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Abstract – The structure of thin and thick films, 

formed on a steel surface at influence of pulsed 

plasma is investigated. It is shown, that a film con-

sists of a friable mass with dense inclusions. In film 

structure the large percentage of carbon is re-

vealed. The conclusion is made, that at sputtering 

of a target by the powerful plasma flows it is possi-

ble to perform of the deposition of a thick dust lay-

ers on the substrates. 

1. Introduction 

The study of sputtering processes of constructional 

materials at influence on them of high-temperature 

pulse plasma flows represents a urgent problem as for 

development of physical mechanisms of sputtering in 

non-stationary conditions so for the practical applica-

tions. It is known, that the sputtering by ions beams in 

a stationary mode in a direction of a reflection corner 

occurs intensively enough, however etch rate is insig-

nificant [1].  

At the same time, the large densities of a current 

are characteristic for pulse flows, which can result in 

intensive spraying of materials [2]. However, the 

pulse character of influence puts restriction on speed 

of dispersion, and in this case, it is necessary to use 

repeated influence [3]. 

2. Experiment 

In this work, research of sputtering processes at influ-

ence on materials of powerful plasma flows is carried 

out on a plasma gun KPU-30 (Fig. 1). Mode of opera-

tions of the accelerator with continuous filling of  

the working chamber by air at residual pressure 0.05–

0.1 Torr is used. In this mode the energy of a plasma 

flow formed in KPU, is in range 30–50 J/cm2, duration 

of a pulse – 15 µs. The erosion was studied for differ-

ent types of targets materials – aluminium, copper, 

corrosion-proof steel. At such energy, the basic kinds 

of erosion for all materials of the targets were the 

melting and evaporation. 

As a substrate, the corrosion-proof steel 18/10 with 

thickness of 1 mm was used. The analysis of erosion 

products was made after 5–20 pulses. The optical and 

scanning electronic microscopes were applied for the 

diagnostics of a materials surface. 
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Fig. 1. Pulsed plasma sputtering scheme: 1 – plasma flow;  

2 – target; 3 – substrate; 4 – gun electrodes; θ – sputtering 

  solid angle 

3. Results 

The products of erosion depending on sputtering 

source solid angle looked like thin films, thick layers, 

a melting zone and drops of metal. For horizontal 

standed substrates far from a solid angle of thin films 

with non-uniform thickness (area 1 in Fig. 2, а) were 
formed, near to a solid angle the area consisting of  

a dust and drops of metal (area 2) is formed.  

 
 

Fig. 2. Photos of a surface of substrates 

The surface of targets was modified differently, 

depending on the initial pressure in the discharge 

chamber and energy density. In this experiment a tar-

get is established on the angle θ = 45° to a direction of 
a flow. At pressure higher then 0.1 Torr on samples 
surface the area with a dust is observed, the obvious 

melted areas are not visible (Fig. 3, a). At downturn  

of pressure up to 0.06 Torr a surface is melted with 

formation of an oxide film on site of a melted zone 

(Fig. 3, b). For determination of chemical structure  

of the sprayed material the X-Ray analysis of a sub-
strates surface was made. 
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Fig. 3. Al (a) and 18/10 steel (b) surface of target 

In Fig. 4, the spectrum in area containing a thin 

film is present. 
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Fig. 4. A surface of thin film 

It is possible to make a conclusion, that these areas 
consist basically of carbon compound, because of in 

stainless steel it should be no more than 1%. The car-

bon, apparently, gets from residual air or as a result  

of dielectric erosion located between accelerator elec-

trodes. The presence of 2.27% copper is caused by 
erosion of electrodes of the accelerator (Table). 

 
Table. RSA data of substrate from stainless steel, in-

cluding dusty area 

Element Mass, % Error, % At, % K 

CK 5.1 0.16 19.9 1.1018 

CrK 13.06 0.19 11.76 16.5638 

MnK 8.53 0.28 7.27 8.8226 

FeK 69.58 0.3 58.34 70.4995 

NiK 1.27 0.57 1.01 1.0398 

CuK 2.27 0.72 1.67 1.8702 

Total 100  100  

 

The thin film in optical microscope seems very 

homogeneous, however actually the samples had a 
non-uniform relief of surfaces. The observation of 

these films on atomic force microscope show, that the 

thin film has also non-uniform relief caused by differ-

ent thickness (see Fig. 4). But the gradient 285 nm is 

less, than at a thick film (859 nm). 

4. Conclusion 

Under the analysis of experimental results, it is possi-

ble to make of a conclusion, that on the accelerator 

CPU always erosion of electrodes materials and isola-

tor is present, which is more intensive at pressure  

below 0.1 Torr. On substrates the thin film arising  
as a result of sputtering of a target material is formed. 

Besides this carbon dust is formed as result of erosion 

of details of the accelerator. The energy the CPU ac-

celerator can supply effective enough spraying of ma-

terials, but for drawing thick layers which are not con-

taining a dust, it is necessary to find optimal pressure 
at using of a continuous mode. 

References 

[1] A.I. Morosov, Plasmodynamics introduction, Mos-

cow, Phismatlit, 2006, pp. 353–372. 

[2] J. Langner, at al., Surf. Coat. Technol. 9, 105 

(2000). 

[3] A.M. Zhukeshov, Vestnik KazNU 6, 14 (2003). 
 

 

 


