. A. Kypmames, A. H. Codponkos, T. H. byraesa, T. U. JlaBpenosa, H. C. JI3106a

MATEPIAJIV OJ1A CEHCOPIB
SENSORS MATERIALS

YAK 544.187.2; 621.315.59

MU3TOTOBJIEHUE MOHOAUCIHTEPCHBIX KEPAMUYECKHUX ITOPOLIKOB SiC " Si N,
C IIPUMEHEHUEM CO,-JIASBEPA

L. JI. Kypmawes', A. H. Cogpponxos', T. H. Byeaeea®, T. U. Jlaspenosa®>, H. C. [{3106a

'Onecckast HaloHanbHast akaaemus cBsi3u uM. A. C. [Torosa
*Opecckuii HaMOHATBHBIH yHUBepcuTeT uM. M. Y. MeunnkoBa
e-mail: kurmash12@gmail.com

MN3IOTOBJEHUE MOHOJAUCITEPCHBIX KEPAMUYECKHUX ITOPOIHIKOB SiC U Si,N
C IIPUMEHEHUEM CO,-JIASBEPA
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11 ]]. Kypmawes, O. H. Cogpponkos, T. H. byeaesa, T. U. Jlaspenosa, H. C. /[3t06a

Annorauusi. Paccmorpen npouece nomydenus nopomkos SiC u Si,N, ¢ npumenennem CO -
na3epa. TexHonorus omin4aeTcst TeM, 4YTO UCIOJIb3YEMbIE PEAreHTHBIE Ta3bl — CHJIAaH M aMMUaK (U1
NOJTyYEHHS] HUTPUA KPEMHHUS ) WK STUIIEH (U1 OTy4YeHUs KapOuaa KpeMHHUs) TPOITYyCKatOTCs Yepes
iy4 CO,-nasepa. ITomydeHbl MEIKOAMCIIEPCHBIE, COAEPKAINE CPEPUIECKHUE YACTULIBI OMHAKOBOIO
pasmepa (MOHOIUCIIEPCHBIE), BHICOKOYMCTHIE, HearoMmepupoBannble nopoumku SiC u Si,N,.

KiroueBble ciioBa: kepaMuka, Kapou KpeMHHs, HUTPHUJ KPEMHUS

BUI'OTOBJEHHA MOHOJIUCITEPCHUX KEPAMIYHUX ITOPOMIKIB SiC I Si,N, 3
BUKOPUCTAHHSM CO,-JIA3EPA

11 ]]. Kypmawes, A. H.Coghponkos, T. M. Byzauiosa, T. I. Jlaspenosa, H. C. /[3t06a

Anoranis. 3anpornonoBano npouec orpumanHs nopomkis SiCiSi,N, 3 sukopucrannsm CO -nasepa.
TexHomnoris BiIPI3HAETHCS TUM, IO PEAreHTHI a3y, 0 BUKOPHCTOBYIOTHCS, — CHJIAH 1 amiak (s
OTPUMAaHHSI HITPUIY KPEMHII0) a00 eTHIICH (U1 OTpUMaHHs KapOily KPEMHII0) IPOITYCKAIOThLCS Yepe3
npominb CO -nasepa. [Ipy oMy BUXOINTH BUCOKOYMCTHUM, HEAITIOMEPOBAHMUIA, IPIOHOAMCIIEPCHUI
MOPOUIOK, 110 MICTUTh C()epUYHI YACTUHKH OJJHAKOBOTO PO3Mipy (MOHOJUCTIEPCHUIN).

KurouoBi ci1oBa: kepamika, kap0ia KpeMHiI0, HITPUJL KPEMH1IO

FABRICATION OF CERAMIC POWDERS SiC AND Si,N, USING CO,-LASER
Sh. D. Kurmashev, A. N. Sofronkov, T. N. Bugaeva, T. I. Lavrenova, N. S. Dzyuba

Abstract. The process of obtaining powders of SiC and Si,N, with CO,-laser has been studied.
The technology differs in that the used reagent gases - silane and ammonia (for silicon nitride) or
ethylene (for silicon carbide) are passed through the CO,-laser beam. Fine agglomerated powders of
high purity SiC and Si,N, containing spherical particles of the same size (monodispersed) have been
obtained.

