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Abstract Analysis of plasma-ion methods of obtaining thimf coatings shows that their
development goes along the path of the increassegofi sputter deposition processes, which
allow one to obtain multicomponent coatings withryitag percentage of particular
components. One of the methods that allow one tom foulticomponent coatings with
virtually any composition of elementary compondstthe method of coating deposition using
guasi-magnetron sputtering systems [1]. This reguihe creation of an axial magnetic field of
a defined configuration with the flux density withihe range of 0.01-0.1 T [2]. In order to
compare and analyze various configurations of pmsiog unit magnetic systems, it is
necessary to obtain the following dependenciesdémendency of magnetic core section on
the input power to inductors, the distribution cdignetic induction within the equatorial plane
in the corresponding sections, the distributiorthef magnetic induction value in the area of
cathode target location.

1. Introduction
The following is required from magnetic systems3]3-

- forming closed space configurations of a magrfigtid with a desired form between pole pieces,
ensuring the required flux density;

- stability of flux density in the conditions of mitnuous operation and effect of temperature;

- simplicity of design and manufacturability of thegnetic system;

- minimum cost of producing the required value aadfiguration of a magnetic field.

As a rule, a magnetic system consists of pole piaoagnetic cores, and magnetic sources, which,
as a rule, are either inductors or permanent magRermanent magnets have a number of advantages
over electromagnetic devices: simplicity, low cdggh reliability, absence of power supply systems.
In their turn, electromagnetic devices have theabdpy to change the flux density value during the
operation of a processing unit, thus ensuring fiier@l mode of the unit's operation. For a labasato
grade processing unit, the most acceptable magsgsiem is the one based on electromagnetic
devices since it possesses the possibility of mariie magnetic flux density within a broad rangd a
can ensure the stability of the flux under contumioperation and the effect of temperature.

2. Analysis of methods of creating magnetic fieldsin processing units
In existing designs, pole pieces and magnetic coasn which inductors are fixed, are made of mild
steel. It is difficult to consider all features fterial during design of a magnetic field confagion
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because the properties of mild steel, just likes¢éhof any material, are heterogeneous. It is reddpn
hard to factor in the process of mild steel agiagaehding on the operating conditions [9]. As altesu
in order to simplify the calculation, an equivalembdel of calculation is used [10].

Creating a desired value and configuration of ama#g field in the processing chamber (PC) of a
quasi-magnetic sputtering system is possible bggusarious designs of processing unit magnetic
systems with one or several inductors. Possibl@ddayouts of the magnetic systems are shown in
Figures 1-3.

Pole pieces (4), terminal magnetic cores (1), &edradial magnetic core (5) are made of steel 3.
The inductor (2) is installed on the radial magnetbre (5) gaplessly. A magnetic lens is formed
between the pole pieces (4) that allows one toeas® the number of ion collisions between the
electron and the plasma gas atoms. The main iemizatcurs within the zone that does not exceed
the pole piece (4) diameter by 10% [11].
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Figure 1. Design of a magnetic system with one inductor.términal magnetic core; 2 — inductor; 3
— PC; 4 — pole piece; 5 — radial magnetic corecéthode target
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Figure 2. Design of a magnetic system with two inductors:términal magnetic core; 2 — inductor; 3
— PC; 4 — pole piece; 5 — radial magnetic corec@thode target
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Figure 3. Design of a magnetic system with four induc: 1 —terminal magnetic core;— inductor; 3
— PC; 4 — pole piece; 5radial magnetic core; — cathode target

3. Analysis of a processing unit magnetic system with one inductor

As a result of solving the magnetostatic problem domagnetic system with one inductor,
magnetic field vector distribution in section-C and BB was obtained, as shown in Figures 4 ai
respectively.
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Figure 4. Magnetic field vector distribution in sectior-C
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Figure 5. Magnetic field vector distribution in sectior-B

Figures 4 and 5 show that a lentoid magnetic figlthrmedbetween the pole piec that ensures
the existence of a magnetic trap; and the pattemagnetic field vector distribution in section-C
and B-B is identical.

