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PaccMoTpeHBI 1MyTH TOBBIIEHHS TOYHOCTH KOHTPOJSI BEIWYHMHBI OCTATOYHBIX HANpPSDKCHUH B
CTPYKTYpax JUOKCUJ KpPEeMHHs-MOHOKPUCTAJUINYECKas KpeMHUeBas Mouioxkka. I[IpuBeneHsl pe-
3yJbTATHl ONPENICIICHNS] YPOBHS OCTATOYHBIX HANPSDKEHUH B CTpyKTypax Si—SiO,.

BBenenue

B [1] 6bL10 OKA3aHO, YTO YPOBEHb HANPSUKCHHUII B OKCHIHBIX IUIeHKAX Gonee uem B 107 pa3
MPEBBILIACT YPOBEHb HANPSLKEHUH B KPEMHHUEBBIX MlacTHHAX. OJHAKO BCKpHITHE OKOH B Si0, mpHuBO-
IUT K NIEpepaclpeeeHUI0 HallpsHKEHNH. Y pOBEHb HANPSHKEHUH B MJIACTMHAX 3aBUCUT OT TOMOJIOTHMHU
MHUKPOCXEM, B Psifie CIIy4aeB UX BETMYHHA MOYKET 3HAUUTEIBHO IPEBBICUTH YPOBEHD IIEPBOHAYAIBHBIX
HaIpspKEHUM B OKCUAHOM TuieHKe. OCTaTOUHbIE HANPSHKEHNUA B KPEMHHMEBBIX CTPYKTYpax CYLIECTBEH-
HO BJIMSIIOT Ha IPOLEHT BBIXOAA TOJHBIX KPUCTAIJIOB M HAa HANESKHOCTh MHTETPATBbHBIX MHUKPOCXEM
(MMO).

Meroap! pacueTa BEIWYHUH JIOKAIbHBIX HANPSHKEHUH B dJIEMEHTaX MHMKPOCXEM B HACTOSIIEE
BpeMsi OTCYTCTBYIOT. B cBsI3M ¢ 3THM 00JbIIOe BHUMAaHKE YIESIeTCsl Pa3BUTHIO SKCIIEPUMEHTAIBHBIX
METOJI0B KOHTPOJISI OCTATOYHBIX HAIPSKEHUH.

B craThe paccMOTpEHBI MyTH MOBBIIIEHUS TOYHOCTH KOHTPOJISI BEIMYMHBI OCTATOUHBIX Harmps-
XKEHHUH B CTPYKTYpax AWOKCHJ KPEMHHUS-MOHOKPHCTAIIIMYECKAsi KpEMHUEBAs MOJI0KKa (ocHOBa). [Ipu-
BEJIEHBI MOJIYYEHHBIE C UX MTOMOILIBIO PE3yJbTaThl OMPENEIEHUS YPOBH OCTaTOUHBIX HANpsKEHUH B
crpykrypax Si—SiO,.

COBepIHeHCTBOBaHI/Ie METOAa KOHTPOJA OCTATOYHBIX HanmeeHnﬁ

AHam3 MeTOJOB OIpEIeNCHNUs] OCTaTOYHBIX HANpsDKEHWH, BO3HUKAIOIIMX B CTPYKTYpax
Si—SiO, mpu BBICOKOTEMIIEPATYPHOM OKHCJICHUM KPEMHHEBOW IUIACTHHBI, MOCIEAYIOMIEM OXJIaXKae-
HUU U CTPaBJIMBAaHHUHU TUIEHKH TUOKCUAA ¢ 0OpaTHOM (Hepaboueii) ee cTOpoHbI, mpuBeseH B [2, 3]. [o-
Ka3aHo, YTO HCIIOJb3yEeMbIE B HACTOSIIEE BPEMsI SKCIIEPUMEHTANbHBIE METOIBI KOHTPOJISI OCTaTOYHBIX
HaNpsDKEHUH SBIAIOTCS MHTETPabHBIMU, T.€. TMO3BOJIIOT MOMYy4YaTh 3HAUCHUS HAIPsDKEHUH, ycpea-
HEHHBIC TI0 TUIOLIAN CTPYKTYPHL.

