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Abstract— The demand for catalytic and nanostructured
materials is growing, which contributes to the development of
new methods and technologies for their synthesis. Magnetron
sputtering in vacuum is one of the popular methods for this
task, characterized by simplicity, flexibility of use, and high
productivity; However, it has a number of disadvantages, the
main of which is the inhomogeneity of the intensity of the ion
bombardment of the target, which causes the formation of a
narrow zone of erosion and rapid wear of the target material,
respectively, inhomogeneity in the thickness and composition of
the materials obtained. The innovative design and technology of
planar magnetron sputtering with a rotating magnetic block
presented in the article completely eliminate these and other
disadvantages. Among the innovations: an original
mathematical method for calculating the configuration of a
closed magnetic field, which made it possible to implement a
new physical mechanism of magnetron sputtering of the target
surface. The improved stability of technological processes and
the possibility of controlled operation of them make it possible
to obtain high quality two-dimensional materials. In addition,
the article presents a method developed by us for magnetron
ion-plasma electrodispersion in vacuum of a bulk target
material, based on the creation of a compact reactor for the
synthesis of catalytic nanoparticles and three-dimensional
nanostructured materials. The content of the method lies in the
formation of a flow of charged liquid macrodroplets of the
target material and a zone of cascade fission of macrodroplets in
the volume of a toroidal magnetron plasma continuously
moving above the target surface. The principle of operation of
the reactor provides a wide possibility of creating conditions for
the formation of monodisperse nanomaterials, homogeneous in
chemical composition and with an amorphous structure. Due to
the uniqueness of the presented technology, it can be tested for
successful use in the context of obtaining such important
materials for today, which could be effectively implemented in
the fight against the covid 19 pathogen.
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. INTRODUCTION

The growing demand for highly efficient catalytic materials,
such as, for example, two-dimensional composite catalytic
materials, intermetallic  compounds in catalysis,
nanocatalysts, etc., has led to the development of new
innovative methods and technologies for synthesis. Among
the numerous methods for preparing catalytic materials, a
prominent place is occupied by the method of magnetron
sputtering in vacuum. The method is distinguished by its
simplicity, flexibility in use, and high productivity.
Currently, magnetron sputtering is one of the main
widespread vacuum methods for obtaining not only catalytic
materials [1,2,3,4], but also materials for biomedical
purposes [5,6,7,8,9,10,11], for devices in the field of
renewable energy, etc. [12,13,14]. In recent years, there is a
stabile high interest in research in this area (Fig. 1). Source of
information Google.
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A. Planar magnetron sputtering device

The main line of development of magnetron sputtering
technology in vacuum until now has been associated with the
development of a planar magnetron sputtering system in the
70s of the last century. In 1973 J.F. Korbani and in 1974 J.S.
Chapin proposed the design of a magnetron sputtering device,
the operating principle of which is shown in (Fig. 2)[16,17].

/ 3
/ ﬁi_”_
’ 74 E\
‘ “
7 /X, / / /

Target's nonuniform wear area

Fig.2. Flat-cathode magnetron spraying apparatus
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1 - cathode assembly, 2 - anode, 3 - permanent magnets, 4 -
target, 5 - holder of the magnetic system, 6 - configuration of
the magnetic field, 7 - magnetron plasma, 8 - substrate, A -
coolant inlet, B - coolant outlet

However, along with its great popularity, the method has a
number of disadvantages: heterogeneity intensity of ion
bombardment of the target; the target erosion zone has the
form of a deep and narrow ring-shaped recess, which reduces
its service life and complicates the technological process;
inhomogeneity in thickness and composition of the obtained
two-dimensional composite catalytic materials. The
utilization factor of the target material does not exceed 30%
of its volume (Fig. 3).

Fig.3 Ineffective use of the target material
a) Z.V.Berishvili et.st [18, 2017];
b) Shyjumon I, Ph.D. Thesis (Greifswald: Greifswald
Univ., 2005)

B. Innovative planar magnetron sputtering device

A real breakthrough in the design of new constructions of
magnetron sputtering devices and coating technologies is the
emergence of a new generation of magnetron sources created
by us - a planar magnetron sputtering device (PMSD) with a
rotating magnetic unit [18].

The main advantages of the innovative PMSD are:

A liquid cooling system in which a flow of coolant is used
in a cathode assembly to rotate a magnetic unit;

o
Fig. 4. Construction of PMSD with rotating magnetic
block.
1—cathode assembly, 2—magnetic system holder,
3—array of permanent magnets, 4—annular target cathode,
5—anode, 6—magnetic conductor, 7—plasma (area of
erosion), 8—coolant inlet, 9—coolant outlet

Due to the movement of the coolant in the cathode
assembly with large-scale turbulence, it acquires an increased
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ability to absorb heat (approximately 3-4 times), and this
provides effective cooling of the sputtered target and the
cathode assembly as a whole (Fig. 4) [19].
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Fig. 5 Construction of PMSD with rotating magnetic
block

1 - cathode assembly, 2 - array of permanent magnets, 3 -
annular target cathode, 4 - anode, 5 - plasma (area of erosion),
6 - substrate, 7 — turbine, A - coolant inlet, B - coolant outlet,
C - spray of particles

The use of traditionally used structural elements of the
turbine in PMSD for rotation of the magnetic system ensured
high reliability during operation of the magnetron (Fig. 5).

