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B paGore paccMoTpeHa BO3MOYKHOCTH CO3JaHUA AUAJIEKTpUuecKux SiO,-
MMOKPBITHH HA OCHOBE 30JIb—TeJIb-MeTOIa IIYTEM I'MPOJIN3a METAJLJIOOPrannye-
CKUX COeIMHEHUI KPEeMHUS B BOTHO-CIIUPTOBOM cMecu. OmucaHbl ONITHUMAJb-
HBbIE TTapaMeTphl HaHEeCEHUA U TePMOOOPaOOTKY IJIA MOJYUeHUA OJHOPOAHBIX
TMMOKPBITUHM HA MOBEPXHOCTH MOHOKPHUCTAJIINYECKOTO KPeMHHA. BBITTOTHEHBI
HCCJIeOBAHNA MEXaHUUYECKON CTOMKOCTH K MCTUPAHWIO KAaK OCHOBHOTO BHAA
HUCIBITAHUSA MOKPBITUHM HA IPOYHOCTh M 4[re3UI0 K MOBEPXHOCTU IOMJIOKKU.
Meronom NK-crneKTpocKomuu n3ydeHbl (ha30BLIe U CTPYKTYPHBIE IIpeBpaliie-
HU#l B mpoiiecce GopMUPOBaAHUA 30JIb—Teab-IJIEHOK. MeTogtom ACM ycraHoB-
JIEHBI 3aBUCUMOCTH COCTOSHUA M MOP(OJOTUY MOBEPXHOCTHU MMOKPLITUH OT CO-
cTaBa MCXORHOTO ILJIEHKOOOPA3YIOIIeT0 PACTBOPA M TEXHOJIOTUYECKUX PEKHU-
MOB IIOJIyYEeHUSA AUIJIEKTPUUYECKUX ILIEHOK. IIpoaHamnsnpoBaHbl dJIeKTPodu-
3uuecKue cBoiicTBa chopmupoBaHHBIX MIIII-cTpyKTYp B 3aBUCHMMOCTH OT CO-
cTaBa IJIEHK000PasyIoIero pacTsopa.

Y po6oTi POSTIAHYTO MOKJIUBICTE CTBOPEHHA AieJeKTPUUHUX Si0,-TOKPUTTIB
Ha OCHOBi 30JIb—Te€Jb-METOAM HIJIAXOM TiJpOoJIidy MeTaJIOOPraHiYHWX CIIOJNYK
KPEMHiI0 y BOAHO-CIIMPTOBiH cyminri. Omnrcano onTuMaJIbHI IapaMeTpu HaHe-
CeHHsA Ta TePMOOOPOOIEHHS JIsI OePIKaHHI OJHOPIAHUX TOKPUTTIB Ha IMOBEP-
XHi MOHOKpUCTAJIIYHOr0 KpeMHit0. BuKoHaHO JOCHifKeHHA MeXaHiuHOI cTiil-
KOCTHU IO CTUPaHHA AK OCHOBHOTO BUAY BUNIPOOYBAHHSA MOKPUTTIB HA MIIlHICTH
i agresiro mo moBepxHi migmoxksa. Merogoio IH-cnekTpockonii BuBueHo (haso-
Bi ¥ CTPYKTYPHI IIepeTBOPEHHS B IIpoIeci (popMyBaHHSA 30JIb-T'eIb-ILIIBOK. Me-
Tomoro ACM BCTaHOBJIEHO 3aJIEKHOCTI cTaHy i MOpPQOJIOorii ToOBEepXHi MOKPUT-
TiB BiJl CKJIaly BUXiJHOTO ILTiBKOYTBOPIOBAJIBHOTO PO3UMHY Ta TEeXHOJIOTIYHUX
PEeXXUMIB OflepyKaHHA ieJeKTpUUHUX IIiBOK. IIpoanasnisoBano exekTpodisu-
yHi BiactuBocTi copmoBaHux MIII-cTpyKTyp 3ajiesKHO BiJl CKJIaAy ILJIiBKOY-
TBOPIOBAJILHOTO PO3UMHY.

The possibility of protective SiO, coatings based on sol-gel method with hy-
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drolysis of organometallic compounds of silicon in a water—alcohol mixture is
considered. The optimal parameters of application and heat treatment to ob-
tain homogeneous coatings on single-crystalline silicon are described. The
studies of mechanical abrasion resistance as the main type of coatings’ test-
ing on strength and adhesion to the substrate surface are performed. Phase
and structural transformations during the sol-gel films’ fabrication are
studied by IR spectroscopy. Dependences of the coating-surface state and
morphology on the original film-forming solution composition and techno-
logical modes of dielectric-films’ fabrication are established by AFM method.
Electrophysical properties of formed MDS structures depending on the film-
forming-solution composition are analysed.

KaroueBble cI0Ba: 30/Ib—TeJIb-T€XHOJOTHUS, CTOMKOCTh K MCTUPAHUIO, CTPYK-
Typa IOBEPXHOCTH, JUIJIEKTPUUeCKasd IPOHUILaeMOCTb.

(ITonyueno 21 noabps 2013 e.)

1. BBEJIEHHUE

VYMeHbIITeHNe pa3MepPoB KOHIEHCATOPHBIX U TPAH3UCTOPHBIX 9JI€MEHTOB
HC TtpebyeT BHeApeHNA B MUKPOIJIEKTPOHHYIO MHIYCTPHUIO HOBBIX TOH-
KOIJIEHOYHBIX MATEPHAJIOB, KaK C BLICOKOM, TaK M C HHU3KOUN AUIJIEK-
TPHUUECKOU IIPOHUIIAEMOCTLIO. B TO Ke BpeMs IS CHUKEHUS BPeMeH-
HoM 3amep:kKu B MIC ¢ MHOTOypOBHEBBLIMHU CHCTEMAMM METAJIIN3AI[NHN
OCTPO HEOOXOAMMBI U30JIUPYIOIe MAaTePUAaJbl C HUBKOUN TUdJIeKTpUUe-
CKOH IIPOHUIIA€MOCTHI0. B KauecTBe M30IUPYIOMIUX AUIJIEKTPUUECKUX
CJIOEB C HUBKOI AMIIEKTPUUYECKON IPOHUIIAEMOCThIO MOTYT HCIIOJIb30-
BAThCA PA3JUYHBIE KJIACCHI OPTaHUYECKUX ¥ HeOPraHUYeCKUX COeanHe-
HUIi, a TaK:Ke ruOpUIHbIe HeOpraHuYecKu-opraindecKrue coeJuHeHnsd,
obecrieunBaOIe BeJIUYUHY OUIJIEKTPUUECKON  IIPOHUIIAEMOCTH
k=2,2-3,5 [1]. JanbHeiilllee CHUKEHIE BEJIMYUHBI £ 00eclieunBaeTCs
CO3IaHMEeM IIOPHUCTBIX CTPYKTYP C pasMepoM IOp B eqUHUIIbI HAHOMET-
poB u 00BEéMmuOM mopucTocThbio 20—50% . 11 co3maHus TaKUX OUIJIEK-
TPUUECKUX CTPYKTYP B OCHOBHOM MCHIOJIL3yIOTCA MeToabl: PVD (Physi-
cal Vapour Deposition) — ¢usuueckoe ocakaenue 13 rasoBoii (mapo-
Boii) (¢aseri, CVD (Chemical Vapour Deposition) — xmmwmueckoe oca-
JKIeHVe U3 Ta30Boi (IapoBoii) hassl.

