O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0501U000132
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpaunii: 24-04-2001

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Tpy6iuuH FOpiit Bacunbosuy

2. Trubitsyn Yurij Vasyl'ovych

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: nokrop Hayk
AcnipaHTypa//IOKTOpPaHTypa: Hi

IIIndp HayKoBOi crIeniasIbHOCTI: 05.27.06

HasBa HayKOBo'l' cneniaﬂbHOCTi: TexHoJiorisi, 0671aTHAaHHS Ta BUPOOGHULITBO €JIEKTPOHHOI TEXHIK1

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JaTa 3axHCTy: 06-04-2001

CneniasipbHICTB 3a OCBITOIO:

Micue po6oTH 34,00yBaya: JlepkasHuil HAYKOBO-AOCIiHMI TA IPOEKTHUI IHCTUTYT TUTAHY

Kopg 3a €IPIIOY: 00201081

Micue3Haxoa>KeHHs: 69035,m.3anopixoks, np.JleHina,180

dopma BaacHOCTI:

Cdepa ynpaBriHHS: [lep>kaBHUII KOMITET IPOMUCIIOBOI IOJTHKY YKpAiHK

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHOi BYEHOI pagH (pa30Boi CIeNiaai30BaHOi BY€HOI pagH): [1.67.052.03
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:

Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma ByracHoCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IToBHE HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0CO0H: Jlep>kaBHUIT HAyKOBO-[JOCIi/IHUIA Ta MPOEKTHUI iHCTUTYT

TUTaHy
Kopg, 3a €IPIIOY: 00201081

MicuesnaxomerHﬂ: 69035,M.3anopixoks, np.Jlenina,180

dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: Jlep>kaBHUI KOMITET IPOMUCIIOBOI MOJIITUKY YKpaiHU

InenTudikarop ROR: He zacrocosyerscs

V. BimomocTi npo guceprauiio
Mosga guceprarii:
Koau TemaTHYHHUX PYOPHK: 47.13.11

Tema gucepranii:
1. HagaucTi Ta CTPYKTYPHO BOCKOHAJIi MOHOKPUCTAIA KPEMHIIO 1714 LEeTEKTOPIB Ta IpUIMaYiB BUIIPOMiHIOBaHb
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Pedepar:

1. Tpy6iuus FO0.B. HaguucTi Ta CTPYKTYPHO NOCKOHAJIi MOHOKPUCTAJIM KPEMHIIO 17151 AeTeKTOPiB Ta IpuiiMadiBb
BUIIPOMIiHIOBaHb. -Pykonuc. [lucepTranis Ha 3M06yTTS HAyKOBOTO CTYIIEHS IOKTOPA TEXHIUHUX HAyK 3a
crnenianbHicTIo 05.27.06 - TEXHOJIOTIS, 061aIHAHHS Ta BUPOOHUITBO €JIEKTPOHHOI TEXHIKM. ~X€PCOHCBKUIA
IepkaBHUI TeXHIYHUH yHiBepcuTeT, XepcoH, 2001. [lucepralis npucBsyeHa NUTaHHSIM PO3POOKU TeXHOJIOTi]
OTPUMAaHHS Ta [OCJiI>)KEHHs eJ1eKTPOPi3NUHUX [1apaMEeTPiB HATUUCTUX Ta CTPYKTYPHO JOCKOHAINX MOHOKPUCTAJIIB
Si mJ1s1 IeTeKTOpiB Ta NpUiiMadiB BUIIPOMiHIOBaHb. 3aXMIIAE€THCS 46 HAyKOBUX Npalb (26 cTaTtel, 20 BUHAXO[IiB) B
SKUX [TOOYZ,0BAHO Ta €KCIIEPMMEHTAIbHO OOIPYHTOBAHO 3aBEPLUIEHUI KOMIJIEKT (Pi3NYHMX Ta MATEMATUYHUX
MogiesIel MTPOLIECB AJ1S1 PO3PaxXyHKY TEXHOJIOTIYHUX PEKMMIB 6ECTUreIbHOrO 30HHOTO OYUIIEHHS Ta BUPOILLyBaHHS
HaJ4UCTUX MOHOKPUCTAJIB Si 3 3aBAaHUMU €J1eKTPOPi3MIHUMU Ta CTPYKTYPHUMU NTapaMeTPaMu, BU3HAYEHHS
[IPUIATHOCTI MOJIIKPUCTAIIYHOrO Si 1711 OTPMMaHHS HaUUCTUX MOHOKPUCTAJIB Si , BUKJIQZEHO PE3YyJIbTaTU

