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B/JIVIAHNE 9JIEKTPOHHOI'O ObJIVUEHINA

HA OIITUYECKUE CBOUCTBA IIVIEHOK
HAHOKPUCTA/IVIMHECKOI'O SiC HA ITO/IJ/JTOJKKAX
N3 MOHOKPUCTAJIJIA Al,O3

Hccenedosana paduayuonnas cmouxocms nieHOK HAHOKPUCMALIUYECK020 Kkapouda xkpemuus nc-SiC ua
NOON0KKE U3 MOHOKPUCTALA cCAnupa 8 ycaosusx obayuenus evicokodnepzemuueckumu (10 MaB) snex-
mponamu 6 duanaszone Guwoenca 5-1014—2-1020 cu=2. Ycemanosieno, 4mo paouauuonHvle UMeHeHus 6
naenxax nc-SiC 6 nepeyio ouepedv nposeisomes 6 Y D-obracmu cnekmpa noziowenus, 00yca081eHHOT
Mex3onnbIMu nepexodamu. Iloxaszamno, umo ecned 3a nauarvnoi pasynopsdouennocmvio nienox nc-SiC,
noayuennot npu paroence 5-1014—1-1016 cu=2, npoucxodum ynopsodouenue cmpyxmypvt npu 003ax 006ayue-
nus (1—5)-1017 cu=2. Ycemanosaeno, 4umo nauaio omxuzda 0eghexmos 6 001yueHHbLX NAeHKAx Hab.0ddem-
ca yoxe npu 200°C. Cywecmeenmvie uaMeHeHUs. ONMULECKUX CEOUCME 8 canpupe HAUuHamces npu Gaioen-
ce 5-1017 cm=2, umo caedyem yuumvleamv nPu UCNOILIOGAHUU IMUX MAMEPUATLO8 0L ONMOINEKMPOHHBLX
npubopos 6 Yca08UAX UHMEHCUBHBIX PAOUAUUOHHBLX 6030€UCEUL.

Kaiouesvie crosa: nanoxpucmaniuveckue nienxu SiC, monoxpucmarnot Al,Os, cnexmpul noziowenus, 06-

O/iHUM U3 1IepBOOYEPEIHBIX TPEOOBAHMUIA K TIEp-
CIIEKTHBHBIM 3JIEKTPOHHBIM TTPUOOPaM SIBJISETCS T10-
BBINIIEHNE WX CTOMKOCTU K MHTEHCUBHBIM PaJfaliy-
OHHBIM BO3JlelicTBUSM. B cBsI3M ¢ 3TMM, BHUMaHWe
Pa3paboTINKOB 06PAIEHO K HAHOKPUCTAJLITTYECKUM
MOJTIYyITPOBO/THUKOBBIM MaTepuasiaM, 06J1aJJaloniuM
UCKJIIOUUTEBHO BBICOKUMHE [TOPOTaMy PaIHaI[OH-
HBIX JIerpajialiuu U aMop@u3aluu 1o CPaBHEHUIO C
MoHokpucramaamu [1—3]. Ito 06ycioBIEHO BbI-
COKOI1 KoHIleHTpaIueit nuTepdelicHbIx 06JacTeii B
BU/Ie TPAHUI] HAHOKPUCTAJLJIOB, KOTOPbIE MOTYT BbI-
CTyHATh B KAYECTBE MOrJIOTUTENEN TOYeUHbIX Jle(DeK-
TOB 1 06€CIIeYrBaTh YCKOPEHNE UX PEKOMOWHAIIIH
[4, 5]. Matepuasipl Ha OCHOBE HAaHOKPUCTAJLINYE-
ckoro Kap6ujaa kpemuus nc-SiC IPUBJIEKAIOT 0CO-
60e BHUMAaHNE B CBSI3U C KOMIIJIEKCOM YHUKATHHBIX
cBoticTB SiC, TakKMX KaK BBICOKWE 3HAUEHUS MOPO-
roBoii sHeprun gedexroobpasopatnn (25— 35 5B)
[6, 7], BbicOKOTEMIIEpaTypHAs CTAGUIBHOCTD, XU-
MUYecKass MHEPTHOCTb U OTJIMYHbIE MEXAHUYECKUE
cpoiictBa [8, 9]. Kpome dyHaMeHTATBHBIX CBOICTB
cion nc-SiC, mosyuyeHHble MPSMBIM HOHHBIM OCA3K-
nenneM [10], ob6yamaoT psoM CBOWCTB, CBSI3aH-
HBIX C TaKNMHU KBAaHTOBBIMHU 3(dexTamMn B HaHO-
KpHUCTaAIaX, KaK aHOMaJbHO BBICOKAs HEJUHEN-
HO omTudeckasi Bocrpuumunboctb [11, 12], kou-
JIEKTUBHbIE MarHUTHbIe cBoiictBa [13], MHOrOCTY-
TeHvaTasi MeKKPUCTAJJINTHAS TYHHEJIbHAS TTPOBO-
qumocTb [14]. DTu cBoiictBa 06YCJIOBINBAIOT TIEP-
CIIEKTUBBI IITUPOKOTO MPUMEHEHUS ILIEHOK BO MHO-
ruxX 006JacTsIX MUKPO3JEKTPOHUKHU, OITOJIEKTPO-

AYUeHUue INeKMporamu, paduayuonnvle degexmol, paduayuonnoe ynopsdouernue, omxuz degexmos.

HUKH, KBAHTOBON 3JIEKTPOHWKH B YCJOBUSX BHEII-
HUX JKECTKUX BO3/IEHCTBUM.

Wccnenosanus BaussHUsS 06Jy4eHUS TJIEHOK
nc-SiC Boicokosneprerunyeckumu (10 MaB) anex-
TPOHAMU, BBINIOJTHEHHBbIE paHee B [15], mokasaim
BBICOKYIO PaJMAIlMOHHYIO CTOMKOCTh MaTepuaja u
HEMOHOTOHHYIO 3aBUCUMOCTH CBOHNCTB OT (pJrroeHca
o6uryuenust. [Ipu atoM 6bI7I0 ycTaHOBJIEHO, YTO 60O-
Jiee cJabbIM 3BEHOM B Pa/MAIlMOHHON CTAOUJIBHO-
CTU ONITUYECKUX CBOUCTB cucTeMbI «nc-SiC-1eHKa
+ nmoanoxkka Al,O3» gBJsIeTCST MOJJIOKKA: HECMO-
TPs Ha TO, 4T0 MOHOKpucTaswi Al,Os sBisiercst of-
HUM U3 HanboJiee PaJNaIliOHHO CTONKIX KPHUCTAJI-
JINYECKUX MaTepuasioB, candupoBas TOJJI0MKKA
nposiBuJia GoJjiee BLICOKYIO 3aBHCUMOCTD U3MEHEHUS
OTITUYECKOH IJIOTHOCTH OT hroeHca 061ydeHust 1o
cpaBHeHuto ¢ nc-SiC nmnenkamu. Ilostomy B Hacro-
gmieir pabore 6oJiee €TAIbHO UCCJEOBAHO BJIUS-
Hue BbicOKOaHepreTyeckoro (10 MaB) anekTpon-
HOTO O6JTy4eHHSI U BOCCTAHABJUBAIONIETO OTKUTA
Ha OINTUYECKHE CBOWCTBA CHCTEMbBI, COCTOSIIIEH U3
mieHKn nc-SiC npou3BoJIbHOTO POMOO3/IPUYECKO-
ro Hojutuna u nomiaokku AlyOs.