WzMmepenne HanpshKEHUH B CTPYKTYpe TUIEHKa—TI0UI0KKa, KaK MPaBUIIO, TPOBOAAT MyTEM OII-
pelneneHus paanyca KpUBU3HBI CTPYKTYP BCIIEACTBHE H3rM0a, 00YCIIOBICHHOTO OCaKICHUEM HJIH BbI-
pallMBaHKUEM IUICHKH Ha OJHOW CTOPOHE MOJIOXKKH-OCHOBBL. HampspkeHus ¢ B miieHKe 00paTHO Mpo-
MOPLMOHATILHBI PainyCy KPUBU3HBIL:
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rae E, p — monyns FOnra u xosd¢unuent [lyaccona marepuana moayioxKH; d — TONIIMHA MOIJIOKKH;
p — paIuyc KpUBHU3HBI; /I — TONIIMHA TJICHKH.

Jns ompeneneHus JIOKAJNbHBIX HaNpsKEHUH B cTpyKTypax Si—SiO, mpemiokeHbl METO.b,
BKJIIOYAIONINE CEIEKTUBHOE MOATPABIMBAHUE KPEMHHUS y KpacB OKCUAHOMN NJIEHKH, ONpEAEIEeHUE OT-
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HOCUTEIBHOTO YUIMHEHHS CBOOOJHOTO Kpasi OKCHA IO paclpeneIeHUI0 HHTeP()EePCHIIMOHHBIX MaK-
cUMyMOB [4, 5]. BenmnuuHy HanpsbKeHH B OKCHIIE ONPEENISIOT 1Mo (popMyiie:
[ -1 E .
G = — o._7 2
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rae / — JuinHa cBOOOJHOr0 Kpast OKcuaa; /p— UCXOqHas ATMHA OKCUIHON IUIEHKU JI0 €€ OTAeNeHus; £y
w— Monyiab FOHra u kosddunuent Ilyaccona mieHku.

OTH METOJIBI MO3BOJISIIOT UCCIIEN0BATh OCTATOYHbIC HANPSHKEHUS B PEasIbHBIX pab0unX Kpem-
HHUEBBIX CTpyKTypax. OTaeneHue MIeHK: OT MOI0KKH MPOBOAST Yepe3 OKHA B UCCIIEAYEMOH IUIEHKE,
BCKpBIBaeMble MeTonoM ¢oroiurorpadguu mo pabounm ¢orormadionaM u3rorasauaeMbix NMC.
Wntepdepennmonnas xaptuHa B cTpykrype Si—SiO; n cxema u3ruda Kpasi OKCH1a KpeMHHS IpUBele-
HBI Ha PUCYHKE.

Ch

Is

Puc. 1. UnTepdepennmonnas kaptuna (a) u cxema m3ruda kpas SiO; (6):
1 — ctpykrypa Si—Si0,, 2 — ornencnnas nonocka Si0,, 3 — okHO B Si0,

Koneunyro amuHy Kpast OT/IEIEHHOM IUIEHKH B COOTBETCTBUU C puc. 1,6 onpenenstoT mo ¢op-

MyJe:
7\‘2 n 2
2 2
= 11+7+Z (=0 ) + s 3)
i=2
rac 11 — PacCTOAHUC OT TOUYKH OTCHUCTA 0 HepBOf/i JIMHUH I/IHTep(bepeH]_[I/II/I; I — HOMCp JIMHUU, n —

KOJIMYECTBO HHHHfI, l - 1.7 — PaCCTOSIHUEC MEXKAY ABYMS JIUHUAMU UHTC €pE€HIIMU C HOMEpaMu in
i i-1

(z' —l) ; A — AJIMHA BOJHBI CBETA, B KOTOPOM HalIoJanach nHTepdepeHMOHHast KapTuHa (U1 3eme-

Horo A=0,54 Mkm).
UroroBas gopmyna 1yis pacuera HanpspKEHHUH ¢ yaeroM (2) u (3) uMmeer BUA:
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[Tpumeps! nHTEPPEPEHINOHHBIX KapTHH, HAOIIOAAEMbIX BOKPYT OKOH Pa3IHMYHON KOH(UTY-
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panuu B TCPMUYCCKOM JUOKCUAC KPECMHU S, MIPUBCACHLLI HA PUCYHKE.

