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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TeMaTHYHHUX PYyOPHK: 47.09.29

Tema gucepranii:
1. P03po61<a B COKOTOYHUX HpI/ICTpOiB KOHTPOJIIO TEMIIEPATYPU PO3IJIaABY Ta OHTMMiBauiH TEIJIOBUX YMOB IIpN

BUPOIIYBaHHI 37IMBKiB KpEMHIIO iameTpom 150 MM

2. Development of precise temperature control devices of melt and thermal conditions optimization growing
diameter 150 mm silicon ingots

Pedepar:

1. . O6'eKT - TEXHOJIOTisl BUPOLYBAHHS 3/IMBKiB KPEMHIIO 32 METOAOM Y0OXpabChbKOrO Ta ii yIOCKOHAJIEHHS 3 METOIO
OTPUMAaHHS CTPYKTYPHO-AOCKOHAJIMX 3JIMBKiB KPEMHIIO AiameTpom 150 MM; MeTa - KOMILJIEKCHE eKCIIePMEHTaJIbHe
BMBYEHHSI [IPOLIECiB TEINJIOMACcOIePEHOCY B PO3I1JIaBi KPEMHIIO [1py BUPOIyBaHHI 3/IMBKiB, HAYyKOBe OOIPYHTYBaHHS
METOJIMK KOHTPOJIIO TEMIIEPATyPU PO3ILJIaBy, HAYKOBE BU3HAUYEHHS ONITUMAaJIbHUX TEIJIOBUX YMOB BUPOIYBaHHS
3JIMBKiB KpeMHilo AiameT-pom 150 MM; MeToau - GyHIAMEHTabHi OJI0KEHHS TeI0()pi3uKu, MeTpoJIOrii,
TEXHOJIOTiI HaliBIPOBiJHNKOBUX MaTepiaiiB, MeTo[, - IY CIeKTPOCKOIIii, METO, - BPOILyBaHMX TEPMOTIAp, METOT, -
KiHII€BUX €JIEMEHTIB Ta Pi3HUILb; PE3YJILTATU - IIPOBELEHO €KCIIEPUMEHTAJIBbHI JOCIIiIPKEHHS 3aJI€5KHOCTI
TeMIIEpaTypH PO3IJIABY Bif IOTYKHOCTI HarpiBaya Ha CTaJlisIX pO3IJIaBJI€HHS, BATPUMKY, BUTSTaHHS IIUIKY, KOHyCa
i UMIiHAPOBOI YaCTMHM 3/IMBKY B IITATHOMY pexkuMi po6otu ycranoBku "PEIMET 30", no6ysoBaHO MaTeMaTU4Hy

