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TOHKOIUIEHOYHBIE SJIEMEHTDI
KPEMHUEBLBIX JUOJOB IIOTTKHA
JUIAA BBICOKOTEMIIEPATYPHOI'O MUKPOMOHTAXA

Paccmompenvt koncmpykmuero-mexnonoeu-
yeckue 0COOEHHOCMU U XAPAKMeEPUCTUKU
KpeMHuesvix ouooos [llommku, cozoasae-
MbIX 8 CMEKIAHHbIX KOPNYCax, mpeoyrouux
obecneyeHuss MepmMoCmouKoCmu KpucmaJ-
7108 Ha yposere 650°C.

MHUKpPOMOHTaX U TePMETH3aLHUsI CTEKIOM KPHCTal-
JIOB M3JICTIHUI MUKPOJIEKTPOHUKY B Kopmyc tuna DO-35
npousBoanTcs mpu remrieparype 600—650°C, mpu aTom
JUINTETIBHOCTb TEMIIEPAaTypHOTo BO3/I€HICTBUS JOCTUTA-
€T HECKOJNBKUX MUHYT. [IpUMEHHUTENFHO K CTPYKTYype
quona IIoTTkH Takoe BBICOKOTEMIIEpaTypHOE BO3ICH-
CTBHE TIPUBOIUT K JCTPATAIIIH IEKTPHICCKUX XapaK-
TCPUCTUK BCJICACTBHUC U3MCHCHMW A TapaMETPOB BBIIIPAM-
JSIONIET0 KOHTakTa (BeIcOThI Oapbepa LllorTku, mepe-
XOHOTO compoTtuBienus) [1, c. 23—35], a Takxke K 3a-
PSIOBOI HECTAOMIBLHOCTH MTACCUBUPYIOIIETO TTOKPBITHS,
00yCITOBJICHHON MHUTpaIell HOHOB IIEIOYHBIX METAJIIOB
(Li, Na, K), conepxxamuxcs B ctekie [2]. [Toatomy MHO-
THE MaTepHaNbl 0Ka3aJIiCh HEMPUTOJHBIMH I (popMu-
pOBaHMUsl KOHTAKTHBIX CTPYKTYP M IACCUBALMU UOJ0B
[oTTKM].

JlanHas paboTa rmocesiieHa pa3padoTke HOBBIX TOH-
KOTUICHOYHBIX AJIEMEHTOB JIJIsl POPMHUPOBAHUS CTPYKTYP
nonoB LIOTTKY, yCTOHYMBBIX K BO3ACHCTBUIO BEICOKUX
temneparyp. Takas cTpyKkTypa pejcrasieHa Ha puc. 1.
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Puc. 1. Ctpykrypa quona llortku:
1 — 1o[IOKKa; 2 — ANUTAKCHATIBHBIH CJI0M; 3 — OXpaHHOE KOJIBLIO;
4 — macCUBHUPYIOIIEe TOKPHITUE; 5 — KOHTAKTHBIH CIIOH; 6 — 00beM-
HBIN BBIBOJI; 7 — METaJUTM3aIIMs KaTo1a

B kauecTBe MacCUBUPYOMIETO MOKPHITUS UCTIONB30-
BaJIM CJIOM IMOKCH 1A KpeMHUs TonmuHou 0,5—0,7 MkM,
MOJTy9YE€HHBIE TEPMUIECKUM OKHCICHHUEM, a TAK)KE IBYX-
crnorinpie crpykrypsl SiO,/Si;N, n Si0,/Ta,0,. Cron
HUTpUAa Kpemuawnst TommuHoi 0,1—0,2 MKkM ocaxaanu
aMMOHOITU30M JauxJiopcuiiana. Cou MeHTaoKcHa TaH-
Taja GOPMHUPOBAIH TEPMUICCKUM OKHCIICHHEM (B cpe-
Jie cyxoro kuciopofa rnpu temmeparype 550°C) mnenox

TaHTaja, HAHECEHHBIX MarHeTPOHHBIM PaclbUICHUEM.
Tomumny cnost Ta,O4 Bappuposaiu B quanasone ot 0,04
1o 0,5 mxMm. B kauecTBe KOHTAKTHOI'O CJIOS MCIIOIB30-
BaJIM IJICHKH MOJIMOIeHA U BaHAIusl TOJIIMHON 0,3 MKM,
HaHECEHHBIC MArHETPOHHBIM paciblieHHeM. OObEeMHBIH
BBIBOJI BbICOTOM 30 MKM (opMUpOBali rajbBaHUYE-
CKHM OCaKJICHHEM cepedpa M3 pacTBOpa DIEKTPOIUTA
yepes Macky (otopesucta. MeTamm3ammio KaToia mo-
JyJajd IyTeM HaHEeCEHHS B BAKyyMe Ha 0OpaTHYIO CTO-
POHY KPEMHHUEBBIX IUIACTUH TPEXCIONHOM IMIEHKHU C
HIDKHAM (KOHTaKTHBIM) CIIOEM BaHaJusl, IPOMEXKYTOU-
HBIM CJToeM 13 cepedpsiHoro npuros tuma [ICp15 u Bepx-
HUM clioeM cepebpa.