KOMILJIEKCHOTO JIOCJIiI>KEHHSI Pi3HOMAHITHU X JpKepeJl TEXHOJIOTIYHUX 3a0pyiHEeHb, OOIPYHTOBAHO HEOOXIIHICTh Ta



peasi3oBaHO HOBIi JOJATKOBI IPOLIECH HU3bKOTEMIIEPATYPHOI Ta pafialiliHO-TepMidHOI peabiyiTanii
esleKTpoi3nIHMX TapameTpiB HaLYMCTUX Oe30MCIIOKALiHNX MOHOKPHUCTAJIIB Si Ta MifBUILIeHHS iX IIPY>KHOCTI IpU
MEXaHIYHUX Ollepalisix, BUKJIa[EeHO HAyKOBi Ta MPAaKTU4Hi 3acaiy IPOMUCIIOBUX METOIB BUCOKO PENPOLYKTUBHOIO,
BACOKOTOYHOT'O Ta OAHOPIIHOrO JIETyBaHHS MOHOKPHUCTAJIIB Si Pi3HOMaHITHUMY AOMIIIKaM1, HEUTPOHHO-
TPAHCMYTALiMHOrO Ta FaMMa-TPAHCMYTALIMHOTIO JieryBaHHs Si . Kll04oBi ¢j10Ba: MOKPUCTANIYHUN Ta
MOHOKPUCTAaJIIYHUI KPEMHili, 6eCTUTeIbHA 30HHA IJIaBKa, cerperailisi, TOMIIIKHY, TUI eJIeKTPOIIPOBITHOCTI,

[IMTOMUI €JIEKTPUYHUI OIIip, Yac >KUTTs1 HEBPiBHOBAXXEHUX HOCIIB 3apsify, JIeryBaHHSI.

2. Trubitsyn Yu.V. Ultra-pure and structurally perfect silicon monocrystals for detectors and receivers of radiation.
- Manuscript. Thesis for competition on engineering science Doctor's degree by specialty 05.27.06 - technology,
equipment and manufacture of an electronics. - Kherson state technical university, Kherson, 2001. The thesis is
dedicated to issues of manufacturing method design and research of electrophysical parameters of highpure and
structurally perfect Si monocrystals for detectors and receivers of radiations. 46 proceedings (26 papers, 20
inventions) are defended, in which set of physical and mathematical models of processes for account of
technological conditions of float zone purification and growing of superpure Si monocrystals with the prescribed
electrophysical and structural parameters and for definition of fitness of a polycrystalline Si for obtaining
superpure Si monocrystals is constructed and experimentally grounded. The results of a research of variuos
sources of technologi cal contaminatings are stated, the mechanisms of complexing and chemico-physical
transformations of components, which render influence to reproducibility, exactitude, and homogeneity of a
doping of Si from a gas phase are ascertained. It is established that apparatus background and residual atmosphere
are the basic carbon and oxygen contamination sources of a traditional level (i5.1016 cm-3) into grown Si
monocrystals. For the first time are offered, scientifically grounded and realized in industrial manufacture the
fundamentally new technological processes: method for coaxial non reloading vertical float zone purification of
polycrystalline Si rods with diameter up to 105 mm; method for pulsating float zone purification and Si
monocrystals growing; method for low-temperature and radiation-thermal rehabilitation of electrophysical
parameters of superpure dislocation-free Si monocrystals and for increasing of their plasticity at mechanical
effects; method for obtaining of exactly compensated high-ohmic Si monocrystals with n and p-types of
conductivity for it using in photodetectors and detectors of nuclear radiations on the basis of neutron and gamma-
transmutation doping. An industrial series of inductive thermal systems for group, individual, non reloading float
zone purification of silicon rods for various purposes and for growing of dislocation-free Si monocrystals with
diameter of 25-105 mm is developed. The techniques for researching of distribution pattern and behavior of C, Fe,
P, In, Ga, Na, H and Ar impurities during growing and aftertreatment of superpure silicon monocrystals with
applying of radioactive indicators 14C, 55Fe, 59Fe, 32P, 33P, 114In, 72Ga, 22Na, 3H and Kr are developed. The
influence of various technological factors to character of distribution and types of microdefects of crystalline
structure in dislocation-free Si monocrystals is investigated. On the basis of the analysis of criteria of heat
exchanging processes the growing conditions of dislocation-free Si monocrystals with th e given type of
microdefects are defined. The technological conditions, at which the growing of monocrystals with only D - type
microdefects ensuring preferential parameters of devices structures are developed. It is shown, that introduction
into volume of superpure Si monocrystals (where density levels of a basic impurity and densities of electrical active
defect-impurity centres are commensurable) of special doping components: isovalent impurities (IVI) - Ge, Sn, Hf
with concentration more than 5.1018 cm-3 and of rare-earth elements (REE) - Er, Ho, Dy, Gd, Yb, Lu with
concentration more than 1.1015 cm-3 renders strong influence to a condition of pint defect complexes and
processes of defect-impurity interaction; reduces the contents of background impurities Au, Cu, Na, Fe, Ti, W and
Cin Si at the expense of increase of segregation efficiency; reduces the contents of optically active O up to
concentration less than 2.1015 cm-3 in Si; reduces the contents of an admixture P in Si, that promotes reduction of
a compensation degree and, hence, results to increasing of an axial and radial homogeneity of specific resistance
distribution; suppresses creation of growth nonlinear defects and augments ?. Besides the suppression of optically
active center generation is occurred during thermal and nuclear influence on monocrystalline Si, and the

maximum effect is appeared in oxygen containing material. Si, which are grown in conditions of an additional



doping by IVI and REE, is a perspective material for manufacture of devices, for which the minimum contents of
background technological admixtures is the determining factor, in particular, for example, for detectors of ionizing
radiations. Key words: polycrystalline and monocrystalline silicon, float zone melting, segregation, impurities,
conductivity type, specific electrical resistance, minority carrier life-time, doping.
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