OgHUM 13 TPOTPECCUBHBIX METO/IOB IMOJYUEHUA CUINKATHBIX CUCTEM
SIBJISIETCA 30JIb—TeJIb-METO/I, [I03BOJISIIONNI CUHTE3NPOBATh PA3INIHbBIE
BUIBI MaTePHAaJIOB IIPU HEBLICOKKUX TeMIepaTypax. ITOT MeTox obJiama-
eT TAaKMMHU IIPEeNMYIecTBaMHU, KaK IIPOCTOTA HCIIOJIb3yeMOro 060pyao-
BaHUA, 9KOHOMUYHOCTh, S9KOJOTMYHOCTDb, TMOKOCTh TexHojgoruu. C mo-
MOIIIBIO 30JIb—T'€JIb-MeTOa MOTYT ObITH CUHTEe3MPOBAHBI Pa3H000pasHbIe
KJIacChl MAaTePHAaJIOB PAa3JUYHOTO COCTAaBa: a’poresid, MHOTOKOMIIO-
HEHTHBIE Teji, KBaplleBble CTeKJia, MJIEHKU u Ap. IIpenMyIiecTBo co-
3aBAeMOI'0 COCTaBa ILIEHKOOOPAs3yYIOIero pactBopa aJas (opMupoBa-
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HUSA 3AIUTHOrO MOKPBLITUS COCTOUT B CJAeAyIOIleM: (DOPMUPYEMEIE II0-
KPBITUA UMEIOT HUBKYIO AUIJIEKTPHUUYECKYIO IIPOHUIIAEMOCTh; COKpaIIle-
HIEe TPYAOEMKOCTU TeXHOJOTMUYECKUX IIPOIIECCOB U 3HAUUTEIhHOE CHI-
JKeHIe SHepreTUYeCcKHX 3aTPaT II0 CPABHEHUIO C BAKYYMHBIMU 1 T€PMI-
YeCKMMHU METONAMH MOJYYEHUS IMOKPBLITHUI HPU IIPOU3BOACTBE HHTE-
rpaJIbHBIX MHKPOCXEM; HCIIOJb30BaHIE PaspabOTKU IO3BOJIUT YMEHb-
IIATh 3aBUCUMOCTh OT IIOCTABOK MMIIOPTHBIX MATEPHUAJIOB M CHU3UTH
3aTpaThl Ha IIPOM3BOJICTBO MHTETPAILHBIX MUKpocxeM Oojee ueMm B 25
pas.

Taxum obpasom, paspaboTKa MeTOLOB (DOPMUPOBAHIA HOBBIX TOHKO-
ILIEHOUYHBIX OUIJIEKTPUUYECKUX MATEPUAJIOB IJIA MUKPO- U HAHOIJIEK-
TPOHUKN Ha OCHOBE IMOKCUJIA KPEeMHUA, C HU3KON AUIJIEKTPUUECKOMN
IIPOHUIIAEMOCTBIO, C MCIIOJIb30BAHUEM 3HEProcoeperarmoiIneil 30J1b—Tellb-
TEeXHOJIOTUM CHHTEe3a, M IIyTeld MX MHTEerpaluy SBJSeTCA aKTyaJlbHOI
3ajaueil TEXHOJIOTHH COBPEMEHHOII MUKPOSJEKTPOHUKN M HAHOIJIEK-
TPOHUKH.

2. METOOUKA OKCIIEPUMEHTA

Hanuuue GpyHKIIMOHAJLHBIX T'PYII B IIEHKE oOeclieunmBaeT HaIEKHOe
CIleIlTIeHe e€ C IMOAJOMKKOI (B YaCTHOCTH, ¢ IIOBEPXHOCTHIO CTEKJIa) 3a
CUET BOBHMKHOBEHMS XMMMNUECKUX CBsA3eil. BecbMa IleHHBIE CBOMCTBA
ILJIEHK000PAas3yIoMINX BeIeCTB IIPUCYINU TaKiKe IT0JMIJIeMEeHTOOPTaHo-
CUJIOKCAaHAM — COeIUHEHUAM, IPEeICTaBJSIONINM CO00H IIOJIMMEPHI C
TJIABHBIMU IEIAMU M3 HeOpraHnuecKuX MOJIEKYJI, 00paMJIEHHBIX opra-
HUYECKUMHU TPYIIIaMi. ITH IOJUMePhl BBLICOKO TePMOCTa0MIbLHBI, BOJO-
CTOMKM, YyCTOMUUBEI K AeiicTBuio cBeTa. C TOUKHU 3peHUA IIOJYUEHUS
TOHKHUX IIPO3PAUHLIX 3AITUTHBIX ILJIEHOK HanboJiee MHTEPECHBI COMIOJIN-
MepBI TeTEePOOPTAHOCUIOKCAHOB C PA3INUYHBIMU OPTaHUUYEeCKUMHU U Op-
raHOCUJIOKCAHOBLIMU IPYIIIIAMU.

YKasaHHBIE BEIIIE MIEHK00OPas3yonre aTKOKCUCOeINHEeHUA U Heop-
raHuYecKue BeIecTBa MCIIOJb3YIOT B BUIe PACTBOPOB B IIOJAPHBIX Op-
TaHUYECKUX KUTKOCTAX, CIIMPTO-BOAHBLIX WJIN AalleTOHO-BOAHLIX CMe-
cax. IIpu sToMm comep:kaHMe BOJAbI, B 3aBUCUMOCTHY OT IIPUPOLI IJIEHKO-
oOpaasyroIrero BeiecTBa, Komebdaercsa or 0,1% mo 10-20% . B Hekoro-
PBIX CIyYasX IPU MOJYUeHHUH ILJIEHOK 13 cMecell HeCKOJbKUX COoenuHe-
HUI BO3MOJKHO IIPUMEHEHNE 1 CMEIIaHHbIX IMOJSPHBLIX 1 HEeIOJAPHBIX
pactBopureneii [2].

