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The results of experimental study of the operating parameters of a non-self-sustaining arc discharge in the
process of electron-beam evaporation of a cathode are presented in the paper. The conditions of ignition and burning
of the arc discharge were studied. The plasma parameters, ion current on the substrate, and current-voltage
characteristic of the discharge in Cr and Ti vapors are investigated depending on the electron beam power. It was
shown that thermionic emission mechanism is not capable for providing of charge transfer on the cathode surface.
The different arc modes are realized in the process of cathode heating by a focused electron beam. The arc can be
permanently stable in two modes depending on the power of the electron beam. The regime of diffuse binding of the
cathode spot is realized at beam power of more than 2.5 kW. At a lower power regime, a contracted spot is existed

in the region of cathode heating by electron beam.

INTRODUCTION

The vacuum arc discharge has been and remains the
subject of intensive scientific research for last years.
This is due to the fact that the mechanisms occurring in
the discharge are quite complex and interesting for
fundamental research. In recent decades, the use of the
vacuum arc has been widely developed in many
technologies (1-4).

The arc in a vacuum can exist with a contracted
cathode spot (CS) [5, 6] or in a diffuse form [7-9]. The
appearance of CS during the formation of arc discharge
is caused by the need of large (10...10" A) currents
transfer through the surface of a cold and practically
unemitted cathode. This possibility is realized in the CS
due to the high energy concentration in a small region
on the surface of the electrode (the characteristic
dimension of the CS is r ~ 10™...10 cm). In such case,
the current is transferred both by ions from the near-
electrode plasma and electrons emitted from the metal
from the CS region due to the high temperature and
electric field created by the volume charge in the near-
cathode plasma.

One of the theories describing the processes in the
cathode region of the vacuum arc is the ectonic theory
developed in report [6].

During the deposition process from a vacuum arc
discharge with cathode spots, the drop phase is
presented in the ion flow, which is not desirable. The
plasma fluxes of evaporable materials without drops can
generate the arc discharge with diffuse binding of the
cathode discharge.

Despite the fact that the diffuse regime at the
cathodes of vacuum arcs has been known for a long
time, the mechanism of its existence has become clear
only to the present time [10-13].

Similar to the diffuse regime at the cathodes of gas
arcs, the diffusion regime at the cathodes of vacuum
arcs occurs in cases when the average temperature of
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the cathode surface is enough high, usually about
2000 K.

The characteristic features of this discharge are a
relatively low current density at the cathode, in the order
of 10°...10° A'm?, and the ability to generate a stable
highly ionized plasma without a fraction of
microdroplets. The latter feature is attractive for
different applications [1-3, 14, 15].

However, the understanding of the diffusion regime
at the cathodes of vacuum arcs remains unclear. Thus,
in the pioneering paper [7], a stationary vacuum arc
with diffuse binding on a chromium cathode was
investigated. Chromium was placed in a heat-insulated
crucible. Then, an arc with a CS was ignited on the
cathode. As the crucible was heated, the arc passed a
diffuse shape. However, the calculation of the
thermionic current showed a significant discrepancy
with the experiment. On this basis, the authors of [7]
concluded that there is an abnormally high electron
emission (AHEE) in the vacuum arc with diffuse
binding on the chromium cathode. In accordance with
the conclusions of [7], the currents densities at AHEE
exceed the current densities calculated by the
Richardson formula by 3...5 orders of magnitude.

It has been shown by many authors that in the case
of a chromium cathode, the usual mechanism of current
transfer to the cathode of an arc discharge can not
provide a current density of the order of 10°...10° A-m™
observed in the experiment [6, 7]. An exception is the
arc with a cathode of Gd that is characterized by very
low work output.

In [16], a physical model of the cathode layer of a
vacuum arc with an evaporation cathode was proposed,
which made it possible to explain the results of the
experiment with a vacuum arc on a chromium cathode
[7] without attracting AHEE. This model is based on the
idea of the presence of a local potential maximum at the

outer boundary of the cathode layer.
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According to the results of calculations in [16] of the
parameters of the cathode layer of the arc, 20...27% of
chromium ions are returned to the cathode surface under
the experimental conditions [7]. As a result, charge
transfer at the cathode is almost completely provided by
ions.

