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Abstract – The description of gas plasma generator 

configuration based on the arc independent dis-

charge with thermal cathode are presented in the 

paper. The study results of main operation pa-

rameter and characteristics of plasma generated in 

vacuum chamber of industrial setup NNV-6.6-I1 

are given. The main result obtained in the experi-

ments is high homogeneity of gas plasma distribu-

tion what allows come to a conclusion of the pro- 

mising application of plasma generator of this con-

figuration in the technologies of highly-control- 

lable high-quality ion plasma modification of mate-

rials and items particularly in technological proc-

esses of plasma-assisted deposition of nanocompo-

site coatings. 

1. Introduction 

The generator of gas plasma based on the independent 

arc discharge with incandescent cathode (thermal 

cathode) [1–3] as a mean of realization of high-
productive vacuum ion plasma technologies is suc-

cessfully tested as in laboratory so in industrial condi-

tions. This plasma generator allows creating low tem-

perature plasma of inert and reactive (N2) gases with 

concentration n = 109–1011 сm–3 with quasi uniform 

distribution in the working space of vacuum chambers 
with the volume of 0.2–0.5 m3 in the wide range of 

working pressures (10–2–1 Pa). 

In plasma created by the described plasma genera-

tor in addition to the high-quality cleaning and etching 

of item surface as well as their heating, the processes 

of ion plasma nitration go effectively [4]. At that, the 
time and temperature of steel nitration in the glow 

discharge reduces significantly. It is also possible to 

control the hardness in the surface layer depth and its 

structural phase state due to the variation of main pa-

rameters of plasma generator [5]. With the application 
of this plasma generator the method of electric arc 

deposition of titanium nitride with preliminary ion 

plasma nitration of steel substrate has been developed. 

This method allows increasing the coating-substrate 

adhesion by providing crystallographic similarity and 

increase of surface layer hardness [6, 7]. 
The technological processes of diamond-like-

carbon coatings in the arc discharge of plasma genera-

tor [8] as well as the plasma immersion ion implanta-

tion for the creation of transition layer between coat-

ing and substrate have been [9]. The assisting action 

of charged particle fluxes of plasma generator in the 

processes of magnetron and electric arc synthesis of 
nanocrystal coatings allows controlling structural 

phase state of the forming layers as well as of their 

hardness [10]. 

The requirement of the present is to provide the 

technologically suitable productivity of plasma modi-

fying hardening treatment processes and their repeat-
ability in industrial conditions. More strict tasks are 

stated in nanotechnologies where an accurate dosing 

of components in the deposited nanocoatings and pro-

viding of similar conditions of ion plasma synthesis of 

compositions in the conditions of large vacuum reac-
tion volumes are required.  

As our experimental technological studies show 

the gas plasma generator [1–3] does not provide the 

required heterogeneity of assisting plasma and repeat-

ability of plasma chemical synthesis reactions in vari-

ous positions of item treatment in relatively large 
working volumes of vacuum chambers of such setups 

as NNV-6.6-I1 (0.25 m3) and MIR (0.35 m3). 

To increase the heterogeneity of gas plasma distri-

bution, as this is a particular but real task of industrial 

assimilation of vacuum plasma nanotechnologies the 

gas plasma generator configuration with cone geome-
try of hollow cathode was offered [11]. In this con-

figuration, the foundation of truncated cone of hollow 

cathode is its output aperture. As the result of applica-

tion of such plasma generator configuration it became 

possible to get non-uniform plasma distribution not 

worse than 5–7% in the central area of vacuum cham-
ber of NNV-6.6-I1 300-mm in diameter what is more 

than 2 times better than the same parameter of plasma 

generator configuration of [1–3]. 

In the present work, the modification of plasma 

generator configuration described in [11] was done in 
order to reach higher level of plasma distribution ho-

mogeneity in the working vacuum volume of NNV-

6.6-I1 setup. 

2. Configuration, operation principle,  

and experimental technique 

The configuration of the developed gas plasma gen-
erator is presented in Fig. 1. 

The difference of this configuration from the basic 

one presented in [11] is the use of magnetic field  

coil of cone shape with the same conicity as cathode 

cavity has instead of cylindrical shape. Other elements 
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of electrode system of plasma generator stay without 

changes. 
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Fig. 1. The configuration of gas plasma generator 

The hollow cathode of new configuration – cone 

cavity 1 is made of stainless steel and has the wall 

thickness of 1 mm. The diameter of smaller founda-

tion of cathode cavity (back wall of hollow cathode) is 

90 mm, while the diameter of bigger foundation of 
cathode cavity cone (output aperture of hollow cath-

ode) is 180 mm. The length of hollow cathode (height 

of truncated cone) is 310 mm. 

Inside the cathode cavity 1 there is a thermal cath-
ode 2 made of tungsten wire 2 mm in diameter fixed 
at the water-cooled current leads 3. With the help of 
magnetic coil of cone shape 4 the longitudinal diver-
gent field with longitudinal inductance component  
at the axis coil in the central cross section equal 

В = 2 ⋅ 10–2 T has been created. It amplifies the elec-
tron oscillations in the cavity and intensifies the ioni-
zation processes in it at low working pressures. The 
cathode cavity 1 is fixed at the water-cooled flange of 
cathode unit 5 which is isolated from the plasma gen-
erator body 6 positioned under anode potential during 
plasma generator potential.  

