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Invedtigations of simultaneous applying of high voltage glow discharge (HVGD) and non-sdf-maintained |ow-
pressure arc discharge for obtaining high-quality titanium nitride coatings are provided. Obtained results are compared
with experiments, provided on experimental technological equipment. Provided investigations showed, that using of glow
discharge dectron guns (GDEG) in ingallations for obtaining of chemically-complex compounds with plasma activation
lead to simplifying of technological equipment and to improving the films qudity. For investigated dectrica parameters
there are no necessary special technical measures for providing both HVGD and arc stahility, early considered smple
technical solutions are enough. Using of simple mechanical pumps for realizing binary films deposition in the range of
operation pressure 107 — 1 Pa with joint pumping of electron gun and technological chamber is also possible. Necessary

technological equipment can be eaborated in correspondence with the cusomers’ requirement.

PACS: 52.80.Hc

INTRODUCTION

Among the modern methods of coatings deposition
in the vacuum, important place is occupied by the
electron beam evaporation, which find application in
such important branches of industry as eectronic, inst-
rument-making, machine-building and other. Main ad-
vantage of such technologies is direct heating of evapo-
rated material by the powerful electron beam and its
evaporation from the water-cooled crucible, which pro-
vided the high purity of coatings with high deposition
rate. In such conditions of obtaining of coatings its mic-
rostructure and properties are noticeably improved by
ionizing of vapor flows with controlled ions concen-
tration. Such kind of deposition is called plasma ac-
tivated deposition, where chemical compound are
created from evaporated metal and residual gases [1]. In
this paper the method of evaporation, based on
combining of eectron beam heating by the high valtage
glow discharge electron gun and plasma activation of
vapors in the vacuum non-saf-maintained arc dischargeis
described. Main singularities of realizing of this method on
the technological equipment and required technical means
are described. As a conclusion main obtained
experimental discharge characteristics are presented and
branches of profitable usng of such evaporators are
pointed out.

THE STRUCTURE AND PRINCIPLE
OF OPERATION OF ELECTRON BEAM
EVAPORATOR WITH PLASMA
ACTIVATION

Scheme of congtruction of glow discharge eectron beam
evaporator is presented at Fig. 1. The main dement of this
construction is glow discharge eectron gun 1, which formed
the eectron beam with large convergence angle 2 and
connected with technological chamber 5 by guiding cannel
3, on which located the focusng magnetic lenses 5 [2].

I'Problems of Atomic Science and Technology. 2007, Ne 1.

Geometry parameters of guiding system is depended
on required pressure in technologica chamber and
allowable losses of beam current. Interdependence of those
parameters was analyzed in paper [3], where the methodic
of calculation of guiding system geometry a so have been
proposed [3]. The ordinary parts located in the
technological chamber, included water-cooled crucible 6
with evaporated material 7, and substrates 10 where
ionized vapour 9 condensates. As for rules of eectrica
connection, crucible in such systems is usualy located at
zero potentia, and the substrates are electrically isolated
from chamber for its trestment in discharge plasma by
using ion bombarding [4,5]. Ring-like electrode 8 is used
as anode for lighting of non-sdf-maintained vacuum arc
discharge and for plasma-activation of vapours and residual
gases for increasing the rate of chemica reaction between
metal’s and gas components [5]. In the main principles
such congruction of evaporator is coincide with smilar
evaporators, where hat cathode e ectron guns are used [1],
but using of high voltage glow discharge eectron guns is
lead to combination of two form of dischargesin one tech-
nological equipment. Therefore, for realizing of deposition
of binary compounds with using GDEG, experimental
invedtigation of physics of used dischargesis necessary.

Plasma-activated deposition of binary compounds with
including of gas componentsis usualy realized in relative-
ly high operation pressure range of 10™-107 Pa with
inputting of active gases. Clearly, those traditiona electron
guns with hot cathodes are not profitable to using in such
vacuum conditions [1]. But the best way to complex solu-
tion of this technical problem is using of other types of
electron guns, which are gably operated in required
physical conditions. Among such novd types of guns the
glow discharge e ectron guns, based on HVGD, perspective
to using for plasma-activated deposition of coatings in the
soft vacuum [2].
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Fig.1 Scheme of construction of electron-beam evaporator with plasma activation in the arc discharge:
1 - eectron gun; 2 — eectron beam; 3 —beam guiding system; 4 — magnetic lenses; 5 — technological chamber;
6 — crucible; 7 — evaporated material; 8 — anode of arc discharge; 9 — vapor; 10— substrate, 11 — deflection system

Such guns are operated in physica conditions of HVGD,
which are correspond to range of pressure units or tens Pa
and power density of eectron beam from the cathode
surface is till 10° W/cm?. Another problem of electron
beam evaporation isthe low level of vapor ionizing by high
energy beam dectrons. Therefore, lighting of additional
non-self-maintained arc discharge near the surface of
evaporation isalso necessary [1,5].