Puc. 2. InTepdepeHmonHbIe KapTHHBI, BO3HUKAIOIIUE B CTPYKTypax Si-SiO, npu oTneNeHnH Kpasi OKCUIHON
IUIEHKU OT OCHOBBI

OpHako moiryyaemasi HHTep(epeHITMOHHAS KapTUHA HE BCEra OTPaKaeT HCTUHHBIC 3HAUCHHS
OCTaTOYHBIX HAIMpPSHKEHUHM B CHUCTEME MOKPHITHE—OCHOBA. JTO CBSA3aHO C TEM, UTO KPOME TOYHOI'O OI-
peneneHus OTHOCUTEIBHOTO YIUTMHEHUs CBOOOIHOTO Kpasi OTMIEIICHHOW OT OCHOBBI TIOJIOCKU TMOKPHI-
THS, HEOOXOMMO €Il CO3aTh YCIOBUS JJIs MIOJIHOTO CHSATHUS HAIPSDKEHUH B CBOOOJHOM Kpae OTe-
JIEHHOH ITOJIOCKH.

OTtaeneHHas OT OCHOBBI BIOJb T'PAHULIBI OKHA MOJOCKA MOKPBITUS OIHUM KpaeM OCTaeTcs
CBSI3aHHOM C OCHOBOM, U B HEM COXpaHSCTCs] UCXOTHBIN YPOBEHb OCTAaTOYHBIX HampsokeHui. s cuc-
TeMbl Si—Si0; B OKCUIHOH TUICHKE, KaK MPaBUIIO, 3TH HATIPSDKEHUS SBISIOTCS CokuMaronmmiu. [1o me-
pe€ YBEMUYECHUS IHUPUHBI OTACISIEMON OT OCHOBBI MOJOCKH YPOBEHb OCTATOYHBIX HANPSDKEHUN B HEll
MMOCTENEHHO CHUXKAaeTcs. B CBOOOIHOM Kpae OT/IEICHHOM MOJIOCKH 3TH HATPSIKEHUS CHYDKAIOTCS ObI-
CTpee, B OCTANILHBIX, TApaJUICIbHBIX TPAHUIE OKHA CEUEHUSX, — MeIJIcHHee. B cBs3u ¢ 3TUM cBOOO/I-
HBI Kpall OTACICHHOHN MOJOCKU YIUIMHSIETCs Oonbine U nmpuodperaeT GopMy AYTH, MPUNIOAHUMASICH
HaJl OCHOBOM. B ocTanbHBIX, MapaiielnbHbIX [PAHUIIE OKHA CEUECHUAX OTACICHHOM MOJOCKU MOKPHI-
THS, CTpelia Iporuda Jyr MEHBIIIE.

Ecnu pa3mepsr okHa, Harpumep, KBaJapaTHOH (hOPMBI HEBEITUKU, TO HAOMIOAAr0TCs A(h(PEeKThI
B3aMMHOI'0 BIIUSTHUS NMPOTHOOB IJICHKH, OTIENMSAEMBIX BJONb COCEAHHMX TPaHUI] OKHA. B pe3ymnprare
OoJiee cTaOMITBLHON OKa3bIBACTCS KOH(PUTYpALUS OTIACICHHON MTOJIOCKH, TIPH KOTOPO HanOOJbINNE 3a-
30pbI MEXTYy OCHOBOH M TUICHKOW 00pa3yroTCs MO YIilaM OKHA, a B CepeluHaX CTOPOH OKHA TOJIOCKa
MPIKUMAETCS K OCHOBE (pHC. 2, a).

B cmyuae kpyrioro okHa OT/AEICHHBIN Kpall MOKPHITHS MPEACTaBISET COOOW 3aMKHYTYIO,
CTECHEHHYIO TIPUMBIKAIONINM K OCHOBE KOHTYPOM TOHKOCTEHHYIO 00OJIOYKY, YPOBEHB OCTATOUHBIX
HaIpsDKEHUH B KOTOPOH JOCTaTOYHO BBICOK (pHC. 2, 0).

