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B paboTe npegcTaBneHbl pesynbTaTbl CPABHUTENIBHOIO UCCNEL0BaHMS BOMbTAMMEPHBIX U 30HAOBbIX XapakTepu-
cTMK nnasmoreHepatopa «MAHK», Ha 0CHOBe JyroBoro paspsifa ¢ HakasieHHbIM 1 NOJbIM KaTOAO0M B ero 06bI4HOM
MCNOJIHEHMU, KOrJa aHOLOM pa3psja ABSETCA Kamepa, Tak 1 Ana cnyyas, Korja aHo4oM paspsga ABnseTcs TUrenb C
MOPOLLIKOM BOPCOAEPXKALLLEro COCTaBa - CUCTEMA C «TOPAYMMY» aHOLOM, @ TaKXe BIMAHUA LOMONHUTEIbHOTO UCTOY-
HMKa METa/IIMYECKO NAa3mbl Ha MapamMeTpbl NOTyYaeMbIX aHTU(PUKLMOHHbBIX NOKPbITUIA. ccnefoBaHns MPoBOAK-
NNCb HayCTaHOBKE 3/IEKTPOHHO-MOHHO-M/1a3MEHHOI NHXXeHepun noeepxHocTh «KOMIMJTIEKC», BxogasLLeii B peecTp
YHUKa/IbHbIX Hay4HbIX YCTaHOBOK Poccuu.

KntoueBble cnoBa: nnasma; 4yroBOi UCMapuUTenb; paspsf; TUresb; aproH; XapakTepucTUKW paspsaa; ropsunii
aHo,
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IN DISCHARGE SYSTEM WITH HOT ANODE
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The system with a «hot» anode is a plasma generator «PINK», the anode of which is a crucible with powder of
boron composition (B). All VACs were taken both for the PINK discharge itself in its usual version, when the anode
of the discharge is a chamber and for the case when the anode of the discharge is a crucible with powder (system with
«hot» anode). Characteristics were taken at different pressures and different ratios of working gas Ar, Ar+N2. The
pressure step was 0.1 Pa in the pressure range of 0.1 - 0.8 Pa. The working gas ratio step (in %) Ar/N2 was 100/0,
80/20, 60/40, 50/50, 40/60, 20/80, 0/100. Adjustment was performed by pressure.

Probe characteristics of the plasma were taken for the system with a «hot» anode using a single Langmuir probe
introduced into the plasma glow region through a Wilson inlet in the unit flange located at 450 to the horizontal axis
of the system.

For measurements of plasma parameters, the discharge system was modernized: a cylindrical Langmuir probe
made of tungsten was installed in place of the sample holder. The dimensions of the current-gathering surface of the
probe were: diameter 0.8 mm, length 5 mm. The measurements were carried out using an automated probe system
developed in the laboratory of plasma emission electronics of IHCE SB RAS. An alternating voltage with amplitude
from - 300 to +300 V was applied to the probe, the corresponding values of the probe current were measured, and the
data were transferred to a personal computer, where further data processing took place.

Keywords: plasma; arc evaporator; discharge; crucible; argon; discharge characteristics; hot anode.

BBeseHune CTV 1 Apyrum ceoiicteam K anmasy [1]. K Ta-

COBpEMEHHbIN  TeEXHWYECKUA nporpecc KUM MaTtepuanam OTHOCUTCA Kybuyeckas Mo-
TECHO CBAA3aH C CO34aHWEM W LUMPOKUM Mpu- andukauuns HuTpuaa 6opa (cBN), obnagato-
MeHeHMeM HOBbIX HeOpraHM4yeckKux marepua- Was HU3KUM KOI(P(PULUEHTOM TPEHUS W Bbl-
NOB CO CMeunipuyecKUMn aHTUPPUKLNOH- COKMM MOAYNEM YMpyrocTu, KOTOpble 3aBu-
HbIMW cBoilcTBaMuU. O60COBNEHHO KO BCEMY CAT OT CMHTOHUW U cocTaBa MaTepuana [2]. B
CYLLEeCTBYIOT MaTepuasbl, CXOXWe No TBepLo- CBA3M € Joporosu3sHoit cBN nocnegHee BpemMs
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cTanu 06LNPHO 3aHNUMATLCA UCC/ef0BaHUEM
n pa3paboTKol MaTepmana co CXOXMMU Xa-
pakTepuctukamu. [10J06HBIMU XapakKTepu-
CTUKaMn 061afalT aHTUMPUKLUOHHbIE MO-
KpbiTna coctasa BAIMg (BAM) [3].

