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Pedepar:

1. Incepraniiina po60Ta IPUCBIYeHA JOCTIIKEHHIO (POTOEIeKTPUIHNX Ta MEXaHIYHUX BJIaCTUBOCTEN KPEMHI€EBUX i
apCeHij, rajlieBUX MOHO- i JIEFOBAHUX CTPYKTYP 3 METOIO YAOCKOHAJIEHHS TEXHOJIOTI] iX BUTOTOBJIEHHSI, & TAKOXK
PO3po0Lii OpUTiHaNIbHOI METOAMKY 1ialrHOCTUKU MEXaHIYHOTO CTaHy KOHJEHCATy I1if], yac oro eniTakCiliHoro
OCAPKEHHS 3 JOIIOMOIOI0 ONITUYHOI JedeKToMeTpil. Y BCTyli O6I'PYHTOBAHO aKTyaJIbHICTh POOOTH;
c(OpPMYIIbOBAaHO METY, OCHOBHI 3aBJIaHHS1, 00'€KT Ta NPeIMET JOCiI)KEHHS; BKA3aHO HAyKOBY HOBU3HY i IPAKTUYHY
L[iHHICTh OTPMMaHUX Pe3yJIbTaTiB; HaBeJeHO iHpOpMaLlilo PO OCOOMCTUI BHECOK 3/100yBaya, anpobdallito podbory, ii
CTPYKTYpY. Y NI€PIIOMY PO3JiJi AucepTalii OnrMcaHo 3arajbHi BJIaCTUBOCTI TPMHITPUIHUX CIIOJNYK Ta MIPUJIALIB Ha iX
OCHOBI, I€TaJIbHO [TPOAHaJi30BaHO IPUHLIUII POOOTH CBITI0i0iB, TPAaH3UCTOPIB Ta iHIINX HAHOPO3MIPHUX