Bo Bcex ciaywasx MaibIx pa3MepoB OKOH OTACIECHHYIO MOJIOCKY IJICHKH MOXKHO paccMaTpHu-
BaTh KaK TOHKYIO 00OJIOUKY, YPOBEHb HANPSHKCHUN B KOTOPOW Pa3HBIM B PA3IMYHBIX €€ CCUCHUAX, HO
CUMTATh, YTO HAIMPSHKCHUS B CBOOOJHOM Kpae OTIEICHHOH MOJOCKH OJNHM3KK K HYIIO HEIb3s, IMO-
CKOJIbKY TOHKHE OOOJIOUKH OTIHUYAIOTCS OOJBIION YKECTKOCTBIO U YCTOWYMBOCTHIO K BHEITHUM Ha-
rpy3kaM 3a  CYeT TPEeXMEpPHOH WX  KOH(HUTypalmuu W  CIOKHOTO  HAIpPsSHKEHHOTO
cocrostHus (puc. 2, 6—0).

Takum 00pa3oM, pacCMOTPEHHBIC BBIIIEC CIIOCOOBI MO3BOJISIFOT OMPENCIUTh TOJNBKO 3HAK Ha-
npsbkeHud B auokcuae kpemuus Si0O,, HO HE MO3BOJSIOT C JIOCTATOYHOW TOYHOCTHIO OMPEICIIUTh Be-
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JIMYMHY OCTAaTOYHBIX HANpsSKEHWH B HEM, TOCKOJIBKY HEW3BECTHBI OCTATOYHBIE HANpPSHKEHHS B CBO-
00IHOM Kpae OT/AEICHHON OT OCHOBBI MOJOCKH.

B cootBercTBHU € [6], IO YCIOBHIO MUHUMYMa CBOOOJHOM 3HEPTHH Kpai OTJeNIeHHON MOoI0C-
K{ TIOKPBITHA JOJKEH MPUHUMATH (JOPMY BOJIHBI C OCBI0 CHMMETPHH, JIekKallleH B CPEANHHOMN IJI0C-
KOCTH TOKpBITHA. OIHAKO, MMOCKOJIBKY MPOTrud MOJOCKH BO3MOXKEH TOJBKO B OAHY CTOPOHY, TO CBO-
OOmHBIA Kpail MOJOCKH M3THOaeTcs Mo HEKOTOPOH, KaK MPaBMIIO, HECHMMETPUYHON BOIHOOOpa3HON
KPHBOHM, CMELIICHHOW BBEPX OT OCHOBHI. BomHO0OOpa3HbIi M3ru6G cBOOOJHOIO Kpas MOKPBITHS COMpPO-
BOXKAAETCS MOTEPEil ero >KeCTKOCTH, MPHUCYIIEH 000J04YKaM, a OTAEICHHYIO OT OCHOBBI ITOJIOCKY ITO-
KpBITHS C 3TOF0 MOMEHTa MOXHO PAacCMaTpHUBaTh KaK TOHKYIO IUIACTUHKY HYJIEBOW TOJILMHEL, 3a-
HIEMJICHHYIO TIO Kpalo, IPOTUBOIOJIOKHOMY CBOOOAHOMY. TepMUH IIAaCTUHKA HYJIEBOW TOJIIIMHBI 03-
HAYaeT, YTO U3MEHEHHEM HaIpsDKEHUH 110 €€ MONepEYHOMY CEYEHHIO, T.€. HaNpsHKEHUSMHU pacTsiKe-
HUS CO CTOPOHBI BBHITYKJIOCTEH W HANPSHKEHHSIMU CXKaTUSl CO CTOPOHBI BOTHYTOCTEH, MOXKHO IpEHe0-
peds [6].

Amnanuz uHTep()EepEeHIIMOHHBIX KapTUH, 00pasyronmxcs B cTpykrypax Si—-SiO,, mokaszai, 4ro
OTJIMYUTH COCTOSIHHE TOHKOW OOOJIOYKM OTAEIEHHOW IMOJIOCKH MOKPBITHSI OT €€ COCTOSHHS B BHIC
TUTACTUHKH HYJIEBOW TOJIIMHBI JIETKO MO BUAY MHTEp(EepeHIMOHHON KapTHHEBL. B cOCTOSHUM TOHKON
000JI0YKH OTJIENICHHAsI MOJIOCKA TOKPBITHS W3THOaeTcsi BAOIb NPAMON CTOPOHBI OKHA B BHJE OJHOU
MOJTYBOJIHBI WJIH, B CIIydae HaJOKEHUS 3(PQPEKTOB B3aUMHOTO BJIUSHUS COCEIHHX CTOPOH OKHa, — B
BH/JIE OHOM Lienol BoiHbI. [Ipu mepexone moiaocKu B COCTOSHHE MJIACTHHKU HYJIEBOM TOJIIMHBI KO-
JIMYECTBO BOJIH €€ U3ruba BJIOJIb CTOPOHBI OKHA PaBHO UK Oosblie 2.