AHTUMPUKLUNOHHBIE  MOKPbITUA  HaLK
LUMPOKOE NPUMEHEHNE He TONbKO B 3/1eKTPO-
HUKe (MUKPO3/IEKTPOMEXaHUYECKNe CUCTEMbI
- M3OMC pene, nepeknyartenn, akcesnepo-
MeTpbl 6bICTPOro AeNCcTBKA), HO Y NPU NPOU3-
BOACTBE fBUrarteneli BHyTPEHHEro CropaHus,
B CUCTeMe CONpMUKacalLnXcs NMoBePXHOCTEN
(mapbl TpeHUA - KayeHus) 1 gpyrux 061actax
MaLlVWHOCTPOEHNS U NMPON3BOACTBA.

B naHHOl paboTe NpoBeAeHO CpaBHUTESb-
HOEe nccnefoBaHne peXxMMoB paboThl M1asmo-
reHepatopa «IMMHK» B KOHGurypauum c
aHOL,OM-KaMepoi 1 B CUCTEME C «rOPAYUM»
aHoOAOM, a TakKXe B/IMSHWUE MeTanIMYecKol
nnasvbl [yroBoro niasMoreHeparopa Ha
CBOWCTBa, NOJlyYaeMblX MOKPbITUIA, MO Cpas-
HeHWIO C napameTpaMu, MONYYEHHbIMU B
npefBapuTe/ibHbIX 3KCNepuMeHTax [4].

PesynbTaTbl U Ux 06CyXaeHne

WccneposaHna npoBOAMAMCL Ha  yCTa-
HOBKe 3/IeKTPOHHO-UOHHO-NNa3MeHHON WH-
XeHepun  nosepxHocTn  «KOMIJTEKC»
(puc. 1), paspaboTaHHOl B nabopatopun
ni1a3MeHHO-3MUCCUOHHOW 3N1eKTPOHUKKN NCI
CO PAH, Bxopsleil B peecTp YyHUKa/bHbIX
Hay4HbIX YCTaHOBOK Poccuu.

BonbTamnepHble xapaktepuctukn (BAX)
CHMManMcb Kak [ns  camoro paspsaga
«MUHK>» B ero 06614HOM MCMONHEHUU, KOTAa
aHOZIOM paspsafa ABNAETCA Kamepa, Tak u And
c/fydyas, Korga aHofoM paspsfa ABfifeTcs TU-
reib C MOPOLIKOM (CUCTEMA C «TOPAYUM»
aHOLOM) NpW pasHbIX AABNEHUAX U PasHbIX
COOTHOWeEHNAX pabouero rasa Ar, Ar+Nqz.
LWar nameHeHnsa gasnenus coctasnan 0.1 Ma
B AnanasoHe fasneHunin 0.1 - 0.8 Ma. LWar co-
OTHOWeHuA paboyero rasa (B %) Ar/N2 co-
ctasnan 100/0, 80/20, 60/40, 50/50, 40/60,
20/80, 0/100.

MapameTpbl NnasMbl OMPefensnn no 30H-
[0BbIM XapaKTepucTnkam, Moay4vyeHHbIM A1
CUCTEMbI C «FOPAYMM» aHOAOM C MOMOLLbIO
OAMHOYHOrO 30HAa JleHrmiopa, BBOAMMOIO B

06/1acTb CBEYEHUS Nna3mbl Yepes BBOS Busb-
CoHa nopg yrnom 45°.

Puc. 1 I_IpVIHLI,VII'II/Ia}'IbHaﬂ cxema SKCI'IepVIMEHTaI'IbHOI7I ycCTa-
HOBKWN AONA HanblNEHNA 60pM,quIX I'IOKprTVII7I n nceneposa-
HWsA nnasmbl. 1 - 610K NuTaHna Hakana «MUHK», 2 - 6nok
nuTaHus paspsaga «MUHK», 3 - 610K nuTaHUs Ayrosoro uc-
napwTens, 4 - reHepatop rasosoii nnasmbl «MVHK», 5 - BBOS,
30H4a, 6 - 30HA JleHrmiopa, 7 - AyroBon ncnaputens, 8 - Ba-
KYyMHasa Kamepa, 9 - CUI0BbIE NMMHUN MAarHUTHOIO MONs

BennunHy LWepoxoBaToCcTN U KO3PPuMUM-
EHT TpPeHWs wuccnefosann Ha TpubomeTpe
TRIBOtechnic, a TBepAoCTb Ha TBepaomepe
MVT-3M.