DKCHepUMEHTAIbHBIII MUKPOMOHTaX KpPUCTAJIIOB
MIPOU3BOJIMIIA B BOCCTAHOBHUTEIBHOW aTrMocdepe mpu
temneparype 650°C maiikoil BBICOKOTEMITEpATYPHBIM
MIPUTIOEM (CIUIaB «CepedpO—MeIby» ) K aKCHATLHBIM BBI-
BojaM Koprmyca DO-35 ¢ 0oqHOBpEMEHHOM repmeTHsa-
Uel cTexiaoM (cM. puc. 2). Bonsr-amnepHble Xapakre-
puctuku (BAX) nuonos IloTTku mociie MOHTaxa HMc-
CJIeTOBAJIM C TOMOIMIBIO U3MEPHUTENHHOTO KoMIuiekca HP
4061A (Hewlett Packard, CIIIA). st onpenesneHus na-
pamerpoB koHTakToB LlloTTKH Mcmonb30Bamm rpado-
AQHAIUTUYECKUI METOJ, a TaKKe pacueT YHUCICHHBIMH
METOJJaMHU MapaMeTpoB Mozieru nipsimoit BAX [3]. DnemeHT-
HBIW COCTAaB MEPEXOHBIX CIOEB UCCIIEIOBAIN OXKEe-DIIeK-
TPOHHOMW CHEKTPOCKOTHEH MPU TTOMOIIN CIIEKTPOMETpa
PHI-660 (Perkin Elmer, CILIA).
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Puc. 2. Cxemarnueckoe nzobpaxenue quoaa LlorTku B Kop-
myce DO-35 mocine BBICOKOTEMITEpaTypHOTO MUKPOMOHTaXa

PesynpraThl n3MepeHuss 00paTHOTO TOKa JHOJ0B
[oTTKHM C pa3IUYHBIM MACCUBUPYIOLUIMM OKPHITHEM
npecTaBiIeHbl B Tadu. 1. Kak BUIHO U3 TaOMUIlbl, Hau-
JMYYNIMMHA 3aIIATHBIMUA CBOHCTBAMH XapaKTepU3yeTCs
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Ta6mumna 1
Obpammubiii mok 0uo0og [llommxu ¢ paziuunsim
naccusupyOuwuM NoKpulimuem npu eludure 00pamHo2o
nanpsaxcenus 15 B

CrpykTypa IudJeKTpuueckux cioeB | OOpaTHbIH TOK, MKA
Si0, (0,6 MxMm) >1,0
Si0, (0,6 Mmxm)/ Si3N4 (0,15 Mrm) 0,5
Si0, (0,6 mxm)/ Ta,O5 (0,04 Mrm) 0,22
Si0, (0,6 mxm)/ Ta,O5 (0,07 MKM) 0,09
Si0, (0,6 mxm)/ Ta,05 (0,27 MEM) 0,02
Si0, (0,6 mxm)/ Ta,05 (0,40 MkM) 0,10
Si0, (0,6 mxm)/ TayOs (0,50 Mxm) 0,23

ABYXCJIOMHOE maccuBupytoniee nokpeitue Si0,/Ta,Og
C TONIMHOH BepXHero cios B aumamaszone ot 0,07 mo
0,4 mxm. Benmunna obparHoro Toka jquonoB HIorTku ¢
TaKUM TOKPBITHEM B 25 pa3 MEHbIIIE, UEM C JIByXCIION-
HOU cTpykTypoii Si0,/ Si;N,, u B 50 ¢ MIIHAM pa3s MeHb-
1Ie, 9YeM ISl TPAJUIHUOHHO UCTIONIE3YyEMOro ITACCHBHPY-
IOMIETO TOKPBITHA cinoeM Si0,. D10 oObsAcHAETC (-
(EeKTUBHBIMU OapbepHBIMU CBOHCTBAMM MOKPBITHUS
Si0,/Ta, O, npoTuB U Py3un HOHOB MIETOYHBIX Me-
Ta;oB. KpoMe TOro, COOTHOLIEHHE TOJIIMHBI CJIOEB
JTAHHOU JBYXCJIOHHOM CTPYKTYPBI TI03BOJISIET YIIPABIIATh
ee 3apsI0BBIMH CBOWCTBaMU [4].
TOK, A pryppy—————
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Hanpsxenue, B

Puc. 3. Bonsr-ammepusie xapakrepuctuku auogos lloTTkn
B kopryce DO-35 ¢ KOHTaKTHBIMH CIIOSIMH M3 MOJIUOJcHA
Y BaHAIU

Pesynsrarsl usmepennii BAX nuonos orTku ¢ pas-
JMYHBIMHM MaTepHadaMU KOHTAKTHBIX CJIOEB IPEJCTAaB-
JIEHBI HA pHC. 3 U151 aKTyaJIbHOTO Ha IPAaKTUKE Auara-
30Ha pabOYMX HAMpPsKEHUH. Pe3ynbTars! uccienoBaHusl
ANEKTPO(YU3NIECKUX CBOMCTB KOHTakTOB Mo/Si u V/Si
nocae MUKpOMOHTaxa B kopiyc DO-35 npencrapieHsl