EXPERIMENTAL INVESTIGATION
OF INTERINFLUENCE BETWEEN HVGD
AND VACUUM ARC DISCHARGE

Current-voltage characteristic of non-self-maintained
arc discharge in titanium vapor and nitrogen gas mediaare
presented in Fig. 2 and 3, and dependence of arc current
form parameters of electron gun presented in Fig. 4
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Fig. 2. Current-voltage characterigtics of arc discharge
for different beam power for pressure in technological
chamber 10 Pa and accel eration voltage 12 kV. HVGD
current: 1— 150 mA; 2-180 mA; 3— 200 mA,;
4-250 mA; 5- 300 mA
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Fig. 3. Current-voltage characterigtics of arc discharge
for different beam power for pressure in technological
chamber 1 Pa and acceleration voltage 12 kV. HVGD

current: 1—150 mA; 2-180 mA; 3— 200 mA;
4-250 mA; 5-300mA

The photograph of microstructure of cutting cross
section of obtained titanium nitride films shown at Fig. 5.
This film was deposited on experimental ingallation with
glow discharge electron gun, and combination of high-rate
electron beam evaporation with plasma activation of
titanium vapors in nitrogen where used. One can see that
the structure of obtained films is very smooth, and
including only small and negligible microcrakes, drop
fractions and other defects is observed. Obtaining of better
structures also may be possible with increasing arc current
and the power of electron beam.
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Fig. 4. Dependence of arc discharge parameters from
HVGD parametersfor different voltages of arc discharge:
1-Uy=20V; 2-Uy=30V,; 3-Uy=40V
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Fig. 5. Microstructure of obtained titanium nitride filmsin
the cross section with 25000 magnification

CONCLUSIONS

Provided experimental investigation shown, that using
of GDEG in ingalations for obtaining of binary com-
pounds with plasma activation lead to simplifying of
technological equipment and improving the films quality.

cessary specia technical measures for providing both
HVGD and arc gahility, early considered smpl e technical
solutions are enough. Using of simple mechanical pumps
for redlizing films deposition in the range of operation
pressure 102 — 1 Pa with joint pumping of electron gun
and technological chamber is also possible. Necessary
technological equipment can be elaborated by authors
corresponding to the customers requirement.
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For investigated eectrical parameters there aren’'t ne-

HNCCJIEJOBAHHUE XAPAKTEPUCTUK HECAMOCTOSATEJIBHOI'O YT'OBOI'O PA3PSIJIA B ITAPAX
TUTAHA B I'A3OPA3PAJIHBIX QJIEKTPOHHBIX HCITAPUTEJIAX

C.B. /lenonoseukuii, B.U. Menvnuk, H.B. Menvnuux, b.A. Tyzait, I1.B. Ilopuyxuii

Hccnenyercss cOBMECTHOE MNPHMEHEHHE BBICOKOBOJIBTHOTO Tietomero paspsga (BTP) u HecamocTosiTenbHOrO
BaKyyMHO-IyrOBOI'0 pa3psAa HU3KOrO JaBJICHHS AJIS MOIY4EHHUs] BBICOKOKAYECTBEHHBIX IMOKPBITUI U3 HUTPHIA THUTaHA.
INomy4yeHHBIE TEOPETUYECKHUE PE3YJIbTATHl MOATBEPHKAAIOTCA SKCHEPUMEHTAMH, INPOBEJCHHBIMUA Ha TEXHOJIOTHUYECKOM
obopynoBannu. [IpoBeneHHbIE HCCIEAOBaHUS ITOKA3AJIM, YTO HCIONB30BAHUE I'a30pa3psAHBIX AIIEKTPOHHBIX MYIIEK
(TPDOII) B 21IeKTPOHHO-TTyY4eBOM 00OpPY/IOBAHUH, IIPEIHAZHAYCHHOM ISl HAHECCHHS TIOKPBITHI CII0)KHOTO XHMHUYECKOrO
COCTaBa, COBMECTHO C UCIIOJIb30BaHUEM JYTOBOI'O paspsifa Ul aKTUBALMHU IIIa3MBbl, IO3BOJSET YIIPOCTUTh MIEKTPOHHO-
JIydeBoe 000pyOBaHHE U ITOBBICUTH KAYECTBO MOTy4aeMbIX TIOKPBITHH.

JTOCJIIXXEHHS XAPAKTEPUCTUK HECAMOCTIMHOT O IYTOBOT'O PA3PAY Y IAPAX TUTAHY
Y TA30PO3PAJHUX EJIEKTPOHHUX BUITAPHUKAX

C.B. lenonoseyvkuii, B.I'. Menvnux, L. B. Menvnuk, b.A. Tyzaii, I1.B. Ilopuybkuii

JlociKyeThesl CyMiCHE 3aCTOCYBaHHS BUCOKOBOJIBTHOTO Tiit04oro pospsiay (BTP) ta HecamocTiiHOro BaKyyMHO-
JIyrOBOT'O PO3PsIAY HU3BKOTO THCKY ISl OTPUMaHHS BUCOKOSIKICHUX ITOKPHUTTIB 13 HITpHY TUTaHa. OTpUMaHi TEOpEeTHYHI
pe3ysbTaTH MiATBEPKYIOThCS EKCIIEpUMEHTAaMM, IPOBEJCHUMH Ha TEXHOJOTiYHOMY obOnanHaHHi. IIpoBeneHi
JIOCTI/DKCHHSI TOKa3aJlk, IO BUKOPUCTAHHS Ta30pO3pSIHUX TapMaT B EIEKTPOHHO-IPOMEHEBOMY OO0JIaJHaHHI,
MIPU3HAYCHOMY [UISl OCA/PKEHHS XIMIYHO CKJIQIHUX IOKPHUTTIB Ta BHUKOPHUCTAHHS JYyrOBOTO PO3PSAY Al aKTHBALl
TUIA3MH, JI03BOJISIFOTH CIIPOCTHTH €JIEKTPOHHO-TIPOMEHEBE 00JIaTHaHHSI Ta HOJIINIINTH SKICTh OTPUMYBAaHHUX ITOKPHTTIB.
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