IToryueHMe KOJJIOMIHOTO PACTBOPA KPEMHMNEBON KMCJIOTHI OCHOBAHO
Ha peaKIuu TUIpPoan3a 3(UPOB OPTOKPEMHUEBON KUCJIOTHI. JlobaBie-
HUe K KPeMHUEeBBIM 9(prpaM HeGOILIITOT0 KOJIUYECTBA BOALI IPUBOIUT K
00pas30oBaHMIO IMOJHUKPEMHEBBIX 9(pupoB. B paboTe paccMaTpuBaeTcs
CUHTEe3 ILIEHKO0OOPa3yIoIlX PAacTBOPOB U3 TeTPAsTHUJIOPTOCUIUKATA
(TO0C, Si(0OC,H;),), merunrpustoxkcucuamana (MTIC, CH,;Si(C,H;0),),
BeauaTpusTokcucuaana (BTIAC, C;H,30,Si) u heHUATPUSITOKCUCHUIAHA
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(PTIAC, C,,H,,05Si). B ucxonHom cocToaHNM, a TAKKE B OPTaHUUECKUX
pPacTBOPUTENAX, YKA3aHHLIE COeINHEHUA MOJNMEPHBIX IIeII0UeK He 00-
pasyior. [1Ja 30JIb—Teb-IIPeBPAIeHNN HeOOXOAUMEBI MOJIEKYJIbI BOIbI
nIn Heoprammueckue coenuuenus ¢ OH-rpynmamu, KoTopble MHUITN-
PYIOT peakIuu TUAPOJM3a M HOJUKOHAeHcamuu. Ilpm cmerrumBaHuu
BCeX HMCXONHBLIX KOMIIOHEHTOB IIPOWCXOAMJIO HArpeBaHIMe pacTBOpa M0
remnepatypbl = 40°C. Takum 00pasoM, OIpu I'UAPOJIN3E IPOUCXOIUT 3a-
MelreHre aaKkuabHoi rpynnsl OH-rpymnmoii:

C,H,0 C,H,0 OH

| | |
C,H,0-8i-CH, +C,H,0 - Si-C,H,0 +8H,0 —OH —Si — OH + 7C,H,OH + CH,0H.

| | |
C,H.0 C,H.0 OH

O6pazoBaBiIneca MOJEKYJbl ruapokcuaa kpemuuda (Si(OH),) Bsau-
MOJEMCTBYIOT MeKIY co00ii, 00pas3ysd IeIOUKM, a U3 HUX 3aTeM TPEX-
MEepPHYIO CeTUATYIO CTPYKTYPY, mocpeacTBoM =Si—0—Si=-cBaseii. 'uapo-
JIn3 BenyT B mpucyTcTBuu cuupra. Ciexyer, ofHaKO, YUUTHIBATL TO 00-
CTOATEJNLCTBO, YTO IIPU AJUTEJILHOM XPAHEHUUM TAKWUX PACTBOPOB IIPO-
UCXOAUT HOJIMMEPU3AINA KPDeMHUEBOM KHUCJIOTHI.

Bo Bpems co3peBaHUs 30J19 MPOUCXOAUT HOJUKOHAEHCATIA:

OH OH OH OH

OH-Si-OH+ OH-Si-OH—» OH-Si-0-Si-0OH+H,O0.

| | | |
OH OH OH OH

9T IpeBpallleHn s IPOUCXOIAT IPU OTHOCUTEIHLHO HU3KHUX TeMIlepa-
Typax okoyio 20—25°C. CrpyKTypa 00pasyioiieroca KOJJIOUIHOTO pac-
TBOpA OIIpeessieTcs TUIOM M KOHIIEHTpalluell KaTaausaTopa, OpraHu-
YeCKMM pAaCTBOPHUTEJEM U TeMIIepaTypoOil BBIIOJHEHUS 30JIb—Tejlb-
nepexoza. s cospeBaHusa pacTBOPA ero BHIAEPIKUBAJIM IIPU TeMIepa-
Type OKpy:Kkatomieil cpeanl 22+2°C B Teuenune 2—3 cyTok. Bpems coape-
BaHUA PACTBOPA MOKET OBITh COKPAIIEHO BBeJeHreM B PACTBOP KaTaJlu-
3aTOPOB — HE3HAUMUTEJNLHBIX H00aBOK KucjaoT. Hajmmuwme KHCIOTHI B
pacTBoOpe ompeaessieT He TOJbKO CKOPOCTD IIPOoIiecca CO3peBaHus, HO U
Ka4ecTBO II0JIyYaeMbIX IIJIEHOK.

Hamecenue 3014 Ha IMOAJIOMKKY OCYIIIECTBJISAIOCh METOJ IIEHTPOOE K-
HOTO YCKOPEHHUA. OTOT METOJ ABJIAETCS CAMBIM PACIPOCTPAaHEHHBIM Ha
MPeAIPUATUAX DJIEKTPOHHOIN IIPOMBINLIEHHOCTH, TAe A HaHeCceHUs
ILJIEHOK MCIIOJb3YVIOT YCTAHOBKY C aBTOMATUYECKUM 3aXBATOM ILIACTH-
HBI, HaHEeCEHEeM PACTBOPA METOIO0M IeHTPu(YTHPOBaHUA U IIOCIEIY-
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IoIIIel TepMOoOOPaObOTKOM B IIeUKe.

Ilocyie HaHeceHUA 30Ji Ha IIOBEPXHOCTH IIOAJIOMKEK, 00pas3ilbl ObIIN
IIOMeIlleHbl B Ieub, I'Je ObLIM HArpeThl g0 TemmepaTypbl oT 100 1o
400°C, saTeM H3BJIEKAJINCh W OCTHIBAJIN HA Bo3Ayxe. BricokoTeMmmepa-
TypHass obpaboTka, IIocjie KOTOPOI IIPOMCXOLUT IIOJHOE YIIJIOTHEHIe
ILIEHOK, OKA3bIBAET CYIIIECTBEHHOE BJIMSHNE HA CTPYKTYPY IIOBEPXHO-
CTH 30JIb—TeJIb-ILJIEHOK 1 UX ruaApodoOHbIe CBOMCTBA.

2. HICCJIENOBAHUE MEXAHUYECKHUX CBOHUCTB METOJ10M
HNCTUPAHUA

JJia ompenesieHNA MeXaHUUYECKOM IMPOYHOCTU TOHKMUX 3AIUTHBIX TLJIE-
HOK 4allle BCero IIPpUMEHAI0T CKJIePOMETPHUUECKUA METOI U MeTOJ MCTH-
pauus. HaunboJsiee OgXOASAIIINM METOIOM OIIPeNeJIeHIA MeXaHuuecKoi
IIPOYHOCTH 3AIUTHLIX IIJIEHOK SIBJISIETCS METOJ[, OCHOBAHHBINA HA OIIpe-
IeJIeHUY CTOMKOCTH ILIEHOK K KMCTHUPAHHUIO. ITO OJMKe K pealbHBIM
YCJIOBUSAM KaK M3IrOTOBJIEHUA PA3HOOOPA3HBIX U3AEJUI ¢ TOHKMMU II0-
KPBITUSAMU, TAK ¥ UX DKCILIyaTAIlVH.

