
Problems of Atomic Science and Technology. 2007,  1. Series: Plasma Physics (13), p. 167-169 167
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Investigations of simultaneous applying of high voltage glow discharge (HVGD) and non-self-maintained low-
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 electron guns (GDEG) in installations for obtaining of chemically-complex compounds with plasma activation
lead to simplifying of technological equipment and to improving the films quality. For investigated electrical parameters
there are no necessary special technical measures for providing both HVGD and arc stability, early considered simple
technical solutions are enough. Using of simple mechanical pumps for realizing binary films deposition in the range of
operation pressure 10-2 – 1 Pa with joint pumping of electron gun and technological chamber is also possible. Necessary
technological equipment can be elaborated in correspondence with the customers’ 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 electronic, 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 electron beam heating by the high voltage
glow discharge electron gun and plasma activation of
vapors in the vacuum non-self-maintained arc discharge is
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 using of such evaporators are
pointed out.

THE STRUCTURE AND PRINCIPLE
OF OPERATION OF ELECTRON BEAM

EVAPORATOR WITH PLASMA
ACTIVATION

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

Geometry parameters of guiding system is depended
on required pressure in technological 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 also 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 electrical
connection, crucible in such systems is usually located at
zero potential, and the substrates are electrically isolated
from chamber for its treatment in discharge plasma by
using ion bombarding [4,5]. Ring-like electrode 8 is used
as anode for lighting of non-self-maintained vacuum arc
discharge and for plasma-activation of vapours and residual
gases for increasing the rate of chemical reaction between
metal’s and gas components [5]. In the main principles
such construction of evaporator is coincide with similar
evaporators, where hot cathode electron guns are used [1],
but using of high voltage glow discharge electron guns is
lead to combination of two form of discharges in one tech-
nological equipment. Therefore, for realizing of deposition
of binary compounds with using GDEG, experimental
investigation of physics of used discharges is necessary.

Plasma-activated deposition of binary compounds with
including of gas components is usually realized in relative-
ly high operation pressure  range of 10-1–10-2 Pa with
inputting of active gases. Clearly, those traditional 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 stably operated in required
physical conditions. Among such novel types of guns the
glow discharge electron 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  electron gun; 2  electron 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 physical conditions of HVGD,
which are correspond to range of pressure units or tens Pa
and power density of electron beam from the cathode
surface is till 106 W/cm2. Another problem of electron
beam evaporation is the low level of vapor ionizing by high
energy beam electrons. Therefore, lighting of additional
non-self-maintained arc discharge near the surface of
evaporation is also 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 media are
presented in Fig. 2 and 3, and dependence of arc current
form parameters of electron gun presented in  Fig. 4

Fig. 2. Current-voltage characteristics of arc discharge
for different beam power for pressure in technological

chamber 10-2 Pa and acceleration voltage 12 kV. HVGD
current: 1  150 mA; 2 180 mA; 3  200  mA;

 4  250 mA; 5  300 mA

Fig. 3. Current-voltage characteristics 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  300 mA

The photograph of microstructure of cutting cross
section of obtained titanium nitride films shown at Fig. 5.
This film was deposited on experimental installation 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 parameters for different voltages of arc discharge:

1  Ud =20 V; 2  Ud =30 V; 3  Ud =40 V

Fig. 5. Microstructure of obtained titanium nitride films in
the cross section with 25000  magnification

CONCLUSIONS
Provided experimental investigation shown, that using

of GDEG in installations for obtaining of binary com-
pounds with plasma activation lead to simplifying of
technological equipment and improving the films quality.
For investigated electrical parameters there aren’t ne-

cessary special technical measures for providing both
HVGD and arc stability, early considered simple technical
solutions are enough. Using of simple mechanical pumps
for realizing films deposition in the range of operation
pressure 10-2 – 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.

REFERENCES
1. K. Goedicke, B. Scheffel, S. Schiller. Plasma-activated
high-rate electron beam evaporation using a spotless
cathodic arc // Surface coating and technology.
1994, N68/69, p. 799-803.
2. S.V. Denbnovetsky, V.G. Melnyk, I.V. Melnyk. High
voltage glow discharge electron sources and possibilities
of its application in industry for realizing of different
technological operations // IEEE Transactions on plasma
science.  2003, October, v.31, N5, p.  987-993.
3. I.V. Melnyk. Simulation of electron beam guiding from
region of soft vacuum to region of high vacuum in the
equipotential channel // Electronic modeling. 2001, v. 23,
N4, p. 82-92.
4. S.V. Denbnovetsky, V.I. Melnyk, I.V. Melnyk,
B.A. Tugay. Using of Gas-Discharge Electron Beam Eva-
porator for Obtaining of Chemically-Complex Compo-
unds Coatings // 6-th International Conference on
Electron Beam Technologies EBT-2000, Varna, Bulgaria,
4-7 June, 2000/ Book of Abstracts, p. 117-118.
5. V.G. Melnyk, I.V. Melnyk. Theoretical estimations of
productivity of chemical reactions between titanium
vapors and active gases in arc discharge for technological
process of electron beam deposition of defense coatings //
15-th International Symposium on Plasma Chemistry.
Symposium Proceedings, July, 10, 2001. Poster
Contributions, 2-nd Session, v. 5, p. 1959-1963.

. , . , . , . , . 

 ( ) 
.

, 
. , 

) , 
, , -

.

. , . , . , . , . 

 ( ) -
. 

, . 
, ,

, .

200 250 300

8

12

16 3
2
1

150

4

Ig, mA

d, A