JKCnepHUMeHTaIbHbIE 00Pa3Ibl M METOIUKA
u3MepeHHUi

[TpoBoanoCch 06TyUeHIE 2JIEKTPOHAME C IHED-
rueit 10 MaB nHaHOKpHCTATIMYECKUX TIJICHOK Kap-
61/1a KPEMHUS TOJIIUHON 1,2 MKM, OCaXKIEHHBIX HA
MOJIJIOXKKHU M3 candupa METOJOM TIPSIMOTO HOHHO-
ro ocaxkzenus [10]. B ucciemayembix mieHkax co-

40

Texnosiornst 1 KOHCTPYNpPOBaHUE B 3JIEKTPOHHOIT anmapatype, 2017, Ne 3

ISSN 2225-5818



MATEPHAJIbI 3JIEKTPOHUKN

Jepskanne kpucrajaandeckoi ¢aspr SiC (mpenmy-
IECTBEHHO KpucTaumtoB nomutuma 21R pasme-
poMm 4—5 uM) cocrasisio 80% [16].

O6pasipl maeHok nc-SiC Ha MOAJI0KKaX U3 call-
¢upa noaranHo 06J1yyau Ha YCKOPUTEJIE 3JeKTPO-
HoB KYT [17] crkaHupyIOIIUM WMITYJIbCHBIM ITyY-
KOM 3JIEKTPOHOB CO CJIEYIOIUMU TTapaMeTpaMu:

— YacToTa CKaHMPOBAHMUS ITyuKa 3 I'u;
— KOJIMYECTBO UMITYJIbCOB B CEKYHY 200;
— JUINTETbHOCTD MMITYJIbCA 3,6 MKc;
— aMIUJTATY/Ia UMITYJIbCa TOKA 0,5 A;
— JHEpPTUS 3JEKTPOHOB 10 MaB.

HeG6oubiad TomuHa IeHoK 1 nooskek (0,5 M)
U BBICOKasl 9HEPrusi 00JIyYaionnX 3J1eKTPOHOB 06e-
CTIEUNBAJIH TIOJTHBIH TIPOJIET AIEKTPOHOB Yepe3 TIIeH-
KU ¥ MoT0KKu. OTHY 1 Te »Ke 06pasiibl 06Iydanu
MOATAITHO TPUHAIATH Pa3 ¢ HApacTaoIUM (JIoeH-
com F; (cm. ta6a. 1). Ontuyeckue cBoiicTBa ILIe-
HOK M3MepSITH MOCJe KaKI0T0 00yUYeHus .

JL71st onipe/ieieHusT TeMIIEPATYPhI OTXKUTA PaJiha-
IIMOHHBIX ZIeheKTOB 1ocJie Habopa o6pasiaMu rro-
erca 3-1018 cM~2 yacTp 06pas3moB OblIa CTyHeHYa-
TO OTOKKEHA B BaKyyMe B TEMIIEPATYPHOM JlHala-
3one 200—1200°C.

[lnga ompenenenus M3MeHEHWH ONTHUYECKUX
CBOMCTB TIeHOK 1¢-SiC B cucTemMe <«IJIeHKa — MO0/l
JIOJKKA» OTEJbHO U3MEPSLIN OTITUYEeCKIe XapaKTe-
PUCTUKY YUCTOTO carmdupa Mpu TeX JKe YCIOBUSX
o6JryueHus.

OrnTtuyeckue mapaMerpbl TJIEHOK U TO/JI0KEK
U3yvanu CreKTpodOTOMETPHUECKUME METO/IaMU C
UCII0JIb30BAHUEM COBPEMEHHBIX METO/MK 00paboT-
K1 crekTpoB. CIeKTpasibHble U3MEpPEeHUs IPOBO-
ek Ha criekrpodoromerpe Lambda 35 dupmbr
Perkin Elmer B guamaszone 190 — 1100 uM.

Namepsanm koadpuimeHTs! TPOITyCKaHus M OT-
pakenns (B toMm umcie u aud@ysHOro) ImaeHOK
nc-SiC Ha ogmoxke. M3 criekTpoB OTpaskeHus BbI-
yucsst Tosmuay maeHkn SiC d u ee okasaTtesb
npenomsienust n [18]. V3 criekTpoB mpomyckanus
BBIYUCJISIJIA ONTUYECKYIO ILJIOTHOCTH, Koadduiu-
eHT morJoreHuss n audQepeHImagbHyio OnTHye-
CKYIO ILIOTHOCTh
AD = D,(0) - Dy = 1g [T;(W) /T, (1)
rie Do(M), D;(A) u To(A), T;(A) — coorBercTBeH-
HO, OITUYECKask IJIOTHOCTb U KO3(UIMEHT TIPO-
MyCKaHUs 06pa3ia B MCXOJHOM COCTOSTHUH U TIOCJIe
i-ro ¢umoerca (6o OTKUTA) HA JJUHE BOJHBI A.

J171s1 TOro 4TOGBI TTPOAHATM3UPOBATH CIIEKTP TO-
ryotenus B miaenkax ne-SiC, u3 CreKTpoB MCXO/I-
HBIX IJIEHOK Ha TIOJJI0KKAX BBIYUTAH MOTJIOIIe-
HUe U OTpaskenue B mojIoxkkax Al,Os.