MOJI€JIb TEMIIEPATYPHUX I10JIiB PO3IIJIABY i BU3HAYE€HO OCbOBUM i pajiiaJIbHUM TEMIIEPATYPHI ITPaJlieHTU B 3JIMBKY



KPEMHII0, PO3PO06JIEHO NIPUCTPOI KOHTPOJIIO TEMIIEPATYPH PO3IIABY, PO3POOIEHO METOIUKY KOHTPOJIIO
TE€MIIEPATyPH PO3IIABY 3 BUKOPUCTAHHSIM JBOX IIPOMETPUYHUX IIEPETBO-PIOBAYIB Y CKJIa/li €UHOTO KOMILIEKCY
3aco06iB aBTOMaTU3allii BUPOILyBaHHS 3JIMBKiB KPEMHIIO, YAOCKOHAIEHO TEXHOJIOTii BUPOIIYBaHHS 3/IMBKiB KDEMHIIO
3 METOI0 OTPU-MaHHS CTPYKTYPHO-JIOCKOHAINX MOHOKPUCTAJIB KpEMHIIo fiiameTpom 150 MM; HOBM3HA - BIEpILE Y
KOMILJIEKCI TOCJIiPKEHO BIUIMB IIBUAKOCTI BUPOILLYBAaHHS 37IMB-Ka, YACTOTU OOEPTAHHS TUIJIS TA 37IMBKA HA PO3MOLi
paziasbHOrO i 0CbOBOTO I'Pali-€HTIB TEMIIEPATYP B 3/IUBKY AiameTpoM 150 MM, TOCTIiIKEHO TeMIlepaTypHi MOJIs
poctoBoi yctanoBky PEJJMET 30 3 MeTO10 BU3HAYEHHS ONTUMAJIbHUX TEIJIOBUX YMOB BUPOLLYBAaHHS 3JIMBKIB
KpeMHilo fiiameTpom 150 MM, po3p0o6JIeHO CIOCi6 aBTO-MAaTUYHOTO KOHTPOJIIO TEMIIEPATYPU PO3ILIABY IPOTSTOM
BCBOT'0 TEXHOJIOTIYHOTO LIMKJLy, BIIEPIIE 3alIPOBAIKEHA KOHLEIILisl 3aCTOCYBAaHHS CUCTEMHU KOHTPOJIIO i Mif-TPUMKHU
TEMIIePATyPU PO3IJIABY [TPOTATOM BCbOTO TEXHOJIOTIYHOTO LMKITY, IO 3a-6e3edye OTPUMaHHS CTPYKTYPHO-
IOCKOHAJIMX 3JIMBKiB KDEMHIIO 3 PIBHOMIDHUM PO3NOIiIOMMIKpOAEe(dEKTIB 10 NOBXUHI 3/IMBKA; BIPOBAIKEHHS -
TEXHOJIOTIIO BIIPOBAIKEHO B €KCILIyaTalio Ha nignpueMctsi BAT "Uucti metanu", M. CBIiT/I0-BOLCHK; raynysb -
HigIIPUEMCTBA €JIEKTPOHHOI Tajy3i Ta rajay3eBi HayKOBO-[IOCJIiIHI iHCTUTYTH, 5Ki 3aIMalOTbCS BUPOILYBaHHSIM

3JINBKIiB.

2. Our object is - SZ medhod silicon ingots cultivation technology and its improvement with the purpose of
reception structurally accomplished silicon ingots with a diameter of 150 mm; the purpose is a complex
experimental study of heat-mass transfer processes of silicon melt with ignots cultivating scientific substantiation
temrerature control technics of melt scientific definition of optimum thermal condi-tions of silicon ignots
cultivation with a diameter of 150 mm; the methods are thermal physics fundamental rules metrology technologies
of semi-conductor materi-als, infrared spectroscory method cultivating thermocouples method, method of final
elements and differences; The results are that experimental researches of dependence of melting temperature
from heater capacity at melting endurance spindle drawing cone and ignot cylinder parts in regular mode
operations of installation " REDMET - 30 " are carried out. the mathematical model of melt temperature fields and
the axial and radial temperature gradients in a silicon ingot are determined, the devices of melting temperature
control are developed, the technique of melting temperature control with the use of two pyrometric converters in
a uniform complex structure of automation means in silicon ingots cultivation is developed, the technology of
silicon ingot cultivation is advanced with the purpose of getting structurally accomplished silicon monocrystals by
a diameter of 150 mm; The novelty - for the first time the influence of ignot cultivation speed, frequency of capsule
and ingot rotation on distribution of radial and axial temperature gradients in an ingot by a diameter of 150 mm,
are researched in complex, temperature fields of growing installation REDMET - 30 are investigated with the
definition purpose of optimum thermal conditions of silicon ingot cultivation by a diameter of 150 mm, the way of
the melting tempera-ture automatic control during all work cycle is developed, the melting temperature support
and the monitoring application system during all work cycle for the first time is introduced which provides
structurally accomplished silicon ingots getting with even distribution of microdefects on an ingot lenght
;implementation - the technol-ogy is put into operation at " Pure metals " enterpris, Svetlovodsk, branch - elec-
tronic branch enterprises and branch research institutes engaged in cultivation of ingots.
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