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MUKPOIJIEKTPOHUKA TEXHOJIOTUAJAPUHU NIINJIAB YNKAPHUII A
KPEMHUIHU TEPMUK OKCHUJIJIAHUIIN XAKWJIA

Hypkyaos Kanoauaaua Ajauuep yriau
['ynuctoH naBnaT yHUBEpCUTETH, AXOOPOT TEXHONOTHsUIapH PaKyIbTETH, AMaHii

MareMaThka Ba mHpopMaTuka HyHaaumm, 3-00CKu4 Tajadacu

AHHOTALUSA

Kentupunran ymOy Makoiaza MUKPOJIEKTPOHUKA TEXHOJIOTHSUIAPUHM UILIA0 YMKapUIIAA
KPEMHHUITHM TEPMUK OKCUJUIAHMIIN XaKuJa TyLIIyH4Ya Ba TaBcusuiap Oepwmirad./[usnekTpux
xoccanapu Ty(aillii KpeMHUI OKCHUAM KYN KaTjdaMIM H30JISIUS CUCTEMalapuja €JIeKTp
M30JSIUMSACUHA TabMUHIAWIM, aloxuaa acOo0 yCKyHalapHU Oup-OupuaaH ITUEIEKTPHUK
M30JSIIMST  KWIMIIra Xu3mar Kuiaad. HHTerpan MHKpocxeMallapHH HIUIA0 YUKapHII
TEXHOJIOTHSCUIA KPEMHUIHU JIOKAJ OKCHJUJIAHUIIM YCYJIM K3HI KyJaHwiaad. OJMHrax
HaTIKajap acocuaa cogaanamrupuirat Jlean-I"pose moaenu Ounan comumrupuian. FOkopu
O0OCMMIJIM TEXHOJIOTUK >Kapa¢Hjapra YU3UKIU-NapOoOOIMK MOJETHH KYJJIallJaru  sHIU
TaKpUOUii €941MM TaBCUS FTUIIJIN.

Kaaur cy3gap:MUKPOITEKTPOHUKA, IUAJIECKTPUK, KOMIIBIOTEP, MHUKPOCXEMA, MOIJIOKKA,
KpCMHPIfI, H30JIOusA, KaJIMHIIUK, pCaKCH.

AHHOTausi. B 3TOi cTathe NpEeACTaBICHbl WJEW U PEKOMEHIAUMU IO TEPMUUYECKOMY
OKHUCJIICHUIO KPCMHHA B IIPOHU3BOACTBC TEXHOJIOTUH MI/IKpOBJ'IeKTpOHI/IKI/I.BJIaFOI[apﬂ CBOUM
JAUBJICKTPHUUICCKHUM CBOMCTBaM OKCHI KPCMHHA 00ecIIeYnBaEeT QJICKTPUYCCKYIO HM30JIAIUIO B
MHOT'OCJIIOMHEBIX HN30JIAMOHHBIX CUCTEMAX, CIIYKUT I[I/IBHGKTpH‘ICCKOﬁ PI3OJ'I$[I.[I/I€I71 OTACIIBHBIX
MPUOOPOB APYT OT Jpyra.MeTo 1 TOKaTLHOTO OKUCIEHUS KPEMHHUS IITUPOKO UCTIOIB3YETCS ITPU
IMPOU3BOACTBE HWHTCIPAJIbHBIX cxeM.Ha ocHoBanun IMNOJYYCHHBIX PE3YJILTATOB ITPOBCIACHO
CpaBHEHHE C yOpoIIeHHOW Mojenbio Jun-I'poyBa W TpensioKeHO HOBOE MPHUOIIMKEHHOE
pemiCcHUC JId IMIPUMCHCHHA HHHGﬁHO-H&p&(SOJ’IH‘IGCKOfI MOACIN K TEXHOJIOIr'MYECKUM
nponeccam BbICOKOI'O JaBJICHUA..

KiroueBsie ciioBa: MUKPOAIJIECKTPOHHUKA, TUAJICKTPUK, KOMITBIOTED, YHII, MOJI0KKA, KPEMHUU,
H30JIAUsA, TOJIIMHA, PCaKIIHA.