Beauuuna ¢/l706H606’, KOMOopuviMU no3Imanto

HccaegoBanne onTHYECKNX MapaMeTPOB
miaeHku nc-SiC
Ha puc. 1 mpeacTaBieHbl CIEKTPHI MPOMyCKa-
HUS, OTITUYECKON TJIOTHOCTH M OTPAYKEHUS MCXOJI-
HBIX 06pa3II0B U [OCJIe KAXK/0r0 dTara 06y deHus .
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Ta6auma 1
obayuanu uccredyemvie obpasyp (6 cm=2)
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[IpuBenennbie Ha puc. 1, @ CIEKTPbI OTPAXKAIOT
CTPYKTYPHO 4yBCTBUTEJbHbIE 3aBUCIMOCTH MAKCHU-
mMyMmoB omntnyeckoil mioraoctu (OII) ot duroeHca
o6Jiyuenusi. Boimonnennbiit Hamu panee [15] ne-
TaJbHBIN aHAIN3 TAKUX 3aBUCUMOCTEH TTOTJIOIIEHMS
06JIyYEHHDBIX TIJIEHOK TP 3HEPTUSX (DOTOHOB HIIKE
u BbIlie Kpast GyHIaMEHTAJIbHOTO TOTJIONIEHUs T10-
3BOJISIET CJIeJIaTh BBIBOJI, YTO HAKOILJIEHUE PaJiua-
[UOHHBIX JIe(DEKTOB B TPAHUYHBIX PA3yTOPSI0YEH-
HBIX 06JIaCTSIX TJICHOK HAaHOKpUCTaLnueckoro SiC
MPOUCXO/UT MEJIJIEHHEe, YeM B KPHUCTAJLINYECKOI
daze SiC. Takoe 3akJoueHe XOPOIIO COTJIACYET-
cst ¢ oOIell MOJIEIbI0 PAJAMAIIMOHHON yCTONYUBO-
CTH HAHOKPUCTAJJINYECKUX MATEPUAJIOB.

W3 crekTpoB mporyckaHus Ha puc. 1, 6 Buju-
HO, YTO TOJIOKEHUE Kpast PyHAaMEeHTaJbHOI TOo-
JIOCBI TIOTJIOTIEHUSI 3aBUCUT OT yPOBHS (hJIIOEHCOB
3JIEKTPOHHOTO O6JIyYeHusi, a MPO3PavyHOCTh 06JIy-
YEHHBIX [JIEHOK YMEHbBIIAETCS BO BCEM CIIEKTPAJIb-
HOM JIMAIla30He, TIPU 3TOM HAGJIOJAETCS HEKOTO-
poe Hacbinienue ot duoenca. M3 pucyHka Takke
BH/IHO, UTO YTOJl HAKJIOHA KPAeBOTO YYacCTKa KpU-
BOM TIPOIYCKAHUS YMEHbIIAETCS C yBeJUYeHUEM
3JIEKTPOHHBIX (DJIIOEHCOB, YTO YKA3bIBAET HA U3MeE-
HeHUe TPAHWITBI 3allpelieHHoN 30HbI. B TO ke Bpe-
MsI, 3HAUUTEJbHAS BeJMYWHA TTPOIMYCKaHus 006JIy-
YEHHBIX C MAaKCUMaJbHBIM (DJIIOEHCOM 0OPA3IoB B
UTMHHOBOJIHOBOI 061acti (oxomo 700 HM) OCHOB-
HOil mosiockl morontenug (6osee 40%) u yeTkas
uHTepdEPEHINOHHAS KAPTUHA CBU/IETEIbCTBYIOT O
COXPaHEeHUU CTPYKTYPHOTO COBEPIIIEHCTBA HAHOKPU-
CTaJINYeCKOl (pasbl B IJIEHKAX, IPO3PAYHOCTD KO-
TOPBIX YyBCTBUTEJIbHA K U3MEHEHUIO KO3 duiireH-
Ta TIOTJIOIEHNUS.

Jlyiss OIHO3HAYHOTO OTIpE/IeJIEHIS TTapaMeTPOB
9HEPreTUYECKOi CTPYKTYPbI TTOJYIIPOBOAHUKA OBLIO
MIPOAHAJIN3UPOBAHO TIOTJIOIIEHIE U OIIPe/Ie/IeHa IIu-
pUHa 3alpenieHHoil 30Hpl. B 061eM Bu/e B3auMo-
CBSI3b MEX/Y IMTUPUHON 3ampenieHHol 30HbI E g» KO-
a3 OUIMEHTOM TIOTJIONEHNS L U YaCTOTOU M3JIyde-
HUSI V MOKET ObITh IpeJicTaBieHa BbipaskenueM [19]

d(In(aE)) /dE = m/(E-E,), (2)

rae m — KO3(h@MUIUEHT, OTPAKAIONIMNA TTPUPOILY
OTITHYECKUX TIEPEXO0/I0B. J[JIsT HENIPSIMBIX pa3pelieH-
HBIX TIEPEXO0/IOB B Kapbuae kpeMuus m = 2 [18].
IKCTPEMYMBI 3TOH (PYHKIIMU YKA3bIBAIOT HA 3HA-
YeHUsI SHEPTUU ONTUYECKUX TEPEXO/I0B, COOTBET-
CTBYIOII[ME 30HHO# CTPYKTYPE UCCJIEyeMON TIIEHKN
[19], moaToMy crieKTpBI TOTJIONeHUsT ObLTH Tepe-
crpoenpl B koopaunatax d(In(aE)) /dE u E — cwM.
puc. 2. B sTOM ciiyyae OLEHKY BEJMYUHBI 3aripe-
MIEHHON 30HBI B OOIEM BU/IE NMPOBOIMIU MO TO-
JIOJKEHUIO MAaKCHMyMa CHEeKTpa TIOTJIONIeHNusI, T. €.
MO TIOJIOXKEHUIO THKA, COOTBETCTBYIOIIETO TTEPEXO-
JIy 3JIEKTPOHA B 30HY NpoBoauMocTi. Hamnuue ne-
CKOJIBKUX MAaKCUMYMOB Ha TIOJYYeHHbIX TpaduKrax

2,57

2,04

1,51

1,04

din(oE)dE

0,5
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dueprust poToHa, 3B

Puc. 2. 3asucumocts d(In(oE)) /dE or snepruu ¢hoto-
Ha, TI0Jy4YeHHasl U3 CIEeKTPOB Ha puc. 1, a

CBU/IETEJICTBYET O TPUCYTCTBUU HECKOJBKUX IIe-
PEXO/IOB B 9HEPTETHYECKOM CIIEKTPE HAHOKPHUCTAJ-
Juueckoi cuctembl. I3 mpuBe/ileHHbIX Ha puc. 1, a
crektpoB OIl BuIHO, YTO TJIEHKA WMEET CJIOXK-
HYIO CTPYKTYPY Kpasi COOCTBEHHOTO TIOTJIONIEHUS.
XapaKTepHbIMU 0COOEHHOCTSIMU U OTJIUYUSIMHE CITEK-
TPOB TIOTJIONIEHUS TIeHOK nc-SiC sBJsgeTcsa mpo-
TSIKEHHOCTD CIIEKTPOB B NTMHHOBOJHOBYIO 06JIACTD
C TIEPEKPBITUEM 3alPENIEHHBIX 30H COOTBETCTBYIO-
nwmx noautunosB. CorjaacHo [19] nanuune mMaxcu-
MYMOB Ha TpaduKax puc. 2 COOTBETCTBYET MEePEX0-
JlaM 3JIEKTPOHA B 30HY MPOBOJIUMOCTH.