B Ta0.I. 2.
Ta6nuia 2

Dnekmpogusuueckue ceoicmsea KOHMAKMO8 «MOIUOOeH—
KpeMHUU» U «8AHAOUU—KDEMHULL) NOCTIe MUKPOMOHMANCA
6 kopnyc DO-35

MeToauka ucciaeJ0BaHHs
Pacuer
Tapamerpe! I'pago- 3 YUCTICHHBIMU
aHATUTUYECKUN MeTOIaMHt
KOHTAKTa
METOJT napaMeTpoB MOJICIN
npsmoiit BAX
Mo/Si | V/Si | Mo/Si V/Si
ITocnenoBarenbHOE B B 7.41 443
conporusieHue, OM
Kosppuunent 122 | 1,11 | 1,23 1,04
HEU€aTbHOCTH
BricoTa 6apnepa, B 0,625 | 0,641 0,624 0,654

Kak noka3zasnu uccieoBaHus, KOHTaKkThI V/Si xapak-
TEPU3YIOTCsI OOJIBIIEH BHICOTOM Oapbepa W MEHBIITHM
[OCJICIOBATEIHBIM COMPOTHUBIICHUEM, YTO O0YCIIOBIIH-
BACT MX MPEUMYILIECTBO mepen KoHTakraMu Mo/Si kak
B YaCTH YMCHBIICHHS MAJCHUS MPSIMOTO HAIPSLKCHUS
nwonoB LI0TTKH, Tak ¥ yMEHBIIIEHHS UX 00paTHOTO TOKA.

Opnnako moiydeHHas BeIcoTa Gapbepa 0,654 B He
COBITAJIACT C U3BECTHBIM 3HAYCHUEM JIsl KOHTAKTOB «Ba-
HaJWii—KpeMHUI» n-turma, paBHbM 0,55 B [5]. OTo yka-
3bIBaeT Ha HaNW4IKE (Da3bl TUCHIMIIUIA BaHAIHS, KOTO-
past XapaKTepHu3yeTcsl BBICOTON O0apbepa K KPeMHHIO 71-
tuna 0,65 B [1]. Hannune nepexonHOro cios TUCHITU-
[U1a BAHAIUS YCTAHOBICHO OXKE-JICKTPOHHOU CIIEKT-
pockonuel (puc. 4), a TakKe JaHHBIMUA PSHTTCHOCTPYK-
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Bpewms TpaBienusi, MUH
Puc. 4. IIpoduis pacnpeneneHus 3J1eMEHTOB MHOTOCIIONHOM
cTpyKTYpel Mo/V/Si mocne temmneparypHoid o0pabOTKH
mpu 625°C B Teuenne 30 MuH

TYPHOTO aHAJIN3a Ha MIaCTHHAX-«CBUACTEISIX». DTO 03-
HAYaeT, YTO TEIUIOBOE BO3/ICHCTBUE BHICOKOTEMITEPATYP-
HOTO0 MHUKPOMOHTa)Ka CIIOCOOCTBYET (hPOPMHUPOBAHHIO
Marepuaia KOHTaKTHOTO CJ0sI, 00eCTIeINBAIOIETO TpPe-
OyeMble TTapaMeTphl BBRIIPSMIIOMNX KOHTAKTOB JTHO-
noB IlorTkn.

XS

Takum 00pa3oM, HAMICHBI M HCCICIOBAHBI TOHKO-
TUICHOYHBIE DJIEMEHTHI IS (POPMHUPOBAHUS BBITIPSIMILS-
IOMNX KOHTAKTOB M MMACCHBAIIMY aKTUBHOM CTPYKTYPBI
KpeMHHUEBBIX Mu0n0B [1I0TTKH, yCTOHYMBBIX K BO3/ICH-
CTBHIO BBICOKOTEMITICPATyPHOTO MHKPOMOHTAXA.

Jlis uckmouenust 1upGy3ur HOHOB MISITIOYHBIX Me-
TaJUIOB IEIeCO00Pa3HO HCIOIB30BATh ABYXCIOHHYIO
naccuBupyrouy cTpykrypy SiO,/Ta,O4 ¢ TommuHoi
cios neHTaokcuaa tanTaiza 0,07—0,4 Mxwm.

Kak moka3zana koHTakTHast cTpykTypa V/Si, Terio-
BOE BO3JCHCTBHE BBICOKOTEMIICPATYPHOTO MHUKPOMOH-
Taka Coco0CTBYET (POPMUPOBAHHUIO TIEPEXOJHOTO CIOSI
CHJTUIIU/IA B KAYECTBE MAaTepUaia KOHTAKTHOTO CIIOS, YTO
o0ecrieunBaeT 3aIaHHbIC TAPAMETPHI BEITIPSMIISIIOIIETO
KOHTaKTa.
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