Annotation. This article provides insights and recommendations on the thermal oxidation of
silicon in the production of microelectronics technologies.Due to its dielectric properties,
silicon oxide provides electrical insulation in multilayer insulation systems, serves as a
dielectric isolation of individual equipment from each other. The method of local oxidation of
silicon is widely used in the production of integrated circuits.Based on the results obtained, it
was compared with the simplified Deal-Grove model. A new approximate solution for the
application of the linear-parabolic model to high-pressure technological processes was
proposed.
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Kpemuwmii cuptuma axxoin® HHUKOOJOBYM Xoccajapra 3ra OyiraH JUaMeTPUK IUICHKAHU

MIAKUTAHTUPUIT MYMKHH OYITaHIUTU Ty(ailin KpeMHH WHTErpal MUKpPOCXEMaTapHUHT
IUTaHAP TEXHOJIOTHSCH SIPATUIIIN, PUBOXKIIAH]IN, Ba caHoatra Taaouk etwiau [1]. Bynaa sHr
KyIl TapKaJraHH SI0, KpEMHUH JUOKCHUAM OSAW Ba XO3Up XaM IIyHAal Oymud
KoJIMOKIa. KpeMHUI MKKKM OKCHIIM XaM MHTErpajl MUKpOCXeMallap CTPYKTypacuaa 3HI KIHT
KYJUIaHWJIQUraH MaTepuaiiapuaan Oupu cudartupa yiaapHu Talépnam xapa€Huaa Xam
KyJutaHuiMoK1a. lHTerpan  MuUKpocxemanap unuiad YUKAPUITHUHT KYNTHHA TEXHOJIOTHK
xKapaCHllapuga KpEMHHH  MOJUIOKKACHUHM  sSpaTHIla KPEMHUW HWKKH  OKCHWJIAH
doitnananmaMoraa. OKCUIHUHT KYNTUHA peareHTIapu HucOaTaH KUMEBUN WHEPTIUTU
cababmm KPEMHUNHUHT OKCHJUTAHTaH CUPTUAAH HUKOO cudaruga
doitnananmamoraa. Kpemunii okcruau hakar miaBuk (IIUAIAHA YHATT KOOMIIATUTA 3ra OYJIraH,
TabCUP Ky4YH YTKHUP) KHACIIaTa Ba KOHCEHTPEK HUIIKOPIIap/a apaiaiaim, X0JIoc.

JluenekTpuk xoccanapu Tyhaiian KpeMHUN OKCUIM KYIT KaTJaamMId U30JI1Hs CUCTeMalIapuia
€JIEKTp W3OJALMACMHM TabMUHJANAM, anoxuaa ac0o0 ycKkyHamapHu Oup-Oupuaax
TUENCKTPUK H3O0JISALMA KWJIWIIra Xu3Mar Kuiaau.MHTerpan MuKpocxeManapHH UIILIa0
YUKApUII  TEXHOJOTMSCHMAAa  KPEMHUWHM  JIOKaJd  OKCHJIAHWUIIM  YCYJIU  K3HT
kymuraamtaau.LOCOS ne6 atamaguran Oy ycyJija OKCHIHUHT KaJIMH KaTJIaMUaaH Oup-Oupura
AKUH J>KOMJAIraH TPAH3UCTOPJIAPHU Y3ap0o M3OJSIMS KWIMII YYYH OpOJdajap XOCHI
krmHaau. llly ycyn OunaH KpeMHHH MOJJIOKKACH CHUPTH OKCHIJIAHTUPWIIAIH, OJAaTIa
KPEMHUH MOJIOKKACHHUHT OWp KUCMH OKCHIUIAHHWINTa XaJakuT OepyBUur SI;N, KpeMHUI
HUTPUAM KaTJiamMu OuiiaH Korutanran Oymanu.Kpemuuii nkku oxkcuauaadn MOII ac6o6napaa
OuMJIMO EnMiyBYM JAHeNeKTpUK cudaruia doigananmiaan.bynmai acooomap MOII (merai-
OKCHJI-IPUM YTKa3rud ) — acOoOyap nerimianu.l-pacmia SI0, nan MOII tpan3ucropaa
(ol galaHnI TaCBUPJIAHTaH.