After analyzing Figure 4, it can be concluded ttint redial magnetic core is satura since the
magnetic flux vale in the radial magnetic core corresponds to thgimum of the magnetizatic
curve of steel 3. From the previously performedesenf experiments, the flux density value of ab
25 mT in the processing chamber can be taken éoptinpose of the an:sis.

A study was carried out to select the optimal mégrere section for the inductor input powel
ensure the desired flux density value. The residitee study are presented in Figur
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Figure 6. Dependence of magnetic core section on thector input power

It can be seen in Figure 6 that increasing thémeod 0,028 r? leads to a significant decrease
the input power to the inductor. This is relatedhe decrease in magnetic flux leakage outsidbe
core, i.e. increase of magnefiermeability with the corresponding values of maignield strength
Further increase of the section does not leadstgraficant decrease of the power put into the atadc
due to the insignificant effect of the magnetiddistrength on permeaby.
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Figure 7 shows the distribution of the flux densiglue for the optimal magnetic core section
(0.028 M) in sections C-C, B-B, D-D in the equatorial pldsection E-E, Figure 1).
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Figure 7. Distribution of the flux density value in secti@iC (1), section B-B (2), and section D-D
3

After analyzing Figure 7, it can be concluded thahe plasma generation area, the irregularity of
distribution of the flux density value by sectiodses not exceed 5%. The irregularity of the flux
density value distribution from the chamber axiggavall does not exceed 30%.

Figure 8 shows the circumferential distributiontloé flux density value in the equatorial plane in
the cathode target location area (R 0.2 m).
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Figure 8. Distribution of the flux density value in the catte target location area

It follows from Figure 8 that the irregularity ofistiibution of the flux density value in the
equatorial plane in the cathode target locatioa ammprises the value of around 7%. This can lead t
uneven sputtering of cathode targets and, correspgly, to maldistribution of components in the
multicomponent coating. The sputtering patternathode targets located in different locations an th
substrate requires additional study.

It should also be noted that the system with orductor has the following advantages: the
possibility to install an observation window of aséted diameter, and the possibility to installi@m
source.
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4. Analysis of a processing unit magnetic system with two inductors
A system with one inductor has a number of disathges: the high irregularity of distribution of t
flux density value in the cathode target locatiogaain the plasma generation area, the irregulafi
distribution of theflux density value by sections is 5%. Increasing tegularity of the flux densi
value distribution in the processing chamber and.espondingly, increasing the regularity of ca#
target sputtering is possible by using two or modeictors

As a esult of solving the magnetostatic problem for aynadic system with two inductors, sho
in Figure 5, the results shown in Figure 9 werainigid

Figure 9shows that a lentoid magnetic fielc formed between the pole pie that ensures the
existence ba magnetic trap; and the pattern of magnetid fiector distribution in sections-C and
B-B is identical.

A study was carried out to select the optimal mégrere section for the inductor input powel

ensure the desired flux density value. Ttsults of the study are presented in Figure
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Figure 9. Magnetic field vector distribution in sectior-C (a), B-B (b)
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Figure 10. Dependence of magnetic core section on the indugboit powe

Figure 10 shows that the optimal sectis 0.027 M because &urther increase of the section d
not lead to a significant decrease of the poweingatthe inductor (see point 2.
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Figure 11 shows the distribution of the flux deypsiailue for the optimal magnetic core section
(0.027 M) in sections C-C, B-B, D-D in the equatorial pldsection E-E, Figure 2).
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Figure 11. Distribution of the flux density value in secti@iC (1), section B-B (2), and section D-D
©)

After analyzing Figure 11, it can be concluded thahe plasma generation area, the irregularity of
distribution of the flux density value by sectiodses not exceed 3%. The irregularity of the flux
density value distribution from the chamber axigsavall does not exceed 29%.

Figure 12 shows the circumferential distributiortiod flux density value in the equatorial plane in
the cathode target location arega (R 0.2 m).