Despite the fact that in recent years the
understanding of cathodic phenomena in arc discharges
has significantly improved due to progress both in
experiment and in theory, interest in them is still
unabated. Thus, Benilov and co-authors attempted to
clarify the physics of current transport in the diffusion
regime, which can occur on the cathodes of vacuum
arcs, if the average temperature of the cathode surface is
high enough, about 2000 K [12].

Recently, the EB-PVD method with plasma
activation (EB-PVD PA) has reached a high level of
development in the world [1, 2]. It is widely used on an
industrial scale due to the high productivity inherent in
this method. The EB-PVD PA method is based on the
combination of electron-beam evaporation with
ionization of vapors by various kinds of discharges,
with hollow cathode, high-frequency and arc. This
makes it possible to separately and effectively control
the rate of evaporation of the material and the degree of
its ionization. The degree of ionization is regulated by
the discharge current, the ion energy by the bias
potential on the coated article, and the evaporation rate
is determined by the power of the electron beam. In the
diffuse form of the arc, the discharge is distributed over
the entire surface of the cathode and the drop phase is
absent.

That is why high-speed evaporation by an electron
beam with plasma activation is the only PVD method
suitable for a variety of applications that fully meet the
basic requirements of industrial application:

— high performance;

— hemical purity of the method of generation of the
coating substance;

— ensuring high adhesion and coating quality;

— manufacturability, reproducibility of results;

— reliability of equipment;

— maximum ecological purity of the process.

In the literature, similar systems of SBP used for
various applications are described in detail [1, 2]. The
power of electron guns in these systems ranges from 60
to 300 kW. These are large industrial units. With such
powers, the realization of the local evaporation regime
in this type of discharge is very difficult.

The above features of the vacuum arc discharge in
the vapor of a cathode evaporated by an electron beam
make it expedient and relevant to study its properties
and characteristics, as well as various designs of plasma
sources based on it. It is of interest to consider the
conditions for the ignition and burning of an arc
discharge on an evaporated material at lower electron
beam powers in the range 1...30 kW.

To ignite the arc discharge on the evaporated
material (cathode), two basic conditions must be
fulfilled. First, the vapor density above the evaporated
cathode should be more than 1...10 Pa and thermionic
emission should provide arc current within 10...10°A
[19]. For refractory materials (Ti, Mo, W), these
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conditions can be achieved in the same temperature
range. For other materials (Cu, Al, chromium), the
optimum temperatures for electron emission and vapor
density do not coincide. The temperature at which the
coating process is already underway is still insufficient
for electron emission.

In the present paper, a variant of the EB-PVD PA
method (the idea of which is set forth in the patent [17,
18] — AIS method) is considered with the use of an axial
sharp-focus electron beam gun and anodes (ionizers) of
different design. A significant difference between the
AIS method is that the non-self-sustained arc discharge
burns on the evaporated material (cathode) in the focus
zone of the electron beam. High energy density of the
electron beam (10°...10° W/cm?) creates a local area of
elevated temperature on the working surface of the
evaporated cathode. The amount of overheating can
reach from several hundred to thousands of degrees,
depending on the scanning speed. Such a superheat
allows us to consider the rest of the cathode area as an
integral-cold one.

The region of action of the focused electron beam is
the zone of preferential burning of the cathode spot of
the vacuum arc. When scanning with an electron beam,
the discharge region moves over the entire surface of
the cathode. The cathode spot does not leave this zone.

The conditions of ignition and burning of an arc
discharge with a limited area of existence of the cathode
spot were studied in the work. Volt-ampere
characteristics of the discharge in chromium vapor,
plasma parameters and ion current on the substrate are
investigated depending on the electron beam power.

1. MATERAILS AND METHODS

The experiments were carried out on an installation
with an electron beam gun with a power of up to 30 kW.
To obtain a high vacuum, diffusion and electric arc
sorption pumps were used. The limiting pressure in the
vacuum chamber was 5-10* Pa. In the evaporation
mode, the pressure in the chamber was raised to
7:10° Pa. The electron gun had a differential pumping
system, so the pressure in the gun in the sputtering
mode did not exceed 1-107 Pa.

