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MeTonaMu 4MCIEHHOTO MOJAETUPOBAHUS MMOKA3aHO, YTO MPUYMHON TOSB-
JICHHSI TOHKOH CTPYKTYphl B M300paKCHUH 30HBI KPHCTAUIO00PA30BaHUS B BbI-
COKOTEMITepaTypHOM MeToj/ie Y0oXpanbCKOTO SBISIFOTCS MHOTOKPATHBIE OTpake-
HHSI M3JIyYEHHs] HarpeBarelisi OT NMOBEPXHOCTEW paciuiaBa M KpuUcTaja. Ycra-
HOBJICHO, YTO TMapajulakC H300pa)KCHHsI MEHHCKA SIBIISETCS WCTOYHUKOM IIO-
TPEIIHOCTEN M3MEPEeHMM HUaMeTpa KpUCTaula W MPOSBISETCA MPU BapUaLIUASIX
YpOBHS paciijiaBa M JuaMeTpa KpUCTalla, CMEUICHHUSIX OCH KpUCTalia, U3MeHe-
HUSX T€OMETPUU POCTOBOM YCTAaHOBKM U CXeMbl U3MepeHus. [lokazano, 4To mo-
TPEUIHOCTH U3MEPEHHUs AUaMeTpa KpUcTallja KpeMHUs, 00yCIOBICHHbBIE CMeEIe-
HUSIMH €TO OCH B auamnazoHe + 20 MM, MOTYT COCTaBJISThH JOJIHW MUJUTUMETPA, a
MOTPEIIHOCTH, BBI3BAaHHBIC BAapUAIMSIMU ypPOBHS paciiaBa, MOTYT JOCTUTaTh
eIMHUI] MUJUTUMETPOB nipu paguyce kpuctawia 100 mm (puc. 1.6). [Ipeanosxenst
METOJIbl KOMIEHCAIlMK OOYCIIOBJICHHBIX MapaylakcoM IOTPEIIHOCTEN u3Mepe-
Huil. Pe3ynpTaThl MOTYT OBITH HICIIOIB30BaHBI MPU OTPAOOTKE TEXHOJIOTHH BhI-
palMBaHys KPUCTAIJIOB U3 BHICOKOTEMIIEPATYPHOIO paciijiaBa U CO3JaHUU CHUC-
TEM TEXHUYECKOTO 3pPEHUs JUIsl COBPEMEHHBIX aBTOMAaTHYECKUX POCTOBBIX yCTa-
HOBOK.

It is shown by numerical modeling that the fine structure in the crystalliza-
tion zone image in the high-temperature Czochralski method appears as a result
of multiple reflections of radiation of the heater from the melt and crystal sur-
faces. The parallax of the meniscus image is found to be a source of errors in
crystal diameter measurements and to be initiated by variations of the melt level
and crystal diameter, changes in the crystal axis position, and modifications of
the growing system geometry and the measurement scheme. It is shown that the
measurement errors of the silicon crystal diameter due to displacements of the
crystal axis over the range + 20 mm can be fractions of a millimeter, and the er-
rors due to variations of the melt level can reach several millimeters with the
crystal radius of 100 mm (Fig. 1.6). Methods to compensate for the measurement
errors induced by the parallax are proposed. Results can be used for adjustment
of the technological process of crystal growing from a high-temperature melt and
for development of vision systems for modern automatic crystal pulling appara-
tus.
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Puc. 1.6. IlorpemHocTu ompeneneHusl paguyca MOHOKpPUCTaJUIa KpeMHUs dR,
00yCIIOBJIEHHbIE MApAJUIAKCOM H300paKeHUSI 30HBI KPHCTANI000pa30BaHMs, B 3aBU-

CUMOCTH OT ypOBHA pactuiaBa i miust R = 5, 50, 100 MM mpu yruie pocta KpucTamuia
79°

Fig. 1.6. Measurement error dR of the silicon single crystal radius caused by the
parallax of the crystallization zone image as a function of the melt level 4 for R = 5,
50, and 100 mm at a 79° angle of crystal growth
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