It follows from Figure 12 that the irregularity afistribution of the flux density value in the
equatorial plane in the cathode target locatioa ammprises the value of around 4%. This can lead t
uneven sputtering of cathode targets and, correspgly, to maldistribution of components in the
multicomponent coating.
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Figure 12. Circumferential distribution of the flux densitplue in the equatorial plane in the cathode
target location area

The sputtering pattern of cathode targets locatedifferent locations on the substrate requires
additional study.
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5. Analysis of a processing unit magnetic system with four inductors
Increasing the regularity of the flux density vallistribution in the processing chamber of a sys
with two inductors and, correspondingly, increasthg regularity of cathode target sputtering
possible by increasing the number of inductors ta.

As a result of solving the magnetostatic problemafonagnetic system with four inductors, shc
in Figure 6, the results shown in Figure 13 werioled
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Figure 13. Magnetic field vetor distribution in section -C (a), B-B (b)

Figure 13 shows that a lentoid magnetic field isrfed between thpole piece that ensures the

existence of a magnetic trap; and the pattern afrigc field vector distribution in section«-C and
B-B is identical.

A study was carried out to select the optimal mégremre section for the inductor input powel
ensure th@esired flux density value. The results of the gtai presented in Figure
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Figure 14. Dependence of magnetic core section on the indugboit powe

Figure 14 shows that the optimal section is 0.0% because &urther increase of the sectiooes
not lead to a significant decrease of the poweirgatthe inductor (see point 2.

Figure 15 shows the distribution of the flux depsialue for the optimal magnetic core secl
(0.031 M) in sections C-C, B, D-D in the equatorial plane (sectionEEFigure 3



MEACS 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 327 (2018) 042051 doi:10.1088/1757-899X/327/4/042051

0,026 4

B, T

0,024 4

0,0 0,1 02 03

Figure 15. Distribution of the flux density value in secti@iC (1), section B-B (2), and section D-D
(3)

After analyzing Figure 15, it can be concluded thahe plasma generation area the irregularity of
distribution of the flux density value by sectiothges not exceed 1.5%. The irregularity of the flux
density value distribution from the chamber axiggavall does not exceed 21%.

Figure 16 shows shows the circumferential distidsubf the flux density value in the equatorial
plane in the cathode target location area €R0.2 m).

It follows from Figure 16 that the irregularity afistribution of the flux density value in the
equatorial plane in the cathode target locatiora ax@mprises the value of around 1.2%, which is
acceptable in multicomponent coating sputtering.
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Figure 16. Circumferential distribution of the flux densitalue in the equatorial plane in the cathode
target location area

The results stated above indicate that it is necgs® carry out additional research of the
sputtering patterns of cathode targets locatedffierent areas of the substrate.

6. Comparative analysis of methods of creating magnetic fields
By analyzing the methods of creating magnetic ietdnsidered above, it can be concluded that a
magnetic system with four inductors allows one thieve the irregularity of sputtering cathode
targets below 1.2%.

When designing magnetic systems, it is necessanyato attention to the power put into the
inductors. Let us consider Figure 17.
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Figure 17. Dependence of inductor input power on the numbarductors

Increasing the number of inductors causes an isergathe power put into them, which leads to
increased energy costs. Study of Figure 17 rewhatsthis chart lacks the optimum, which leaves us
without a consensus between the number of indu@ods energy costs, as well as between the
material intensity and design specifications (Tdble

Table 1. Research results

Flux density value distribution irregularity

n S, nf P, W in the cathode target in the plasma generation from PC axis to PC
location area area wall

1 0.028 380 7% 5% 30 %

2 0.027 980 4% 3% 29 %

4 0.031 1170 1.2% 15% 21 %

Analyzing the optimal number of inductors requifegther research, which is expected in
future.

7. Conclusions
Review of available research allowed one to idgntife general standards applied to magnetic
systems of processing units with radial plasma $lofccording to these requirements, an analysis of
such magnetic systems was carried out. At the getaege of the research, it is hard to assert that a
system with four inductors is the most efficienepwhich is why it is necessary to carry out furthe
study of the optimal number of inductors relatigertput power, material intensity, power costs, and
design specifications.

Irregularity of cathode target sputtering will beadyzed in further work.
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