Keywords: ceramics, silicon carbide, silicon nitride
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Kepamuueckne TOPOLIKK IHUPOKO HCIOIB3Y-
IOTCSl B U3JICIMSIX MUKPOIJIEKTPOHHUKH, B YaCTHO-
CTH, B THOPUIHBIX MHTETPAIBHBIX cxemax. Kap-
oun kpemuus (SiC) umeet HU3KHIA K03(PPHUIIIEHT
terutoBoro pacimmpenus (4-107°K) u He UCTIBITHI-
BaeT (a30BBIC MEPEXOJIbI, U3-32 KOTOPHIX MOXKET
MPOU30WTH pa3pyllieHHe Marepuana. Beicokas
TEIUIONPOBOTHOCTh, BBICOKAs HANPSHKEHHOCTH
AIIEKTPUYECKOTO TPOOOS U YCTOMYUBOCTH K OOJIb-
IIMM TJIOTHOCTSIM DJIEKTPHYECKOTO TOKA JICNAIOT
€ro MEepPCIEeKTUBHBIM MaTepHaioM JJIsi BBICOKO-
MOIIIHBIX YCTPOUCTB. DJNEKTPUUECKUMHU YCTPOIi-
ctBamu 13 SiC MOTYT OBITh HETMHEHHBIC DJICMEH-
ThI BEHTUJIBHBIX PA3PSAIHUKOB IS 3aIIUTHI JIEK-
TPOYCTAHOBOK OT TiepeHanpspkeHuit. Ha ocHoBe
KEepPaMHKH U3 KapOuaa KpeMHHUS IeTal0T BApUCTO-
pbl. KapOu kpeMHHUsI MCTIONIB3yeTCsl Takxke s
npou3BojcTBa rpadeHa (rpaduTu3anus Ipy BbI-
COKHX TemIieparypax). EcrecTBeHHas pe3ucTeHT-
HOCTh KapOuJa KPeMHUSI K OKHCIICHHIO, a TaKKe
OTKPBITHE HOBBIX IyTeH CHHTE3a KyOMYECKOU
dopmb S-SiC ¢ Gombllel MIOMAabI0 MOBEPXHO-
CTH JIeJIaeT €0 MEePCIEeKTHBHBIM B Ka4€CTBE KaTa-
JU3aTOpa MPH OKUCICHUH YIIIEBOIOPOJIOB, TAKMX
Kak OyTaH, MaJICMHOBBIN aHTHIPHI.

[IpocreiimmmM crnoco6om mpoussBoactsa SiC
ABJISIETCS CIIEKaHWE KpEeMHE3eMa C yIIepoJoM B
rpadUTOBOM AMEKTPOIIEYH TPH BHICOKOH TeMIIe-
parype 1600—2500 °C:

Si0, 4+ 30 22207290, gic 1 200

Uucrora kapOuma KpemHHs, 00pa3yroIIEro-
Csl B TICYH, 3aBUCHUT OT PACCTOSIHHS 110 rpaduro-
Boro pesucropa B TOHe. Kpucramibl BbhicOKOH
YUCTOTHI (OOBIYHO OECLIBETHBIC), a TaKke OJea-
HO-XKEJITOTO U 3€JICHOTO IIBeTa HaXOIATCs OJIKe
Bcero K pesuctopy. Ha Gosbiiem paccTostHuM OT
pe3ucTopa LBET U3MEHsIETCS HAa CUHUN WU 4ep-
HBIM M3-32 IpUMeced. 3arps3HUTENsIMU  yallle
BCETO SIBIISIFOTCS a30T U aTFOMUHUN. OHU BIUSIOT
TaK’Ke Ha 3JIEKTPOIIPOBOIHOCTb MOIYYEHHOTO Ma-
tepuana. Kyouueckuit SiC, kak npaBuio, Belpa-
HIMBAETCS XUMUUYECKHUM OCakjeHueM mnapos [1].