In our experiments the plasma generator 1 (Fig. 2) 

was put to the grounded vacuum chamber 2 of  

NNV-6.6-I1 setup the dimensions of which are 

600×600×600 mm. 
In the vacuum chamber, a probe 3 was placed. The 

probe was shifted in the direction perpendicular to the 
plasma generator axis at the distance of L = 300 mm 
from the output edge of hollow cathode. By this, there 
was a possibility to measure ion current density in the 
cross section of plasma flux in the central cross sec-
tion of vacuum chamber. When measuring the ion 
current saturation extracted form plasma to the probe 
the probe was under potential of –300 V in each point 
of the studied space relatively vacuum chamber walls.  
  The thermal cathode incandescence was perfor- 
med by the AC of 140–190 А. The electric supply  
of plasma generator was provided by rectifier-type  
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Fig . 2. The scheme of plasma generator characteristic study 

welding machine with the voltage of idle mode of 

65 V and possibility to control current. Vacuum in the 
working chamber was created by the oil vacuum pump 

with the productivity of 1600 l/s. Argon was used as a 

working gas the introduction of which was performed 

to the cathode cavity of plasma generator. At that, the 

working pressure in the chamber from 0.3 up to 3 Pa 

was established by the controllable gas expense within 

the range of 2–100 mPa ⋅ m3 ⋅ s–1. 
Diffusion gas discharge occurs after the introduc-

tion of working gas, supply of discharge voltage and 

magnetic coil and thermal cathode incandescence. 

This discharge exists between the combined cathode 

(thermal cathode – cone hollow cathode) and walls of 

vacuum chamber. The application of thermal cathode 
conditions the independent character of gas discharge 

and allows controlling discharge current within wide 

limits and wide pressure range due to the alteration of 

its thermal electron emission. 

3. Experimental results 

Figure 3 shows the volt ampere characteristics of 

plasma generator discharge obtained when measuring 

external circuit (electromotive force of welding recti-

fier) for the thermal cathode incandescence current 
If = 180 А and various pressures. 
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Fig. 3. The volt-ampere characteristics of plasma generator 

at the incandescence current of If = 180 А and various 

  pressures 
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As it is seen from Fig. 3 in all cases the increasing 

volt-ampere characteristic is observed, the discharge 
resistance is positive. At the lower pressures 

(pAr ~ 1 ⋅ 10–1 Pа), a sharp growth of discharge voltage 
is observed. Ud is discharge resistance which sharply 

increases together with the pressure decrease. This 

means that in this range of pressures a weak discharge 

current increase occurs due to the ionization processes 

in the discharge gap, and the position of sharp growth 

Ud would be determined by the current of thermal 
cathode emission of plasma generator amplified due to 

the gas filling. In this case thermal cathode operating 

in the limited mode would take the entire load to pro-

vide the require discharge current. 

Figure 4 represents the dependences of current Id 
and discharge voltage obtained due to the regulation 

of incandescence current If.  
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Fig. 4. The dependence of discharge current and voltage of 

its ignition on the incandescence current of plasma generator 

  at pressure pAr = 10–1 Pa 

Figure 5 shows the curve of ion current density 

distribution of probe saturation (in relative units) shifted 

along the vacuum chamber diameter perpendicular to 

plasma flux generated by plasma generator at working 

pressure of  pAr = 1 ⋅ 10–1 Pa. 
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Fig. 5. The distribution of ion current density along the cen- 

  tral cross-section diameter of vacuum chamber 

As it is seen from dependence in Fig. 5 there is  

a rather uniform area of 400 mm in diameter (from  
–200 to 200 mm) in the plasma distribution generated  

by studied plasma generator in the central working 

volume of vacuum chamber of NNV-6.6-I1 setup.  

The plasma density heterogeneity is not more than 5% 

from the average value in this area. At that the hetero-

geneity of plasma distribution in the studied area from 
–280 to 280 mm protruding to almost the entire width 

if inner space of vacuum chamber was 23% from av-

erage value. 

To confirm the result of probe measurements testi-

fying the presence of area with almost uniform plasma 

400 mm in diameter in the cross section of vacuum 
chamber the experiment on the heating dynamics of 

items made of steel of similar sizes placed during the 

experiment in the central and boundary (coordinate 

200 mm) point of this uniform area and being under 

negative potential relative to vacuum chamber walls.  

  The results of this experiment are shown in Fig. 6. 
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Fig. 6. The dependence of item temperature in gas discharge 

plasma placed in the center and at the periphery of vacuum 

  chamber 

From Fig. 6 it is seen that the temperature influ-

ence of gas discharge plasma on the items is practi-

cally equal and gas plasma in this area has uniform 

distribution. 

4. Conclusion 

In the result of configuration the improvement of the 

known generator of low temperature gas discharge 

plasma with thermal cathode by the alteration of hol-
low cathode and magnetic field coil shapes the im-

proved characteristics on the distribution homogeneity 

of plasma generated in the working volume of vacuum 

chamber of NNV-6.6-I1 setup have been obtained. 

The plasma flux is practically uniform (the heteroge-

neity is less than 5%) at the distance 300 and 400 mm 
in diameter. This has positive value for the controlla-

bility of the technological processes going in the 

plasma generator discharge.  
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The discharge of new plasma generator modifica-

tion is initiated at such low pressure in the chamber as 

р = 4 ⋅ 10–2 Pa. 

Additional ignition device is not required for it in 
the operation process. Moreover, in the experiments it 

was found out that the probability of transition of in-

dependent discharge of plasma generator to arc with 

cathode spots is close to zero. 

The authors are grateful to G.E. Remnev for the 

assistance. 
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