The evaporated material in the form of a rod with a
cross section of 20 to 20 mm and a length of 150 mm
was placed in a water-cooled crucible. The end surface
of the evaporated material was constantly in the upper
plane of the crucible by means of a feed mechanism.
The electron beam was focused on the evaporated
material with a spot diameter of — 1 mm. The entire
surface was heated by scanning the electron beam. The
deflection system formed a rectangular raster with a
frequency of 200 to 50 Hz. The cooled crucible and the
evaporated material were under the potential of the
earth. At some distance from the evaporated material —
the cathode an anode was located. The discharge was
ignited between the water-cooled cathode and the anode
in the vapor of the cathode material. Chromium and
titanium were used as working materials in the
experiments. The discharge ignition proceeded as
follows. The electron beam was focused on the
evaporated material (cathode). With the help of the
scanning system, the beam was scanned over the entire
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surface of the cathode, then tension was applied
between the cathode and the anode. With an increase in
the electron beam current, when the vapor pressure in
the discharge gap reached a certain level, ignition of the
discharge occurred.

Several variants of anodes have been tested to select
the optimal design (Fig. 1). In the first variant, the
anode has small dimensions (anode area ~ 10 cm?, see
Fig. 1,a). It is made of tungsten wire with a diameter of
3 mm in the form of a ring with a diameter of 60 mm or
as two parallel rods arranged symmetrically in front of
the cathode at a distance of 60 mm from each other. In
the second variant, the evaporator (see Fig. 1,b) has a
large anode area (200 cm?). An increase in area leads to
a decrease in the anode voltage drop and a decrease in
the probability of formation of an anode spot.

+ = + :
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Fig. 1. The variants of scheme: a — with small area
anode, b — with large area anode, ¢ — with spiral anode,
d — with large area anode with solenoid;

1 — evaporated material — cathode, 2 — anode,

3 — electron beam, 4 — solenoid

In order to increase the efficiency of ionization, two
other designs of the evaporator have been studied,
which make it possible to discharge in a magnetic field
(see Fig. 1,c,d). In one of them, the anode is made of
tungsten or molybdenum wire in the form of a conical
spiral coil connected at one end to a power source. The
other end of the coil was free or connected to an
additional power source (see Fig. 1,c). In the first case,
the discharge current or an additional source passing
through the turns of the spiral created a magnetic field
proportional to the current. In the second variant, the
large area anode was provided with a short solenoid (see
Fig. 1,d).

The ion current density was studied using a probe
with a flat working surface of about 0.5 cm. The lateral
surface of the probe was covered with a screen.
Measurement of the ion current density was carried out
at a distance of 0.35 m from the cathode. The total ion
current was measured using a 25 cm diameter collector
placed at a distance of 0.25 m from the cathode
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Concentration, electron temperature and plasma
potential were determined from the analysis of the probe
characteristics of a single electrostatic probe. Mass
spectrometric studies of the plasma were carried out
using a radio-frequency single-field mass spectrometer
MX-7303, whose sensor was adapted for plasma
studies. The average ion energy was calculated from the
current-voltage curves of the ion current on the collector
of a multigrid electrostatic probe. By differentiating
these curves, the energy distribution of the ions was
determined. Spectral analysis of the signals was carried
out using the Fast Fourier Transform (FFT) function of
the Tektronix 2012B oscilloscope. The degree of
ionization of the vapor stream was determined as the
fraction of the ion flux in the total flux of particles
condensing on the surface of the substrate

2. RESULTS AND DISCUSSION
2.1. IGNITION OF THE ARC DISCHARGE

To investigate the conditions necessary for ignition
of the arc discharge in the vapor of the cathode material,
an experimental dependence of the discharge current on
the electron beam current was obtained for two values
of the accelerating voltage of an electron gun of 16 and
20 kV. The diameter of the focused electron beam was
unchanged and was ~ 1 mm. The voltage of the arcing
power source was 100 V.

After the voltage is applied between the cathode, the
evaporated electron beam, and the anode located near
the evaporating material and increasing the electron
beam current to 10...20 mA, ignition of the discharge in
chromium vapor is observed (Fig. 2).

100 A
80
60 -
40 4

20

Discharge current, mA

EB current, mA
Fig. 2. Dependence of the discharge current on the
current of the electron beam at accelerating voltages:
1-16,2-20kV

As can be seen from the data in Fig. 2, at low values
of the electron beam power (less than 1.1 kW), a weak-
current discharge stage is observed. In this case, the
discharge current did not exceed the secondary electron
emission current from the cathode, which is
approximately equal to half the electron beam current.

The achievement of an electron beam power equal to
1.1...1.2 kW ensured a density of chromium vapor near
the heated surface of the cathode at a level of
(3..5)-10® cm®, and was accompanied by a sharp
increase in the discharge current. A further increase in
the power of the electron beam leads to the appearance
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of a non-self-sustaining arc discharge burning in the
vapor of the cathode material.