Wntepdepenninonnas kapTUHA, BO3HUKAIOWIAS IPH OTIEIICHUH TOJIOCKU AMOKCHIA KPEMHHUS
IIMPUHON 24 MKM BOKpPYT OKHa MPSMOYroibHOH (opmbl pazmepamu 120x120 MKM TIpH TONIIMHAX
okpbITHS 0,8 MKM M 0OCHOBBI 460 MKM, Mpe/ICTaBIeHa HA pPUCYHKE.

A-A B
—

22 |2,54

A T

254

Puc. 3. nTepdepeHnmonHas kKapTHHA, BO3HUKAIOIAS TIPH OTACIICHUH TTOJIOCKH JHOKCHIA KPEMHHUS IINPHUHOH
24 MKM OT OCHOBBI BOKpYT OKHa pa3mepamu 120%120 Mxm

[MpuBenennsie Ha puc. 3 monepeunbie ceucHuss A—A u b—b cucrembr Si—SiO, CBUICTENBCT-
BYIOT O TOM, 4TO Ha y4actkax CD u EF cBOOOIHBIC Kpas OTJCICHHOIO OT OCHOBBI TIOKPBITHS HMEIOT
BOJIHOOOpa3HyI0 (opMy, UTO, KaK OBUIO TIOKa3aHO BHIIIE, CBHJICTEILCTBYET O MOTEPE YCTOWIUBOCTH
000JI0UKH, TPUBOJIAIICH K MUHUMH3AIUY YPOBHS HAMPSHKESHUH B CBOOOTHOM Kpae OTACICHHOTO I10-
KpBITHSL.
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Ha ydactke CD ynoXuiioch Be BOJTHBI CHHYCOHIBI C aMIUTUTYION 2A M OJTHA TOJTHAS BOJIHA C
ammuty o 1,5A. JAniHa 4eTBepTOil YacT CHHYCOUABI ONPEAENSIeTCs] HHTerpajioM [7]:

L[ @I @ o g

e y=bsin@, y'=bcos@, x=2ap/n, x'=2a/n, a u b — ueTBepTH JTUHBI BOTHBI M AMILTUTY/IA
CHUHYCOH/IBL.
[Ipu noacranoBke B (5) 3HaueHHH ' ¥ X', morydaeM

J1+k*cos’ o do, (6)

e k =nb/2a.
OTOT MHTErpall MOKHO BBIYMCIUTH TOJIBKO MPUOIMKEHHBIMA METOAAMH, HapuMep, 1o ¢op-
Myie Cumncona [7]. Ilpu nenennn npoMexyTka HHTETPUPOBaHUs Ha 6 paBHBIX YacTel, UMEeEM

ll:2a
4

T

S o3
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rie y, =+/1+k° cos® ¢,

1
—I= 1+k2c0s2cpd@=%[yo+y6+2(y2+y4)+4(y1+y3+ys)} @)

S o3

3KcnepnMeHTa.m>m>1e HCCJICTJ0BAHUA

C momoIp0 yCOBEpIIEHCTBOBAHHOTO METOJa MPOBEACHBI HCCIENIOBAaHUS U ONPEJEIIEHB] Be-
JUYWHBI U pacTpee/ieHre OCTaTOUYHBIX HANpsDKEHUH B CTpyKTypax Si—Si0,, KOTopbie ObUIM W3TOTOB-
JIeHBI CTAaHAAPTHBIMA METOJaMH OKUCIIeHHs, poTonuTorpaduu U TpaBlieHUs. B kadecTBe MOITOMKEK-
OCHOB HCITOJIb30BaJIM MOMYMPOBOAHUKOBBIE TUIACTUHBI KpeMHus nuaMerpoM 100 MM opueHTanumi
(001) m (111). TonmmHa BEICOKOTEMIIEPATYPHOT'0 AUOKCHAA KpeMHHS cocTaBisiia 0,8 MKM.