Ona n3amepeHna napameTpoBs naasmbl BMe-
CTO AepxxaTens 06pas3loB YycTaHaBnMBaCH
UMNVHAPUYECKUIA 30H[ JleHrMiopa M3 BOJIb-
(hpama gnMHHON 5 Mm 1 gnametpom 0.8 MMm.
Ha 30H4 nojaBanocb NMepemMeHHOe Hanpsxe-
Hue amnanTygoii ot -300 go +300 B, nsmeps-
NINCb COOTBETCTBYOLLNE 3HAYEHNSA 30HA0BOI0
Toka. ToOK paspaga naasmoreHeparopa
«MMHK>» cocTtaBnsan 20 A, Tok Hakana 120 A.
Pabouee paBfieHue rasa aproHa cocTaBasiNo
0.3 Ma.

Mo pe3ynbTaTaM 30HA4OBbIX UCCEf0BaHWUIA
OblIN  MONYy4YeHbl Clefylowme napameTpbl
nnasmbl: Pnn=-7.7B; Te=33B; ne=5.7 1016
M 3; drveB = -8.5 B.

Ansa cHATMA BAX paspsafa ucnosb3osa-
NNCb amnepmMeTp 1 BONIbTMETP, BCTPOEHHbIE B
WUCTOYHUKWN 3N1EKTPONUTAHUSA CUCTEMbBI. Bbln
CHATBI BAX B 1IBYX cucTeMax, B CTaHAapTHO
(puc. 2.), Korfga aHoOM pa3psfa ABNAeTCA Ka-
Mepa U B MOAEpPHU3MpPOBaHHON (puc. 3.), Ko-
rfa aHogoM paspsaga fBndeTcs, TaK HasbliBae-
MbIA «FOPAYNIA aHOA» - TUTENb ANS pacnblie-
HMA NOpPOLUKa onpefeneHHOro cocrasa.
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Puc. 2. 3aBMCMMOCTL HanpsXeHWs ropeHns paspaga ot
TOKa pa3psga B cTaHAapTHo cucteme (PAr=0.3 Ma)

3aBNCMMOCTM, MOMYyYeHHble B 3NMEKTPOA-
HOI cucTeme C aHOLOM-Kamepoit (puc. 2), AB-
NATCA XapaKTepHbIMU, KOrga NpouCXOoAuT
HEMOHOTOHHOE YBe/IMYEHUE HaMpsHKeHUs ro-
peHus paspsja c yBenyeHmem Toka.

MepekntoyeHre Xe paspsga Ha aHoA-Tu-
refb NpPUBOAUT K 6onee MeLNneHHOMY POCTY
ToKa (puc. 3).
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Puvic. 3. 3aB1CMMOCTb Hanps»XeHWsa ropeHns paspsaga ot
TOKa paspsafa B CUCTeME C «ropsynMm» aHogom (PAr =
0.3 Ma)

Ons kpusoi Ar/N2 50/50 BuaeH 6pocok
HanpsxeHua ¢ 15 A, 4TO CBUAETENbCTBYET O
3aKUraHMmM  napasuTtHoro  paspsffga Ha
OCHAaCTKYy-AepXartefb TUTNA.

3ak/iroyeHune

B xoge paHHOW paboTbl 6bIAM NOMYYEHbI
BO/IbTAMMEPHbIE W 30HAOBbIE XapaKTepu-
CTUKW Na3Mbl, KOTOPble NO3BONIAKOT B LLUNPO-
KOM [uana3oHe ynpas/ifaTb napametpamu no-
KPbITUIA B MpoLecCce OCaXAEHMS.

Ha TecToBbIX 06pa3uax nosyyeHbl MOKPbI-
Tna coctasa bAM, nmerowme TBepLoCTb MoO-
psagka 30 MMa, wepoxoBaTocTh Ha ypoBHe 0.3
MKM W KO3(P(MUNEHT TPeHUs B AnanasoHe 5
106- 5 10-7

ccnepoBaHme BbINOMIHEHO 3@ CYET rpaHTa
Poccuiickoro HayyHoro toHga (MpaHT Ne 24-
69-00074).
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