It should also be noted that a vacuum-arc discharge
with an integrally cold cathode exists on the working
surface of the cathode only as long as its temperature is
insufficient for the current to flow through thermionic
emission. When the temperature rises, this type of
discharge goes into an arc discharge with diffuse
binding at the cathode [7]. Therefore, a vacuum arc
discharge with an integral cold cathode should be
considered from the point of view of the transition stage
in the development of an arc discharge with a hot
cathode, and we should speak specifically of the
dynamics of the development of cathode spots in time,
as the cathode warms up. If after the ignition of the
discharge the power of the electron beam decreased or
the scanning frequency increased (i.e., the temperature
at the beam focus decreased), the discharge transitioned
into an independent form with a contracted spot and a
chaotic motion of the CS along the cathode and the
surface of the crucible.

The experimentally measured rate of evaporation of
chromium for a given design of the evaporator
(crucible), depending on the power of the electron
beam, is V = 2.8 W??, where B is the evaporation rate
g/h, and W is the power of the electron beam, kW.
Based on the rate of evaporation, an estimate was made
of the temperature of the cathode and the vapor pressure
above it. The evaporation area was assumed to be
10mm?. Calculations (based on tables [23]) showed,
with a beam power of 1 kW, the spot temperature is
1670 K, and the vapor pressure is 1.3 Pa. These
parameters correspond to the start of arc ignition. With a
beam power of 3 kW, the calculated temperature and
pressure values are 1800 K and 10 Pa, respectively.
Estimating the value of the thermionic current according
to Richardson's formula gives values for the temperature
of 1800 K at a level of less than 10°A. This again
confirms the need for arc-discharge studies with diffuse
binding of the cathode spot to answer the question of the
mechanisms of charge transfer at the cathode surface.

As already noted above, heating of the cathode to a
temperature T, which corresponds to a saturated vapor
pressure of the order of 1.3 Pa, can be considered a
necessary condition for igniting a discharge in the vapor
of a cathode material heated by an electron beam. This
is the stabilization of the cathode spot on the working
surface of the cathode. The area of existence of a
cathode spot (CS) of a given discharge type is the
cathode heating zone by a sharp-focus electron beam.

2.2. THE MAIN CHARACTERISTICS OF A
NON-SELF-SUSTAINING ARC DISCHARGE

The current-voltage characteristics of a non-self-
sustained high-current discharge in chromium vapor,
depending on the power of the electron beam, are shown
in Fig. 3 at a scanning frequency of 50x200 Hz.

Volt-ampere characteristics are typical for an arc
discharge in the non-free mode [19].The electron beam
power during the removal of each of the current-voltage
characteristics remained constant, which ensured a
certain rate of evaporation.
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Arc voltage is the most suitable parameter for
understanding cathode processes, since it reflects them
in a less distorted form than ion current or most other
parameters. The presence of high-frequency oscillations
in the arc is usually associated with the evolution of
cathode spots. In the literature [20, 21], it is suggested
that the oscillations of the discharge current arising in
this case are related to the lifetime of the arc.
Measurement of the spectrum of noise generated by an
arc discharge showed that the power of the electron
beam has a decisive influence on the processes
occurring in the near-cathode region.
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Fig. 3. Volt-ampere characteristics of a non-self-

maintaine arc discharge.
Cathode: 1,2,3-Cr, 4-Ti,5-W;
the electron beam power kW:
1-352-253-3,4-6,5-Rod W;
R =0.75 mm, Ar, p = 2.6 bar [13]

At power values of 2.5kW, high-frequency
oscillations are observed in the spectrum. The spectrum
shows the 1/f-nature of the intensity at low frequencies
with two broad peaks at frequencies of 1.0 and 2.3 MHz
(Fig. 4).

a b

Amplitude (arb. units)
Amplitude (arb. units)

3 MGz 0 3MGz 3MGz 0 3 MGz

Fig. 4. The spectra of arc discharge noises at arc
current value 120 A and electron beam power:
a—-25b-35kwW

This regime corresponds to a higher burning voltage
of the discharge (see curve 2, Fig. 3). The same
oscillations are also characteristic for the initial stage of
ignition of the arc discharge at a higher power of the
electron beam.