Oxcua TUICHKajmapu yiap OaxkapaauraH Basudanapra Kypa Typau Tanabiap KyWuiaau:
KOBaKyajap €Ku €NUKIapHUHT OYIMAcIury, KAIUHINK (032 Ba KAIMHIUK Oyiinua CTpyKTypa

Ba (pr3MKa-KUMEBHIA XOCCATAPHUHT TEKUCITHTH.
1 2 3

Si

SlOp_

1-pacm. 1-oxuMm Ooru, 2-0YIIITHK, 3-OKUM OXUPH.
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[Tnanap TeXHOJIOTHIIa OKCHIITN KaTJIaMJIapHU OJIUII YYyH XO3UPTH KyH/Ia OUp Heda ycysuiap
UIIa0 YMKWITaH Yylapra TEPMUK OKCHUJJIAHUII, BJIEKTPOJMUT apajaliMaiapuia aHo.l
OKCHJTAHWINY, TUTa3Majid OKCHJIaHWII Ba Oomkamap. KpemHuit oxcumanumm (HU3uK-

KUMEBHM >kapa€H Oynub Oy jkapaHHM MHTErpajl MHKPOCXEMalapHHU Ta&pialllHUHT OyTYyH
TEXHOJIOTHK CUKJIM JaBOMUA KyJuiail 3apyp. FOKopu cudatiu MaxcyaoTIapHU spaTyulll Y4yH
HaakaT OKCHJIAHUII ACOCHI MEXAHM3MUHHU TYIIYHHUII, OaJKh OKOpU cU(aTIM OKCHUIIHU
HIAKJUTAHTUPUII MMKOHMSITHTa XaM Jra Oynum Jio3uM. bByH&IaH Tamikapu HWHTErpal
MUKPOCXEMAJAPHUHT WIIOHYWIWJIMTMHU KadoiaTiall yuyH OKCHUJl XOCCAIApUHUHT KPEMHUMN
OKCHJUTAHMIII >Kapa€HU TEXHOJOTMK IapaMeTpiapura Kaid Tap3jia OOrbIMK EKAHJIWTUHU
Oowmi 3apyp.KpeMHuliHN TEpMUK OKCHUTAHUIIKA OOLIKA yCyJUlapAaH Y3WHUHT OKCHIHUHT
FOKOpHY cu(aTiau KaTIamJIapy OJUII TEXHOJOTHUACH €KaHIUry OuiiaH apk Kuiaau. by mianap
TEXHOJIOTHACHIa KPEMHMIra OWJ 3HI K3HI TapKajiraH ycyna Oymu0, Oy ycyinaa KpeMHH
IJIACTUHAIAPUHU OKCHJIOBYM aTtMocdepana EHIUPUII YT OKCUJl KaTiaMHu OJIuHaIu.by
yCyJd KPEMHHUWHUHI KHCIOpOJA OWiaH Ba KUCJIOTAIM Mojjanap Ousal IOKOpHU
TeMIlepaTypajapaara peakcusiiapura acocianrad. Iy ycyn OwiiaH oJMHraH OKcHIIap
KAIMHIMKHUHT TEKUCIUTH Ba CTPYKTypacHu Oyiinua mMykamMmain OYiuO, FOKOPH JUENEKTPHUK
xoccanapra ara.
KpeMHMITHM TEepMHUK OKCHJUTAHUIIMHHU OKCHJIOBYM MYXWUTra Kypa Kydugarujaapra OViuii
MYMKUH:
Kypyk kucnopoaia okcuisiaHul, KUMEBUN PEAKCHSL:
Si+0, - SiO,;
CyB Oyru atmMocepacua OKCUIaHUIITN:
Si+2H,0 - SiO, +2H,;
Taxpuba Ky3aryBiiapura Kypa TepMUK OKCHJIJIAHUII xKapacHu yuta O0cKuYa 103 Oepau:
Oxcun OnTaH KOTUTAHTaH TacTIa0KU TUTACTUHAHWHT CUPTUTA OKCIUIIOBYMHHUHT aJcopOCHasicu
OKCHAJIOBYMHHUHT OKCUJT OpKayu 1udPy3usicu.
Kpemumii-kpeMHni okcua OyIUM usrapacua KpeMHUN OMIaH OKCOIOBUMHUHT PEAKCHSICH.
Kapa€HHUHT BakTMHYA PHUBOXKIIAHUINKIA KPEMHHH OKCHUIl OWJjlaH udrapacu KpeMHUH
KAaTJIAMUHMHT WYUra Kapald xapakaT Kujgaau, aMMo OyHJa 103 OepaJuraH XakM KIHTalMIlIn
(oxcuI Ba KPEMHUHHHUHT 3UWIUTHIA Ba MOJICKYJISp OFUpIIUTHIAH BapK Tyhailin OKCUIHUHT
Oup OMPJIMK XQXKMUHU XOCHJT KHJTUII yU9yH KpeMHUHHHUHT aK0.44 7 Xa)XMU 3apyp) IIyHTa 0JI10
KEJaJuKHA, OKCHJIOBYM MYXHT-OKCHJI OVIMMHUHUHT dYdrapacu Kapama-KapIid TOMOHTa
SiO, - Si