YucTelii KapOua KPEMHHSI MOYKET OBITh TaK:Ke
MOJy4YeH MyTeM TEPMHUYECKOTO PA3JIOKEHHS MO-
nmumepa nonumernicunana (SiCH,) , B armocde-

pe MHEPTHOTO ra3a MpU HU3KHUX TeMIleparypax.
Meton nuponusa I0CTaTOuHO YA0OEH, MOCKOIb-
Ky U3 MOJIMMepa MOKHO C(OPMUPOBATH H3JIENINE
m000i QOopMBI Tepen 3aleKaHueM B KepamHu-
Ky [2-5].

Hutpun kpemuus (Si,N,) ABseTcss OCHOBOM
KEePaMHUKH, KOTOPasi UMEET BBICOKYIO TPOUYHOCTD B
IIMPOKOM JIHaNia30He TEMIIEPaTyp, YMEPEHHYIO Te-
TUIOTIPOBOIHOCTb, HU3KUH KO3(D(DUIIHEHT TETIIIOBO-
rO pacIHIMpEHUsi, TOCTATOYHO BBICOKUN KOA(DDHH-
IIUEHT YIIPYTOCTH U HEOOBIYAtHO OOJBIIYIO (AJIs
KepaMHUKH) BSI3KOCTh paspymieHus. Otanyaercs
BBICOKOW TETJIOBOW YIapOCTOMKOCTBIO, CIIOCO0-
HOCTBIO BBIJIEP)KMBATh 3HAYUTENIbHBIE HArpy3-
KM TIpH OOJIBIIUX TEeMIIepaTypax, COXpaHss Mmpu
3TOM XOPOIIYI0 U3HOCOCTONKOCTh. Mcnonb3yercs
KaK M30JISITOP ¥ XUMHUUYECKUN Oapbep Mpu Mpo-
M3BOJACTBE MHTETPAIBHBIX MUKpocxeM. [IpakTu-
YeCKUN MHTEpeC K IJIEHKAM HUTPHAA KPEeMHUs
00yCIIOBJIEH BO3MOKHOCTBIO UX NMPUMEHEHUS B
Ka4eCTBE MACKUPYIOIIUX CIIOEB 0/13aTBOPHOIO
JUDJICKTPUKA B TOHKOIUICHOYHBIX TPAH3UCTOPaX
Ha 0aze aMOp(HOTO M MOTUKPUCTATITHIECKOTO
KPEMHHUS U B DJIEKTPUUECKUX IIPOrPaAMMHUPYEMBIX
snemeHTax namsTH (flash mamsTe) B kauecTBe 3a-
MMOMUHAIOIIEN CpeIbl.

Hutpun kpeMHUsS TONy4YarOT XUMHYECKUM
OCaXJIEHUEM U3 Iapora3zoBoi (a3bl:

35iHy + 4NH; — SigNy 4+ 12H,»
IIPSAMBIM a30TUPOBAHUEM:

1200—1500°C

351 + 2N, SizN g
a TaKoKe TEPMOYIIIEPOAHBIM a30TUPOBAHUEM :
35105 + 6C + 2Ny, — SigN, + 6CO,

Hutpua xpemHuss MOXXKHO MOJy4yaTh NPHU Ha-
rpeBaHUU KapOua KpeMHHS C a30TOM:

6SiC + TN, 2000 965 N, + 3C,Ny

a TAKXKe HpOHYCKaHI/IeM CHnJIaHa B aMMHAKE
3SiH, + ANH; —» SisNy + 12H, 1

CrangapTHasi TEXHOJOTHUS MpeaycMaTpuBaeT
nony4enue nopomkos SiC u Si,N, nsmensaenuem,
«MOKpPOI» XUMHEH, peaklUsIMU B TBEPJOM CO-
ctostHuH. [Ipr 3TOM OPOIITKHU MOTY4arOTCs TIOJTH-
JUCTIEPCHBIMH, arjiOMEPUPOBAaHHBIMHU, COACPIKAT
MHOTO BKJIFOUEeHUH. TeXHOIOT s XapaKTepu3yercs
BBICOKOW CTOMMOCTBIO, BEICOKUM YHEPTONOTpE-
Onenunem. BerencTeue armoMepanuu M MOJIUIH-
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CIIEPCHOCTH TOPOIIKA TIPU CIIEKAHUU 00pa3yroTCs
HEKOHTPOJIHUPYEMBIE MIOJOCTH, B PE3YJIBTATE YEro B
KepaMUKe 00pa3yroTCsl TPEIIUHBI, YTO YMEHBIIIACT
€€ MEXaHWYECKYI0 MMPOYHOCTh, OTMEUEH pazopoc
CBOMCTB KEpaMHKH OT MAPTHH K MAPTHUH.

Lenbto HacToswIeH pabOTHI ABISETCS UCCIIEN0-
BaHHE BO3MOXKHOCTHU MOJYYEHHUS MOHOAMCIIEPC-
HBIX, HearJoMepUpOBaHHBIX MopomkoB SiC u
Si,N,. lns 31010 paspaboTaH TEXHOIOTUYECKHI
npouecc ¢ npumenennem CO -nasepa. [Topommku
CHUHTE3UPOBAIUCH METOOM JIa3€PHO-UHIYIIUPO-
BaHHOM Jucconuanuu cunana (SiH,). Cnocobom
JMCCOLMAIIMK MOJICKYJ CHJIaHa B JAHHOM ciydae
SBIISIETCA HAarpeB CTPYH CHJIAHA HETPEPHIBHBIM
uznydennem CO,-nasepa (laser-induced chemical
vapour deposition — LICVD). Taxkoii HarpeB oka-
3bIBACTCsI BOSMOXXHBIM BCJICACTBUEC TOI'O, YTO HAH-
Oonee cububle Tuauu renepanun CO -nasepa,
Takue, Haripumep, kak P(18) u P(20) ¢ BoimHOBBIMU
uucnamu v, ;=945.98 e u v, =944.19 cm, 1o-
aJIal0T B KOHTYP MONIOIIEHHs MOJEKybl Si H,,
COOTBETCTBYIOIIETO JIe(hOpMAIIMOHHBIM KOJICOaHH-
SIM, LIEHTPUPYIOMIUMCS BOJIM3U BOJIHOBOTO YHUCIIA
Vgua= 970 cm™ [6].

JlaHHAast TEXHOJIOTUS OTIIMYAETCS HMEHHO TEM,
YTO MCIIOJIb3yeMbl€ pEeareHTHbIE ra3bl — CUJIaH U
aMMUaK (715 TIOTy9YeHUST HUTPUJIA KPEMHHUS) WIN
STWJICH (IS TIOJTyYeHUs KapOraa KPEMHUS) TIPO-
nyckarorcs yepes yd CO,-nasepa. Jlns nposene-
Hus 00mydenns ucnonbzosancs CO -nasep «JII'-
18» ¢ nnuHOM BoONHBI M3MyudeHus A=10.6 Mxm.
Jlist 5TOTO M3IIy4eHUsl XapaKTepHa BBICOKAsS MO-
roniaTelbHas COCOOHOCTh CUIaHa, aMMHUaKa U
sTriieHa. JIa3epHBbIil 1yd paBHOMEPHO HarpeBaeT
CBEPXHACBHIIIIEHHBIE Ta3bl CO CKOpoCThio 10°...10%
°C/c no TeMneparypsl peakiuu oopazoBanus SiC
u Si.N,. UndpaxpacHoe nsmyuenue 00yCIOBIH-
BaeT TEPMUYCCKYIO PEAKIIUIO, IPH KOTOPOH oOpa-
syrorcs aapa SiC u Si;N,, a HaCBILEHHOCTH pea-
reHTOB yMeHblIaeTcs. Korna 3akanunBaercs npo-
[ECC TOIIOUICHHSI PEareHTHBIMHU Ta3aMu, Ipo-
necc odpasosanus SiC u Si,N, npexpamaercs T.x.
npoykThl peakuuu (vactuupl SiC nmm SiN,) n
ra3sl (BOJOPOJ U a30T) — Ha JAJHE BOIHBI A=10.6
MKM TIOIVIOLIAlOIIed CIIOCOOHOCThIO HE 00nana-
10T. BBICTpBIN HarpeB CBEPXHACHIIICHHBIX Ta30B
obecrieunBaeT ObICTpOe 0Opa3oBaHHE OOJBIIOTO
KOJIMYECTBA «3apPOJIBILICH — siFep, POCT KOTOPBIX
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HPOHUCXOJUT C OMMHAKOBOI CKOPOCTHIO U TIPEKpa-
Iae€TCs OMHOBPEMEHHO, B PE3YJIBTATE YETO MOJY-
YCHHBIC YaCTHIIBI UIMCIOT OJTMHAKOBBIN pa3Mep U
OJIMHAKOBYIO (chepuueckyio) ¢popmy.