OnTuueckue nepexonabl Eq u Ey COOTBETCTBYIOT
HETIPSIMBIM pa3pelieHHbIM TepPeXo/iaM, XapaKTepu-
3YIOIIIM JIJTTHHOBOJTHOBOH XBOCT, CBSI3aHHBIH C TI0-
SIBJIEHUEM JIOIOJIHUTEIbHOTO TIOTJIONEHNUST KaK Jie-
exramu B 3anpernenHoii 3oue SiC, Tak u Marepu-
aJIOM TPAHUYHBIX MEKKPUCTAIUTHBIX 006JacTeil.
OnTuyeckuii nepexon E3 xapakrepusyer onTuue-
CKyIO TIUPUHY 3amnpenieHHoil 30HbI. [lockoabKy
3TOT MUK 3HAYUTEJBHO YNIMPEH, OH ObLIT alpoOK-
CUMUPOBAH TpeMs TayCcCHaHaMU C SHEPTUSIMHU
E31 = 2,35 BB, E32 = 2,67 5B n E33 = 2,89 SB, KO-
TOpble 6JIM3KU K SHEPTUSIM 3aIpeleHHbrX 30H B SiC
KyOudueckoro u pom6oaipuueckuro nojurura [20].
YcpennenHnoe 3HaUeHHE SHEPTHH MPSIMOTO TIEPEXO-
na cocrasiser E = 2,63 5B, uro coBnajzaer ¢ us-
Mepenusamu B koopannarax (aE), u E.

JlJ1sT KOJIMYEeCTBEHHOTO OTIpe/eIeHNsT XapaKkTe-
PUCTHK TIJIEHKHM B OKPECTHOCTH T'DaHUIIbI (yH/a-
MEHTAJIbHOTO TOTJIOIEHUS WCIIOJIb3yeM BbIparKe-
HUe /71 KoaduUImeHTa MoraoneHuss B 9Toi 06-
JlacTu rpu hv < E, B Bupe [21, 22]
a(hv) = B-AE} 2-exp(hv /AE). (3)

3nech mpemdKcmoHeHTa AE) — 3MIUPUYECKUI
napaMeTrp, UMeINi pa3MepHOCTb IHEPTUN U OITH-
CBIBAIOIUI IMUPUHY TTOJIOCHI JIOKAJNU30BAHHBIX CO-

42

Texnosiornst 1 KOHCTPYNPOBaHUE B 3JIEKTPOHHOIT anmapatype, 2017, Ne 3

ISSN 2225-5818



MATEPHAJIbI 3JIEKTPOHUKN

CTOSHUN B 2HEPTreTUYECKON I1eJiv, KOTOPbIA oTpa-
JKaeT BJMSHUE PA3JUUHBIX /1e(DEKTOB, TTPUBOISIIIX
K Pa3MbITHIO TpaHuIbl ToJockl. [lokasarens cre-
e 3,/2 y4YWThIBAET TNpsIMble 3arpeleHHble Te-
pexo/bl, A8 HEMPSMO30HHBIX TMOJIYTPOBOIHUKOB
(IIpu HENPSIMBIX 3alIPEIeHHBIX Mepexozax) o Oy-
net paeen 3 [23].

Bxoasmuii B Boipaxkenue (3) koapdunuenr B
TTPOTIOPITMOHAJIEH KOHIIEHTPAINHN BKJIIOUEHUH 1 Jie-
(bexToB, 06Pa30BAHHBIX B IJIEHKE, U ONPEIEJISIET
HaKJIOH KPaeBOTO y4YacTKa (PyHIaMeHTaIbHOW TO-
JIOCHI TIOTJIONIEHNS.

C nomoripio aToii GopMyJIbl GBLIO OIIEHEHO W3-
MeHeHre KOHTIeHTpaIiy /edeKToB B mieHKe nc-SiC
B 3aBHCUMOCTH OT 3JIEKTPOHHBIX (QJIOEHCOB, KOTO-
poe usmioctpupyertcs puc. 1, a. B cootBeTcTBHH C
JIAHHBIMU CTPYKTYpHOTO anasusa [16, 24] mogennb
mieHkn SiC mpejcTaBiseTcs B BHUlE COBOKYITHO-
CTH HAaHOKPHWCTAJJIOB PAa3JMYHOTO THTIA: MPENMY-
1iecTBeHHO poM6Goapuueckoro nosmruna 21R-SiC,
JAPYTUX COIMYTCTBYOIMX ToauTunoB (Hanpumep,
ky6uueckoro 3C-SiC ¢ pa3MepaMu KpPHCTAJIOB
oT 4 10 6 HM), HAHOKPUCTAJIJIOB KPEMHUS U MEK-
TPAHUYHON 06JIACTHIO, COJEpIKAIIell Pa3ynopsio-
yeHHble (asbl KapOuja KPeMHUS U OKCH/OB, Ta-
Kux Kak SiO,.

Ha xpuBbIxX puc. 1, @ MOXHO BBIJIEJUTH JIBE 06-
JlacT onrtuyeckoro noryorerus. O6yactb A Ha-
xoquTcs B ob6actu auepruit poronos E < Eg, oHa
00yCJIOBJIEHA TIEPEXOAMU, HETIOCPEICTBEHHO BKJIIO-
yatomumu JiedekTHble coctosiHusi. B obsactu B
(E>Eg) OIITHYECKOE TIOTJIOIIEHNE CBSA3aHO C TIepe-
XO/IaMH B TIOJIHOCTBIO KOOPAMHWPOBAHHON CHCTe-
Me, /10 HEKOTOPOH CTeTleHW BO3MYIIEHHOH Jedex-
tTaMu. Kpail morsomniennsi, cCoeamHSAONINI ABE 3TH
00J1acTH, SABJSIeTCS CJIOXKHBIM. [Ipn HU3KMX 9HEp-
rusgX (OTOHOB MOSBJISIETCS XBOCT, 00YCJIOBIEHHBIN
nedexramu. OnTHyecKas MJIOTHOCTb 3KCIMOHEHIIN-
AJbHO 3aBUCHUT OT dHepruw (HPOTOHA TPU HEGOJIb-
nMx 3HaveHusxX E, a mpu Gosiee BHICOKUX U3MEHSI-
€TCs TI0 CTETIEHHOMY 3aKOHY.

