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Paccmompenvt  pezynbmamvl ammecmayuu CIMPYKmMypul, KPUCMAIIOMOPGHOI02UL U
¢azoeoco cocmasa mpex pazHo8UOHOCMEl 00paszyos 6 6ude HUMeGUOHBIX
KPUCMANL08 — KaApouda  KpeMHUs, CUHME3UpOBAHHO20 U3 NAPO2A3080U  CMecU
cocmasa CH;SiCl; + + H, Obpasyvt 6vinu noayuenvl 8 0OHUX U MeX Jce YCIOBUIX
(npu T = 1300 °C), no npu paziuunol KoHyenmpayuy 6000podd 6 NomokKe cmecu.
CmpykmypHvle UCCIe0068aHUS  GbINOJIHEHb MEMOoO0aMu Npoceevusaioujell dieK-
MPOHHOU MUKPOCKORUU 6 COYemaHuu ¢ MUuKpoou@paxyuen u uHnppaxkpacHou
cnekmpockonuell. Ycmanosneno, umo nosvluleHue KOHYeHmpayuu 6000poda 8
napo2azoeoll peakyuoHHOU CcMecu  CRocobcmeyem QopMuposanuo HumMesUOHbIxX
KPpUCMALLI08 CO CMPYKmMYpou muna 0po—o00104Kka: s10po cocmoum u3 xapouoa
KpemHus Kyouueckou moougukayuu, a o6oaouxa npedcmagisem cooou oKcuo Kpemuusl.
Mukpoougpaxyuonnvie uccredosanus 6 CcoOYemanuu ¢ UHPPAKPACHOU CNeKmpo-
CKOnuell NOo360UNU  BbIAEUMb, YO 000I0YKA HUMEBUOHbIX KPUCATLIO8 UMeenm
cocmas SiOy u HaX0OUmMcs 8 AMOpPHHOM COCMOAHUL.

Knrwouesvie cnosa: kapouo kpemHust, HUMU, 0ZPAHKA, CUHMES, B000POO, I0PO—000NI0UKA.

HamuGonee pacnpocTpaHEHHBIM METOJ CHUHTE3a HUTEBHUIHBIX KPHCTAIIOB
(BOJIOKOH KapOuaa KpeMHHs) — XUMHYecKoe razodasnoe ocaxaenue [1, 2]. B o
XKe BpeMs CTPYKTYypHBIE 0COOCHHOCTH ()OPMUPOBAHHS BOJIOKOH B 3aBUCHMOCTH
OT PA3JIMYHBIX TEXHOJIOTHMYCCKUX (DAKTOPOB CHHTE3a M3yUYeHBI HEJIOCTATOYHO.
OmHMM W3 BaXXHBIX TEXHOJOTHYECKHX (DAKTOPOB TP TAKOM METOJE CHUHTE3a
SIBIISIETCS] KOHIIEHTPAIUSI BOJAOPOJAa B PeaKkIoHHOM mpoctpaHcTBe. C ydeTom
ATOTO IeTh JaHHON PabOThl — BEISBUTH BIMSHHUC KOHIIEHTPAIIUH BOAOPOJA Ha
XapaKTEPUCTUKHA CTPYKTYPHI U (ha30BOTO COCTaBa CHHTE3MPOBAHHOTO KapOuaa
KpEeMHUSI.

B pabore cuHTe3 KapOuaa KPeMHHUS OCYIIECTBISUIA ra30(a3HbIM METOIOM
B TOPHU30HTaJIbHOM KBapIleBOM pEaKTOpPE C HKCIOIh30BAHUEM HCXOHOTO
npekypca CH3SiCl; pu pa3nuaHOl KOHIIEHTPAIIUA BOJIOPOIa B PEAKITHOHHOM
npocrpancTe. Temneparypa cuntesa cocrasistia 1300 °C, B kauecTBe Kara-
JU3aTopa MPUMEHSUIH Kelle30. KOHIeHTpaIuio BOJOpOAa ONpPENesuin CKO-
POCTBIO €ro MoToKa B peaktope. [Iporecc MpoBOIMIM MPU TPEX CKOPOCTIX
MMOTOKa W HCCIEA0BAM OCOOCHHOCTH CHHTE3WPOBAHHBIX BOJOKOH. IloTOK
BOJIOPO/Ia B CHCTEME MMEN IS 00pas3IoB TPeX Pa3sHOBUAHOCTEHN CIEMyIOIIHe
3HaueHus (u/muH ): I — 0,2; I — 0,6; III — 1,0.

