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Abstract. The article describes an investigation of a small-sized source called NMSA-52M for 

magnetron sputtering with liquid-phase target. Causes and features affecting the discharge 

power required for the target melting are considered. Methods of increasing the discharge 

power of a given source are proposed. The design of the crucible reducing the intensity of the 

heat sink is given. 

1. Introduction 

Thick conductive films (from 20 to 50 μm) are widely used in electronics and power engineering: they 

are used in power microelectronics, in thermoelectric modules production, in hybrid and traction 

engines manufacture, as well as in wind power and rocket engineering [1–2, 14]. There are various 

methods of forming such coatings: copperplating, DBC technology, vacuum arc deposition and 

magnetron sputtering (MS). For a number of factors, such as the rate of deposition, the cleanliness of 

the coating, the economy and environmental friendliness, MS exceeds the other methods by 30–100 % 

[1–5]. However, during the MS process the biggest amount of energy transferred to the target goes to 

its heating. As a development of this method MS with liquid-phase target was invented. To implement 

this method, the target is placed in a refractory crucible and is insulated from the cooling system, due 

to what the target material melts, and thermal evaporation is added to the sputtering. As advantages of 

this method comparing to standard MS it is possible to list 5- to 10-fold increase in deposition rate, an 

improved cleanliness of the coating by a factor of 20 to 50, an energy consumption reduction to  

50–100 V/Atom [1, 5–10].  

To melt the target and initiate the "self-sputtering" process mode, it is necessary to achieve a 

certain discharge power. The main parameters affecting the discharge power are: the discharge 

voltage, the working pressure, and the value of the of the magnetic field induction on the target 

surface. The first two parameters are limited by the plant technological capabilities, while the 

magnetic induction tangential component value on the target surface is determined by the magnetron 

and magnetic system constructional features. Nowadays, the MS with liquid-phase target process is 

investigated using magnetrons with overall dimensions from 80 mm to 150 mm [8, 16]. The 

magnetron presented in this paper is small-sized (its target diameter is 50 mm), which is one of the 

reasons for requiring a larger magnetic field induction tangential component value to achieve the 

required discharge power for the target melting. Also, the design and the crucible material influence 

the discharge power supplied to the target [6, 10–14]. The aim of this paper is to investigate a small-

sized source for magnetron sputtering with a liquid-phase target. 
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2. Magnetron NMSA-52M construction 

The target diameter of small-sized magnetron NMSA-52M is 50 mm (2”). In the magnetron frame 

there are holes for water cooling with a diameter of 6 mm (figure 1(a)). The magnetic system consists 

of cylindrical and circular magnets made of SmCo material (figure 1(b)). 

 

 

(a) (b) 

Figure 1. Magnetron NMSA-52M: section of the body (a): 1 – cover, 2 – frame, 3 – 

magnets, 4 – magnetic core, 5 – holes for cooling; general view (b). 

During the magnetron sputtering with liquid-phase target process, the target material is often placed in 

a refractory crucible made of molybdenum which is located at the magnetron surface. The gap 

between the crucible and the cover is maintained by crucible legs (figure 2), which ensures thermal 

insulation of the crucible from the cooled magnetron cover [15].  

 

Figure 2. Molybdenum crucible 

with legs. 

3. Magnetron NMSA-52M construction features analysis  

3.1. Small overall dimensions 

The magnetron for MS with liquid-phase target process presented in this article is small-sized, which 

allows its use it as a technological source in laboratory vacuum plants. However, in case of a small-

sized source a larger value of the magnetic field induction on the target surface is needed to achieve a 

discharge power sufficient to melt the target. This may be due to the fact that the value of the Lorentz 

force sufficient to hold electrons in the plasma region is inversely proportional to the electron 

trajectory radius. Earlier studies were carried out for the presented magnetron [17], where a magnetic 

system with two plasma regions was modeled and implemented to increase the value of the magnetic 

field induction tangential component (figure 3). When the magnetron was powered, discharge 

combustion was observed only in the magnets outer the ring region, in spite of the fact that the value 

of the magnetic field induction tangential component on the target surface in both regions was equal 

(figure 4).  
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Figure 3. The magnetic system construction of the 

magnetron NMSA-52M with two plasma regions. 