B mamnoii paboTe MexaHMYEeCKas IIPOYHOCTh IIOJYUYEHHBIX 3aIl[UTHBIX
IMOKPLITUH MOJYKET OBITh 0XapaKTePHU30BAHA COIPOTHUBJISIEMOCTHIO K HC-
TUPaHUIO (CXeMa yCTaHOBKU MOKas3aHa puc. 1).

IIpouHOCTE IOKPBITHI OIpPEeNessigach METOJOM MCTHPAHUS PE3UHO-
BBEIM HAKOHEUHHKOM, W3TOTOBJIEHHBIM M3 IIHIIEBON PE3UHBI CperHeil
ILJIOTHOCTH, Uepe3 OATHCTOBYIO IIPOKJAAKY IIPU CJIAEAYIOIMX IMapaMer-
pax:

yacToTa BpameHus, MmuH - — 100,

HarpysKa Ha HaKOHeuHukK, r — 200,

paccTosiHue OT OCH BpallleHusd, MM — 5.

Puc. 1. Cxema ycTaHOBKA IJI KOHTPOJISA MeXaHUYECKOI MPOYHOCTU TOKPBITH:
1 — maTpoH; 2 — ouTUUYecKas AeTAJb C 30/Ib—TelIb-IIOKPBITHEM; 3 — HaKOHeU-
HUK; 4 — MeCTO JJI YCTAHOBKHU I'Ppy3a; 5 — IPOTHUBOBEC.
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TABJINIIA 1. MexanuyecKasi CTOMKOCTb IIJIEHOK K NCTUPAHUIO B 3aBUCUMOCTH
OT cOoCTaBa IJIIEHK006PAa3yIOIero pacTBopa 1 TeMIIepaTypbl 06paboTKY IIJIEHOK.

Tum MmeTaIIOOPraHUUYECKOTO Temneparypa | Mexanuueckas CTOHKOCTb,

coeTMHEeHU A o6paboTku, °C IUKJIbI CTUDAHUSA
MT3C + T90C 200 2640
MT3C + T90C 300 3758
MT3C + T90C 400 5000
DPTIC 200 1980
DPTIC 300 2370
PDPTIC 400 3981
BTaC 200 2250
BTaC 300 3612
BT3C 400 5000
T30C 200 3130
T30C 300 4610
T30C 400 5000

B Tabauie 1 npuBogaTca JaHHBIE IO MEXaHUUYECKON CTOMKOCTH IIO-
KPBITHIH K MCTUPAHUIO II0 OIIMCAHHON BbINle MeToauke. Mexanudeckas
CTOIKOCTD OIIpeIesAlach KOJUUECTBOM [IUKJIOB HNCTUPAHUSA O MOMEHTA
TIOJIHOTO yAAJIEHUS IJIEHKHW C IIOBEPXHOCTH IMOMJIOMKKH, 1060 mo 5000
IIUKJIOB UCTUPAHUSA, UTO CBUAETEIBCTBYET O BLICOKOM IIPOYHOCTH IIOJIY-
YEHHOT0 MOKPBITHS.

ITo mosyyeHHBIM pea3yJbTaTaM MOJKHO CHeJIaTh BBIBOX, UTO HA IPOU-
HOCTh U AaJre3WOHHBLIE CBOMCTBAa IIOKPBITHII CYII[eCTBEHHOE BJIUSIHUE
OKas3nIBaeT TeMmeparypa Tepmoodpadorku. Ilpu TemmepatType o6padboT-
Ku 1o 200°C u3 MOKPBITHA IIPOUCXOAUT IIOJHOE yAAJIeHne aJcopOoupo-
BAHHOM BOJABI, OMHAKO JAHHOI TeMIIepaTyphbl HeAOCTATOUHO AJIS IIOJHO-
ro yJajieHus OPpraHnvYeCKrX OCTATKOB 1 PACTBOPUTEJIA BCJIEACTBUE Yero
HOKpEITHE MeHee cToiikoe. IIpu Tremmepatype oopadorku 300°C mpouc-
XOAUT OKOHYATENbHBIN M'IAPOJIN3 U Pa3/IoKeHre IPOMEeKYTOUHBIX IIPO-
OIYKTOB TUAPOJIN3a M OPraHWYEeCKMX OCTaTKOB. IIpu 00paboTKe BBIIIE
400°C mpoucxXoguT IMOJHAA AeTuapaTanusa U OKOHUYaTeJIbHOe (DOPMIUPO-
BaHUe OKcuga. Bce MOKPBITHA, IPOIIEAINe TaKyi TepMooOpaboTKy,
IPOIILJIN UCHBITAHNE U IMIOKAa3aJau HPOUYHOCTE Bbimie 5000 IuKJI0B UCTH-
paHus.

3. UISYYEHHUE ®A30BBIX H CTPYRTYPHBIX HPE}}PAIIIEHPIﬁ
B ITPOIIECCE ®OPMHUPOBAHHA 30JIb—TEJIb-IIJIEHOK

C menplo ompeneseHUs CTEIIEHUW BJIUSIHUA TEeMIIEPATYPhl OT:KHIa Ha
CTPYKTYPHOE COCTOSHME B30JIb—TeJIb-IOKPLITUHN ObliIa chopMUpOBaHAa
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cepus 00pasmoB. IIOKPITHA HAHOCUJINCH Ha 3ePKAJIbHO MOJIUPOBAHHBIE
KBapIieBble 1 KPEeMHHEBbI€ ILJIACTHHBI METOAOM IeHTPu(yrupoBaHUd,
3aTeM MOABepraJiiCch OTIKUTY IIPM pasaumdHoii Temmepartype: 20, 50,
100, 200, 300, 500, 700, 1000 z 1100°C. Ha BCcex cTaguax TepMooOpa-
0OTKM IIJIEHKK OCTABAJINCH OJHOPOSHBIMU M HPO3PAUHBIMHU 0e3 BUIY-
aJbHO HAbJIIOAaeMbIX 1e(eKTOB.

151 BLISSCHEHUSA CTPYKTYPHBIX OCOOEHHOCTEH IJIEHOK HA PA3IHUYHBIX
aTamax TeMIepaTypHO 00paboTKu ObLIM BLITOJIHEHBI naMepenus NK-
CIIEKTPOB MPOIYCKAHUS B AualasoHe 5—25 MKM Ha ABYXKaHAJbLHOM
cuekTpodoromerpe Tura SPECORD 75 IR.

B KauecTBe moasioxkex na cHATHUA K-cIIeKTpoB IIEHOK MCIIOIL30-
BAJIM CTAHIAPTHLIE 3€PKAJBHO IIOJHMPOBAaHHLIE KPEeMHIEBbIe IIJIACTHUHEI
mapku KO®-4.5 roamuuoit 450 mxMm. Ilpomyckamme sTMX IIIACTUH
KpeMHUsS B mH(pPaAKpacHO 06JiacTH CIIEKTPa cocTaBJsgeT 0KoJyio 50%.
Ina monydyeHUs CHEKTPOB MPONYCKAHUSA 30JIb—TeNb-INIEHOK U UCKJIIO-
YeHMS U3 CIIEKTPA 10JIOC IIOTJIOIeH A KPeMHMEeBOI ITOJI0MKKY B KaHae
CpaBHEHUS ObLIa YCTAHOBJICHA YMCTAM ILJIACTUHA KPeMHUI.

