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V. BimomocTi npo guceprauiio
Mosga guceprarii:
Koau TemaTHYHHUX PyOpPHK: 81.09

Tema gucepranii:
1. BriziuB yMOB €JIEKTPOHHO-TIPOMEHEBOI 30HHOI I171aBKU Ha BJIACTUBOCTI MOHOKPHUCTAJIIB KPEMHIIO.

2. Effect of the conditions of electron-beam zone melting in the properties of single crystal silicon.

Pedepar:

1. lucepTanifina po6oTa MpucBsYeHa NOCiKeHHIO BJaCTUBOCTE MOHOKPUCTAJIiB KPEMHIIO, OJlep>KaHUX METO/IOM
€JIEKTPOHHO-TIPOMEHEBOI 6€3TUreJIbHOI 30HHOI IIJIaBKU i3 3aCTOCYBaHHSIM Pi3HUX TEXHOJIOTIYHUX 3aXOMiB IJ1s1
noTped MiKpoeneKTpoHiKu. PO3paXyHKOBUM METOOM i eKCIIepUMEHTAJIbHO [TI0Ka3aHo, o padiHyBaHHS
MOHOKPHCTAaJIiB KPEMHIIO B [IPO1ieCi eJIEKTPOHHO-TIPOMEHEBOI 6e3TUreIbHOI 30HHOI I1J1aBKU 3a0€3I1eYy€eThCs
IpouecaMu lepeKkpucTanisauii i BUlapoByBaHHs Ta Jerasauii y Bakyym. BCcTaHOBJIEHO, 110 114 MifBALIEHHS
BaKyyMHOI YMCTOTH IJIABUJIBHOI KAMEPH 1 BAKYYMHOI CUCTEMH ii BiIKayKy HEOOXiZHO IPOBOJAUTU OGHOYACHO 3
IIPOMUBKOIO TeJtieM. [Toka3aHo, 0 €1eKTPOHHO-TIPOMEHEBA IJ1aBKa MOHOKPHUCTAJIiB KDEMHIIO 3 IE€PEMIlTyBaHHSIM
PO3ILUIaBy B 30Hi i 3 3aCTOCYBaHHSAM TEIJIO3aXMCHOrO €KpaHy N03BOJIsI€ 3HU3UTH IiJIbHICTh AUCJIOKALIiN 1 piBEHb
HaIpPY>XEHOr0 CTaHy B BUPOIIYBaHMX KPUCTasax, o MifBuiye ix enekTpodiznyHi xapakTepUCTHKU. BcTaHOBIIEHO,
110 MO€IHAHHS €JIeKTPOHHO-TIPOMEHEBOI 6e3TUTreIbHOI 30HHOI I1J1aBKH i3 IPOLECOM €JIeKTPOIIePEHOCY CIIPUSIE

IOOATKOBOMY OYMIIEHHIO MOHOKPHUCTAJIIB KPEMHIIO Bif] JOMIIIOK. [IoKa3aHo, 0 MIpY MPOMYCKaHHI €JIEKTPUYHOTO



CTPyMY Uepe3 3pa3ok B IPOLECi IIIIaBKU (POPMYETHCS BIOPSIAKOBaHA KPUCTANIiYHA PELIiTKa, KA CIIPUSE 3HIDKEHHIO
PiBHS BHYTPIIIHIX HAIPy>KeHb i 3abe3Ievye MigBUILEHHS IMTOMOIO eJIEKTPOOIopy. 3MillTHEHHS MOHOKPHUCTAJIB
KPEMHIIO a30TOM, LIJISIXOM JIETYBAHHS IX B IIPOLIECI IIJIaBKU, CIIpUsiE MiJBUILIEHHIO MEXaHIYHUX XapaKTEPUCTUK i

MOJINIIEHHIO iX eJ1eKTPOQi3NYHUX BJIACTUBOCTEM.

2. The thesis deals with investigation of properties of silicon single-crystals for the needs of microelectronics,
produced by the method of electron beam crucibleless zone melting with application of various technological
measures. Calculation method and experiments were used to show that refining of silicon single-crystals during
electron beam crucibleless zone melting is achieved due to processes of recrystallization and evaporation, as well
as degassing in vacuum. It is established that in order to improve vacuum purity in the vacuum chamber and
vacuum system, its pumping down should be performed simultaneously with helium purging. It is shown that
electron beam melting of silicon single-crystals with melt mixing in the zone and with application of a thermal
shield allows lowering the dislocation density and level of stressed state in the grown crystals that improves
electrophysical characteristics. It is established that combining electron beam cruciblelesss zone melting with
electric transfer process promotes further cleaning of silicon single-crystals from impurities. It is shown that at
electric current flowing through a sample during melting, an ordered crystalline lattice forms that promotes
lowering of the level of inner stresses and provides an increase of specific electrical resistance. Single-crystal
strengthening with nitrogen by their alloying during melting, promotes an increase of mechanical characteristics
and improvement of their electrophysical properties. Key words: perfect single crystals of silicon, electron-beam
crucibleless melting, removal from impurities, electrical resistivity, crystallization front is close to flat,
monocrystallinity, stress refining, doping from the gas phase process, technologic parameters.
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