Despite the increase of the magnetic induction tangential component value, the use of such magnetic 

system did not lead to a discharge power increase. It can be concluded, that the discharge power is 

affected both by the magnetic field induction tangential component value on the target surface and the 

magnetron discharge plasma region geometric parameters. Experiments carried out to study the ring 

magnet diameter influence on the discharge power showed that a decrease in the ring magnet diameter 

leads to a decrease in the discharge power, despite the increased tangential component of the magnetic 

field induction on the target surface. Thus, the small overall magnetron dimensions prevent achieving 

larger discharge power values.  

3.2. Magnetic system  

To obtain the required discharge power value, it is not sufficient to increase only the magnetic field 

induction tangential component on the target surface. It is also necessary for the magnetic system to 

create a magnetic field uniform distribution in the plasma region [17]. For this purpose, in the 

described case of a planar magnetron with axial symmetry, the magnetic system must also possess 

axial symmetry. For magnetron NMSA-52 such a system is an annular magnetic system (figure 5), 

consisting of a central cylindrical and peripheral annular magnets mounted on a magnetic core made 

of ferromagnetic material. 

In addition, the strongest magnet material should be used. In the original construction magnets 

made of SmCo material are used, its residual magnetic induction value is 1.07 T. To increase the 

magnetic field induction tangential component, one can use, for example, magnets made of NdFeB 

N45 material, which has a higher induction value of 1.35 T.  

  

(a) (b) 

Figure 4. Magnetic system with two plasma regions magnetic field characteristics: the dependence of 

the magnetic field induction tangential component on the distance to the magnetron center (a); the 

magnetic field distribution (b). 
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Figure 5. Magnetron NMSA-52M annular 

magnetic system: 1 – annular magnet; 

2 – magnetic core; 3 – central cylindrical 

magnet. 

3.3. Crucible material and construction  

The crucible must be made of refractory material, for which the melting point is much higher than the 

target material melting point. Therefore the most suitable materials for the crucible are molybdenum 

and tantalum. The latter is a more technological material for making crucibles by means of cold 

stamping. 

The crucible thickness, the gap size when installed on the magnetron cover, and the target thickness 

(or material granules) contribute to the magnetic field induction value on the target surface. To ensure 

the discharge power required for the target melting and initiate the process in "self-sputtering" mode, 

the crucible thickness and the gap size should be minimal. A new construction of crucible shown on 

the figure 6 was developed to increase discharge power. The crucible is made from a 0.5 mm thick 

tantalum sheet which reduces the crucible thickness by 2 mm in comparison with the standard 

molybdenum crucible showed in figure 2. The tantalum crucible is screwed to the magnetron cover, 

which ensures a more stable electrical contact between the magnetron cover and the crucible. It was 

established experimentally that a gap size of 1 mm is sufficient to thermally insulate the crucible and 

provide a guaranteed gap in the target melting process, taking into account the crucible deformation 

due to thermal expansion.  

In order to solve the problem of target melting using a small-sized magnetron, a decrease is 

considered in the necessary discharge power value for target melting by reducing heat removal from the 

crucible. Two heat removal mechanisms take place: due to the thermal conductivity of the crucible legs 

connected to the cooled magnetron frame, and by means of radiation. To reduce the heat dissipation due 

to thermal conductivity, it is necessary to use a material with a low thermal conductivity coefficient 

value. The heat sink can be reduced by increasing the legs length, as well as their contact with the 

crucible at points, where the temperature differs the most from the molten target temperature, which 

explains the unusual crucible legs shape (figure 6). To reduce the heat removal intensity due to radiation, 

it is necessary to use a material with a low radiation coefficient value [8, 16].  

 

Figure 6. Tantalum crucible with legs. 
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4. Results and conclusions 

Varying the voltage and working gas pressure in the range determined by the technological capabilities 

of the installation does not allow to achieve the required discharge power value when using a small-sized 

source for MS with liquid-phase target. A discharge power increase in this case is possible due to a 

magnetic field induction increase on the target surface, at the same time a decrease in the source size for 

MS with liquid-phase target leads to an increase in the magnetic field induction necessary value to 

achieve the required discharge power value. The magnetic field above the magnetron surface must be 

uniform to guarantee axial symmetry of the magnetic system, provided the magnetron is co-planar and 

axially symmetric. The discharge power is influenced both by the magnetic field induction tangential 

component value on the target surface, and by the discharge plasma region geometric parameters, the 

small dimensions of the magnetron hinder the achievement of significant discharge power values. 

Another way to achieve a sufficient power to melt the target is to reduce the heat removal intensity from 

the crucible, which leads to a decrease in the discharge power required for the target melting. The 

proposed crucible design makes it possible to reduce the heat sink intensity.  
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