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1. Introduction 

 
Studies of discharges in the anodic vapors are founded 

on the discovery of new types of discharge, which can be 
produced in vacuum conditions in the vapors of any materials. 
Thermionic Vacuum Arc (TVA) can generate intense plasma 
in the vapors of the evaporating anode material1. Even intense 
plasma of the refractory materials is obtained easily. Due to 
their high melting points, instead of crucible, as anode are 
used rods of refractory materials. Few other technologies can 
compete with TVA thin film deposition of materials like C, 
W, Mo, Nb, Ta, Re, etc.25. Peculiar to the Thermionic Vac-
uum Arc (TVA) is the fact that it is generating its own neutral 
atoms in a continuous manner maintaining an equivalent pres-
sure in which a low voltage arc type discharge takes place. 

One of the most convenient fields of application of TVA 
thin film deposition technique is the nanostructured carbon 
thin films synthesis. In fact, due to the high variety of the 
obtained structures of the carbon (not mentioning the huge 
number of applications) we are encountering a new field of 
science. 

The extension of Thermionic Vacuum Arc technology to 
coatings using gases or evaporable liquids instead of solid 
materials is of great interest, the number of materials used for 
TVA deposition could dramatically increased. 

 
 

2. Experimental systems 
 
The Thermionic Vacuum Arc (TVA) is a heated cathode 

vacuum arc discharge in the vapors of the anode material in 
high vacuum conditions. The electrons, emitted from a heated 
tungsten cathode, are accelerated towards the anode, by a d.c. 
high voltage applied across the electrodes. This type of arc 
offers the unique opportunity to generate energetic ions, with 
a controlled value of the directed energy, which are bombard-
ing the condensing thin film on the substrate. The ions are just 

those of the depositing atoms on substrate6,7. In this way the 
substrate bombarding ions are generated just from the atoms 
of the depositing material, no any other gas being present in 
the vacuum chamber during the process. 

The experimental arrangement used for Thermionic Vac-
uum Arc (TVA) electrodes configuration is shown in Fig. 1. 
There is no cooling system for either the anode or the cathode, 
because it is important to avoid as much as possible any cool-
ing of the electrodes, in order to minimize the energy loss in 
the deposition process. 

This discharge can be established in vacuum between 
a heated cathode and a anode mounted at a small distance in 
front of cathode. For convenient applied d.c. voltage across 
the cathode and anode, a melted spot appears on the anode 
surface and a continuous evaporation of the anode material 
from this melted spot is established due to the accelerated 
electrons emitted from the cathode and incident on anode. 
Consequently, in vacuum, a steady state density of the metal 
vapors appears in the interelectrodic gap. The value of the 
equivalent pressure of the metal vapors depends mainly on the 
power of the accelerated electron beam from the cathode. 

At further increase of the applied high voltage, suddenly 
a bright discharge appears in the interelectrodic space in the 
vapors of the anode material, with a simultaneous decrease of 
the voltage drop over the electrodes and with a significant 
increase of the current. Since the cathode of TVA is at earth 
potential and vacuum vessel also, it results that the plasma has 
a potential accelerating ions towards against the vacuum ves-
sel wall. This potential is roughly equal with the cathode po-
tential fall (see Fig. 2). 

 

MECHANICAL PROPERTIES OF THIN FILMS DEPOSITED BY TVA AND G-TVA 
METHODS 

Fig. 1. Thermionic Vacuum Arc experimental set-up 
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In these circumstances, besides the evaporated neutral 
atoms, on the sample are also incident energetic ions. So, the 
thin film is growing under the bombardment of ions of the 
material to be deposited. This is a major advantage in obtain-
ing high purity thin films because the discharge is ignited in 
vacuum and the film is bombarded during its growing with 
own atoms which are ionized8. 

TVA technology offers following advantages for thin 
layer depositions: high rate of evaporation up to 100 nm s1; 
no buffer gas is necessary; very low thermal energy transfer; 
deposited thin film layers are smooth, compact and of very 
fine structures; very stable discharge conditions; no cathode 
impurities can be found in deposited thin films; low mechani-
cal stress of the deposited layer and very good adherence. 

The second new type of discharge  Gaseous 
Thermionic Vacuum Arc (G-TVA) consists from a heated 
thermionic cathode (as in the case of TVA) while the anode is 
a disk type sintered powder piece tightly bounded to 
a stainless steel tubing connected adequately to the gas supply 
bottle (Fig. 3). The anode consists from a stainless-steel piece  
with a diameter of 1625 mm, provided with a tubing neces-
sary to connect this anode to an out vacuum chamber gas 
sources. Inside of the hole of the stainless steel piece is 
mounted a disk of sintered metal powder with an average size 
of 100 m. 

The most important part of the experimental arrangement 
is the gas inlet, which is provided with a special sieve capable 
of limiting and simultaneously spreading spatially the flow of 
gas. Thus, a high pressure gradient is obtained between the 
end of the gas inlet and the chamber walls.  

A peculiarity of the G-TVA discharge is the critical 
value of the interelectrodic distance. Indeed, for small dis-
tance, a cold cathode discharge can ignite. For distances 
higher than this critical distance we will have a real G-TVA 
discharge because only if the cathode is heated the discharge 
can ignite. In this case, the G-TVA discharge is sustained by 
the thermo-electron emission current from the cathode. The 
Gas-TVA is the only deposition method using precursor mate-
rial in the gas state that forms localized plasma in vacuum. 
This is a very important feature of the technique, as the sub-
strate material can be placed away from the plasma, thus 
avoiding overheating. 