Ha pucynke 2 npeacraBienbl UK-crekTps! moraonienus SiO, 301b—
reJib-IOKPBITUM].

B rabuuie 2 mpeacTaBiieHbl BOJIHOBBIE UHMCJIA IMHUKOB IIOTJIOIEHUS
miaénox B MK-o6macTu cmexTpa (HaOM0gaeMbIX HAa COOTBETCTBYIOIIUX
CHEeKTpax) M OTHECEHHBIE K HUM TUIIBI KOJIeO0aHM 1 CBA3EH.

Cpasy mocyie HaHecenus miIéHOK B MK-cmekTpax mabiaomaeTca He-
CKOJIbKO YETKO BBIPAYKEHHBIX IT0JIOC TIOTJIOIIEeHM: IIUPOKas II0J0ca,
pacmoJioskeHHas B npefenax 2800—3600 cm ™!, cBAzaHHAA C HAIHMYHEM
CH- u OH-rpyun B cocTaBe ILIEHKN U aACOPOMPOBAHHLIX HA IOBEPXHO-
CTU MOJIEKYJI dTaHoja u Boabl; 1100 cM !, cooTBeTCTBYyOMAA CBA3K Si—
OC,H;; 1065 cm ', BEI3BaHHAA BAJeHTHBIMH Kosebaruamu Si—0—Si; 950
cM !, obycioBieHHaa JedopMalMOHHBIMU KoJuebanusamu Si—OH. Vse-
JIMYEHNEe TeMIIePATyPhl OTKUTA IPUBOAUT K IIOCTEIEHHOMY CHUMKEHIIO
VHTEHCUBHOCTH IIIMPOKON IIOJIOCHI IIOIJIOILEHMSI PACIIOJIOMKEHHON Ha
2800-3600 cm ' 1 nukos Ha 1100 cm ' 1 950 cM ', KOTOPBIE TIOJTHOCTHIO
rcues3aloT mocje TepmoodopadoTke Boite 400°C.

BmMmecTe ¢ TeM, MHTEHCUBHOCTD U II0JIOMKEHIIE OCHOBHOI'O IINKA 3aBUCUT
OT TeMIepaTrypsl oTskura. Ha prcyHKe 3 mpuBegeHa 3aBUCHUMOCTD IIO-
JIOJKeHUA MaKCUMyMa MUKa IMOJIOCKI IIOTJIONe s cBa3u Si—0—Si.

Wsmenenusa B UK-cmeKkTpax, BbI3BaHHBIE TepMOOOPAOOTKOM, CBUIE-
TeJIBCTBYIOT O CYII[€CTBEHHOI 3aBHCHMOCTH CTPYKTYPHI ILIEHOK OT TE€M-
nepatrypel orTsKura. AHanus MK-CIeKTpoB IPONYyCKAHUSA II03BOJISIET
YTBEP:KIATh, UTO IIPU YBEJIUUYEHUN TeMIiepaTypbl oopaborku mo 400°C,
U3 MJIEHKYU YIAJISI0TCA OPraHMKa M BOJA 34 CUET MCIApeHUs JKUIKOTO
KOMIIOHEHTa pacTBopuTess u3 mop. O0 3TOM CBUAETEILCTBYET IIOCTE-
IIeHHOE YMEHbIIIeHNEe C POCTOM TeMIIePATyPhl MHTEHCUBHOCTH, a 3aTeM U
IMoJIHOe ncuesHoBeHue MuKoB norJoineHusa CH- u OH-rpynn Ha cooTBer-
CTBYIOIIMX YUACTKAX CIIEKTpPA.
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Puc. 2. UK-cuextp norsomeHus Si0, 30b—TeIb-TTOKPBITHI.

TABJMUIIA 2. BorHOBBIE UKCJIa TNKOB IOTJIOIEHUS.

BosnHoBOe uncio, cM Tun Kosebaumii CBassb
3800-3000 BaJIEHTHOE O-H
1800 IedopMaInoHHOE H-O-H
1700 IedopMaInoHHOE H-O-H
1610 IedopMaInoHHOE H-O-H
1550 nedopMaIOHHOE H-O-H
1050 BaJIEHTHOE Si—0-Si
1085 BaJIEHTHOE Si—0-Si
950 IedopMaInoHHOE 0-Si—-0, Si—OH
800 BaJIEHTHOE SiO,
785 BaJIEHTHOE Si—0-Si
450-400 IedopMaIoHHoOe, BpaljaTeJbHoe Si—0-Si

B guamasone tremnepatyp 400—700°C oTcyTcTBYIOT KaKkue-Inbo 3HA-
YHTeJIbHbIe U3MEHEeHUS B CHEKTPax, YTO MOKeT ObITh CJIeACTBHEM II0JI-
HOTO yIaJieHus BOALI M OPTaHUKU U3 IIJIEHKHU, CBA3aHHOE C 3aBePIIeHN-
eM MIPOTEeKaHUs PeaKIlnil MOJNKOHIeHCAIINN. ¥ BeJINUeHe OTHOCUTEIb-
HOIl MHTEHCHUBHOCTH OCHOBHOM IIOJIOCHI IIOTJIOIIEHMS, OTHOCAIIEHCa K
BaJIEHTHBIM KoJiebauuam Si—0—Si, u e€ caBur B 00J1aCTb OOJBIINX BOJI-
HOBBIX umceJ mocje oopaborku BeIie 700°C ob6yciioBieHbI (hOPMUPOBA-
HIEeM KPeMHUII-KUCJIOPOSHOrO KapKaca U MOJHBIM ero YILIOTHEHUEM C
o0paszoBaHMEM CTeXHOMETPUUECKOTo Aumokcuaa Kpemuus npu 1000°C.
Takske ¢ yBeJIm4eHIEeM TeMIIepaTypsl, B oosactu 800 cm ' pacTéT nHTEH-
CHUBHOCTB IIOJIOCHI IIOTJIOIIIEHUSA, KOTOPas OTHOCHUTCA K KOJie0aHUSIM
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Puc. 3. 3aBUCHUMOCTD IOJOKEHUA MAKCHUMyMa OCHOBHOTO IHKA ITOTJIOIIEHUS
cBasu Si—0—Si or TeMnepaTyphl OT;KHUTA.

KPEeMHUMN-KUCIOPOTHEIX I'PYIII, I'/le KPeMHUI HaXOAUTCA B YUETHIPEXKO-
opAMHANMOHHOM cocTossHuM. OmucaHHOe BBIIIE MOBeJeHNe JUHUM I0-
riomenusa B UK-o6acTy cBUAETEIbCTBYET O HATUYNY aMOP(HOIT KBap-
IIeBOIIOJO0HOM CTPYKTYpPhI, 00Pa30BaHHOI KPEeMHUH-KUCIOPOIHBIMUI
cBazamu npu Beicokux (Beimie 700°C) remneparypax. Torma Kak mpu
MeHbITHX TemMuepartypax (au:xe 400°C) popmMupyeTcsa mIpoCcTo MOPUCTA
JIeTIoINMepHU30BaHHAA CeTKA.