xapakaT Kwiaad. OKCHIJIOBYMHUHT HUHT ydrapcura auddysus Ttydaiinm

OKCHJJTAaHUII 103 Oepau. (2-pacm)
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2-pacm.
OKcuUTaHUITHUHT OOIIAHFUY XOJIaTH.
Oxcuananuil YsrapajapuHUHT Xapakap MyHamunuiapu.
Oxkcua-kpemMHuid OynuMu uysrapcura AUG@y3HsUIOBYUM 3appaJlapHUHT TaOMATH XaKHIard
Macaia Xo3uprada y3yJd-Kecuia Xan eTwiMarad.bab3u MopemnapAa OKCHAJIOBYU
auddy3usIaiam Ba Ysrapaga MOJICKYISIp KYpUHHUININMIA peakcusira kupumaaun aed ¢apas
KWJIMHAAW, OollIKajmapujga 3ca OKCHJJIOBUM OKCHJ OpKajdd MOJEKYJsAp KYpUHUIINAA
muddy3usutaiin Ba atToMap KUCIOPOJ peakcusicura Kupuiiaau 1e6 xucobmanaau.OKCumm
IUICHKQJIApHU ETUIUTHUPUII TEXHOJIOTUACH KYNruHa ycyiiapra sra. OKCUIHUHT CHHUII
koeppucenTr, KUMEBUN UIUIOB OEPUII TE3JIUTH, 3UWINTH, FOBAKIWINIU, TapaHTIIHK
KYWIAHUIIUIAPHA Ba AJIEKTP MaiI0OH KyWIAHHIIMHUHT KaTjaMu Ba OOIKa XapaKTepUCTHUKAIH
OKCHJIAaHUIII JKapaCHUHT TeXHOJOTusicura 00FIuK. OKCUAHUHT YCHII TE3JIUTH, XOCCaIapura
Ba KAIMHJINTUTA Kapa&HHUHT TeMIepaTypacH OKCHAJIOBYM MYXUTHHUHT OOCHMH Ba TapKuOH,
KpEMHUI MOAJI0KKACHATH apajaliMalapHUHT CTPYKTYpacu, OpUEHTAILMSIC Ba MaBXYAJIUTH,
OKCHJIJIAaHUIII BakT Ba OOIIKanap TabCUp Kuiaau. MacalaH OKCHJUIaHMII TeMIIepaTypacu
KYTapuWiral CapuH OKCHIHUHT 3UYIUTH, CHHHUII KOeP(PUCEHTH KaMmasiiyi, KUMEBUN HIILIOB
Oepuml TE3JIWrH Ba KOJAUK KywiaHuml Kattanamanu.CyB  Oyrbiapuaard  OKCHI
KAJTMHJIATHHUHT YCUIII TE3JUTH KypyK KHCIOPOAJIAruiaH IOKOpW OYIuIIvra Kapamai cyB
Oyrpiaapuga  HETHMINTUPUITAH  OKCHJA  KaTJaMJapUHUHT  3WYJIUTH  KHYUK  Ba
muGQy3UsUIIOBUMIApHA SIXIIKM yHulad Koiamaian.OKCUIJIOBUM KaTJIaMJIAPHU ETULITUPHIL
TEXHOJOTMSCHAa KOMOMHAIMsUIaHTaH —ycyJulapiaH  Qoiigananunaan.Macanan — OKCUJ
OVIMMHHMHI  YdTapajJapuHUHT  3apyp  XOCCAIAPUHUXOCWI  KWIMII ~ y4yH  MacT
TeMIeparypajapia KMCKa BaKT/a OKCHJUJIAHHII >KapaéHUHHUHT OomHaa KypyK KHUCIOpoIaa
IOTIKA KaTjiaM XOCHJI KWJIMHAIU, CYHTpa HaM KUCIOPOa KATMHPOK KAaTiaM XOCHUJT KWINHAIH,
OXUP-0KUOAaT,)kKapa€H KypyK KHCIOpO/A/1a UIIJIOB OepHIll OMJIaH TyrajuIaHaIu.
Xo3upru KOHT KyJUlaHWIaértraH wirOp ycysuiapaadH OMpM KpeMHHMHH OKOpH OocuMia
okcuajam ycynuaup.MHTerpan MuKpocXeMajapHU Tal€piaml TexHoJorusicuaa Oy ycyl
KaJUH M30JSLUSAJIOBUM  OKCHJ  KaTIaMjapuHH  HeTUIITHpHUILAAa  MyBa(akKusTIN
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KyJuaHuaMokaa. FOkopu 0ocruM/ia OKCUUTAIIHUHT YCTYH JKUXATJIapuaH Oupu 1ryHaaku, Oy
yCyJ OKCHJHUHI VCHII TE3JIMTMHU Ce3WIapiid KaTTalallTupaan, Oy 3ca OKCHJJIAHHUII