OxJtakieHrue 4acTHIl MPOUCXOJUT CO CKOPO-
cthio 10°...10° °C/c, moATOMY YacTHIIBI HE CIIie-
KaloTCsl M He 00pa3yloT KECTKUE arlioMeparhl.
Tak kak J1a3ep HACTPOCH Ha YaCTOTY MOIVIOMICHUS
peareHTa, OH HE HarpeBaeT Apyrue oObEeKTHI, Ha-
npuMep, CTEHKH pe3epByapa, M03TOMY B OPOIIKE
OTCYTCTBYIOT HHOPOJHBIC BKIIOUeHUs. Kak u3-
BECTHO, IIPU UCHOJIb30BaHUH HIMPOKOIIOIOCHOTO
U3ITydeHUs (B U3BECTHBIX TEXHOJOTHUSX) TOJIBKO
HeOOobIIas JTOJIsl SHEPTUH MOTIIOIIAETCSl peareH-
TamMu. B HameMm ciydae BCsS CBETOBasi SHEPTUs
U3IIy4eHUs Ja3zepa nmpeodpasyercst B TEIIOBYIO
U MOJTHOCTBIO TOTJIONIACTCS peareHTaMH, BCIIE/-
CTBHE 4ero olIee noTpediieHne MOIITHOCTH CHHU-
KaeTcs.

Mopdonorus u pa3mMep 4acTHUIl TOPOLIKOB
ONIpeAesIUCh C MOMOIIBI0 CUCTEMBbl aHaIU3a
n3o0pakeHuit «Quantimet-720», mpocBeunBaro-
HIEro 3JeKTpoHHOro Mukpockona [IOM-100-01,
penTreHoBckoro audpakromerpa JJPOH-YM-1.
Hcnonp30Banuce Takke pacTpoBasi dIEKTPOH-
Hasi MUKPOCKOIIUS IIOBEPXHOCTHU C pa3peuiaromen
CIOCOOHOCTHIO 3 HM, 371eKTpoHHast OxKe-CIeK-
TPOCKOMHS C MPOCTPAHCTBEHHON U Pa3/IeIUTEb-
HOU criocoOHOCTsIMH aHanu3atopa 3 MM u 0.3%
COOTBETCTBEHHO. DIEKTPOPU3NIECKHE METOIBI
HCIIOJIB30BAJIMCH JJI1 U3YUCHUA BOJIBT-aMIICPHbBIX
XapaKTePUCTHK U 3aBUCUMOCTH JJIEKTPUUYECKOTO
HAIPsDKEHUs] Ha TOM WJIM WHOM 3JI€MEHTE 3JIeK-
TPUYECKHX IETIeH OT BpEMEHH.

