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Abstract
Plasma diagnostic techniques are essential for the understanding of process parameters. In 

plasma-assisted deposition, ion energy and deposition rate are key parameters for technological 
control. The deposition method used in this study is Thermionic Vacuum Arc (TVA) ignited in 
Nickel vapors. In this paper, the influence of ion energy on the purity and adherence of nickel 
films  deposited by anodic  arc  is  presented. An in-house,  computer-controlled system for  the 
simultaneous acquisition of the arc current and voltage, filament current and deposition rate was 
used.  A  simple  measurement  of  adherence  of  the  Ni-films  on  different  substrates  using  a 
computer-controlled pull-off  test  was also used.  A clear  picture  of  the  optimal  TVA plasma 
conditions for the highest adherence on different types of substrates was obtained. EDX analyses 
have shown that the nickel films obtained by the TVA method are very pure. 

Research on plasma processing of materials is focused on the control of plasma parameters 
for their direct correlation with the microstructure and composition of the deposited films.

Conventional  plasma  deposition  systems  using  metal  vapors  need  high  currents  for 
evaporation and ionization,  as in the case of  Cathodic Arc.  These high currents of  hundreds 
amperes trigger heavy bombardment of the target, creating clusters of material. This phenomenon 
results in poor smoothness of the final surface. In contrast, in TVA, quality films are produced due 
to the unique ignition procedure. The method uses an external source of electrons for the creation 
of both metal vapors and also for ionizations of the metal atoms. The low arc currents used in 
TVA (max. 3 A) allow gentle evaporation of the anode material which results in high smoothness 
of the deposited films.

Another asset of the TVA plasma is that no gas buffer or catalyst is needed, this ensuring 
high purity of  the  film.  There  are  only a few methods  that  do not  use  a  buffer  gas  for  the 
deposition  of  metallic  films.  Moreover,  the  ions  created  in  the  plasma  have  high  energies 
(hundreds eV), as no collisions take place in their way to the substrate. Thus, the ion energy is 
directly proportional to the applied voltage and can be thus easily tailored. These advantages make 
TVA a very competitive deposition method for industrial applications.

Film adherence is an important issue in industrial processing. Adherence depends on the 
smoothness of the substrate, chemical composition of the substrate, thermal expansion coefficient 
of the film and of the substrate, thickness of the film and also on the type of species that form the 
film. This last factor depends on the deposition method. 
          In this paper, a study of the influence of ion energy on the adherence of nickel films 
deposited by TVA is presented. Optimal conditions for the best adherence on different substrates 
like stainless steel, optical glass and aluminum are compared.
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Experimental details

In Figure 1, the experimental setup of the TVA plasma is presented. The TVA deposition 
method briefly consists in obtaining a plasma in the vapors of the material to be evaporated, under 
vacuum conditions (10-6 Torr).  The vapors are obtained by heating the material  with thermo 
electrons generated by an externally heated filament. The material to be evaporated (pure Ni) was 
placed in a graphite crucible. The substrates (stainless steel, optical glass and aluminum) were 
placed at 22 cm distance from the anode. More details on the TVA deposition method are given in 
[1, 2]. Adherence tests were performed using an in-house automated pull-off system based on the 
measurement of the maximum load the film can withstand when pulling off a metal piece glued to 
the tested film. This is a qualitative measurement and gives very accurate relative values of the 
peel strength of the film.

A I-V characteristic  of  the  ignition stages  of  a  Ni  TVA plasma  for  different  filament 
currents is presented in Figure 2. The stable region of the TVA plasma is also indicated. This is 
the  region  where  tailoring  of  the  plasma  is  possible.  It  was  previously  found  [2]  that  with 
increasing the applied voltage in TVA, the ion energy increases and the deposition rate decreases. 
A set of depositions were made at different values of the applied voltage and the adherence of the 
Ni films obtained on the various substrates was analyzed. The films had 960 nm. A high purity of 
Ni films was obtained in all samples, as suggested by the EDX measurements. The results showed 
that the adherence of the films was the highest on stainless steel substrates, the maximum value of 
the peel strength being 630 g/mm2, followed by glass with 540 g/mm2 and aluminum which was 
not  adherent  in  any of  the  plasma  conditions.  The  highest  values  of  the  peel  strength  were 
obtained at low applied voltage for the stainless steel substrates whereas for glass substrates the 
peel strength was higher at higher applied voltage. The adherence of Ni films obtained by TVA on 
stainless steel and glass is very good. For comparison, the accepted peel strength for the electronic 
packaging industry is 40 g/mm2. Our results confirm the high quality of the films that can be 
produced with the TVA plasma. 

            

Fig. 1 Experimental setup of TVA Fig. 2 I-V characteristics of the TVA
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