© I1I. M. Cunenko, A. H. Ilimanak, 0. M. Conounun, I'. C. OneliHuK,
A. B. Kotko, II. U. Auapymienko, T. B. Tomuna, 2019
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CTpyKTypHBIEe XapaKTepUCTUKH KPHCTAJJIOB CHHTE3HPOBAHHOIO Kapomuaa
KpeMHUSA

Kpucrammomopdonorus OcHoBHo} bazoBbiit CprKTyque
Tun | cocTaBIAIOILMX NPOAYKTOB | AUANA30H (1)a3OBLII7I coctosinue SiC
CHHTE3a CeYCHMU cocras SiC 1 IPOAIYKTOB
HHTEH, HM CUHTE3a
I |HuteBunmHble KpHCTaIBI LU- Kybunueckuii MoHoxpucTaml
mHIpIdeckoro U Tpexyronb- | ~40—120 | 3CSiC c Bkmo- |c AedeKTaMu yra-
HOTO ceveHwi (puc. 1—3) YeHUSIMH MHO- |KOBKH M JIBOMHU
TOCJIOMHBIX KaMH TIO0 TIOCKOCH
MTOJIMTHIIOB tn (111) (puc. 2)
II [Toxe ~50—500 | To xe To xe
Il To xe B couerannmu c¢ | =~20—200 |CocraB siapa —|Sapo — MoOHO-
HUTEBUIHBIMU KPUCTAIIIAMH 3CSiC, 0001049-|kprcTa/ll € Je-
000J109€9YHOTO CTPOCHUS ku — SiOy (hexTaMu  yrmakoB-
(Tuma sapo—o00I0UKa) — KM, 000JI0uKa —
puc. 4, a—g), a TaKxke ¢ cyo- amopdHast  asza
CTPYKTYpoil B (opMe HUTH SiOy
oxepenbs (puc. 4, 2)

ATTecTanuio CTpYKTYpHl CHHTE3UPOBAHHOTO KapOuaa KpeMHHUS MPOBOIN-
U METOJOM TPOCBEUYMBAIOIIEH SIEKTPOHHON MHMKPOCKOIHWH B COUYETAHUU C
Mukpoaudppakuueii m wuHdppakpacnoir (MK) cnextpockonmeir. MuKpocko-
MUYECKUE HCCIIeI0BaHMus BBINOAHIM Ha mpudope JEM-100CX, a crnekrpo-
ckormmueckne — Ha MK ®Dypne-ciekrpomerpe @CM-1202 B obnactu iHH
BosH 4000—400 cm™

PaccMoTpuM BEISIBIEHHBIE OOIIHE 0COOEHHOCTH CTPYKTYPbl HHUTEBHIHBIX
KPUCTAJUIOB, CHHTE3MPOBAHHBIX TP OTIMYAIOMIMXCS CKOPOCTSAX IOJAYH
BOIOpOJa B PEAKUMOHHOE MPOCTPAHCTBO, W pa3nuuusi. OTH JAaHHBIE B
00001IEHHOM BHJI€ TPUBEACHBI B TaONHIE U HA puc. 1—3.

OO06mme xapaKTEpPUCTUKN CHHTE3MPOBAHHBIX 00pasmoB KapOuaa KpeMHUS
BCEX pa3HOBHIHOCTEH COCTOAT B crheAyromeM. ba3oBoit cocrasisomieit
o0pasuoB sBisieTcss Kyouueckuil xkapoun kpemuusa (3C-monudukanus). [lpu
pa3IMYHOM KOHIIEHTPAIIMM BOJOPOJa B peakmuOHHOM TmpocTpaHcTBe SiC
(dbopMupyeTcsi B BHIE HHUTEBUIHBIX KPHUCTAJUIOB LWIMHIPUYECKOTO M TPEX-
YTOJBHOTO CEYEHUH, OCh YIUIMHEHH KpUCTAIUIoB NapauiensHa [111] (puc. 1—3).
B orpaHeHHBIX KpHCTalslaXx YacTO BBISBISUIOCH DPACCIOEHHE IO TpaHUIAM
conpspkeHus (pedpaM KpHUCTailIa) IIIOCKUX TIOBEPXHOCTEH OrpaHKH (pHC. 3, 8).