4 UCCJETOBAHUE CTPYKTYPHBIX CBOMCTB IIOBEPXHOCTH
METOA0M ACM-CIIEKTPOCROIINH.

Aromuo-cusoBaa mMukpockonus (ACM) aBaserca s(hdeKTUBHBIM HH-
CTPYMEHTOM KOHTPOJIS COCTOAHUA M MOP(OJIOTUY ITOBEPXHOCTHU MOKPHI-
TU#, KOTOPhIE 3aBUCAT OT TEXHOJOTUUECKUX PEKUMOB IMOJYUEHUA Ma-
rTeprasia. CBoMicTBa MaTepuasa OIpeleIsioTCa MUKPOCTPYKTYPOI CIod:
TOJIIIIUHOM, MOPUCTOCTHIO, CTENEHBIO IepoxoBaTocTy u T.m. [5]. Ilpu
HCCJIEJOBAHUN KECTKUX 00pasIoB M300paKeHnA, HOJyUeHHBIE B KOH-
TAKTHOM M OECKOHTAKTHOM pPEXMUMAaX, MOTYT BBHITJIAAETbH OAUHAKOBO.
OnHaKO ecau Ha IOBEPXHOCTHU KECTKOr0 o0pasiia JiekaT, HallpuMmep,
HECKOJILKO MOHOCJIOEB KOHIEHCUPOBAHHOM BJIaTHU, TO 3TU N300paKeHNA
MOTYT 3HAUYUTEJbHO padauuarbcea. ACM, paboraroiiuii B KOHTaKTe, 0y-
JeT IPOHUKATDH Yepe3 CJIOH KUAKOCTH, 0TOOparKkas HIKEJIEeKAIYIo I10-
BEePXHOCTh, TOraa Kak OeckouTakTHbI ACM Oyzer maBaTh msobpaske-
HIEe TOBEPXHOCTHU CJIOS BJIATH.

Ha pucynxke 4 npencraBiaensl ACM-u300pakeHua HIOBEPXHOCTU 30Ib-
reJib IJEHOK IIPUTOTOBJIEHHBIX M3 30JIA HA OCHOBE COENUHEHUU TeTpa-
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Puc. 4. ACM-usobpaskeHue IOBEPXHOCTHU IILJIEHKHU, IIPUTOTOBIEHHON HA OCHOBE
coenuHeHut TOOC u MTIC.

" 400°C

Puc. 5. ACM-usobpaskeHue MOBEPXHOCTHU IIJIEHKM, IPUTOTOBJIEHHO Ha OCHOBE
coeguuenuit BTIC.

aruoprocuaukara (TOOC) u merunrpustoxkcucuaana (MTIC), o6pabdo-
ranHbIX pu Temieparype 200 u 400°C. IlokpbITHA ABASIOTCSA CILJIOIII-
HBIMU Ha POBHOM ITOBEPXHOCTU 0e3 BUAMMBIX BKJIIOUEeHUII. AHAJIU3 MO-
KasbIBaeT, UTO MOKPBLITUS SBJISIOTCS OAHOPOIHBIMU II0 BCEH CKaHUpPYe-
MOIi ITIOBEPXHOCTH ILIEHKH, IIepelaj BBLICOTHI cocTaBiaseT 6—8 um mis
IJIEHOK ¢ oOpaboTkoit mpu 200°C u 2—3 HM A4 TeMIIepaTyphsl 06padoT-
Ku 400°C.



CUHTES 1 VUCCJIIETOBAHUE CUJINKATHBIX 30JIb-TEJIL-TIOKPRITUI 289

BoJee rmagxkyo moBepxXHOCTL 00pasiia, popmuposauuoro npu 400°C,
MOYKHO O0BACHUTDL IIOJHOCTBIO C(POPMUPOBABIIIEHNCA CTPYKTYPOI AUOK-
cuaa KpeMHUA 1 MMOJTHBIM HCIIapeHueM OPraHuUYeCKNX COCTABIAIONINX .

Ha pucynke 5 mpencraBiensl ACM-u300pakeHUA 30JIb—TeIb-ILJIé-
HOK, IIPUTOTOBJIEHHBIX 13 30JI1 HA OCHOBE BEHUJITPUITOKCHUCHUJIAHA
(BTOC) u oopaboranusix npu temmneparype 200 u 400°C. ITokpoiTus
SIBJISIIOTCSI CILJIOIIIHBIMY HA POBHOM IIOBEPXHOCTH 0€3 BUAMMBIX BKJIIOUE-
HUMN. AHaJII/I3 IIOKA3bIBAE€T, UTO IIOKPBITHUA ABJJAIOTCA OJHOPOAHBIMH IIO
BCeMl CKaHUPYEeMOM ITOBEPXHOCTHU MJIEHKH, IIepeIa] BbICOTHI COCTABIAET
3—6 HM nad miIeéHoK ¢ oopaborkoit mpu 200°C u 15—-40 aM a1a TeMIiepa-
TypsI o6paboTru 400°C.

Boiee rnagkaa moBepxHOCTL obOpasma ¢opmupoannoro npu 200°C
IO CpaBHEHUIO ¢ obpasmamu, cpopmuposanubiMu npu 400°C, o0bACHA-
eTcs 0oJiee HUBKOM TeMmepaTypou opMupoBanusa miaéHok u3 BTAC mo
cpaBHeHuio ¢ TOOC u MTIC, yBennueHne TeMIepaTypbl 00paboTKHU 10
400°C mpuBOAUT K BCIIEHNBAHUIO TOKPBITUA.