€JIEMEHTIB Ha OCHOBi BUCOKOOMHMX KPEMHI€BUX CTPYKTYP, APCEHi rajlieBUX CIIOJIYK Ta OCOOJIMBO MPUIiNIEHO yBary



[IMTaHHSM TEXHOJIOTIYHMX MO>KJIMBOCTE MPELM3iTHOTO (OPMYBaHHS MEXAaHIYHO HE HAIIPY>KEHUX KOHI,EHCATIB.
Hitpup, ramiio Ta apceHig, rajiio — 1e M1MPOKOCMYTOBi HaMiBIIPOBITHUKOBI MaTepiany. BoHM € HalnonyspHIilIUMHA
MarepiasiaMy IicJjsl KpEMHI0 Y IPOMUCJIOBOCTI HAlliBIPOBiJHYKIB. YHiKa/IbHE [10€JHAHHS Pi3UKO-XiMIYHUX
BJIACTVMBOCTEN HITPUAY rajliio i apCenimy rajiio gae 3MOry BAKOPUCTOBYBATH iX fK PillEHHS Y MMPOKOMY Jiana3oHi
TEXHOJIOTIYHUX 33]1a4 CTBOPEHHS €JIEKTPOHHOI TeXHIKM. 3aBISKM BUCOKil TEMIIEPATypHIill CTabiIbHOCTI Ta XiMiyHil
CTilIKOCTi, BOHM MOYTb OYTH BUKOPUCTaHI TaKOX /1J1s1 CTBOPEHHSI BUCOKOTEMIIEPAaTypPHUX i IOTYy>KHOCTPYMOBUX
HAaIliBIPOBIIHUKOBUX NIPUJIALIB. Y APYyroMy pO3fii gucepTauii IpoBeeHO aHali3 ONTUYHUX BIIACTUBOCTEN
TPUHITPUAHUX CIOJIYK Pi3HMMU METOAAMU Ta MTOKA3aHO, O CIIEKTPU MOIJIMHAHHS, CIIEKTPU BUIIPOMiHIOBAHHS Ta
YaCTOTHI XapaKTepUCTUKU COOPMOBAHUX CTPYKTYP B 3HAYHIl Mipi 3aj1eaTh Bif] XiMiYHOTO CKJIaly KOMIIOHEHT,
CIIOPiIHEHOCTi MaTepiasiB, TEXHOJIOTII POpMyBaHHS KOHIEHCATIB i, 3BUYalHO, SIK HACJ1iOK, MEXaHIYHOTO CTaHy
(dyHKUioOHaIBHMX 1apiB. [Toka3aHo, 0 JOBXWHU XBUJIb BUIIPOMIHIOBAHHS i BiJIIOBIAHO MOTJIMHAHHS B 3HAYHIN Mipi
BM3HAYaIOTLCS HE TiJIbKU CTPYKTYPOIO i CKIaZ0BMMU MaTepiasamMu, a i TEXHOJIOTI€I0 iX OTPMMAaHH4, 110 BiANoBinae
3a/layaM i HayKOBUM Hai0aHHSAM J1aHOi po6oTu. CaMe KOHTPOJIb MEXaHIYHOTO CTaHy HAaHOKOHIEHCATy B IpoLieci
1ioro ¢opMyBaHHs € KJII0YOBUM (PAKTOPOM, SIKUH € MIrPYHTSIM 17151 YIIPaBJliHHS TEXHOJIOTIYHUMU NIPOLieCaMHu 3
METOIO 3aro06iraHHs HaJ/IMIIKOBUX HAMIPYKEHOCTe! i, IK HACJiLOK, 3MiHN e/1eKTPOo(i3nIHNX BIACTUBOCTEN Bif, iX
HOMIHaAJIbHUX 3Ha4YeHb. Y TPETbOMY PO3[iJii JucepTallii OCHOBHA yBara Ipu/iijieHa po3po01ii MO3ULIHO YyTINBUX
(OoTOHETEKTOPIB, PO3IJISHYTI KOHCTPYKLi, BU3HAU€H] IIepeBaru Ta HeloJIiKu eKCIlyaTallilHUX XapaKTePUCTUK
KOXKHOTO i 3alIPONIOHOBAHMX MO3ULIIHO YyTINBUX (OTOAETEKTOPIB 3 METOIO IX BUKOPUCTAHHS AJ1s1 IiarHOCTUKU
OpuH i3 3anIpPONIOHOBAHUX BapiaHTiB CTBOPEHHS CUCTEMU BUMIiPIOBaHHS BUTHHY IVIACTHH IIif] 4aC OCAM>KEHHS
IIOJISITA€ B CIiJIBHOMY BUKOPUCTaHHI BUNIPOMIHIOBaYa i MO3ULINHO YyTAMBOro PoTofeTekTopa. HeobxigHicTh y
MO3ULIMHO-4yTJIMBOMY aHaJIi3aTOPi 3yMOBJIEHA TUM, 110 3BUYaliHi (OTONPUIMAYi HE BOJIOIIIOTb MOXKJIMBICTIO
BiZICJIiIKOBYBATH NEPEMIIIEHHS [1aJaI0490T0 HA HUX CBITJIOBOTO IPOMEHS. JJOOATKOBI MPUCTPOi 3HAYHO
YCKJIQHIOIOTh KOHCTPYKIiI0 ONITUYHUX AATYUKIB, SMEHIIYIOTb iX HAJIIMHICTb i YTPYIHIOIOTh MiKPOMiHiaTIOpU3aLilo.
Tomy BesIbMU NIEPCIEKTUBHUM SIBJISIETHCS CYMillIEHHS aHali3aTopa Ta OTOoNpHUiiMaya B OLHOMY IPUIafi TOOTO
NO3ULIHO-YyTIMBOMY Le(IEeKTOMETPI. Y ueTBepTOMY PO3iji AucepTallii po3ryssHyTO OCHOBHI Pe3yJbTaTu
IIPAKTUYHOTO BTiJIEHHS 3aIIPONIOHOBAHOI METOIMKY aHaJli3y BUTUHY IIJIACTUH MiJl 4aC OCAIyKEHHS TPUHITPULIB B
peakropax MOC rigpunHoi emnitakcii npu BUCOKi# Temnepatypi. s ineHTudikalii peaabHOro cTaHy CTPyKTypu
mizKiagKa-KOHEHCAT 3alIPOIIOHOBAHO OPUTiHAIbHY KOMGIHOBaHY MO3ULiHY XapaKTEPUCTUKY 3 JOTIOMOTIOIO SIKOI
BIAETHCS B PEaJIbHOMY 4aci BiC/IiIKOBYBaTH MeXaHIYHMI cTaH GOPMyBaHHSI HAHOCTPYKTYP. BaXk/iMBUM HayKOBUM i
[IPaKTUYHUM PE3YJIbTATOM SBUJIOCh BUMiPIOBAHHS BUTMHY IJIACTHH ITiCJIS IIPOLECY OCAIKEHHS ILTiBOK. 3aBISKU
BMMIPIOBAaHHIO CTPi/IM BUTMHY BAAJOCh PO3pPaxyBaTy BeJIMYMHY MEXaHIYHUX HAMPYKE€HOCTEN B C(POPMOBAHUX
IUTiBKAxX Ta HaJjaTU PEKOMEHallii 10 OTPMMaHHIO MEXaHIYHO CTabiIbHUX TPUHITPUIHUX CIOJIYK OJIS
OIITOEJIEKTPOHHUX NPUJIaLiB i mpucTpoiB. Kito4oBsi cjoBa: KpeMHIl, apceHin rasiio, GoTouyTIUBUM eJeMeHT,
I1y3is, HTOHHE JIETYBaHHS, OIITUYHMI KOHTPOJIb, I03ULiIHO-YYyTAUBUNA (POTOLJIETEKTOP, PO3CiIOBaHHS CBITJIa,
€JIEKTPOIPOBiIHICTh, iH(ppauepBOHi BUITPOMiHIOBaYi, MOJISIPHI KpUCTAIH, CBITJIOLiOAN, TEPMOIIOAN, TEPMICTOPH.
2. The dissertation is devoted to the study of the photoelectric and mechanical properties of silicon and gallium
arsenide mono- and doped structures with the aim of improving the technology of their manufacture, as well as
the development of an original method for diagnosing the mechanical state of condensate during its epitaxial
deposition using optical deflectometry. The introduction justifies the relevance of the work; formulates the
purpose, main tasks, object, and subject of the study; indicates the scientific novelty and practical value of the
results obtained; provides information about the personal contribution of the applicant, the testing of the work,
and its structure. The first chapter of the dissertation describes the general properties of trinitride compounds
and devices based on them, provides a detailed analysis of the operating principle of light-emitting diodes,
transistors, and other nanoscale elements based on high-resistance silicon structures and gallium arsenide
compounds, and pays particular attention to the technological possibilities of precision forming of mechanically
stress-free condensates. Gallium nitride and gallium arsenide are broadband semiconductor materials. They are
the most popular materials after silicon in the semiconductor industry. The unique combination of the physical