Bce wHuTeBHImHBIE KpHCTALIBI OBUIM  MOHOKPHUCTANIMYCCKHMHU, OHHU
COJIep KTl BBICOKYIO TNIOTHOCTH 1€()EKTOB YIIAKOBKU U IBOMHUKOB MO OXHOU
u3 miockoctel (111) mnm mo mepecekaromUMcsl TIJIOCKOCTAM 3TOTO THIIA
(puc. 2, 6 u 3, 2). B HEeKOoTOpOW YacTH KPHUCTAIUIOB COJACPIKAIHCH TaKXKe
MHorocnoinsie monutunsl SiC. OTo moaTBepKAaeTcs TakuMHU 3P PeKTaMu Ha
MHUKPO3JIEKTPOHOTpaMMaX, KaK HaJMYUe TOYEYHBIX OTPAKEHHH Ha CILTOIIHBIX
TspKax B psgax [111] (puc. 2, a u 3, a).

OCHOBHOM [Wamna3oH CEYEHWM HUTEU MJI1 KCCICAOBAHHBIX TPEX THUIIOB
obpasmoB cocraBisser 40—120, 50—500 m 20—200 HM COOTBETCTBEHHO
(Tabmuria). [Ipy ’TOM HUTH OTIUYAIACH CTPYKTYPHBIMUA OCOOECHHOCTSIMH.
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BrIsiBIICHO Ba OTJAMYHUSA HUTEBUAHBIX KpHCTaIoB obpasuos III Tuna B
cpaBHeHHH ¢ KpucTtamiamu obpasuos I u II tumos. [lepBoe cocTosino B ToM,
YTO B TaKUX 00pas3lax KPUCTAIUIBI TPEXYTOIBHOTO CEYEHUS BCTPEYAIHCH
KpaliHe pelko. BTopoe oTiiHmune — KpUCTAUTBI XapaKTepU30BaIUCh 000II0-
YEYHBIM CTPOCHHEM, TO €CTh UMEIU MHKPOCTPYKTYPY THIA AIPO—000JI0UKa
(puc. 4). [Ipu 5TOM AP0 COCTOSUIO U3 HUTEH KapOuaa KpeMHus, a 0005104-
Ka uMeaa 3JeMeHTHbIM coctaB Si—O. OO6osoyka OblLIa MpecTaBlIeHA
pa3HooOpa3HBIMH  MOP(OJOTHYECKUME  (OpMaMU — OT HEMPEPHIBHBIX
MOHOJIUTHBIX W PAaBHOTOJIIUHHBIX CIIOEB IO BCEW IJIMHE KpHCTAIIA 10
OTIIEIBHBIX (PArMEHTOB TAKUX CJIOEB C PANIMYHON TOJNIIMHON WU CUCTEMBI
B BHAc OYCHHOK pa3HYHBIX pa3MepoB (puc. 4, 2). I'paHHUIEI MEXIY
HutssMu SiC 1 0007109KaMU OBUTH CILTONIHBIMHU JIJIS BCEX UX PA3HOBHIHOCTEH
(puc. 4, a, 6).

MukpoanpakIMOHHBIME HCCIEOBAHUSIMU YCTAHOBJIEHO, YTO KapOwa
KpeMHHUsT B HUTEBHIHBIX Kpuctammax Il Tuma HaxomuTcs B pasymo-
panoueHHoM cocTosiHuu: oTpaxeHnus 3CSiC mpeacTaBieHbl B BUAE CILIOLI-
HBIX TSDKEH, mapauienpHbIX HampaBienuio [111] (yka3aHbl cTpenkon 2 Ha
puc. 4, ). AHaIU3 Pa3MBITOTO KOJBIIEBOTO OTPAKEHHS (YKa3aHO CTPEIKOM 1
Ha puc. 4, 6) TO3BOJWI TMPEINOJIOKUTh HaUYUE B KpUCTAIaX 000-
JI0YEeYHOTO CcTpoeHUs aMopdHBIX (a3 okcmma kKpemHHs coctaBa SiOx.
IToaTeepxknennem mnocnenHero ciyxat MK-crekTpocKonmuyeckue HUCCieo-
BaHusA Kpucrtamios III Tuna.

