3p0oOKa ONTOEJIEKTPOHHOI CUCTEMHU NipoMeTpa-pedeKTOMeTpa [AJ1s1 AiarHOCTUKA
rapameTpiB NOBEPXHi HamiBIpoBigHMKOBUX 1wapiB Alll-BV Ta nocigkeHH ii XapaKTEPUCTUK B YMOBaX AUHAMIYHOI
3MiHM KoedillieHTa BUIIPOMiHIOBaHHS B Npolieci pocty. [IpenMeToM NOCTiIKEeHHs € MeTOU i 3acobu MifBULIEeHHS
TOYHOCTI NIPOMETPUYHOTO KOHTPOJIIO [IapaMETPIB €MiTaKCiHUX MAapiB 31 3MIHHOIO eMiCiliHOIO 3maTHicTio. HaykoBa
HOBU3Ha I10JISITA€ Y BCTAHOBJIEHH] aHAJIITUYHUX 3aJIEXKHOCTEN NOXUOKM BU3HAYEHHS IIapaMeTPiB eMiTaKCiiHuX
MIapiB Bif] XapaKTEPUCTUK ONTOEJIEKTPOHHUX KOMIIOHEHT MiPOMETPUYHOI ONITOEJIEKTPOHHOI cuctemMu. Po3pobiieHo
Ta BUTOTOBJIEHO P+-N POTONIOAHY CTPYKTYPY [JIs1 3aCTOCYBaHHS B IPELUBIMHUX pazio- Ta POTOMETPUYHUX
BUMIpIOBaHHSX. BCTaHOBJIEHO B3a€MO3B'I30K MK XapakTepucTtukamu (FWHM, koediuientu popmu ta
IIPOITYCKAHHS) By3bKOCMYTOBUX ONTUYHUX (PiNBTPIB Ta TOUHICTIO BUBHAYEHHS 1apaMeTPiB eNiTaKCiliHUX mapiB.
3anpornoHoBaHo iHTepdepeHLiliHy CTPYKTYPY 3 MEHIIOO KiJIbKICTIO 1IapiB, 110 IOKPalMiIo HalilHICTh Ta
CTabiJIbHICTh ONTUYHUX IapaMeTPiB NipOMETPUYHOI CUCTEMU Ta 3a6€3MeYnyI0 MiHiMaIbHy NOXUOKY BUMipIOBaHb.
BcraHoBineHo, o (i3uko-xXiMiuHa gerpajanis mapis iHTepdepeHLiiiHOi CTPYKTypy NIPU3BOAUTD JI0 301/IbIIE€HHS
FWHM 6inblne, HiXX B 2 pa3u, 3 OMHOYACHUM 3MilllEHHSIM [IEHTPaJIbHOI JOBXUHU XBUJI. 1]e cnpuinHsIe 306ibIIeHHS
NIOXMOKYU BU3HAYEHHS TEMIIEPATypH Ta 3HAUYHO 3MEHIIYE /iala3oH TeMIepaTypy BUMIPIOBaHHS €MiTaKCiiHOrO Iapy.
BcTraHoB/I€HO allpOKCUMMALLiMHI 3aJI€5KHOCTI ITOTYKHOCTI OIITUYHOTO CUTHAJY ONTOEJIEKTPOHHOI MiPOMETPUYHOI
CHCTEMH BiJi TEMIIEPATYPU IIPOLECY, 110 AO3BOJISAIOTL PO3IWUPUTY HUKHIN TEMIIEPATYPHUN ialla30H BUMIPIOBaHb.
P036iKHICTb pO3paxyHKOBUX TEOPETUYHUX Ta €KCIIEPUMEHTAIbHUX Pe3yJIbTaTiB CTAHOBUTH MeHIIe 2%. Pe3ysbTaTi
IOCiIKeHb IIPOBEAEHYUX B IaHii qucepTalifiHiil po60Ti € 6a30BUMU [71s1 IPOEKTYBAHHS [IPELi3iiiHUX CUCTEM
IiaTHOCTMKY MapaMeTpiB IPOLECIB emiTakcii, o 3abe3nedye MiHiMi3aliio IOXUOOK BUMipIOBAHHS IapaMeTpiB
eniTakCillHuX mapiB 3i 3BMiHHOIO eMiCillHO0 37aTHICTIO. BU3HaUeHO aHaITUYHI 3a71€5KHOCTI IapaMeTpiB
OITOEJIEKTPOHHUX KOMIIOHEHTIB Bifj TOUHOCTi BU3HAUYE€HHS IiPOMETPUYHUX ONITUYHUX CUTHAaJIB. [IpencraBieHi
3aJIEXKHOCTI MOXKYTb OyTHA BUKOPHCTaHI [1J151 PO3POOKU NPEeUU3iiHUX pafio- Ta POTOMETPUYHUX CUCTEM IS
BUMIpPIOBaHHS ONTUYHOI IOTY>KHOCTi 06'€KTiB 3i 3MiHHOIO BUIIPOMIHIOBAJIbBHOIO 3[IaTHICTIO ¥ By3bKOMY
CIIeKTpaJIbHOMY Jiana3oHi. Po3po6eHi HaniBnposigHuKoBi AlGaAs /GaAs CBITI0[i0iHI reTePOCTPYKTYPU MOXKYThb
OyTy BUKOPUCTaHI B sIKOCTi 1Y mpkepesia BUIPOMiHIOBaHHS [1711 PO3POOKU ONITUYHUX CUCTEM KoJimalii 3
MiHIMaJIbBHUM KyTOM PO3XOIPKEHHSI IPOMEHIB. PO3p006JieHi HaniBIPOBiHMUKOBI (POTOCTPYKTYPH MOXYThb OyTH
BUKOPUCTAHI JJ1s1 PO3POOKU KpeMHieBUX HOTOIIOMIB NI MPEeu3iiHUX Pajlio- Ta POTOMETPUYHUX TOCITiIKEHb.
Kii040Bi cy10Ba: HAHOYACTUHKY, HAHOPO3MIpHI lIapy, HAHOCTPYKTYpH, reteponepexin, 'OE MOC, AlIIBV, ToHka
IJ1iBKa, CEHCOPH, NIPOBiIHICTb, BOJIbT-AMIIEPHI XapaKTEPUCTUKHY, JIETYBaHHS, KPEMHIH, TiOKCUL, KPEMHIIO, Aiox,
nipoMeTpis.