Such high-frequency oscillations are characteristic
of a vacuum arc with a contracted cathode spot. For
comparison, the FFT spectrum of an arc with a cold
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chromium cathode (Arc PVD) was taken, it is shown in
Fig. 5.

As we can see, the same 1/f nature of the
dependence of the intensity of oscillations to 5 MHz is
observed, a wide maximum at 7.0 MHz and “white”
noise for faster oscillations.

With an increase in the power of the electron beam
to 3...3.5 kW, and an increase in the discharge current of
more than 30 A, a decrease in the voltage drop across
the discharge is observed to a value of the order of the
ionization potential of chromium, which is characteristic
of an arc with a “hot” cathode (curves 3, curves 1,
Fig. 3).

FFT (U,)

Amplitude (5dB/div)

Frecuency (2.5 MHz/div)

Fig. 5. The spectra of arc discharge noises at arc with
spot cathode on Cr

High-frequency oscillations disappear in the
spectrum (see Fig. 4,b). A transition occurs from the
“noisy” arc mode burning in the cathode spots
contracted, which is characterized by the presence of
high-frequency voltage oscillations on the arc, to the
“quiet” arc regime with parameters inherent in the hot
cathode arc. As our experiments showed, in this case the
size of the diffuse cathode spot coincides with the
region of heating of the cathode by an electron beam.
The working surface of the cathode can be considered
integral cold; the thermal emission current from this
region will be much less than from the superheated
focal region of the cathode. In arc mode with a hot
(diffuse) cathode, the voltage drop on the arc becomes
minimally possible, of the order of the ionization
potential of the evaporated material, which ensures a
single ionization of the evaporated material and a
significant reduction in the droplet component.

At arc currents above 200 A, there is a tendency for
an increase in the combustion voltage, a transition to an
independent arc discharge, similar to that described in
[7, 19]. However, under conditions of intense cooling of
the cathode lateral surface, the realization of such a
discharge shape is difficult.

The results of measuring the total ion current as a
function of the arc current are shown in Fig. 6 for
various anode designs of the electron-beam evaporator.

The minimum values of the ion current are observed
for variants without a magnetic field (plot 1, 2). In
addition, there is a current limitation for the tungsten
anode. The experiments observed contracted anode
spots when the arc current reaches ~ 100 A. With a
further increase in the discharge current, this led to the
destruction of the anode.
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This is explained by the fact that under conditions
that make it difficult to supply electrons to the anode,
for example, at small anode sizes, the value of the
positive anode drop of the potential increases, and when
the value of the ionization potential of the vapor
exceeds the anode spots, anode spots appear [19, 22,
24].

The second version of the evaporator (see Fig. 1,b)
had an anode of a large area (200 cm?). An increase in
the area of the anode should lead to a decrease in the
anode drop in the potential and prevent the formation of
anode spots, which was observed experimentally.

=

lon current,A

0 e ———r—}
0 10 20 30 40 50 60 70 8 9 100

Arc discharge current, A

Fig. 6. The dependence of ion current on the collector
and arc current: 1 — lower area anode; 2 — larger area
anode; 3 —spiral anode; 4 — spiral anode, conducted
with additional power supply; 5 — large area anode
combined with small solenoid

The dependences of the total current on the collector
(see Fig. 6) and the ion current density (Fig. 7)
practically coincide with the analogous dependences for
the previous construction. As can be seen, the use of an
anode of a larger area eliminated the conditions for the
formation of anode spots and made it possible to
significantly increase the arc current without destroying
the anode.

Ignition of a discharge in a magnetic field leads to
an increase in the efficiency of the ionization process,
due to the elongation of the electron drift path, and,
consequently, an increase in the number of collisions.
This effect is equivalent to an increase in pressure and a
corresponding change in the number of ionizing
collisions [19, 25].

Two designs of evaporators have been studied that
make it possible to do discharge in a magnetic field (see
Fig. 1,c,d). In the design, where the anode was made in
the form of a conical spiral of 3.5 turns, when a
discharge current flows through the turns of the spiral, a
magnetic field is created with a voltage proportional to
the discharge current. The dependence of the ion current
density on the arc current at fixed values of the
magnetic field strength is shown in Fig. 7.

It follows from the dependences that in the presence
of a magnetic field the ion current increases by a factor
of three for a fixed discharge current. When discharge
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current varying within 40..160 A and the magnetic field
strength 0...6:10° A/m, it is possible to change the ion
current density to the probe more than an order with a
constant vaporization rate that allows to actively
influence the deposition process condensate.

