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Experimental results of coating deposition with application of an “open architecture” filter to reduce the dropwise
component in the discharge [1,2] are presented in this paper. The filter is located in a separate chamber conjugate with
the presented system. A curvilinear (with an angle 90°) solenoid creating a transporting magnetic field [3] is used as the
“open architecture” filter. Performing probe measurements of the ion saturation current dependences on the current of
focussing coil, pressure of inert gas (argon) and reactionary gas (nitrogen). The measurement results of substrate

temperature, deposition rate of coating.
PACS: 52.77.-j

1. INTRODUCTION

The vacuum - arc discharge in technologies of
modifying a surface is actively used in various areas of the
industry due to the unique characteristic of deposition
coatings. The important advantage of the vacuum - arc
method is full reproduction of the chemical compound
deposition coating.

One of defects of the vacuum - arc method of deposition
PVD - coatings is the presence in erosive plasma of a
stationary vacuum arc, and therefore in a condensate, the
considerable content of macroparticles (up to 50 %) with
the size drops from 0.1 up to 10 microns and more than [1].
Such quantity of drops in a condensate breaks uniformity of
coatings, increases a coarseness that does not allow
applying this method in nanostructure technologies. The
presence of drops reduces service characteristics, especially
anti-corrosion, antierosive, decorative, optical, etc.

These defects can be removed by various constructions
of magnetic filters. There is a series of papers devoted to
research and applications of magnetoelectric filters, which
technically simplifies realization of the task to decrease the
drop phase in a condensate. In this report we present one of
the versions of “open architecture” filter, which allows us
to reduce the drop phase in the condensate under the task.

2. EXPERIMENT

To increase purity of the vacuum - arc plasma and to
expand possibility of the standard «Bulat - 6» system, the
filter is used, which is placed in the L-shape metal (iron)
tube, one end of which is connected to the working
chamber of the system, while another one is connected to
the source of plasma. A solenoid creating a curvilinear
(with an angle 90°) transporting magnetic field plays a role
of the filter. The solenoid is made of aluminium bar with
the cross-section S = 1.5 cm? and number of twist being
equal 18. Its average diameter is Dy.. = 17 cm. A power of
the solenoid implements from individual source of direct
current by connection of it consistently to the arc discharge
interspace of the source plasma (Fig. 1). The substrate
temperature is measured by a cylindrical copper probe with
the diameter of 8mm and length 10mm, inside of which the
chromel-allimel thermopair is inserted. Measuring of ion
current is carried out with a metal probe (collector) made of
stainless steel with defined diameters.
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Fig. 1. 1) vacuum chamber, 2)cathode, 3)stabilizing
winding, 4)focusing solenoid, 5)solenoid,
6)chamber of solenoid, 7) substrate

3. RESULTS AND DISCUSSIONS

Particle passing through the MEP (magnetoelectric
plasmaguide) of the metal plasma is provided by the
presence of the longitudinal magnetic and traversal
electrical fields. Electrons of the magnetized plasma
move along spiral lines of the magnetic field. Ions also
move electrostatically retained by electrons. The ion
component of the plasma goes due to these fields to the
filter exit towards the collector (substrate), while
macroparticles moving straight on get to the wall of

L-shape tube in the trap through the intervals between
the solenoid winding. The particle motion character
through the MEP is described in detail in paper [2].

Dependence of the ion current at the system exit on
the focussing coil current is shown in Fig. 2.
Dependence of ion current at the system exit on the
focussing coil (solenoid) current is measured for the
case of injection of titanium plasma inside the solenoid.
The collector is placed at the distance 1 = 3 cm from the
end of solenoid. The absence of magnetic field of the
focussing coil and the presence of the maximum field
of the solenoid coil show that the part of ion component
of metal plasma goes to the system exit (I; = 125 mA).
But at Iss = 0 and I, = 0 ion component at the exit is
almost absent (I; = 0). It allows, before forthcoming
process of a deposition coating, to clear the cathode.