[Tockosbky TIpu OOGJy4YeHWH IJIEKTPOHAMU C
aneprueit 10 MaB renepupyiorcs TouedHble paju-
annontblie gederTbl (MeKI0y3eNbHbIe aTOMbI, Ba-

KaHCUM M X KOMILJIEKChI), B CIIEKTPAX ONTUYECKON
IJIOTHOCTH OOGJIyYEHHDIX IIJIEHOK /IOJKHDBI HaOJIIo-
JIaTbCsl COOTBETCTBYIOINE M3MeHeHus. i kosm-
YeCTBEHHOTO OIMCAHMS ITHX M3MEHEHUH KpaeBble
YYACTKU CHEKTPAJTBHBIX KPUBBIX ObLIH aNTpPOKCH-
mupoBabl Gpyukumei (3) — us snavennii OII BbI-
YUCJIEHBI U 3aTEM alllIPOKCUMUPOBaHbI Koadduiu-
entol torsomenust (hv).

3 Ta6a. 2 BUHO, YTO TIPH TIOCJIEA0BATETbHOM
00JTy4eHUH IIJIEHOK HAHOKPUCTAJLJINUECKOro Kapou-
Jla KPEeMHHUST TIPOUCXOIUT POCT 1TapaMeTPOB aIPOK-
cumarmu B n AE| Bujioth 10 dutioenca F,, yMeHb-
menue 10 MmunumyMa (Fg), a 3aTeM MOCTENeHHOe
yBesmvenue B 1,2—1,7 paza. YBeanvenue B u AE)
OTpakaeT He TOJIbKO YITUPEHHUE M0JIOCHI JJOKAIN30-
BAHHBIX COCTOSTHWII B 9HEPreTUYeCKOIl TIesn, CBSI-
3aHHOE C YBeJUYEeHNEeM KOHIEHTPAIUN PA3JIUIHbBIX
Z1eeKTOB, HO U CYLIeCTBEHHOE M3MEHEHHUE HaKJIO-
Ha Kpasl MO0JIOCHI MOTJIOMIEHUS.

[Tpu Gosbmmx KOHIEHTpAIUAX NedeKTOB Kpu-
Bas ONTUYECKON MJIOTHOCTH CTAHOBUTCS 60Jiee TO-
JIOTOH U TIPOTSI?KEHHOH B JIIMHHOBOJIHOBYIO 00J1aCTh
BUJMMOTO Y4YacCTKa CIIEKTPa, YTO NMPUBOJAUT K H3-
BECTHDBIM 3aTPY/JHEHUSIM TP OIPE/eJeHUN BeJu-
YUHBI ONTUYECKOI Tesin. B nepBoM mpubKeHun
OLIEHUTD BJMsIHUE Je(EKTHOI cOoCTaBJsIoONIei 111e-
HOK Ha CIIEKTPBI MOTJIOMIEHNS] MOKHO ITyTEeM B3a-
UMHOTO BBIYMTAHUS CIIEKTPOB ONTUYECKON ILJIOT-
HOCTH TIIeHOK 7n¢-SiC, TOJyYeHHBIX TPU Pas3ind-
HBIX (IIOeHCaX.

Ha puc. 3 nokazanbi criekTpbl auddepeHimaib-
Hoit OII mnenok nc-SiC, mosrydeHHbIe OTHOCUTEb-
Ho criektpoB OII ucxomupix o6pasnos. U3 pucys-
Ka BU/IHO, UTO BHAYaJIe IIPOMCXO/UT CYIIleCTBEHHDII
POCT TIOTJIONIEHNS B TaK Ha3bIBAEMOM XBOCTE, YXO-
JISAIIEM B 3allpeNeHHy0 30HYy, 6J1aro/japsi BOSHUK-
HOBEHUIO B 3allPEIEHHON 30HE HOBBIX /€(DEKTOB.
3areM HaYMHAET [IPOUCXOANUTh PAJANAIMOHHDINA OT-
KUT J1epeKToB M Tpu miectoM (JiioeHce pasHoCT-
HDBII CIIEKTD TIOTJIONIEHUSI CTPEMUTCS K HYJIIO. JTH
pe3yJIbTaThl COTIACYIOTCS U JIOTIOJTHSIOT JaHHbBIE O
paZiMallnOHHOM oTKure edeKTos B mieHke nc-SiC
npu ¢uoence 1016 cm~2 | npeacrasaennbie B [15].

Ta6muna 2

Iapamempol annpoxcumayuu npedcmasieHHblx Ha PUc. 3 CReKMPOo8 ONMUUECKOU NAOMHOCU NIEHOK
nc-SiC npu pasiuunvix ¢aoencax

D 105HC Fy Fy F, F3 Fy Fs
B, cm19B3/2 0,038 0,0537 0,058 0,061 0,058 0,0573
AE,, 2B 0,566 0,6255 0,6309 0,6351 0,6344 0,633
D 0sHC Fq F; Fg Fy Fio Fyy
B, cm15B3/2 0,0533 0,0613 0,062 0,065 0,0672 0,0658
AE,, 3B 0,629 0,6487 0,6634 0,668 0,6758 0,6549
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AD

1 2 3 4 5)
Jueprus ¢orona, 3B

Puc. 3. CrexTpn! audepeHInaIbHON ONTHYECKON TJI0T-
HOCTU OOJIyYEHHDBIX Pa3IMYHbIMU (IIoeHCAMU TLIEHOK
nc-SiC, nosyueHHble OTHOCUTEJIbHO NCXO/HBIX 06Pa3IoB

B [25] 6bL10 1oKa3ano, uTo MpU TOJIIMHE T1Ie-
HOK nc-SiC ot 1 10 2 MKM HAOTI0JaeTCs yCTOWYH-
Bas nHTEpQepeHtms, 0cO6eHHO YeTKO HabrojaeMast
B criekTpe orpakenus rnpu A > 500 um. Mcnonbsys
pe3ysbraThl u3Mepenust KoabduimenTa orpaske-
HES [I0CJIE TIpoBegeHHoro obaydenus (puc. 1, 6),
ObLIM PACCUYMTAHDBI TOKA3aTeh MPEJOMJICHUS W
K09 DUIIUEHT SKCTUHKINHN TIJIEHKW B JWATIa30HE
A =788 —818 uM. MIMenHo B 3TOi 061aCTH TIPOUC-
XOJISAT CMeIeHust nHTePHEPEHITMOHHOTO MAKCUMY-
Ma ¢ nopsinkom untepdepeninn N = 8, a cieno-
BaTeJbHO, OITUYECKON TOJIIHUHBL O = nd. 3HAYNT,

3,6
=
E _./\
g 3,4 o
=
z -
S 3,2- /
=y
= 3,01 /
5
2
g 2,8-
o
=

2,6

100 101 102 103 104 105

1g(F-1014) (F B cM~2)

Puc. 4. 3aBUCHMOCTD OKA3aTeJIst IPEJTOMIIECHHUS TIIEHKH
nc-SiC ot ¢Jrroerca Ipu MOITAITHOM 06JIyYeHUH

MOCKOJIBKY (DJTFOEHCHI 3JIEKTPOHHOTO 00JIyYeHUsT He
BJIUSTIOT HA T€OMETPUUYECKYIO TOJIIUHY TIJIEHKH, 13-
MEHSeTCsT TIOKA3aTe b MPEJOMIIEHUS TIJIEHKH.