It should be noted that only the change in the shape
of the anode (ring-helix) leads to an increase in the ion
current (see Fig. 6) by a factor of ~ 2. However, this
design of the anode has the same drawback as the first
one. At an arc current of ~ 115 A, anodized spots appear
on the anode, resulting in the destruction of the anode.

The most effective design is the large area anode
with a short solenoid (see Fig. 1,d). Fig. 8 shows the
radial distribution of the ion current density. As we see,
in the presence of a magnetic field (H = 4.8:10° A/m),
the nature of the directional pattern changes, it becomes
elongated along the axis of the flow.
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Fig. 7. The dependence of ion current on arc current at
regimes: 1 — lower area anode, H=0;
2, 3,4 —larger area anode; 2 — H = 0;
3-H=13.610° Aln; 4 — H=6-10° Aln;
5 — current of anode failure
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Fig. 8. The radial distribution of ion current:
1 — theoretical dependence-cosd; 2 — 4= 145 A, H=0;
3—14=1454, H=4.810° A/m
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An increase in the directivity of the plasma flow
makes it possible to increase the proportion of the useful
coating material used. The half-width of the radial
distribution (corresponding to the characteristic size of
the covered product) is more than 0.3 m.

The degree of ionization of the vapor stream was
determined as the fraction of the ion flux in the total
flux of condensed particles on the surface of the
substrate.

The electron temperature depends little on the arc
current, the average value is 0.5 eV. An increase in the
magnetic field in the discharge zone leads to an increase
in the electron temperature, as well as the degree of
ionization (Fig. 9)
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H, 10° A/m

Fig. 9. The electron temperature (1) and the degree of
ionization of the vapor stream (2) as a function of the
magnetic field strengtht

The average energy of the ions is E = (6+0.8) eV.
An increase in the energy of the ions increases with
increasing magnetic field. At a magnetic field strength
equal to H = 3.6:10° A/m, the ion energy increases to
1leV.

CONCLUSIONS

Results shown that different arc modes were realized
during the cathode heating process by a focused electron
beam The character of the cathode spot binding to the
electrode surface was changed depending on the power
of the electron beam. It was established that the arc can
exist for a long time in two modes. The regime of
diffuse binding of the cathode spot is realized at beam
power of more than 2.5 kW. At a lower power regime, a
contracted spot is existed in the region of cathode
heating by electron beam.

It was shown that in the case of the chromium
cathode thermionic emission mechanism is not capable
for providing of charge transfer on the cathode surface.
Our results supplement the experimental data obtained
by other authors in studies of this type arcs, and thus
contribute to clarifying the mechanism of charge
transfer on the surface of the chromium cathode.

The degree of ionization of the vapor stream is
controlled by parameters in the discharge in the range
5...70%. The ion current depends on the magnitude of
the arc current and the intensity of the ionizer magnetic
field. The magnitude of the ion current measured by the
collector at a distance of 0.25 m from the evaporator
was 5...12 A at the arc current of 80...160 A. The
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evaporation rate at an electron beam power of 6.4 kW
was 140 g/h.

The chromium plasma generated by a non-self-
sustaining arc discharge is characterized by a density
n=10"...10" cm™, depending on the current and the
magnetic field strength. The average value of the energy
of chromium ions is E; = (6 + 0.8) eV (at H = 0); the
electron temperature is T~ 0.5...0.9 eV. The plasma
consists of singly charged Cr* ions.

The results show that the specific feature of the non-
self-sustaining arc discharge in the process of electron-
beam evaporation is single-charge and low ion energy in
the discharge plasma. The proposed method makes the
possibility to regulate the degree of vapors ionization,
ion energy in combination with a high evaporation rate.
These parameters allow effectively influencing on the
structure of coatings and significantly expanding the
possibilities of technological regimes. The presence of a
system of differential evacuation of the electron gun
gives the possibility to carry out the processes of
effective coatings synthesis by the plasma-chemical
method.