5. UICCJETOBAHUE 3JIEKTPO®U3UIYECKNX CBOVICTB

CTPYyKTYypHl MeTaJI—AU3JIEKTPUK—IIOJIYIPOBOSHUK, WJIN COKPAIEHHO
MOII-cTpyKTyphl, IMIUPOKUM HWHTEPECOM K M3YUEHUIO MX (QUBUUECKUX
CBOMCTB 00A3aHBI OABJIEHUIO IIJIAHAPHOM TEXHOJOTUU U PA3BUTUIO HO-
BOTO KJIacca IOJYIIPOBOSHUKOBEIX IPUOOPOB, PabOTAIOMIUX HA OCHOBE
adexTa mosd, TaKUX KaK IpUOOPEL C 3apAJOBOM CBA3BIO, IIOJIEBBIE
TPAH3UCTOPHI C MBOJUPOBAHHBIM 3aTBOpoM. MJIII-cTpyKTyphI 1mO3BO-
JIAIOT aHAJIVWSUPOBATH OCHOBHBIE IIPOIECCHI, IIPOTEKAIOIIVe B TaKUX
npubopax, ¥ ABIAIOTCA YPE3BHIUANHO yIOOHBIMU 00BEKTAMU HCCJIENO-
Banua. MIII-ctpykTypa npencrasisgeT cO00M MOHOKPHCTAINUYECKYIO
IIJIACTUHY IIONYIPOBOJHWKA, HA3HIBAEMYIO IIOAJIOXKKOH, 3aKPBITYIO C
IIJIAHAPHOU CTOPOHBI JUANIEKTPUKOM. MeTamimuecKuil 3JIeKTPOL, HaHe-
CEHHBIN Ha OUAJIEKTPUK, HOCUT Ha3BaHIeE 3aTBOPA, 4 CaM AUIJIEKTPUK
HasbIBaeTcda noxszarBopHbIM. Ha o6paTHY0 HensaHAPHYIO CTOPOHY IIO-
JIYyIIDOBOAHUKOBO¥ IIJIACTUHBI HAHOCUTCSA METAJLINYECKUIN BJIEKTPOJX,
Ha3bIBAIOIIMICSA OMUYECKUM KOHTAKTOM. [[JId u3MepeHusd NUAIeKTPU-
YeCKUX CBOMCTB Ha IMMOBEPXHOCTH IJIEHOK, BAKYYMHBIMU METOJaMM, ObI-
1 ¢c(hOPMHUPOBAHBI ATIOMUHIEBEIE IJIOMAAKY IIomanbo 1 mm®, ITomry-
yeHHasa B pabore M/III-cTpyKTypa, npuBeiéHHasa Ha puc. 6, cocTOUT U3
3aTBOPa, MOA3AaTBOPHOTO [UAJIEKTPUKA U IOJYIPOBOIHWKOBOI IIOJX-
JIOMKKMU.

CropocTb 00pasoBaHUsA NJIEHKU U €€ CIEeNJeHNe C IIOBEPXHOCTHIO
CTeKJa OIpeJesdAeTcs MPABUJIBHBIM IIOAOOPOM COOTHOIIIEHUS KOMIIO-
HEHTOB PacTBOPa, XMMUYECKUMU CBOICTBAMY 00pa3yIOIINXCS ILIIEHOK,
OTHOCUTEJILHON BJIAYKHOCTHIO BO3AyXa W TEMIEPATypOMl ITOBEPXHOCTU
crexsaa. Kak mpasuio, ciensyeHre ¢ IOBEPXHOCTHIO CTEKJIA IIPOTEKAET
TeM OBbICTpee, UeM Jierde OCAXKJAETCS M3 PAcTBOPA COOTBETCTBYIOIIAS
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1 — AmomunuBas wromagxa (Al)

2 — Nuoaextpuk (Si0,)

Z Z VA4 7

3 — KpemuneBas ocEOBa (Si)

Puc. 6. Yerpoiicrso MIIII (MOII) cTpyKTyphi: I — 3aTBOp; 2 — HOA3aTBOPHBIMN
IUBJIEKTPUK (OKMCed); 3 — HOJYIPOBOJHUKOBAA IMOAJIOMKKA.

THIPOOKHCH W Ye€M MEeHbIIe e€é PACTBOPHUMOCTL B BEIOPAHHOM PACTBOPH-
TeJie (CIUpPTe, BOJE U AP.).

M3 pacTBOPOB T'UAPOJIHUIYIOMUXCS COEIUHEHHUUN MOMKHO IIOJYYUTH
IUIEHKHX pasanvHoi ToamiuHbel oT 50—100 uMm 1o 2,0-5,0 mxM. B HeKo-
TOPBIX CJyUYasiX IPY HAHECEHUH OKMCHBIX IINIEHOK HA M3IeJUA U3 BBICO-
KOTepMOCTa0OUJIbHLIX MATEPHUAJIOB, HAIIPMMEP Ha IIOBEPXHOCTH KpPEM-
HUsA, HeoOXoauMas TOJIUHA IIEHKK MoxkeT gocturathk 20,0—-30,0 MKM.
Hanecenne TaKuX TOJICTBIX IIJIEHOK BO3MOJKHO JIMIIL IYTEM MHOIO-
KPAaTHOr'0 HACJAUBAHUA C IIPOMEIKYTOUHBIM IPOrPEBOM — YIIPOUHEHH-
em pu 400—-700°C mmocsie HaHECEHUA KaKIOT0 CJI0A.

Ha pucynxke 7 mpeacTaBiieHb n3o0pakenusa POM-cKojia MoJyYeHHBIX
06pasioB. MOKHO YBULETDH, UTO AUIJIEKTPUUYECKNE IJIEHKU UMEIOT Of-
HOPOAHYIO CTPYKTYPY, TEPMUUYECKUI OKHCEJ uMeeT TOIIuHY oT 10 1o
20 uM.

PesyibTaThl M3MepeHHSA OUIJIEKTPUUYECKMX CBOMCTB, IIOKA3aTeJis
[IPEJIOMJICHUSI W TOJIMUHBI IIOYYEHHBLIX IIOKPBITHUI IIPEICTABJICHBI B
Tabua. 3.

W3 Tabauibl BUAHO, BeJINYNHA IIOKA3aTe s IPeJIOMICHN Ha o0pas-
max Ha ocHoBe BTAC cocrasaser 1,401-1,420, uTto 0J1M3KO0 K BeJUUNHE
moKasaTesid AJIs TEpMUUECKOTo OKucya paBHoi 1,420. [[ia o6pasiioB Ha
ocHoBe TOOC + MTOC, BesrnumHa IMoKasaTeJad IPEJOMJIEHUS COCTABIIA-
et 1,439-1,462, 4TO HECKOJBbKO IIPEBLINIAET BeJIUUYNHY IIOKa3aTesd I
TEPMUUYECKOr0 OKMcJa. Hajimume IIOACIOSA TEePMUYECKOrO OKMCJIA He
OKAa3bIBAET BJIUAHNSA HA TOJIMUHY IOJYUYEHHBLIX IIOKPBITHI, KOTOPAs Ba-
psupyercsa ot 0,93 1o 1,04 MKM. ITO CBA3aHO C TEM, UTO TOJIIHNHA Tep-
MMUYECKOI'0 OKMCJIA HA HECKOJBbKO IOPSIAKOB MEHBIIIE TOJIIUHBI IOJY-
YeHHBIX AusaeKTpuueckux Si0Q, moxpoiTuii. BesnmuuHa nusaeKkTpude-
CKOU IPOHUIIAEMOCTU CJO0EB HaXOOUTCA B mumamnasoHe 4,42—-8,20, uro
IIPEBBIIIAET €€ 3HAUEeHNE IJIA TEPMUUECKON JBYOKUCH KPEMHUI PABHOE
3,8.