EcJi ipoaHam3npoBath MpUBEIEHHYIO HAa pHC. 4
3aBUCHMOCTD, PACCUNTAHHYIO U3 CIIEKTPOB OTPasKe-
HUS TI0 MHTEP(EPEHITHOHHOI KPUBOiT, MOJKHO IOBO-
PUTH 0 KOPPEJISIIIUY 9TOI 3aBUCUMOCTH C BBITIENPH-
BeJIeHHbIMU JJaHHBIMU. W3 Tpaduka BugHO, 4TO 11O
Mepe yBesnueHus (JiioeHca 06JydYeHrs TPOUCXO0-
JIUT yCUJIeHNnEe Pas3ynopsIOYeHHOCTH CTPYKTYPbI B
mienkax SiC u poct mokasaTesis MPEOMIEHUST OT
2,8816 mo 3,2805, pocturarorniero MakCUMyMa Mpu
oencax 5:1015—1-1016 cm—2. [lasee, nipu duiio-
erce 1-1017 cM2 mpoucXoAWT paMAIIIOHHOE YTIO-
psilouenne, 00y CJIOBJIEHHOE YMEHbIIIEHNEM KOHIIEH-
TPaIMK PAUANMOHHBIX JeDEKTOB 3a CYeT WX aH-
nurnisinuu. [locsie aTOr0 3aBUCUMOCTD MOKa3aTe-
JISL TIPEJIOMJIEHUST OT JI03bl O0JIyYeHUsT HJIEKTPOHA-
MU TIPOXOJIUT Yepe3 MUHUMYM, YKa3blBas TeM ca-
MbIM HAa HEKOTOPOE CTPYKTYPHOE YNOPSJIOYeHUeE.
Bce namepenHble oNTHYECKHE BEJMYUHBI TO/[TBEPK-
JIAIOT PaJIMAIlIOHHOE YIIOPSIOUeHre TIPH /103aX 00-
ayaennsg 1-1017 — 5-1017 cm—2.

Ha puc. S npezcrasienst criekTpbl OII mieHok
nc-SiC, o6ryuennbix dumoerncom Fiy=1,23-1019 cm—2
1 OTOXKEHHBIX MMPU PA3JUYHOU TEMIepaType, a B
TaGJ. 3 — mapaMeTpbl anpPOKCUMAINH, TTOJTyYeH-
Hble TpU 06paGOTKe CIEKTPOB C TOMOINBIO op-
myibl (3).

Ha puc. 5 BUZHO, 4TO C TIOBBINIEHUEM TeMITE-
paTypbl OTXKHUTA OMTHYECKAS] TLJIOTHOCTDL TIIEHKH

0 41 4 5
5 A 3
£ 3] N6
2 87
= 3 — 200°C;
§ 21 4 — 400°C;
S 5 — 600°C;
g 4] 6 — 800°C;
£ 7 — 900°C;
O 8 — 1000°C;

0- 9 — 1100°C

3 4 ) 6 7
Jueprus ¢orona, 3B

—_
[\

Puc. 5. Cnekrpor OIT ucxoanbix mienok (1) u o6ayuen-
HbIX (uosHcOM Fyy 10 omkura (2) 1 OTOKKEHHBIX B Ba-
KyyMe TIPU PasJHuIHbIX Temmeparypax (3—9)

Ta6auma 3
Iapamempu annpoxcumayuu npedcmagaennvix na puc. 3 cnekmpos OII naenox nc-SiC (xpugvie 2—9)
Ef}ﬁigf‘iycpa — 200 400 600 800 900 1000 1100
B, cm~1-3B3/2 0,065 0,059 0,0551 0,053 0,052 0,048 0,041 0,04
AEy, 2B 0,6549 | 0,661 0,6435 | 0,6373 | 0,6289 | 0,6244 0,5851 0,5846
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yMeHblllaetcss HeMoHOTOHHO. llocsie mepBoro or-
xxura nipu temneparype 200°C mabaonaercss 3Ha-
YUTEJbHOE yMEHbIIIEHNE TIOTJIONIeHNs, CBA3aHHOE,
BH/INMO, C OT3KUTOM JIe(heKTOB Ha OCHOBE BaKaHCHUIT
yTJIepojia, UMETONTNX HANMEHBIITYI0 JHEPTUIO aKTH-
Banuu auddysun. 3ateM Tpu oOmIel TeHEHIINN
K YMEHbBINEHUIO ONTUYECKON TJIOTHOCTH HAOJI0/1a-
I0TCST ee KoJie6aHusi B IPYTyI0 CTOPOHY P TeMIIe-
parype orxkura 800°C.

[Tpu remnepatype orxkura 1100°C OII o6pabo-
TAHHOU TJIeHKH npakTtuyecku copnagaet ¢ OII uc-
XO/IHOM TIJIEHKU. JTHU JJaHHbIE XOPOIIO KOPPEJTUPY-
10T CO 3HAaYeHUsIMU napameTpoB B u AE, ipesicTas-
JeHHbIMU B Ta6s. 3. Yixe npu 200°C HaumHAOT-
cs1 U3MeHeHUs B OOJIyUYEHHBIX TIJIEHKAaX, YTO CBH/IE-
TEJIBCTBYET O OOJIBIINX KOHIIEHTPAIMAX BaKaHCHI
¢ MaJjoi aHepruel aktuBarmm guddysnn. 13 au-
TEpPATyPbl U3BECTHO, YTO TAKUMU PAUAIMOHHBIMU
nedexramu B KapOuie KPeMHUsI SIBJISAIOTCS BaKaH-
cuu yriaepoga V., KOTOpble HAYUHAIOT OTXKUTATh-
cs ipu 200°C [26].

JImHeitHO yMeHbIIasch TPU YMEHbIIIEHUN TeMIIe-
parypsl oTskura B quanadone 200 —1200°C, snaue-
Husg B u AE( 10CTUTalOT MUHUMYyMa, T. €. JIOCTHU-
raercsi MaKCUMAJbHOE YTOPSJI0YEHUE CTPYKTYPBI
mieHkn npu Temmeparype 1100—1200°C. Taxum
00pa3oM, CYIIeCTBEHHBIX Jerpa/IalliOHHbIX ee W3-
MeHeHUIT He HabJII0IaeTcs1, B OT/IMYUe OT candupa,
OTITUYECKNE CBOIMCTBA KOTOPOTO HAYMHAIOT CYIIle-
CTBEHHO U3MEHSATHCS yiKe mpu dutioerce 5-1017 cm—2,

HccaenoBanne onTHYECKO MIOTHOCTH
om0k Al,O3

JlonoTHUTEeTbHO OBLIO TIPOBEJCHO HCCJIe/[0BA-
HUE PAANAIMOHHON CTOHKOCTH camdupa, TMOCKOJIb-
Ky M3MEHEHNe ero ONTUYECKUX CBOWCTB BJUSAET HA
pe3yJaIbTaThl H3MePEHWH CIEKTPATbHBIX 3aBUCUMO-
creit K03 DUIMEHTOB TTPOITYCKAHMUS U OTPASKEHUSI
CHCTEMBI «TIJIEHKA — TIO/IJIOMKKA» .