VYeranosneno, ro nopouku SiC u Si,N,, mo-
JYYEHHBIC M0 «OOBIYHON» TEXHOJIOTHU SIBIISIFOT-
Csl IOMUIUCTIEPCHBIMH, COJIEPKAT MHOTO BKJIIO-
yeHuii. OHU TPEACTABISIOT COOO0M arimoMeparsbl
JNEHAPUTHON CTPYKTYpPBHI TUAMETPOM 3...6 MKM,
cocrosimue u3 yactun SiC u Si,N, pasmepamu
10...40 um. [Topomiku, osyuyeHHbIE C UCIIOJIB30-
BanueM CO -nasepa He BBISBIISAIN BbIPAKECHHOM
arJIOMEPUPOBAHHOCTH CTPYKTYPBI U COCTOSLTH U3
yactull pazmepamu 20...40 am. [Tonyyanu menko-
JMCTIEPCHBIN, colep Kalinii cepruiecKrue 4acTH-
(bl TPUOIM3UTENHHO OJIMHAKOBOTO pa3Mepa, BbI-
COKOUMCTBIN MOpOUIOK. M3roToBneHHas Ha OCHOBE
TaKUX MOPOIIKOB KEPAMHUKa XapaKTEPU3yeTCsl MH-



Sensor Electronics and Microsystem Technologies 2012 —T. 3 (9), Ne 4

HUMAaJIBHBIMH TIOJIOCTSIMHU 32 CUET MOHOMCIIEPC-
HOCTH Y TIPaBUILHON (HOPMBI YACTHII TOPOIIIKOB.

Kak yxe oTMeueHo, Ha/Ie)KHOCTh paboThI pa-
JUOJIEKTPOHHOH ammaparypbl BO MHOTOM OITpe-
JIeNIeTCs KaueCTBOM MUTAIOIINX IEKTPUUECKUX
CeTeil, B KOTOPBIX MOTYT UMETh MECTO MEPEHATIPSI-
KEHHSI JUIUTEIbHOCTBIO OT COTEH MUJUIMCEKYH]I
JI0 HECKOJIIBKUX CEKYHJ, “IpoBaJibl” HampsxKe-
HUS JJTUTENBHOCTBIO 0 JECATKOB MUJUIUCEKYH]I,
nponajanus (OTCYTCTBUE HAmpsDKCHHS Oosee
OITHOTO TIepuona) 1 Tak panee. OcobeHHO orac-
Hbl BBICOKOBOJITHBIE HMITYJIbCHl aMILUTUTYION
JI0 HECKOJIBKUX KUJIOBOJIBT U TUTEITLHOCTBIO OT
JECSATKOB HAHOCEKYHJI JI0 COTE€H MHKPOCEKYH].
IMEeHHO OHU MOTYT TPHUBOIUTH K CEPHE3HBIM
c0O0sIM TIEKTPOHHOM anmaparypbl U BBIXOAY €€ U3
CTpOsi, @ TaKXe ObITh MPUYHMHON MPOOOST U30JIsI-
IIUU TIPOBOIOB U JIAXKE X BO3TOPAHUSI.

[To ykazaHHBIM IPUUMHAM PAJHOIEKTPOHHAS
anmaparypa J0JDKHa ObITh 3alllUIleHa OT BBICO-
KOBOJIETHBIX MMITYJIbCHBIX MoMeX. B HacTosiee
BpeMs JUIsl 3allUThl PaJMOAJICKTPOHHOM arma-
paTypbl OT BHEIIHUX UMITYJIbCHBIX BO3JEHCTBHIA
NPUMEHSIOTCS Pa3IMYHbIC BHJIBI SKPAHUPOBKH,
RC- u LC-¢dunsrpsl, razopaspsaHbie TpuOOpHI
(pa3psIHUKH) U TTOJTYTTPOBOTHUKOBBIE OTPAHUYU-
TEJTH HANPSDKEHUS.

