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Abstract 
 
The work is devoted to the development of a multi-step X-ray filter 
on the basis of Al layers formed by magnetron sputtering on a thin 
polypropylene film. The conditions of deposition of Al layers up to 3 
microns thick on the light-melting 6 µm thick substrate have been 
found. Transmission of filter was tested by X-pinch radiation in the 
range of һν > 0.8 keV, created with a compact pulsed high-current 
generator XPG-3 (200 kA, 150 ns), which was designed and 
constructed at the Institute of High Current Electronics. 
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Motivation 
 
Dense X-pinch plasma is a source of soft X-rays with duration of 1–3 
ns. This radiation is used to study the internal structure of the plasma 
obtained from an electrical conductor explosion. In this case, to assess 
the density of the substance in the plasma column and its radial 
distribution, step filters of X-ray radiation made from the same metal 
as the exploding conductor are used [*]. The step filter is placed in 
front of the photo film during investigations. 
 
If the photon energy of the X-ray radiation is about 0.8 keV, the X-ray 
filters are usually made by depositing thin metal layers onto the thin 
polymer film. 
 
The task of this work was to show the possibility of forming a 
multilayer metal structure of the X-ray filter on a light-melting 6 µm 
thick polypropylene (PP) film by the method of magnetron sputtering. 

[*] I.M. Datsko, N.A. Labetskaya, D.V. Rybka, V.A. Vankevich, and V.V. 
Shugurov, “Delay in plasma generation on the surface of coper and duralumin 
conductors coated with dielectrics,” J. Phys. Conf. Ser., vol. 1393, pp. 012005, 
November 2019.  
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Block scheme of the installation for coating deposition. 

The magnetron with an additional 
electromagnetic coil was used to 
regulate the degree of unbalance of 
the magnetic field over the surface 
of the sputtered Al target. In this 
magnetron both a balanced and an 
unbalanced (type I or II) magnetic 
field configuration could be realized 
depending on the value and direction 
of the current in the electromagnetic 
coil [**]. 

[**] A.A. Solov’ev, N.S. Sochugov, K.V. Oskomov, and S.V. Rabotkin, “Investigation of 
plasma characteristics in an unbalanced magnetron sputtering system,” Plasma Phys. 
Rep., vol. 35(5), pp. 399–408, May 2009. 

Magnetron was powered by a bipolar power supply APEL-M5-BP (Applied Electronics 
Ltd., Russia). 
The Al layers were deposited at f=100 kHz and Ar pressure of 0.3 Pa.  
Average discharge power - 200 W.  
Substrate-target distance - 100 mm. 



a - P = 150 W,  
b - P = 200 W,  
c - P = 250 W,  
 
 
d - P = 200 W (with unbalanced  
(Type I) magnetic field configuration). 
[***] 
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Images of the PP film surface with Al layer after 5 min deposition 
in different modes (at different discharge power P and magnetic 
field configuration):  

[***] B. Window and N. Savvides, J. Vac. Sci. Technol. A 4 (2), 1986.  

Intermediate 
magnetic field 
configuration 
[***] 

No film's melting 

Basic magnetic field configurations 
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Dependences of substrate temperature on 
sputtering time at different discharge powers. 

Unbalanced (Type I) magnetic field configuration allows reducing 
the substrate temperature during deposition. 
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Distribution of Al film thickness along the length of 
the substrate. 

Intermediate magnetic field configuration  

• Changing the configuration of the magnetic field from 
“Intermediate” to “unbalanced (Type I)” not only reduces the 
thermal impact on the substrate but also allows to double the 
film deposition rate.  
 

• Uniformity of film deposition on a stationary substrate does 
not depend on the magnetic field configuration. 
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Photo of X-ray six-step Al filter.  

X-ray picture of the plasma column at 220 ns from the beginning 
of the current flow and densitograms of its various parts. 

The filters were tested with X-pinch 
radiation in the range of һν > 0.8 
keV, created with a compact pulsed 
high-current generator XPG-3 (200 
kA, 150 ns). 

X-ray picture and densitogram (curve of 
optical density change) of a step Al filter 
with a layer's thickness from 1 to 2 µm 
in 200 nm steps. Colored lines on the X-
ray picture show directions of 
photometry and the color of 
densitogram also corresponds to them. 
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CONCLUSION 
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• The method of magnetron deposition of step Al filter on 6 µm thick 
polypropylene film was developed.  
 

• It is shown that the use of an unbalanced configuration (Type I) of 
the magnetron magnetic field makes it possible to significantly 
reduce the heating of the substrate during the deposition of the 
metal film and to double the rate of its deposition. 

  
• The resulting multi-step filters were used to estimate the density of 

the expanding surface plasma of the exploding conductors at various 
points in time.  
 

• It was shown that uniformity of the thickness of Al layers sputtered 
on polypropylene film in X-ray filter meets diagnostic criteria. 