NsBectro, uto Al,O3 ycTOIUNB K MOHU3UPYIO-
MM U3JIyYeHHUsIM, a CyIecTBEHHasl MepecTpoiika
Je(DeKTHOHN CTPYKTYDPbI M U3MEHEHUS €0 3JIeKTPO-
¢dusmuecknx CBOICTB HAOTIOAAETCS JIUIIb TIPU 06-
JIy4eHWU BBICOKOSHEPIeTHUECKUMH YacTUIlaM#, KO-
TOpBIE BbI3BIBAIOT MPSMbIE CMeETEeHUs aToMOB [27].
Takoe o6yyeHue MPUBOJIUT K TIOSIBJIEHUIO CEPUU
IIEHTPOB OKPACKH, OTBETCTBEHHBIX 32 MHOTOUNCJICH-
HbIE TTOJI0CHI AHM30TPOITHOTO TIOTJIOIEHNS 1 JTIOMU-
HECIIEHIINH B yJbTPaduoIeTOBON M BUANMOU 006-
Jactgax crekrpa [28]. [TosroMy HE06X0IMMO 3HATD
CTeleHb JIerpaJlalluu YUCTON cariddupoBOIl MOIO0XK-
KU JJIS1 TIOCJIEAYIONIETO KOPPEKTHOTO yueTa u3Me-
HEHMIi ONTHYECKUX CBOICTB IIPH 3JEKTPOHHOM 00-
JlydeHu# caMoil ryieHku nc-SiC.

Ha puc. 6 npezacraB/ieHbl CHEKTPBI OITHYECKOI
IJIOTHOCTH YKCTOH carndupoBoil moanoxku (yuact-
Ka 6e3 nc-SiC 1ieHKn) 1pu pasandHbIX (oeHcax
00JIy4eHust ¥ TeMIeparypax orxkura. M3 nmoryven-
HBIX 3aBUCUMOCTEH OBbLIO YCTAHOBJIEHO, YTO U3Me-

a) A
3,5
£30 |
S
22,5
=
52,0
&
<
§ 1,5
=
£1,0
S
0,5
1 2 3 4 ) 6 7
Jueprus ¢orona, 3B
6) 35k
S 30t Fuu
=
) 2,5 B
E I 200°C
= 2,0F
§ s
3 1,5 400°C
E 1,0k 600°C
O i o °
0.5k 800-1100°C
0 — T n T n T : T " 1 .Fol
1 2 3 4 ) 6 7

Jueprug ¢orona, 3B

Puc. 6. Cnekrpor OII uucroii candupoBoii moAI0XKKI

(6es nuteHKn) 11pu pasauuHbIX QuoeHcax o6aydenus (a)

U TeMIIepaTypax OTKHTa, MTPOBEIEHHOTO TOCTe 06Tyde-
nusa guroencom Fiq (6)

HEHIME OIITHYECKUX CBOMCTB MoAI0KKY 13 Al,O5 Ha-
YITHAET MTPOSIBJISATHCS YIKE IPU IIEPBOM 3JIEKTPOHHOM
dmoence (puc. 6, @). IponyckaHue yMeHbITAETCS
Ha 6,2% (na aaune Bosnbl 327 M) 11t (BJIOEH-
ca Fy u Ha 8,4% ans dumoenca Fg. C dooenca F;
(51017 ¢cM~2) HaumHalOT (OPMUPOBATHCS OJOCHI
HOTJIONEHNST BOZHUKINX JiedpekToB. Hanbosrbimmii
MUK TIOTJIOMIEHUS TTPUXOINUTCI Ha 3HEPTuio oTto-
Ha 6 9B. MenbIme Mo THTEHCUBHOCTH MTUKU MOTJIO-
mnieHust Haxojares Ha 4,06 u 4,85 3B. Ioromnienue
Al,O3 ipu 6 5B (205 HM) ¥ cBA3aHHAS C HUM JIIO-
MuHecteHus npu 3 5B (415 HM) 06yCI0BIEHbDI TTe-
pexo/laMu B SHEPTETHYECKON CTPYKType F-1ieHTpa
MEXIy p-TNOoJ0O6HBIM BO30YKIEHHBIM COCTOSIHH-
€M, JiesKaluM BOJIU3U JTHA 30HbI TPOBOJUMOCTH, U
S-1I0/JOOHBIM OCHOBHBIM COCTOSTHHEM.
XapakTepHbIe TT0JIOCHI TIOTJIONIeHus pu 4,8 5B
(260 um) u 5,4 B (230 um) cszanb ¢ Fr-enrpom
[28]. [lnst BoccTaHOBJIEHUSI CBOWCTB MOHOKPHCTAJI-
JINYECKON TIO/IJIOZKKY OBLIT IIPOBEJIEH Psiji OTSKUTOB B
BakyyMe o6pasiia Al,O3 mocie o6ayduenust GiroeH-
coM Fy{. Pe3yabrarbl moka3aJju, 4To NpU TeMIiepa-
typax or:kura 800°C u BbIre candup MpakTUIECKA
BOCCTAHABJINBAET CBOM ONTHYECKNE XapPaKTEPUCTH-
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KM, KaK 5TO BUAHO u3 puc. 6, 6. IIpu atoM, ojHa-
KO, ONTHYECKUE CBONCTBA Y OTOKIKEHHBIX TO/JIO-
JKeK GJIM3KH K CBOHCTBAM IMOJIJIOXKEK, 00JIyIeHHbIX
aoencamu Fy n Fy, MOCKOJIBKY UX TIPOMYCKAHWE
Ha 6 —7% MeHbIIe, YeM [Jis UCXOMAHOTro o6pasiia.

HccaenoBanne onTH4ecKoii MIOTHOCTH CHCTEMbI
<IlJIEHKa — MO/JI0KKa»

Ha puc. 7 npuseneHbl CIEKTPbI ONTHYECKOI
wioTHOCTH TocJie dioenca Fg CUCTEMBI «ILIEHKA
nc-SiC — moanoxka Al,Os» 1 ee COCTABIISIOIINX.
Hauwnnas npumepno ¢ ¢uoenca 1018 cm—2, onru-
YecKas MJIOTHOCTb CHCTEMbI «ILJIEHKA — TIOJJIOMK-
Ka» CYIECTBEHHO yBEJMUYNBAETCS 3 CUET TOTO, YTO
pacTeT ONTUYECKOE TIOTJIONIEHUE PA/IUAIUOHHBIX Jie-
(exroB B ogmoxke Al,Os.