O¢ddexTuBHBIM CpPEICTBOM 3aIUTHI  arma-
parypbl OT JIOOBIX WMIYJIBCHBIX HaNpsKCHUN
MPU3HAHBI BapHUCTOPHI - MOIYNPOBOAHUKOBBIC
PE3UCTOPBI, B KOTOPBIX HCIOIB3YeTCs APQeKT
YMEHBIIIEHUS] CONTPOTUBIICHHUS TOTYTPOBOIHHUKO-
BOTO MaTepuaia MpH YBEIMYEHUH MPUIOKEHHO-
ro HampspkeHus. Hanbombiee pacnpocTpaHeHne
MOJTYYMIIA KapOUI-KPEMHHUEBbIE U OKCUIHO-ITHH-
KOBBIE BapuCTOPBL. Hamu M3y4anuce BapuCTOPHI
Ha OCHOBE KapOuaa W HUTpuga kpemuus. s
ceasbiBanys 3epen SiC u Si,N, B 1aHHOM cirydae
WCTIOIB30BAJIH JIETKOIIIaBKOE cTekIIo [7, 8]. Toko-
mpoBozsIIast ¢paza B KOMIO3uTax cocranisiia 80-
90 ar.%. Enunnynble BaprcTOpbl UMENH GOpMy
JTUCKOB.

OCOOEHHOCTBIO BOJIBT-aMIIEPHBIX XapaKTepHU-
ctuk (BAX) rccre1oBaHHBIX DIIEMEHTOB SIBIISICT-
Csl HaJM4YMe y4acTKa MajblX TOKOB (YCJIOBHO OT
HYJISI 0 HECKOJIBKUX MHJUTHAMIIEP), B KOTOPOM
HaXoJUTCsl paboyasi TOUKa BapuCTOpa U y4acTOK
OOJBIIINX TOKOB, KOTOPBIN OMPE/IEIISET 3alUTHBIC

CBOWCTBA M, B YaCTHOCTH, HAINPSHKCHUE OTPAHU-
yenus (puc. 1). OTInIuTeTsHON YepTOi AeMeH-
TOB SIBIISIETCSl JIByXCTOPOHHSISI CUMMETPUYHAS U
pe3Ko BbIpakeHHas HenauHeilHas BAX.  Dnek-
TPUYECKHE XapaKTePUCTUKU BapHCTOpa OIIpe-
JENSAIOTCS OOJBIIMM COTIPOTUBIICHHEM YTEUKH U
€MKOCTbIO, KOTOpasi HE3HAYUTEIbHO W3MEHSETCS
M0J] BO3JICHCTBUEM HANIPSDKEHUS M TEMIICPATYPhI.

1, MA

>

40
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40k
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Puc.1. Bonbsr-ammepHast XxapaKTEpUCTHKA BapUCTOPa
ua ocHose SiC.

[Ipu GonpmIMX HAMPSHKEHUAX HA BApPUCTOPE,
U, COOTBETCTBEHHO, OONBIIMX TOKaX, MPOXOJs-
IIMX 4Yepe3 Hero, IJIOTHOCTh TOKa B TOYEYHBIX
KOHTaKTaxX KePaMUKU U3 MEJIKOIUCIEPCHUBIX TO-
POIIIKOB OKa3bIBAETCsl TaK)Ke OOJIBIION. YBenude-
HUE IEKTPONPOBOIHOCTU NIPU BO3PACTAHUM Ha-
NPSDKEHHOCTH DJIEKTPHUYECKOTO TIOJS OOBSCHSIOT
AIIEKTPOHHOM AMUCCHEH 13 OCTphIX rpaneit SiC,
MHUKPOHAarpeBOM KOHTAaKTHUPYIOLIUX TOYEK, YBE-
JUYEHUEM MPOBOJAMMOCTH OKCHJIHBIX IJIEHOK U
BO3PACTaHUEM TOKa Yepe3 p-An-TEPEXOIbl MEXIY
3epHaMU. DTU GaKTOPbl ¥ MPUBOAAT K HEJIUHEH-
Hoctn BAX. Manbie 00beMBbl akTHBHBIX 00ma-
cTeil obecrneunBa0T Malyl0 HHEPLUOHHOCTh Te-
IJIOBBIX MPOIECCOB, UTO OMPENETAET UX BHICOKOE
owicTponerictBue. Hapsimy ¢ 3TUM BapuCTOpPBI
CHOCOOHBI XOPOILO TOMIOIIATh BBICOKOIHEpIe-
TUYECKUE UMIYIIbChI HANpsKeHUs, TaK KaK Te-
TJI0BAsi SHEPTUS PACCEUBACTCS HE HA OTIEIbHBIX
3epHax MOJYNPOBOAHNKA, @ HA BCEM €Tr0 00beMe.