Tpebyembie pa3mepbl BCcKpbiBaeMbIX B SiO, OKOH 3aaBajiil ¢ MOMOIIBIO CIIEUAIBHO 0100~
paHHBIX pabounx oromadbioHoB. HTEpdepeHIOHHbIE KAPTHHBI HAOMIOAAIN B JUANa30HE TeMIle-
patyp ot komHatHOW 10 420 K ¢ momompio mukpockona Neophot 2. TpeOyemyio Temmeparypy
cTpykTyp Si—SiO, monaep:kuBajid ¢ IOMOUIBIO MJICHOYHOTO HArpeBaTeNbHOIO YCTPOWCTBA, CMOHTH-
POBAHHOTO Ha MIPEIMETHOM CTOIMKE MUKPOCKOIA, ¢ TOYHOCTHIO + 2 K.

[Ipu pacuerax ocTaTOYHBIX HaNpsbKeHUH 3HadeHUs Monyins FOnra u koadduuumenta [lyacco-
Ha IUICHKK IPUHUMANK paBHbIMU: £y= 75 T'Tla n p,= 0,17 [2].

3HayeHus1 OCTATOUHBIX HamnpsbkeHUi B Si0,, paccyuTaHHBIE IO UHTEPPEPESHIIMOHHBIM KapTH-
HaM, BO3HUKAIOIIUM 10 KOHTYpaM OKOH Pa3iudHON (opMBl, cBeAeHBI B Tabnuiy. M3 Tabnuisl BUAHO,
9TO OCTaTO4YHbIE HanmpsoKkeHus B Si0,, paccuntanHble o Gopmyie (2), mpHu onpeneneHiny BXOISIIEeH B
Hee JJIMHBI CBOOOJHOTO Kpas oTneneHHor mosocku / merogoM Cumncona (¢opmyna (7)), npu wuc-
MOJIH30BAHUH OKHA KBaApaTHOH (opMBI MpU KOMHATHOH Temmeparype coctaBuian 205 MIla.

VY CTaHOBIIEHO, UTO OCTATOYHBIC HANIPSHKEHUS B JUOKCUAE C POCTOM TEMIIEPATyphl CTPYKTYPHI
CHIDKAIOTCS TI0 3aKOHY, OJM3KOMY K JIMHEHHOMY, U TpH Temneparype cucremsl 420 K ux Bennunna B
SiO;, cocraBnser 160 Mlla. Bun muHTepdepeHIMOHHON KapTHHBI, HOIYyYEHHOW NpHU TeMIlepaType
crpykrypsl 420 K, npencrasien Ha puc. 4. [To cpaBHeHHIO ¢ HCXOIHON KOH(UTYypanuel u3ruda cBo-
00HOT0 Kpas OKCHUAHOW IUICHKH NP KOMHAaTHOW Temmeparype (puc. 3) KOIMYecTBO BOJH M3ruba
YMEHBIIUIOCH.

Bennuunbl ocraToyHbIX HanpsbkeHUi B Si0O,, paccuuTaHHbIE IO MHTEP(EPEHIMOHHBIM Kap-
THHaM, BO3HUKAIOIIUM y TPaHUII KPYTJIOro okHa 120 MKM MpH TemIrepatypax oT KoOMHaTHO# 110 370
K, cocraBunm 140 MIla, a npu temneparypax Boime 400 K — 135 MlIla. bonee Hu3kue 3HaueHHs Ha-
MpsDKEHUH M MPaKTUYECKH MOCTOSHHAS MX BEIWYMHA BO BCEM MCCIEOBAaHHOM JAMaIla30HE TeMIepa-
Typ CTPYKTYpP CBHJETENBCTBYET O TOM, UTO OTJIE€IIE€HHAsl OT OCHOBBI IT0JIOCKA TOKPBITUS UCIBITHIBAET B
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9TOM CJIydacC HAlPSKCHUA CKATUA. Hx BenuunHa B CBO60,Z[HOM Kpac MOJIOCKHU IIpH KOMHATHOM TeMIIe-
paTtype COCTABJIACT MOpAAKa 65 MHa, MNOCKOJIbBKY UMCHHO Ha 3Ty BCIIMYUHY OTIIMYAIOTCA PACUCTHBIC
3HA4YCHHUA OCTAaTOYHBIX HaHpSDKGHI/Iﬁ OT TCX, KOTOPLIC ObLIN MOJY4YCHbI IIPpU HUCIOJIB30BAHUH OKHa