Next stage of the experiment was measurement of
the ion current dependence on gas pressure of argon
and nitrogen.
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Fig. 2. Change of the ion current at the system exit
depending on the focussing coil current I, = 110 A;
Uass=- 150 B, P =4x107 torr, I=3 cm

The research was carried out for streams of titanium plasma.
The results of the measurement are shown in (Fig. 3a, b).
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Fig.3. Change of ionic current from pressure a) Ar and b)
Noolye =1104; 1;=0,74 (120 Oe); Lo = 704
(40 Oe); Usps. = - 150 B. 1=3 cm

Experiments were carried out with identical parameters for
each gas. One can see from figure that the ion current (density)
at pressure P = 1x107 torr has a strongly pronounced maximum
for both gases. The increase in the ion current is caused by
interaction of the products of cathode erosion with gas. The
decrease of I; in the region P > 107 torr occurs in the connection
with recombination of the charged particles, as well as with
dissipation of the stream on the gas target.

Measurements of the probe temperature dependence on

time of metal titanium plasma effect on it at pressure of the
residual gas P = 4x107 torr, and at the atmosphere pressure
of argon P, = 1x107 torr are shown in Fig. 4. Readout of
the temperature was performed from the beginning of arc
activation. One can see from figure that at the same time of
deposition probe heating at high is about 30°C. It is much
less than it is at argon atmosphere (180°C). Measurement of
the probe temperature with clearing time in HF-plasma was
carried out as well. The parameters of HF-clearing as
follows Pa,= 2:107 torr; Upr = - 1 kV; time t = 10 min. The
probe temperature has decreased up to 30°C.
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Fig. 4. Measurement of the probe temperature
dependence on time of Ti deposition in argon
atmosphere.  I,. =110A4; I,=0,7A4 (120 Oe),
la =70A (H=40 Oe); Usps. = - 150 B. [=3 cm

To show the distribution of the coating thickness at
the system exit over radius, the glass sample was placed
in the chamber center (10 cm from the solenoid end)
behind which the metal screen is placed. The sample
size is 210 x 240mm. The metal screen was under
HF-voltage through the capacity. Before deposition of
coating, clearing of glass sample in field of
HF-discharge in an atmosphere of argon was
performed. The obtained titanium coating had a good
adhesion and full absence of drops in a condensate, they
were not observed in optical microscope at the increase
of 225 times. Translucent coating has allowed with the
light source and pyrometer to obtain the coating
thickness distribution at the system exit on radius

(Fig. 5).
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Fig. 5. Distribution of the thickness of coating at the
system exit on radius

As one can see from the figure, the cross-sectional
distribution of the density of the output plasma stream is
nonuniform, and only a segment with the radius of 3 cm,
located symmetrically relatively to the solenoid axis, has
the uniform coating. If one takes the radius at which the
coating decreases in two times (R = 6 cm), then the
effective cross-sectional area of the stream will be S =
113 cm?®. This parameter has a practical significance of
coating deposition with uniform distribution of the
properties on products of the relevant sizes.

Velocity of coating deposition was studied for the
sample made of stainless steel with the size 20x20 mm,
fixed at the distance 1 = 3cm from the solenoid end.
Clearing was produced in HF - discharge during
t=10 min. Deposition of coating was carried out in
atmosphere of residual gas P = 5x107torr, and the
cathode of evaporated material (Ti) was used. At the
time of process HF-bias was applied to the sample. The
coating was deposited in pulse mode for 40 minutes



(10 seconds of deposition + 10 seconds of pause):
tee =20 min. Thickness of coating measured by
interferometer is & = (1.5...2) pkm, corresponding to the
deposition velocity of 5 pkm /hour.
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Fig.6. Measurement of coating deposition with optical
reflector for a) SS-316, b) Zr

Amount of coating deposition on drop-free with
application the filter of "open architecture" was studied
with optical reflector. To compare, we took the polished
metal samples (12 class of cleanliness) and glass samples
with coating of research metal in range of lengths waves
from 200 up to 700 nm. The metals were Zr, SS-316
stainless steel, the deposition was produce on substrates
from glass by the sizes 20x60 mm. Results of measurement
are shown in Fig. 6 a, b One can see from both figures that

a reflected power polished metal samples less than at
the deposition coating through the filter of «open
architecture», in a condensate presence of drops is not
observed. Therefore, coatings have excellent reflecting
properties. They may be applied in optical and
nanostructures technologies.