Tunuunsii MUK-cnextp oOpasnos III tuma mpusegen na puc. 5. Ero
aHAIM3 TO3BOJIMI 3aKJIOUNTh, YTO MOJIOCH C 9acToTaMu ~795 u ~934 cm™!
xapakTtepusytor Si—C koneOanus. Hanmmume aAByX XapakTepHBIX IOJIOC
MOTJIONICHUST YKa3bIBaeT Ha CYIIECTBOBaHWE AC(EKTHBIX YaCTHIl KapOwuma
KPEMHHSI, a Pa3sHOCTh 9acTOT Av = 139 cM™ SIBISETCS MX XapaKTePUCTUKOI
[3]. ITonocs!l moTIoOIIEHNS B AUana3oHe 4acTtoT ~455u ~1052 cm oTHOCSTCS
K ne(hOopMallMOHHBIM U BaJeHTHBIM Si—O—Si Koje0aHUSIM COOTBETCTBEHHO
YU XapaKTepU3YIT TMPUCYTCTBHE Ha TOBEPXHOCTH BOJOKOH KapOuma
kpemHus TuieHku tuma SiO4. Kpome Toro, MK-cmektp obOpasua wumeet
JIOTIONHUTENBHBIE TOIOCH MOTJIONMIEHHS C YaCTOTAMH B 061acTax ~560 cm™'
(kotopyro mMoxkHO oTHecTH kKak K Si—Cl, Tak m k Si—Si koisebaHusIM),
v~ 1621 n~3426 cm™.

200 um
a o

Puc. 1. OOmmii BHJ HHUTEBHIHBIX KPHCTAUIOB Pa3UYHBIX CEYCHHH U (opwm,
XapakTepHbIX st 00pas3nos [ u II Tumos.
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Puc. 2. Tunuunele n300pakeHUss MOHOKPUCTAIIIOB LMIMHIPUIECKOTO
cedennst (SiCl u SiCIl) ¢ cybeTpykTypolt — OBOWHUKAMH MO OTHOH (a)
u aByMm (6) cucremam rtuiockocreit (111) m nedexTamMum yHakoBKH:
MUKPOJIEKTPOHOIpaMMa OT KpucTamia (a) (CTpenkoil ykasaH Tsx B psfdy,
napamiensHoM [111], ¢ ToueuHBIMU OTpa)XKEHUSAMU, YTO CBUAETENILCTBYET
O TPUCYTCTBMM B KpHUCTaJUle JBOHHHMKOB, JAC(PEKTOB YIAKOBKH U
MHOTOCJIOMHBIX IMOJUTUIIOB 110 iockocTu (111).
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‘ 200 um

2
Puc. 3. N300pakeHne HUTEBUIHBIX KPUCTAIIIOB TPEXYTOJbHOTO CEUCHHS
U MUKPOAJIEKTPOHOIpaMMa OT HUXKHEH TIpaHH KPHUCTAIOB (yKa3aHO
CTpENIKOW — @, 0); YaCTUYHO PACCIOMBIIMHCS KPUCTAII TPEXYTOJIbHOM
OTpaHKHU (8); CPOCTOK KPUCTAIIIOB LUIMHAPUYECKOTO U TPEXyroJbHOIO
CCUCHHH W MUKPOZJIEKTPOHOTrpaMMa OT BBIICICHHOM 00sacTH (2).

F 10 um - |2

2

Puc. 4. Tunuansle MOP(HOIOTNYECKHE Pa3sHOBHIHOCTH HUTCBHIHBIX KPHCTAIOB
SiCIIl  (a—e): (cTpenkoit 1 yka3zaHa cepAUeBHHA KpUCTalla, COCTOALIAs U3
KapOuna KpeMHHus: cTpenkod 2 — ocanok SiO,); MHUKPO3JIEKTpOHOrpaMMma OT
oOnacTy, BBIZIEJICHHON Ha “a”, CBHIETEIILCTBYET O NPUCYTCTBHHM B TaKOW 00JacTH
amop¢Hoi (aser SiOy (BHYTpEHHEE Pa3MBITOC KOJbBIIO, YKa3aHHOE CTPEIKOW 1) u
3CSiC ¢ mnockumH aedeKkTaMd M MHOTOCIOWHBIMM TOJHUTHIAMH (CTpEiIKod 2
yKa3aH TsoK, o0ycnoBneHHbIH HanmnuneM B SiC e(eKTOB yakOBKHU, TBOWHUKOB H