XKApa€HUHUHT JABOM ETHUII BAaKTUHU KUCKAPTUPHUILI UMKOHMHU Oepanu.by yCynHUHT siHa
OWTTa yCTYH TOMOHHM IIyHJAKH, Oy yCYJT OAaTAaru FOKOpH TEMIIEPATypaId KapaéH yIyH 3apyp
OyJaraH BakT OMJIaH OMp BaKT/la MuK/a HUCOATaH MacT TeMIepaTypaiapa XxaM OKCHJI KaTjaaMu
XOCHJI KWJIMII ~ OMKOHMHU Oepaau.TemrnepaTypaHuHr MacallMily KaTjiamra OJIJIMHJAH
KUPUTWJITAH apajaliMaHUHT KalWTa TaKCUMJIAHMIIMHUA KaMaWTUPHUII HMKOHUHHU Oepaju,
HOJTOKKana HYKCOH(medeKT)map XOCHJI OYJIuIl MMKOHHUSTIAPUHU CE3WIapiId Japaxkana
HYKKa gnkapuiaam [2].

Yoy makonaga KpeMHUM OKCUTAaHUII )Kapa€HUHUHT MaTEMAaTUK MOJEINHU TYJIUK X0JaTaa
MIUTANIIA MOJEN TYypiu XWJ YIIUOBIM MapaMerpiapra sra OyJraHud y4yH, macajia aBBall
Vimdamcu3namtupwian.bynaa xocun Oyiaran sSHrM mapaMeTpiIapHUHT Y3Tapulll yiarapaiapu
0axonaH/u.

XyJioca ypHUIA IIyHU aWTHUIL KOU3KHU YPraHWIAETIaH KapaEHHUHT XapaKTepiu XyCYCHUAITH
IIYHJIaH U00paT €IMKH, YHUHT Yirapacu y3rapyBuaHiup.byHnmali macalaHd COHJIM €4MIIIa
Xap Oup BakT opajufda €4MM COXACHMHU KaWTallaH JUCKPETJIAIITHPUII MYOMMOCHTa Ay4
KeJIUIl MyMKHH e€au.by MyoMMO T3HIJIamara SIHTH Y3rapyB4d KHUPUTHUIL OPKAJIA Xall
KwimHAn. HaTkana sSHMM  XOCWJI  KWIMHTaH  TOHTJIaMaHu  (UKCUpJIaHTaH  coxara
YTkazuaau.OKCuIaHuI Kapa€HUHI MaTeMaTUK MOJEJIMHH COHJIM WEeYMIl Y4YyH YEKIIU
auMpmarnap YCYJMHMHI Xaujam Meroad €paamuga eyungu. Kapa€HHUHT  Typiu
rnapaMeTpiapd Y4YyH COHJIM  €KcOnepuMeHTinap  yTka3wiau.OJIMHTaH  HaTwkallap
conpanamrtupuwiran Jlean-I'poBe wmomenu Ounan  conmumtupuiau.fOxkopu  G6ocumiu
TEXHOJIOTHUK kapaHiapra Yu3uKJIU-Mapo00IuK MOACITHH KYJUIAIlIard SIHTU TaKpUOUN e4uM
TaBCHS €TUJI/IN.
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