4. CONCLUSIONS

We have shown that measurement of the ion current
dependence on gas pressure for argon and nitrogen was
conducted for the streams of titanium plasma. We have
found that under the pressure P = 1x107 torr ion current
(density) has the maximum for both gases. Decreasing
of I; in the area P > 107 torr, occurs in the connection
with recombination of charged particles, and stream
dissipation in the gas target.

When the currents of the focusing coil and solenoid
are absent, the ion current at the output of the filter
tends to zero. It allows, before forthcoming process of
the coating deposition, to make preliminary clearing of
the cathode and to reduce all operations to unified work
cycle. In the presented experiment, the velocity of
deposition was 5 pkm /hour. Coatings on the glass
samples with application of the cathodes made of
SS-316, Zr are obtained and explored on reflectivity in
the range of wave lengths from 200 up to 700 nm.
Therefore, the coatings have excellent reflecting
properties and may be applied in optical and
nanostructures technologies.
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IOKPBITHA B TYTOBOM PA3PSIJIE C ®UIbTPAIUMEM IJIASMEHHOI'O ITIOTOKA
B.B. I'acunun, B.A. 3asanees, 10.H. Hezosuvamuvxo, O.M. Illgey, B.C. Tapan, E.B. Ckopuna

[IpencraBieHbl SKCEpUMEHTANBHBIE PE3yJIbTaThl HaHeCeHHsT MOKpbITHH PVD MeronoM ¢ npumeHenuem ¢ubtpa
OTKPBITON apXHUTEKTyphl» U YMEHBIICHUS KamlelbHO# cocTaBistomied B paspsage [1,2]. IlpencraBmen ¢uibtp
«OTKPBITOM apXUTEKTYPbI», MIOMEIIEHHBIH B OTICIbHYIO KaMepy, CONpPsHKEHHYIO C yCTaHOBKOW. B kauectBe ¢uibrpa
TIPUMEHSETCS COJICHOW, CO3Iaromuii KpuBonuHeiHOe (¢ yrimoMm 90°) tpancmoptupytomiee marautHoe moine [3]. C
MOMOIUBIO 30HIOBBIX H3MEPEHUH IOJNyYeHbl 3aBUCHMOCTH HOHHOIO TOKa KOJUIEKTOpa OT M3MEHEHHUsS: TOKa
(doKycHpyloIeH KaTylIKH, NOaBJICHWS HWHEPTHOrO Tasza (aproHa) M peakUMOHHOro rasa (aszora). [IpexcraBneHsl
pe3yJIbTaThl U3MEPEHUS TEMIIEPATY Pl MOAIOKKHU, CKOPOCTh OCAXKIECHUS TOKPBITHS.

MHOKPHUTTS B AYTOBOMY PO3PsI 3 PIJIBTPALIETIO ITJIABMOBOI'O IOTOKY
B.B. I'acunin, B.A. 3asances, F0.M. He3o6ioamvro, O.M. Ileeus, B.C. Tapan, O.B. Cxkopuna

[IpencraBieHo eKCIEpUMEHTANIBHI Pe3yJbTaTH HaHeCeHHs NOKpUTh PVD meronom i3 3actocyBaHHSIM (iIbTpY
«BIIKPHUTOI apXiTEKTypH» IJIs 3MEHIIICHHS KPaIUIMHHOI CKI1aaoBol B po3psai [1,2]. IIpeacraBiaeHo QinbTp «BiAKpUTOT
apXiTEeKTYpu», KM 3HAXOAWUTHbCS B OKpEMIiil Kamepi, 110 CIOJydyeHa 3 YCTaHOBKOW. Sk (UIbTp 3aCTOCOBYETHCS
COJICHOI/I, III0 CTBOPIOE KpWBOIiHIIHE (3 kKyToM 90°) TpaHcmopTyrode MarHiTHe mone [3]. 3a JOmOMOTOr0 30HIOBHX
BHUMIpiB OTPHMaHi 3aJIe)KHOCTI 10HHOTO CTPYMYy KOJIEKTOpa Bix 3MiH: CTpyMy (OKYCyr0Uoi KOTYIIKH, TUCKY iHEpTHOTO
razy (apromy) i peakuiiiHoro rasy (asory). IIpencTaBiaeHo pe3ynbTaTd BHUMIpIB TEMIEPaTypu MiAKIaKH, IIBHIKICTh
OCAa/DKCHHA IOKPUTTH.
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