3. Results on mechanical properties 
 
The mechanical properties of carbon thin film were stud-

ied using two different types of indentation methods: the 
depth sensing indentation test (DSI) based on analysis of the 
loading/unloading hysteresis (Fischerscope H100 equipped 
with a Vickers four-sided diamond pyramid) and the continu-
ous stiffness measurement (CSM) method (NanoIndenter XP 
Berkovich with three-sided diamond pyramid). The continu-
ous stiffness measurement system applies a load to the in-
denter tip to force the tip into the surface while simultane-
ously superimposing an oscillating force with the force ampli-
tude generally several orders of magnitude smaller than the 
nominal load. Material properties are determined continu-
ously as the indenter moves into the surface, eliminating the 
need for unloading cycles. 

The studied carbon films were deposited on silicon or 

Fig. 2. Potential distribution in the cathode–anode space 

Fig. 3. Schematically configuration of the electrodes in the case of 
G-TVA 
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Fig. 4. The dependence of the hardness of 75 nm thin polymer-like 
carbon film on silicon substrate prepared  using G-TVA method 
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glass substrates. The indentation tests were made at several 
different depths from near surface through film-substrate 
interface up to bulk of the substrate. This enabled us to obtain 
information about the indentation response of the whole film-
substrate in a wide range of testing conditions. An example of 
the indentation response of soft polymer-like carbon film 
deposited on silicon substrate using the G-TVA method is 
shown in Figs. 4 and 5. The results were obtained by the con-
tinuous stiffness measurement (CSM). At least 20 tests were 
made at different places on the samples. The reproducibility 
of the obtained material parameters evidenced the good ho-
mogeneity of the prepared films. However, the film thickness 
was in the range from 70 to 80 nm as it can be seen from the 
abrupt change on hardness curves. In case of a soft film on 
relatively hard substrate, the measured hardness is not signifi-
cantly influenced by the substrate hardness up to 50 % of the 
film thickness. In case of the elastic modulus this value is 
lower, it is approximately 20 %. 

The described methods enable to prepare carbon films 
with wide range of mechanical properties. The second exam-
ple shows results obtained on hard carbon film deposited by 
the TVA method. The loading-unloading curves obtained on 

hard diamond-like film using the depth sensing indentation 
technique are shown in Fig. 6. The loading-unloading curves 
were well reproducible proving the surface homogeneity of 
the films. 

We studied also the dependence of the differential hard-
ness on the indentation depth The differential hardness Hdif is 
given by the relation 

 
                        (1) 

 
 
where L is the applied load, A is the contact area between the 
indenter and the film material, k is geometric constant and h is 
the indentation depth.  Hdif represents the ratio of the small 
load increase and the corresponding change in contact area (in 
case of Vickers indenter it is given simply by the product of 
geometric constant k and the square of the given indentation 
depth h). This value is very sensitive to any changes in the 
tested material. 

The differential hardness dependence (Fig. 7) showed us, 
that the hard DLC films contain two parts with slightly differ-
ent properties. The abrupt jumps on the differential curves are 
related to the boundary between these two parts created by 
change in conditions during the deposition. 

 
 

4. Conclusions 
 
 DLC films were successfully prepared by the new 

method (G-TVA) using CH4 as precursor. The technique is 
based on the ignition of cathodic arc plasma in the vapors of 
the material of interest, similar to the Thermionic Vacuum 
Arc (TVA) method. The results confirm our initial hypothesis 
that G-TVA might be a useful tool for high quality thin film 
depositions. 

The G-TVA extends the applicability of the classical 
TVA technique to the deposition of thin films from gas pre-
cursors. 

It was demonstrated the capability of the Gas-TVA tech-
nique to produce adherent, hydrogenated DLC films of rela-
tively high sp3 content.  
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Fig. 5. The dependence of the elastic modulus of 75 nm thin poly-
merlike carbon film on silicon substrate prepared  using G-TVA 
method 
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Fig. 6. Loading-unloading dependences obtained at maximum 
load of 10 mN on DLC film prepared using TVA method 

Fig. 7. Differential hardness depenodences on the indentation 
depth obtained on DLC film prepared using TVA method 
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The G-TVA deposition technique has opened up a new 
area of research for the synthesis of new materials. Further 
work on plasma diagnosis and also on surface characterization 
of the films obtained using this technique is envisaged. 
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The Thermionic Vacuum Arc (TVA) plasma is 

a powerful technique able to growth thin films using solids as 
precursor in vacuum conditions. A large range of materials, 
even refractory metals were successfully deposited using this 
technique. In this paper an extension of TVA method from 
gases (G-TVA) for DLC synthesis is reported. The novelty 
consists in using a flow of methane, instead of the carbon rod 
used as anode in the classic TVA method. This expands enor-
mously the applicability of the TVA technique for the synthe-
sis of thin films from solids to gas precursors. The mechanical 
properties of the films deposited were investigated. The de-
scribed methods enable to prepare carbon films with wide 
range of mechanical properties from polymer-like carbon up 
to hard diamond-like carbon. 

 
 
 
 


