Cexyus 1. IIpoyeccol 63aumodeticmeus uziyueHus u naazmvl ¢ meepobiM meiom

Section 1. Processes of Radiation and Plasma Interaction with Solids

BJIUAHUE KOHOUT'YPALIUU AHOJA
HA MTAPAMETPBI IYT'OBOI'O PA3PSAIA U IIVIASMbI
B CUCTEME C HAKAJIEHHBIM U ITIOJIBIM KATO/IOM
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B pabore npeacTaBiIeHbl pe3ynbTaThl CPABHUTEIBHOTO NCCIEOBAHNS BOJIBTAMIIEPHBIX U 30HJOBBIX XapaKTepH-
ctuk masmorereparopa «IIMHK», Ha ocHOBEe AyroBoro paspsaa ¢ HaKaJCHHBIM H MOJIBIM KaTOIOM B €T0 OOBIYHOM
UCTIOJIHEHHUH, KOTJla aHOJIOM pa3psijia ABISeTCs KaMmepa, Tak U JJIs cliydasi, KOTJja aHOJIOM pa3psiaa SBISETCS TUTellb C
HOPOLIKOM OOpCOJIeprKallero cOCTaBa - CUCTEMa C «TOPSTYMMY aHOJOM, a TAKKe BIMSAHMSA JONOITHUTEIBHOIO HCTOY-
HHMKa METAJUTMYECKOH IIa3Mbl Ha MMapaMeTphl MOJTy4aeMbIX aHTU(PUKIIMOHHBIX NOKPBITHI. MccnenoBanus mpoBoau-
JIUCh Ha YCTaHOBKE JIEKTPOHHO-NOHHO-IIIa3MeHHON nHxkeHepuu nosepxHoctu «k KOMITJIEKCy, Bxoasuieil B peectp
YHHMKaJIbHBIX HAy4YHBIX YCTaHOBOK Poccuu.

Knroueguie cnoga: mnazMa; 1yroBo MCHapuTeNb; paspsl; TUIeNb; aproOH; XapaKTePUCTUKH pa3psiia; ropsuuit
aHOJI.

INVESTIGATION OF ARC DISCHARGE PARAMETRS
WITH TERMIONIC AND HOLLOW CATHODE
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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+N». The
pressure step was 0.1 Pa in the pressure range of 0.1 - 0.8 Pa. The working gas ratio step (in %) Ar/N, 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 45° 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.

BBenenue CTH U JIpyTUM cBoiicTBaM K anmasy [1]. K ta-

CoBpeMEHHBII TEXHHYECKHIl IPOrpecc KUM MaTepHajiaM OTHOCUTCS KyOudyeckas Mo-
TECHO CBSI3aH C CO3[JaHUEM U IIUPOKHUM IpH- mudukanms HuTpuaa 6opa (cBN), obnanato-
MEHEHHEM HOBBIX HEOPTaHMUYECKUX MaTepHa- 1ast HU3KUM KO3 GUIIUEHTOM TPEHUS U BbI-
JOB CO CHeHu(pUUECKUMH aHTH(PPUKIUOH- COKMM MOJYJIEM YIPYIOCTH, KOTOpBIE 3aBH-
HbIMU cBoMcTBaMU. OOOCOOIEHHO KO BCEMY CAT OT CHHTOHHMH M COCTaBa matepuana [2]. B
CYLLECTBYIOT MaTEPHAJIbl, CX0KUE IO TBEPO- CBs3U ¢ noporosusHor cBN nocneanee Bpems

16-s1 Meacoynapoonas xougpepenyus «Bzaumooeticmsue uznyuenuti ¢ meepovim menomy, 22-25 cenmsops 2025 2., Munck, Berapyco
16th International Conference “Interaction of Radiation with Solids”, September 22-25, 2025, Minsk, Belarus

38



Cexyus 1. Ilpoyeccel 83aumooeticmeus usydeHus u niasmol ¢ meepobim meiom

Section 1. Processes of Radiation and Plasma Interaction with Solids

CTaJi OOIIMPHO 3aHUMATHCS UCCIIEOBAHUEM
U pa3paboTKOil MaTepuasia co CXOXKHMHU Xa-
pakrepuctukamu. IlogoOHBIMM XapakTepu-
CTMKaMM 00J1aal0T aHTU(PUKLIHUOHHBIE TO-
kpbiTus coctaBa BAIMg (BAM) [3].