B namewm ciydae BapucTOpbl OBLITM HHU3KO-
BOJIFTHBIMU: paboune HaIpspKEHUs COCTaBIISUIN
5...100 B, Toku - 1 MA...5 A, ko3 uiiueHT He-
muHenHocTH [B=2...10. BapucTtopsl umMewT 10-
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crarouyHo Ooibinyro eMmkocTh (100...50000 nd)
B paboueM pexuMe (Korjma HEeT MMITYJIbCOB Ha-
npsbkeHus). [Ipu Bo3aeiicTBUM UMITyIbca Hampsi-
JKEHUS €MKOCTh MaJaeT MPAaKTUYEeCKH N0 HYJI.
VcnbIThIBaIN UX B Kau€CTBE CTaOMIIN3aTOPOB Ha-
HPSKEHUS.

IIpy BO3HMKHOBEHMH BBICOKOBOJIETHOTO HM-
nynbca (puc. 2, rp.l) compoTuBieHHe BapHUCTO-
pa pe3Ko YMEHBIIIAETCs M IIYHTUPYET HarpysKy,
3alMIIasl €e W paccerBas MONIOIICHHYIO JHEp-
rHl0 B Buje Teruia. [Ipu 3ToM dYepes3 BapucTOp
MpoTeKaeT OONBINON WMITYJIbCHBIN TOK. Tak Kak
BapUCTOP MPAKTUYECKH OE3BIHEPIIUOHEH, TO TMO-
Clle MICYE3HOBEHHsSI MTOMEXU ero COIMPOTHUBIICHUE
BHOBb CTaHOBUTCA OonbpiiuM. Takum oOpaszom,
BKJIIOUCHHE BapuCTOpa MapajielbHO 3alluiiae-
MOMY YCTPOWCTBY (B HAIlIeM CIIy4ae — BBIIPSIMHU-
TEJIHBIN TUO/) HE BIUSIET Ha paboTy MOCIeTHEro
B HOPMAJIbHBIX YCJIOBHSX, HO TaCUT UMITYJIbCHI
oracHoro HampspkeHus (puc.2, rpaguxu 2 u 3).
BuaHo, 4To BapuCTOp, M3TOTOBJICHHBIH M3 IO-
pOIIIKa C IPUMEHEHHEM JIa3epHOil 00paboTKu 00-
nanaet 6onee BBICOKUMH 3allIUTHBIMU CBOWMCTBA-
MU puc.2, Tp.3).

U, kB
20
15
|
10 +
5 2
\ 30N
’/ \I | | IN
0 0,5 1,0 1,5 1 mcek

Puc. 2. Umnynbc HanpsbkeHHs B LENH JUOAA B OT-
cyrctBue Bapucropa(l), mpu HAIUINH BapUCTOPA, U3-
TOTOBJIEHHOTO M0 «CTaHAAPTHOMW» TEXHOIOTHH (2), U
Bapucropa, mopouiok SiC it KOTOpOro MOJIy4YeH ¢
ucnosb3osanueM CO,-nasepa.

AHaJOruuHble pe3yabTaThl ObLIM MOIYYEHBI
A mopomkoB Si.N,, XOTA CIEIyeT OTMETHTS,
YTO HCIIOJIb30BAHME HUTPUIA KPEMHHUS UL W3-
TOTOBJICHHUSI BAPUCTOPOB HE SIBISAETCS TUITUYHBIM.
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ITokazano, uro npumenenue usnydenus CO,-
Ja3epa B TEXHOJIOTHYECKOM MPOIIECCE MO3BOISIET
MoJy4yaTh HearIoMepUpOBaHHBIC, MOHOIUCIIEPC-
HbI€, HaHOpasMepHble nopomku SiC u SiN,.
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