MHOTOCJIOMHBIX TTOJTUTHIIOB).
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BruiuB BOJHIO HA CTPYKTYPHI XapaKTePUCTUKHU
HUTKOBHMIHUX KPUCTAJIIB KapOigy KpeMHil0, 01epsKyBaHUX
MEeTO/I0M NApora3oBoro CHHTE3y

I1. M. Cunenxko, A. M. lllnamnaxk, FO. M. Comnonin, I'. C. OneiiHuk,
A. B. Kotko, JI. I. Arnpymenko, T. B. Tomina

Posenanymo pezynomamu amecmayii cmpykmypu, kpucmanomopgonozii ma ¢azosozo
CKAA0y MpboX Pi3HOBUOIE8 3pA3KIE V OPpMI HUMKOGUOHUX KPUCMATNIE KapOidy KpEeMHIro,
cuHme306an020 i3 napozazoeoi cymiwi cknady CH;SiCl; + H, 3pasku odepoicano 6
o0nux i mux camux ymoeax (3a memnepamypu 1300 °C), ane 3a pisnoi kKonyemmpayii
600HI0 6 nomoyi peakyitinoi cymiwi. CmpyKmypHi 00CIIONCEHHS SUKOHAHO MemOoOOM
npoCeiuyouoi  eleKmpoHHOi MIKpOCKORII 6 NOEOHaHHi 3 MIKpooudpakyiero ma
ingpauepeonoro cnexkmpockonieto (I49). Bcmanoeneno, wo 3pocmanus KOHYeHmpayii
600HIO 8 peaKyiunill — cymiwti Cnpusic @QOPMYBAHHIO HUMKOBUOHUX KDPUCTHATIE 3
MIKPOCIMPYKIYpOIo muny  10po—o00a0HKA. Y ybomy 6unaoxy sopom S6IAEMbCs
HUMKA Kapbioy kpemmuilo KyOiunoi mooughikayii, a oboaouka npedcmasnsie coboio
okcuo kpemuiro. Mikpoougpaxyitinumu 0ocaiodicenusamu 8 noconanni 3 19-euguennsim
BUABTIEHO, WO 0DONOHKA HUMKOGUOHUX Kpucmanie mac cknad SiO, ma 31axooumscs @
amMoppHOMY CIMaHI.

Knrouosi cnosa: kapoio kpemHiro, HUMKU, 0ZPAHKA, CUHME3, 800€Hb, 10PO—O0DO0JIOHKA.
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Influence of hydrogen on the structural characteristics
of sic crystals obtained by the evd method

P. M. Sylenko, A. M. Shlapak, Yu. M. Solonin, G. S. Oleynik, A.V. Kotko,
D. I. Andrushchenko, T. V. Tomila

The results of certification of the structure, crystallomorphology, and phase
composition of three varieties of samples in the form of crystals of silicon carbide
synthesized from a gas-vapor mixture of the composition (CH;SiCl; + H,) are
considered. Samples were obtained under the same conditions (T = 1300 °C), but at
different concentrations of hydrogen in the mixture flow. The hydrogen flow in the
system for the samples of three varieties had the following values (in | / min): [ — 0,2;
II — 0,6, Il — 1,0. Structural studies were performed by transmission electron
microscopy in combination with microdiffraction and infrared spectroscopy (IR).
General features of samples of all varieties: a) the phase composition of SiC (only cubic
modification 3C) and b) the formation in the form of whiskers of cylindrical and
triangular sections, the axis of elongation of crystals of the type [111]. In faceted
crystals, delamination along the interface of flat faceting surfaces was often revealed.
The main range of thread cross sections for the studied three types of samples is
40—120, 50—500, and 20—200 nm, respectively All whiskers were single crystals;
they contained a high density of stacking and twin defects along one of the (111) planes
or intersecting planes of this type. In a certain part of the crystals, multilayer SiC
polytypes were also contained.It has been established that an increase in the
concentration of hydrogen in the vapor-gas reaction mixture promotes the formation of
whiskers with a core-shell structure: the core consists of cubic modification silicon
carbide and the shell is silicon oxide. Microdiffraction studies in combination with IR
studies have established that the shell of whiskers has the amorphous SiOx composition.

Keywords: CVD, synthesis, silicon carbide, hydrogen, core-shell.
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