AHTHU(QPUKLIMOHHBIE TOKPHITHS —HALUIN
HIMPOKOE MPUMEHEHHUE HE TOJIKO B AJIEKTPO-
HUKE (MUKPOAJIEKTPOMEXAHUUECKUE CUCTEMBbI
- MOMC pene, nepekitoyaTenan, akceaepo-
METpBbI ObICTPOro JEHCTBUSA), HO U IPU IIPOU3-
BOJICTBE JIBUraTelIed BHYTPEHHETO CrOpaHMsl,
B CUCTEME COINPHUKACAIOUINXCS TIOBEPXHOCTEH
(mapbl TPeHUsI — Ka4eHUs ) U JPYTUX 001acTAX
MaIIMHOCTPOEHUS U IPOU3BOJICTBA.

B nanHo# pa®oTe NpoBENEHO CPAaBHUTENb-
HOE UCCIIEJOBAHUE PEKUMOB pabOTHI IJ1a3MO-
reaeparopa «[IMHK» B koudurypamum c
AQHOJIOM-KaMepOi U B CUCTEME C «TOpPSIYUM»
AQHOJIOM, a TAaKXE BIIMSAHHUE METANIMYECKOU
IUTa3Mbl  JyroBOrO IIIa3MOT€HEpaTropa Ha
CBOICTBA, MOJYy4YaEMbIX MOKPBITUH, 110 CpPaB-
HEHUIO C IIapaMeTpamH, IOJIy4YCHHBIMU B
IIPEIBAPUTENBHBIX IKCIIEPUMEHTaX [4].

Pe3yabTaThl U MX 00Cy:KIEeHUE

HccnenoBanuss NpOBOAMIUCH Ha yCTa-
HOBKE D3JIEKTPOHHO-MOHHO-TUIA3MEHHOW HH-
s)kenepun  noBepxHocTH  «KOMIIIEKCy
(puc. 1), paspaboranHOi B naboparopuu
MJIa3MEHHO-3MHUCCUOHHOM 3ekTpoHnku MCO
CO PAH, Bxopsmell B peecTp YHUKaJIbHbBIX
HAy4YHBIX YCTaHOBOK Poccuu.

Bonbsramnepnsie xapakrepuctuku (BAX)
CHUMaINCh Kak Juid CcaMoro paspsjaa
«I[TMHK» B ero 0OLIYHOM MCIIOJIHEHHUH, KOT1a
aHOJIOM pa3psja sBISETCS KaMepa, TaK U AJis
Ciyvasi, KOTJla aHOJIOM pa3psijia SBJISIETCS TH-
rejib C TMOPOIIKOM (CHCTEMa C «TOpSYUM)
AQHOJIOM) TPHU Pa3HbIX JABJICHUSIX U Pa3HBIX
COOTHONIEHUSAX pabodero raza Ar, Ar+No.
[ar nzmenenus nasnenus cocrasisul 0.1 Tla
B nuamna3o”e nasienuii 0.1 — 0.8 Ila. IIar co-
OTHOIICHUs pabouero raza (B %) Ar/N2 co-
crasisin 100/0, 80/20, 60/40, 50/50, 40/60,
20/80, 0/100.

[TapameTpsl Mmaa3Mbl OMpPENEsUId MO 30H-
JIOBBIM XapaKTEPUCTHUKAM, TIOJYYCHHBIM JJIS
CUCTEMBI C «TOPSYUM» AHOJOM C MOMOIUIBIO
OJIMHOYHOTO 30H1a JIeHrMiopa, BBOJUMOTO B

001acTh CBEUEHUS TUIa3Mbl Yepe3 BBOJ Buiib-
COHa 1moJ yriom 45°.
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Puc. 1. [IpunnunuansHas cxema SKCIEPHUMEHTAIbHON yCTa-
HOBKH JIs1 HAIIBJICHHUS 60pI/I,E[HI>IX HOKpLITI/Iﬁ U uccieagoBa-
HUS I1a3Mbl. 1 — 0ok nuTtanus Hakana «[IMHK», 2 - 6mox
nutanust paspsaga «[IMHK», 3 - 610k nuTaHus IyroBOro mc-
naputes, 4 - reiepaTtop razosoi miasmsl «IIMHK», 5 - BBOJ
30H7a, 6 - 3081 JlenrMiopa, 7 - 1yroBoi ucnapurens, 8 - Ba-
KyyMHas KaMepa, 9 - CHJIOBBIE JIMHUM MAarHUTHOIO ITOJIS

Bennuuny mepoxoBaTocTH ¥ KOAPHHUIIH-
€HT TPEHHs HCCISIOBAIM Ha TpPUOOMETpe
TRIBOtechnic, a TBepAOCTh Ha TBEpAOMEPE
[IMT-3M.