and chemical properties of gallium nitride and gallium arsenide allows them to be used as solutions in a wide range
of technological tasks in the creation of electronic equipment. Due to their high temperature stability and
chemical resistance, they can also be used to create high-temperature and high-current semiconductor devices.
The second chapter of the dissertation analyzes the optical properties of trinitride compounds using various
methods and shows that the absorption spectra, emission spectra, and frequency characteristics of the formed
structures largely depend on the chemical composition of the components, the affinity of the materials, the
technology of condensate formation, and, of course, as a consequence, the mechanical state of the functional
layers. It is shown that the wavelengths of radiation and, accordingly, absorption are largely determined not only
by the structure and constituent materials, but also by the technology used to obtain them, which corresponds to
the objectives and scientific achievements of this work. It is the control of the mechanical state of the
nanocondensate during its formation that is the key factor underlying the management of technological processes
in order to prevent excessive stresses and, as a result, changes in the electrophysical properties from their
nominal values. The third chapter of the dissertation focuses on the development of position-sensitive
photodetectors, the designs are considered, the advantages and disadvantages of the operational characteristics of
each and the proposed position-sensitive photodetectors are determined with the aim of using them to diagnose
the mechanical state of the deposited condensate at high temperatures in MOS hydride epitaxy reactors. One of
the proposed options for creating a system for measuring plate deflection during deposition involves the combined
use of an emitter and a position-sensitive photodetector. The need for a position-sensitive analyzer is due to the
fact that conventional photodetectors are not capable of tracking the movement of the light beam falling on them.
Additional devices significantly complicate the design of optical sensors, reduce their reliability, and hinder
miniaturization. Therefore, combining an analyzer and a photodetector in a single device, i.e., a position-sensitive
deflectometer, is a very promising approach. The fourth chapter of the dissertation discusses the main results of
the practical implementation of the proposed method for analyzing plate bending during the deposition of
trinitrides in MOS reactors of hydride epitaxy at high temperatures. To identify the actual state of the substrate-
condensate structure, an original combined positional characteristic is proposed, which allows real-time
monitoring of the mechanical state of nanostructure formation. An important scientific and practical result was
the measurement of plate bending after the film deposition process. Thanks to the measurement of the deflection,
it was possible to calculate the magnitude of mechanical stresses in the formed films and provide
recommendations for obtaining mechanically stable trinitride compounds for optoelectronic devices and devices.
Keywords: silicon, gallium arsenide, photosensitive element, diffusion, ion doping, position-sensitive
photodetector, mechanically stressed thin film, volt- ampere characteristic, PSF steepness, free path length,

minority carrier lifetime, diode, transistor, nanostructured element.
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VIII. 3ak1104Hi BiZOMOCTI
BaacHe IlpizBume Im's I1o-6aTbKOBI Tarapuyk ]MuTpo JIMuTpoBud

TOJIOBH pajgu



BaacHe IlpizBume Im's I10-6aTbKOBI Tarapuyk ]MuTpo JIMUTpOBUY

TOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBimanbHuMil 3a MiArOTOBKY BepGitpkuit Jimurpo Onerosuy
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaToJIiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