KBaJpaTHOH (QOpPMBIL.
Binsinne koHgurypanuu okoH B SiO, Ha pacyeTHbIe 3HAYEHHS

Temnepatypa CTpYKTYpHI, Pa3meps okHa, Bennunna HanpspkeHUH

K ®dopma OkHA MEM B Si0,, MITa IIpumeuanue
290 205 [pwm noBsIIIeHNH TEMITe-
320 195 patypst
350 KBajpar 120x120 185 HaPsDKCHUS
370 175 B SiO,
400 170 CHIDKAIOTCS
420 160
290 140
320 140 HaHp}I).KeHI/I}I
350 KpyT @120 140 B 510,
370 140 HE 3aBHUCAT
400 135 OT TEMIIEPATYPHI
420 135

A-A
\d
2,54

Puc. 4. I3mMenenne naTEpEPEHIINOHHON KaipTI/IHLI pu Harpese CTpyKTypbl Si—Si0; 1o 420 K

[Ipu HarpeBe CTPYKTYp 3a cyeT OOJbIlel BETHYNHBI TEMIIEPATYPHOro KO3 UIMEeHTa TUHEH-
HOTO pacImpeHus ocHoBbI (o = 4,0x10° K™ o cpasrenuto ¢ quoxennom (o, = 0,5x10° K™ mpouc-
XOIUT CHUMXXEHUE YpoBHsS HampspkeHHi B Si0,. OgHako B CBOOOIHOM Kpae OTIEICHHOW OT OCHOBBI
noJjocku npu temmnepatype 420 K B cinydae Kpyriioro okHa OH OCTAaeTcsl ellle JOCTaTOYHO BBICOKHM U

cocrapisier nopsaaka 25 —30 MIla. O mpakTHyecku MOJHOM OTCYTCTBUM OCTaTOYHBIX HAIpPSKEHHUH B
CBOOOZHOM Kpae OTAEIEHHOW BAOJb KBaJPAaTHOTO OKHA MOJIOCKU MPH KOMHATHOH TeMIepaType CBH-
JIETENbCTBYET TO, YTO YK€ MpHU HarpeBe cTpyKTypsl 1o 320 K mpouzonuio naMeHeHne uHTEpQepeH-
LIMOHHOM KapTUHBI M BETMYHHA OCTATOYHBIX HANpsDKeHUH cHu3miach ¢ 205 no 195 Mlla.

Takum 00pa3oM, MOrPeNIHOCTh ONpeAeTeH s YpoBHs HanpsbkeHuid B SiO; IpU UCTIONB30Ba-
HUUW OKOH KpyTJIol (OpMBI cocTaBmiia B HameM citydae 65 Mlla, T.e. 6onee 30 % OT HCTUHHOrO 3HA-
YEHUS.

3akjoueHne

[loBbImIeHa TOYHOCTH KOHTPOJS YPOBHSI OCTATOYHBIX HampshkeHUil B cucteme Si—Si0O,, 4To
MO3BOJIsIET M30EKaTh OMIMOOK MPH ONpeNelieHNH YPOBHSI HANIPSHKEHUH Kak 3a CUET CO3JaHUs YCIOBUN
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JUTSL TIOJTHOT'O CHSTHSI OCTaTOYHBIX HANPSIKEHHI B CBOOOIHOM Kpae OTACICHHON OT OCHOBBI TOJOCKE
OKCHJIHOW TUUICHKH, TaK W 3a CYET OOJieeé TOYHOI'0 pacuera ero JUIMHBI ¢ UCIONb30BaHHEM METOja
CumrncoHa.

Hcnonp3oBaHue NONYYSHHBIX PE3YJIBTATOB IIPH Pa3pa0dOTKE TECTOBBIX CTPYKTYpP Ha KPUCTAII-
nmax WMC mo3BOMUT MPOBOAUTH MEXKOIIEPAIIMOHHBIA KOHTPOJb YPOBHS OCTATOYHBIX HAINPSIKCHUU B
cTpykrypax Si—SiO, 6e3 ymiepba i uX KauecTBa.

CONTROL OF RESIDUAL STRESSES IN STRUCTURES SI-SIO;
V.A. ZELENIN

Abstract

The consideration is made of the ways leading to increasing the control of residual stresses in
structures such as silicon dioxide-monocrystal silicon substrate. The results concerning the determina-
tion of the level of residual stresses in structures Si—SiO, are presented.
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