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1. Po3po6ka HayKOBO-TEXHOJIOTIYHMUX OCHOB XiMiKO-MEXaHi4HOrO N0JIipyBaHHs candipy AJ1s ONTHUKU Ta

MiKPOEJIEKTPOHIKN

2. Development of scientific and technological foundations of chemical-mechanical polishing of sapphire meant for
optics and microelectronics

Pedepar:

1. Incepralist pUCBAY€HA BCTAHOBJIEHHIO HAYKOBO-TEXHOJIOTIYHMX 3aKOHOMIPHOCTE! OTPUMaHHS
(yHKILIOHATILHAX MOBEPXOHB carndipa BUCOKOI ONITUYHOI SIKOCTi Ta CTPYKTYPHOI JOCKOHAJIOCTI /17151 3aCTOCYBaHHSI B
MIKpPO- Ta ONTOEJEKTPOHILi. JJOCHiIKEHO CTPYKTYPY MOPYLUIEHOTO NMPUIIOBEPXHEBOTO APy Ta CTPYKTYPHY
IIOCKOHAJIICTh [10BEPxHi canipy micsis pi3HUX BUJiB 0OpOOKU. BCTaHOBJIEHO BiICYTHICTb MOJIKPUCTATiIYHO]
CKJIa[IOBOi B IIOPYLIEHOMY IIapi Ta HasIBHICTb IVIACTUYHOI fedopmallii. BusHauYeHO po3noin KpUCTAITIiB 3a
po3MipaMy Ta MMOKa3aHOo, 1O B SKOCTi KPUTEPIiI0 CTPYKTYPHOI JOCKOHAJIOCTi IOBEPXHI MO>KE€ BUKOPHUCTOBYBATHCS
IapaMeTp CcepelHbOKBAIPaTUYHOTO PO3BOPOTY MiKpodparmeHTiB. Po3po6sieHO HayKOBi OCHOBU Ta OIITUMI30BaHO
TEXHOJIOTiYHI YMOBH XiMiKO-MexaHiqyHoro nosipysaHHs (XMII) candipa. 3anponoHosaHo Mopesb nponecy XMII,
3rifHO gKOi Ha NOBePxHi candipy B pe3yJbTaTi NPOTiKaHHS XiMiuHKX peakiilt Mbk Al203 u SiO2 yTBopioeThbCs

amopduuii map anomocuinkara Al2SiO5, mpuyoMy MBUIKICTb B3a€EMOii BUBHAYAEThCS TUy3i€lo pearyiounx



PEYOBVH B 30HY peaklii. BcTaHOBJIEHO OpieHTaliliHy aHI30TPOIIII0 Ta KyTOBY 3aJIEKHICTh WBUIAKOCTI XMIL
[TokaszaHo, 10 WBUAKICTh 3MEHILIYETHCS B psiay kpuctanorpadivnux miomuH (0001)>(10-12)>(11-20), Pozpobieno
CKJIaJ, T10J1ipyBaJIbHOI CyCI€H3ii Ha OCHOBI IIOKCUY KPEMHIIO y BUIJISIZII a8POCKUITY Ta CIIOCiO nostipyBaHHS candipy 3
pizHOIO KpucTanorpagiqyHo0 opieHTali€lo noBepxHi. Ofgep>kaHo MiAKIaAKy 3 IOBEPXHEI0 BUCOKOI CTPYKTYPHOI
mockoHasocTi (beta = 5 5.6 KyT. cek) Ta onTuyHOi ynctoTH (kiac 20 /10 3a crangaprom USA MIL-0-13830),

mopcTKicTio Ra < 0.3 HM, a TakoxX Higkianku opienTanii (0001) 3 TepacHO-CXiI4acTO0 CTPYKTYPOIO [IOBEPXHi.

2. The thesis is devoted to establishment of scientific and technical regularities of the obtaining of new functional
sapphire surfaces possessing high optical quality and structural perfection, to be applied in micro- and
optoelectronics. Investigated are the structure of damaged surface-adjacent layer and the structural perfection of
sapphire surface subjected to different kinds of treatment. The absence of polycrystalline constituent in the
damaged layer and the presence of plastic deformation are established. The distribution of the crystal sizes is
determined, and it is shown that the parameter of the mean-square turn of the micro-fragments may be used as a
criterion of the structural perfection of the surface. Scientific foundations of chemical-mechanical polishing of
sapphire are developed, and the corresponding technological conditions are optimized. Proposed is a model of the
process of chemical-mechanical polishing based on the assumption that the chemical reactions proceeding on the
surface of sapphire between Al203 and SiO2 result in the formation of amorphous layer of aluminum silicate
AI2SiO5. Thereat, the reaction rate is defined by diffusion of the reacting substances into the reaction zone.
Orientation anisotropy and angular dependence of the rate of chemical-mecanical polishing are established. It is
shown that the polishing rate diminishes in the sequence of crystallographic planes (0001) > (10-12) > (11-20). The
composition of the polishing suspension based on silicon dioxide in the form of aerosil is developed; a technique
for polishing sapphire with different crystallographic orientation of the surface is proposed. Obtained are sapphire
substrates with the surfaces of high structural perfection (beta = 5-5.6 ang. sec.), high optical quality (the class
20/10 according to the USA standard MIL-O-13830) and the surface roughness Ra < 0.3 nm, as well as the
substrates of (0001) orientation with step-terrace structure on the surface.
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