2. Metal-organic chemical vapor deposition (MOCVD) technology is currently the most commercially scalable
method for the epitaxial growth of a wide range of materials based on III-V solid solutions to obtain high-quality
device heteroepitaxial structures. The chemical kinetics of epitaxial growth is highly temperature-dependent,
making the in-situ monitoring of growing epitaxial layer parameters essential during the formation of
semiconductor structures. The application of in-situ methods based on the interaction of electrons or ions with
the surface is impossible for MOCVD due to the absence of a high vacuum in the growth chamber and the
presence of a carrier gas flow. Therefore, the optimization and improvement of methods aimed at enhancing the
parameters of optoelectronic pyrometric systems for monitoring the MOCVD process represent a highly relevant
direction in the development of epitaxial technologies. The dissertation is devoted to the development and
investigation of an optoelectronic pyrometric system for the precise measurement of temperature, the thickness
of the growing layer, and the cluster nucleation dynamics of epitaxial layers obtained by MOCVD. The aim of the
work is the development of an optoelectronic pyrometer-reflectometer system for diagnosing the surface
parameters of AIlII-BV semiconductor layers and investigating its characteristics under the conditions of dynamic
changes in emissivity during growth. The subject of the research focuses on the methods and means of improving
the accuracy of the pyrometric control of epitaxial layers with variable emissivity. The scientific novelty lies in



establishing the analytical dependencies of the error in determining the parameters of epitaxial layers on the
characteristics of the optoelectronic components of the pyrometric optoelectronic system. A p+-n photodiode
structure was developed and fabricated for application in precise radio- and photometric measurements. The
correlation between the characteristics (FWHM, shape factors, and transmittance) of narrowband optical filters
and the accuracy of determining the parameters of epitaxial layers has been established. An interference structure
with a reduced number of layers is proposed, which improved the reliability and stability of the optical parameters
of the pyrometric system and ensured minimal measurement error. It has been determined that the
physicochemical degradation of the interference structure layers leads to a more than twofold increase in the
FWHM, accompanied by a shift in the central wavelength. This causes an increase in the temperature
determination error and significantly reduces the measurement range for the epitaxial layer temperature. The
approximation dependencies of the optical signal power of the optoelectronic pyrometric system on the process
temperature have been established, allowing for the expansion of the lower temperature measurement range. The
discrepancy between the calculated theoretical and experimental results is less than 2%. The research results
obtained in this dissertation serve as a foundation for designing precise diagnostic systems for epitaxy process
parameters, ensuring the minimization of measurement errors for epitaxial layers with variable emissivity. The
analytical dependencies of the optoelectronic component parameters on the accuracy of pyrometric optical signal
determination have been defined. The presented dependencies can be applied to develop precise radio- and
photometric systems for measuring the optical power of objects with variable emissivity in a narrow spectral
range. The developed semiconductor AlGaAs/GaAs light-emitting diode heterostructures can be used as IR
radiation sources to design optical collimation systems with a minimum beam divergence angle. The developed
semiconductor photostructures can be utilized to create silicon photodiodes for precise radio- and photometric
studies. Keywords: nanoparticles, nanoscale layers, nanostructures, heterojunction, MOCVD, AIIIBV, thin film,
sensors, conductivity, I-V characteristics, doping; silicon, silicon dioxide, diode, pyrometry.
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MOJITEXHIYHM IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micuesnaxo,szeﬂml: npocnekT Bepecrericekuii, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

VIII. 3aKkJIr04Hi BiZoMOCTi



BaacHe IlpizBume Im's I10-6aTbKOBI Mauynancpkuit Oniexcanap Bikroposud
rOJIOBH pagu

Biacue IpizBume Im's I10-6aTbKOBI Mauynaucekuit Onexkcanzip Bikroposiy
rOJIOBYIOYOrO Ha 3acCimaHHi

BiamoBigasibHUE 32 MiZTOTOBKY Hogikos [lennc OnekcanipoBuy
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop FOpuenko TetsiHa AHaToJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