JIns u3MepeHust napaMeTpoB IUIa3Mbl BMe-
CTO Jepskareis oOpaslloB yCTaHABIWBAJICS
LUJIUHAPUYECKUN 30HA JIeHrMiopa U3 BOJIb-
dbpama gmmHHON 5 MM U auameTpom 0.8 MM.
Ha 30H1 mogaBanoch nepeMeHHOE HarpsiKe-
Hue ammunTyaou ot -300 mo +300 B, uszmeps-
JINCh COOTBETCTBYIOIIHAE 3HAYECHUS 30HI0BOTO
Toka. Tok pa3psga MIazMoreHeparopa
«ITMHK» cocrtasisin 20 A, Tox Hakana 120 A.
Pabouee maBieHme ra3a aproHa COCTaBJISIIO
0.3 Ia.

ITo pe3ynbTatam 30HI0BBIX UCCIETOBAHUI
OBUTH TIOJIYYCHBI CIICYIOIIUE TapaMeTphl
mw1a3Mel: @nn=-7.7 B; Te=33B; ne=5.7 10'°
M_3; Duas = -8.5 B.

Hns cusatua BAX paspsana ucnonb3oBa-
JINCh AMIIEPMETP U BOJIBTMETP, BCTPOCHHBIE B
HWCTOYHUKH DJIEKTPONUTAHUS CUCTEMBI. bbuin
cHATbl BAX B 1ByX cuctemMax, B CTaHAApTHON
(puc. 2.), Kor1a aHOJIOM pa3psijia BJISETCS Ka-
Mepa U B MOJEpHU3UPOBaHHOM (puc. 3.), Ko-
r7ia aHOJIOM pa3psizia sBJISIETCS, TaK Ha3bIBae-
MBIH «TOPSIYMI aHO - TUTEJIb ISl paACIIbLIE-
HUS TTOPOIIKA OMPEECIIEHHOTO COCTABA.
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Puc. 2. 3aBucUMOCTD HanpsHKEHUS TOPEHUS pa3psaaa oT
TOKa pa3psana B craamaptHoit cucreme (Par = 0.3 [1a)

3aBUCUMOCTH, MOJIYYEHHbIE B AJIEKTPOA-
HOM cUCcTeMe C aHOJJOM-KaMepoil (puc. 2), siB-
JSIIOTCSL XapaKTEPHBIMHU, KOI/Ia MPOUCXOIUT
HEMOHOTOHHOE yBEJIIMUEHUE HAIIPSDKEHUS Io-
peHus paspsiia ¢ yBeIMUYEHUEM TOKA.

[lepexnroueHue ke paspsiia Ha aHON-TH-
rejib NPUBOAMUT K OoJjiee MEIJICHHOMY POCTY
ToKa (puc. 3).
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Puc. 3. 3aBUCHUMOCTb HanpsHKEHUSI TOPEHUS pas3psaaa oT
TOKa paspsja B CHUCTEME C «ropsunm» aHoqaoM (Par =
0.3 I1a)

Hnsa xpusoii Ar/N2 50/50 Bugen Opocok
HanpspkeHus ¢ 15 A, 4To CBUIETENBCTBYET O
3QKUTAaHUM ~ Tapa3uTHOTO  paspsia  Ha
OCHACTKY-/IepKaTellb THIJIA.

3akiaoveHue

B xone nanHo# paGoThl OBLTM MOTYYEHBI
BOJITAMIIEPHBIE W 30HJIOBBIE XapaKTepu-
CTHKH I1J1a3Mbl, KOTOPBIE TIO3BOJISIOT B IIHPO-
KOM JIMamna3oHe yIpaBIsATh apaMeTpaMHu T10-
KPBITHI B IIpOIIECCE OCAXKICHHS.

Ha TectoBbix 00pa3iax noy4eHbl OKphI-
Tus cocraBa BAM, umeroniye TBepAOCTb MO-
psaxa 30 I'Tla, mepoxoBarocTs Ha yposHe 0.3
MKM U KO3(G(UIMEHT TPeHUs B JHara3oHe 5
10¢-5107.

VccnenoBaHue BBIOJIHEHO 3a CUET IPAHTa
Poccuiickoro nayunoro ¢onna (I'pant Ne 24-
69-00074).
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