4 4 1 — cucrema «mieHKa — HOAMOXKKA»
A 1 2 — momnoxka Al,O3 1
2 7 3 — muenxa nc-SiC
)
£ 3 A 3
=
)
2 ]
x 2 7
<
3
= ]
2
= 1 2
E ~
©)
0 4

1 2 3 4 ) 6 7
Jueprus ¢orona, 3B

Puc. 7. Cnextper OII cuctempr «mienka nc-SiC — mof-
n0xkKa Al,Os3» 1 ee coCTaBJISIONINX

N3 npuBe/ieHHBbIX 3aBUCUMOCTEN BUIHO, YTO
norJjionelne B candupe B pesyJbrate 06JydeHust
ycusuBaercsi B o6Jactu (pyH/IaMEHTATbHOTO T10-
raonierust SiC (>2 3B). Oco6eHHO 3HAUNTETBHBIN
BKJIAJ[ TIOTJIONIeHUE B candupe BHOCUT B 00IIiee 1o-
TJIONEHNEe CUCTEMBI <«ImeHKa nc-SiC — moaIoX-
ka Al,O3» B o6mact 6—30%, 4to cuaemyer yuu-
THIBaTh IpHU pa3paboTKe MPUOGOPOB HA OCHOBE Ta-
KOW CHUCTEMBI JIJIST 9KCILIyaTAIlNN B JKECTKUX PaJIU-
AIMOHHBIX YCJIOBUSX.

BbiBo b1

[IpoBenennbie uccaenoBanus BAUSHUS 00IyUe-
HMSI CUCTEMBI, cocTosiell u3 miaeHku nc-SiC mpo-
MU3BOJIBHOTO POMOGO3IPUYECKOTO MOJUTUTIA U TTOJI-
noxku Al,Os, Beicokosneprernueckumu (10 MaB)
3JIEKTPOHAMM HA OMTHYECKWE CBONCTBA B MTMPOKOM
nuarnazone uoercos (or 5-1014 g0 9-1019 cm2)
MTOKA3aJI, YTO PAJUAIMOHHbIE M3MEHEHWS, B TIep-
BYIO Ouepe/b, MposBJstiorcss B Y M-ob6yactu criek-
Tpa, CBSI3aHHON ¢ MEX30HHBIMA TTEPEeX0aMu, a 3a-
TeM B 06JIaCTH CIIEKTPa, 00YCJOBJIEHHON MOTJIOIe-
HueM coOCTBEHHbIME Jie(heKTaMK 1 HEYOPsII0YeH-
HbIME o6JsiacTsiMu. Beiesr 3a HEKOTOPOU HavYaIbHOM
Pa3ymopsIIOYeHHOCTDIO CTPYKTYPBI TIeHOK nc-SiC

npu duioencax 5-1014 —1-1016 cm~2  npoucxogut
ee ynopsigouenne npu ¢uroencax (1—5)-1017 cm2.
Hauano ot:xura eheKkToB B 001y4€HHBIX TIJIEHKAX
Ha6monaercst yxxe mipu 200°C, 4TO CBH/IETETHCTBY-
eT 0 GOJIBbIION KOHIICHTPAIIMH YTJIEPOIHBIX BaKaH-
cuil, IMEIOMNX HAUMEHBINEe HEPTUU aKTUBAIINU
muddysuu. IIockoIbKy CyliecTBeHHbIC U3MEHEHUS
OTITIMYECKUX CBOWCTB B camdupe HAYNHAIOTCI MPU
moence 5-1017 cM~2, 3TO cJeyeT yUUTHIBATD MTPU
MCTIOJIb30BAHUHU CHCTEMBI «ILIeHKa nc-SiC — mnoj-
goxka AlyO3» 171 ONTOSIEKTPOHHBIX TIPUOOPOB 1
CEHCOPOB, paGOTAOIINX B YCJIOBUSAX MHTEHCUBHBIX
paAMallMOHHBIX BO3JIEHCTBUI.
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Hocnidxeno cmiiikicms 00 padiauii naigox HAHOKPUCTNALTUHOZ0 KaPOiOy KpemHilo na nioKAaoui 3 MOHOKPUCTNALA
canghipa ¢ ymosax onpominenns gucoxoenepzemuunumu (10 MeB) enexkmponamu ¢ dianazoni 5-1011—2-1020 cy=2.
Bcmanosaeno, wo padiayituni sminu 6 naiexax nc-SiC e nepwy uepezy nposeasiomocs ¢ Y D-obaacmi cnex-
mpa NOAUHAHHA, AKA NO6'A3AHA 3 MIKIOHHUMU nepexodamu. Iloxaszamo, wo caidom 3a nNOUAMKOBON
pasynopsoxosaricmio niieox nc-SiC npu puoenci 5-1014—1-1016 cym=2 ¢idbysaemovcs 6NOPAOKYESAHHI CIMPYK-
mypu npu dosax onpominenns (1—5)-1017 cu=2. Bemanosaeno, wo nouamox ¢ionaiy 0egexmic @ onpominenux
naiekax cnocmepizacmocs éxe 3a memnepamypu 200°C. Icmomui 3Minu ONMUYHUX 6]laCMUBOCMeEN 6 cangipi
nouunaiomocs npu ¢aoenci 5-1017 cm=2, wo caid epaxosysamu npu SUKOPUCIAKHI UUX MaAmMepiarie 0 onmo-
ENEKMPOHHUX NPULADIE | CEHCOPIB 8 YMOBAX THMEHCUBHO020 PAdiailinoe0 6NAUGY.

Kniouogi caosa: nanoxpucmaniuni naiexu SiC, monokpucmanu AlyOs, cnekmpu noziunants, onpomMiHeHHs eaeK-
mponamu, padiayitini depexmu, padiayiiine ynopsaoxyeanus, eionan degexmis.
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EFFECT OF ELECTRON IRRADIATION ON THE OPTICAL PROPERTIES
OF NANOCRYSTALLINE SiC FILMS ON SINGLE CRYSTAL Al,O3 SUBSTRATES

It was studied the effect of irradiation with high-energy (10 MeV) electrons on the optical properties of
nanocrystalline carbide film system silicon / sapphire substrates in a wide range of fluences of 5-1014 to 9-1019 cm=2
and subsequent annealing in vacuum in the range of 200—1200°C. It was found that radiation-induced
changes in the optical properties of nc-SiC films is primarily manifested in the UV region of the spectrum
associated with interband transitions, as well as in the region of the spectrum due to the absorption of intrinsic
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defects, radiation ordering, annealing of defects.
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