OxauM U3 BajKHEHIUX 3JeKTpodusudeckuM cBoiictBom MJIII-
CTPYKTYP ABJSAETCS TOK YTEUKH, KOTOPLIN IPOTEKAET MEMAY IBYMS MU
HECKOJIbKMMH 3JIEKTPOJAMHU Uepes3 TUIJICKTPUK MEKIY STUMU DJIEKTPO-
JaMy MOA JefiCTBMEM IOCTOSHHOrO HampsiKeHWs. IIpn MajabIx HaAmps-
JKEHUAX TOK YTEUKU 3aTBOpPa OBICTPO IMAJAeT 40 INKOAMIIEPHOTO Jualia-
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rpaHmMua
NOANOXKKa fPaHnua
NoA/I0MKKa

rpaHuua

aHula
NoANOXKKa L u
NOANOXKKa

BT3C

Puc. 7. Uzobpakenne POM-ckosaa 30mb—renb SiQ, AUIEKTPUUECKUX IIJIEHOK
Ha II0BEPXHOCTY MOHOKPHUCTAIJINYECKOr0 KPeMHHUS.

TABJINIIA 3. 9nekTpodhusnyecKre mapaMeTPhl TUIJIEKTPUYECKUX CIOEB.

IToxazarennb Tonmuua ciosa HuasmexTpuuecKasa
Ne o6pasita
TIPeJIOMJIEHU I 1mo POM-cKoy, MKM TPOHUIAEMOCTD
1,420 0,94 8,20
BT9C 1,401 1,01 7,44
1,462 0,93 4,42
MTSC+T30C 1,439 1,04 4,81

30HA, KOT[a HAIPAMKEeHNe CYIIeCTBeHHO MeHbIlle HaIpAKeHUusA Ipobos.
Y MOII-Tpau3ucTOpOB HUKOTAA HEJIb3s AOMYCKATL IIP0O00A M30JAINHN
3aTBOpa. B mHTErpalbHBIX CXeMaX Ha MOJIeBhIX TPAH3UCTOPAX C TOJIIIIH-
HOU nuaieKTpudecKkoro cjaod 20—100 HEM BeIMUYMHA TOKA YTEUKH JICHKUT
B IMKOAMIIEPHOM AHalasoHe IIpK Hamps:KeHuu 10 5 B, pesyabTaTsl 10
BeJIUUYMHE TOKA yTeuKu uepes nosyueHHbie MIIIl-cTpyKTYypHI IIpeacTas-
JeHusl B TabJ. 4. I3 gaHHBIX TaOJIUIILEI BUAHO, UTO Ha BCceX o0pasIiiax oHa
He0O0JIbIIas COCTABJIAET OT AECATKOB 0 COTEH MMKOaMIIED, UTO ABJIAETCS
XOPOIITUM Pe3yJIbTATOM AJIS JUIJIEKTPUKA TOJIIUHON mopAnKa 1 MKM.

6. BARJIIOYEHHE

Husnekrpuueckue SiO,-TIOKPBITHA, CHUHTE3WPOBAHHBIE 30Jb—T€Jb-
MEeTOIOM, XapaKTepU3YIOTCA BBICOKOM CTOMKOCTBIO, KOTOpas OOCTHUTa-
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TABJINIIA 4. O6o6iéHHbIe JaHHBIE 10 BeJIUYNHE TOKA YTEUKHU Yyepes IOJY-
yenHble MIIII-cTpyKTyphI Opu HapAKeHUU +5 B.

VYcepenuéHHas BeIMUMHA TOKA YTEeUKHU
Cocras o6pasiia
KOHJIEHCATOPOB IIpU HaIps:KeHuu +5 B, HA
0,28
BT9C ’
0,16
0,052
MT T
IC + TOOC 0,063

eTcd pu Temieparype obpadborku Brimie 400°C. Ananus UK-cuekTpos
IMOKAa3bIBaeT, UTO Hpu Temieparype obpadorku 400°C ob6pasyercs
aMop(dHasa KBapIliemnomodHasd CTPYKTYpa; IPU YBEJINUeHUN TeMIIePaTyPhI
oopaboTku Bruimie 700°C oOpasyeTcsi CTPYKTypa Ha OCHOBE KPEMHIIA-
KHCJIOPOAHBIX CBA3EIH.

Ha ocaose ACM ompegeneHa 3aBUCHUMOCTL CTPYKTYPEI ITIOBEPXHOCTH
dopMUPYEMBIX 30JIb—TeJIb-IIJIEHOK HA OCHOBE PAa3JIMYHBLIX OpraHudve-
CKHMX COeIUHEHUII KPeMHUS OT TeMIIepaTyphl oT:Kura. IIpu temiepary-
pax obpaborku 200°C 11epoxXoBaTOCTh IMOBEPXHOCTH cocTaBiseT 5—10
HM, OpU yBeauueHuu Temieparypsl oT:kura mno 400°C mpoucxomut
YMEeHBIIIeHNE IIIePOX0BATOCTH 0 2—4 HM.

Bennunna moxasaTess OmpeJoMJIeHNsS Ha oOpasiax Ha ocHoBe BTOC
cocrasiser 1,401-1,420, uto OJIM3KO K BeIMUYNHE IOKAa3aTeJs JId Tep-
MUYecKoro oxwmcaa paBHo#M 1,420. Jlia oO0pasioB Ha OCHOBE
TIOC + MTIC, BenrnunHa IIoKasaTejd IpeioMJIeHusd cocTtaBaseT 1,439—
1,462, yTO HECKOJLKO IIPEBLIIIIAeT BeINUYNHY ITOKa3aTeNs OIS TepMude-
CKoro okwucJa. Haaudume moAcioa TepMUUECKOT0 OKHMCJIa He OKa3bIBaeT
BINSAHUSA HA TOJIIUHY IIOJYUYeHHBIX IMOKPBLITUI, KOTOPasa BapbuUpPyeTcs
or 0,93 mo 1,04 MKM. ITO CBA3aHO C TE€M, UTO TOJIIINHA TEPMHUUECKOTO
OKICJIa Ha HECKOJbKO MOPAIKOB MEHBIIIE TOJIIHNHBI MOJYUEHHBIX IH-
saexTpuuecKux SiO,-MOKPBITHH. BeanunHa AUSJIeKTPUUYECKON IIPOHU-
IIaeMOCTH CJIOEB HaXOAUTCs B Auanasone 4,42—8,20, uTo mpeBhIIIaeT eé
3HaYeHue OJIs TePMUUYECKOH JBYOKIICH KPeMHUA paBHoe 3,8.

Ha moBepxHocTu maHHBIX MOKpbITHii PVD- 1 CVD-MeTomaMu MOTyT
ObITH chOPMUPOBAHLI TOHKHE CJIOM METAJIJIOB U IIOJYIIPOBOAHUKOB, 03
W3MEHEeHUS 9JeKTPOPU3NUeCKUX U (PUSUKO-XUMHUUECKUX CBOMCTB OU-
saeKTpudecKkoro SiO,-mmoacaos.
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