The method is applicable for ion-plasma deposition
of coatings with high productivity. The proposed
scheme of a source of vacuum-arc plasma with
evaporation by an electron beam was realized in an
industrial installation AIR-3 for deposition of ion-
plasma coatings with high efficiency.
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JIEKTPOHHO-JTYYEBOE OCAXKIEHUE C IIVIASMEHHOMN AKTUBAIIAEMN:
PA3JIMYHBIE PEKUMBI 1YT'OBOI'O PA3PAJA U XAPAKTEPUCTHUKH I1JIA3ZMBbI

B. Cagponos

[IpencraBneHsl pe3ysbTaThl HKCIEPUMEHTAIBHOTO HCCIIEIOBaHHMS Pa0OYMX MapaMeTpOB HECAMOCTOSTEIHHOTO
JYTOBOTO pa3psifia B IpoLecce 3IEKTPOHHO-TYyYEeBOr0 UCHapeHus KaToAa. M3ydeHsl yCloBUs 3aXKUraHUsS U TOPEHUS
JYTOBOTO paspsiaa. McciieoBanbl BOJIbT-aMIIEpHBIE XapaKTePUCTHKU paspsiaa B napax Cr u Ti, mapameTpsl m1a3Mel,
HOHHBIH TOK Ha MOAJIOXKKY B 3aBUCHMOCTH OT MOIIHOCTU 3JIEKTPOHHOro jyda. Iloka3aHo, 4TO MeXaHU3M
TEPMOUIEKTPOHHOHN SIMHUCCHHN HE CIIOCOOCH 00ECTIEUNTh IIEPEHOC 3apsiAa Ha TIOBEPXHOCTH KaTOAa. Y CTAHOBIICHO, UTO
IpU HarpeBe KaToaa C(OKYCHPOBAHHBIM OBIICKTPOHHBIM JIy4OM pPEAIH3YIOTCS Pa3IMdHBIC PEKUMBI TYTOBOTO
paspsiza. B 3aBHCHMOCTH OT MOIIHOCTH 3JEKTPOHHOTO JIy4a Iyra MOXET YCTOHYMBO CYIIECTBOBaTb B JIBYX
peXnMax: TpU MOIIHOCTH Jyda Oomee 2,5 kBT — ¢ muddy3HOH NpHUBSI3KOH KaTOMHOTO MATHA, a MPH MEHBIIECH
MOIIIHOCTH — ¢ KOHTPAarupOBaHHBIM IIATHOM, CYIIECTBYIOLINM B 00IaCTH HarpeBa KaTo/a 3JIEKTPOHHBIM JIyIOM.

EJEKTPOHHO-TIPOMEHEBE OCAKEHHA 3 IIVIASMOBOIO AKTUBALI€1O:
PI3HI PEKUMU JYT'OBOI'O PO3PALY TA XAPAKTEPUCTUKU IIJIASMHU

B. Cagonos

[pencraBneHi pe3ynbTaTH €KCIEPUMEHTAIBHOTO TOCITIKSHHS pOOOUYHX MapaMeTpiB HECAMOCTIHHOIO JyTOBOTO
PO3psiAy B IPOLECI €NEKTPOHHO-IIPOMEHEBOTO BHIIAPOBYBAHHS KaToxa. BUBYEHI yMOBH 3amajrOBaHHS 1 TOPIHHA
JIyrOBOTO po3psmy. JlociipkeHi BONBT-aMIEpHI XapaKTepHCTUKH po3psny B mapax Cr i Ti, mapamerpu miuasmu,
IOHHMH CTpyM Ha MiAKIAIKy B 3aJ€KHOCTI BiJl HMOTY)XHOCTI €JIEKTPOHHOTrO mpomens. [lokazaHo, mo Takui
MEXaHi3M, 5K TEPMOCJCKTPOHHA €Micis, HE 3[aTHUI 3a0e3MeYMTH TEPEHECCHHS 3apsay Ha IMOBEPXHI KaToja.
BcraHoBneHO, 10 NpW HarpiBaHHI Katoja COKYyCOBaHUM EJICKTPOHHUM NPOMEHEM peali3yloThCs Pi3HI PexUMHU
JYTOBOTO PO3psIy. 3aJIe)KHO BiJl MOTY)KHOCTI €JIEKTPOHHOTO MPOMEHSI AyTa MOKE CTIMKO ICHYBaTH B IBOX PEKHMaX
NIPU TIOTY>KHOCTI 1poMeHst Oinbiie 2,5 kBT — 3 andy3HOI0 MPUB'S3KO0I0 KATOJHOT IJISIMHU, 8 PU MEHILIH MOTY>KHOCTI
— 3 KOHTPAripoBaHOIO IUIAMOIO, sIKa iCHY€ B 00J1aCTi HArpiBy KaToJa eJCKTPOHHUM IIPOMEHEM.
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