To ensure a uniform zone of erosion of the sputtered disk
target and stability of the stationary state of the plasma, its
region above the target must be closed and have a constant
width. Expression for the axial line, which determines the
optimal configuration of the plasma region:

2 2
AT — 10 Tp

o+C= — arccos—
I'o r

where ¢ and r are the coordinates of the current point of the
involute in the polar coordinate system with the pole at the
center of the circular target; r_0 is the radius of the
non-sprayed area of the target. C is a constant coefficient
determined from the condition of the involute cliquishness
[20].

Fig.6 Configuration of a closed magnetic field and
amortized target

1 —r, - radius of the non-sputtered target zone, 2 - R - outer
radius of the target sputtering zone, 3 - involute line, 4 -
amortized target, 5 - flat bottom of the target erosion zone.
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The use of the mathematical method of calculation made it
possible to create such a configuration of a closed magnetic
field, in which the intensity vector during rotation is parallel
to the surface of the target in almost the entire area above the
round target; The inhomogeneous intensity of ion
bombardment in the stationary mode, with the rotation of the
magnetic system, is transformed into a new physical
mechanism of magnetron sputtering of the target surface,
which has a significant effect on the stability of technological
processes and the physical characteristics of the obtained
two-dimensional films of catalytic materials.

a) b)

Fig.7 A picture of the process of erosion of a disk target
a) Efficient use of the target material, Z.VV.Berishvili
et.st [18, 2017];
b) Profile of the target before and after sputtering.

A new innovative picture of the process of erosion of a
round target has been implemented, which allows during the
sputtering process to keep the profile of the bottom of the
target erosion zone flat and uniform on 80-90% of its surface,
and further in the volume (Fig. 7) [21,22].

C. Electrodispersion methods

The prospect of using nanoparticles is mainly related to
two circumstances. First, as the particle size decreases, the
number of atoms on the surface increases and their number in
the volume decreases. Consequently, catalysts consisting of
nanoparticles have a large surface area and are active in homo
and heterogeneous reactions. Second, this is the size effect;
many characteristics of nanoparticles depend on their
structure and size. Consequently, the retention of the
amorphous structure and a decrease in the diameter of
nanoparticles to several nanometers can enhance the activity
and selectivity of nanocatalysts and nanostructured materials.

Laser electrodispersion - is a recently developed method
of electrodispersion [23] that provides an conversion of
mono- and bimetallic materials into amorphous
nanoparticles. The implementation of this method is based on
the use of the process of electrodispersion of the material of a
metal target under the influence of a high-power
plus-periodic laser. Under the action of a laser pulse, a hot
plasma of the laser torch is formed near the target surface, the
temperature and density of which is determined by the
material of metal and the target irradiation conditions. In the
plasma of the laser torch, liquid metal droplets injected from
the target surface are charged to a critical value, up to the
capillary (Relay) instability threshold, upon reaching which
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the droplets begin to split, generating many smaller
(daughter) droplets. The daughter drops are charged above
the instability threshold, and as a result, the process of
cascade division begins. An abrupt termination of division
occurs when the size of daughter droplets reaches several
nanometers. It is important that, due to rapid cooling, the
resulting solid nanoparticles do not have time to crystallize
and remain in an amorphous state. The average size of the
obtained monometallic (Cu, Ni, Pt, Pd, etc.) and bimetallic
(NiPd, NiAu, etc.) nanoparticles is about 2-4 nm, and the
relative dispersion is about 10%. Thus, the particles obtained
by the method of laser electrodispersion can be considered
monodisperse. The combination of monodisperse size
distribution and amorphous state of nanoparticles makes
them a unique material for use in catalysis [24, 25, 26].

D. Electrodispersion of liquid droplets in a vacuum -

Is a method for producing nanoparticles in a vacuum
involves dispersing a material by applying an electric field
with a voltage at the tip of the apex of 107 V / cm to a cathode
made of a conductive material with a tip curvature radius of
no more than 10 um. The resulting liquid droplets are fed into
a separate vacuum chamber, where an electric discharge
plasma is created in an inert gas at a pressure of 10-2-10-1 Pa.
At the same time, the plasma is affected by a magnetic field
with a strength of at least 600 G, perpendicular to the electric
field. This ensures that the droplets reach a charge exceeding
the critical value of the Relay instability threshold, leading to
cascade fission, nanostructuring of liquid microdroplets, and
their rapid solidification [27, 28].

Magnetron electrodispersion is a method of magnetron
ion-plasma electrodispersion of liquid-phase drops in
vacuum based on the creation of a compact reactor for the
synthesis of nanoparticles. The original design of the
magnetron reactor and the technology of ion-plasma
electrodispersion are described in the patent document [29].
The method developed by us for the formation of catalytic
and nanostructured materials during the sputtering of the
target material includes the formation of a flow of
macrodroplets in the target region and their cascade fission in
the region of a toroidal magnetron plasma. The formation and
electrodispersion of macrodroplets occurs under the action of
intense ion bombardment of the target between the inputs and
outputs of the magnetic field lines in a closed-loop
configuration. The configuration of this closed magnetic field
contour with a target erosion zone width of 2-5 mm provides
stimulation in the active zone of "electrical instabilities, such
as arcs" [30] or “the spoke's edge” [31,32] and accompanies
the formation of a magnetron ion-plasma electrodispersion of
liquid-phase drops. At the same time with the atomized atoms
and molecules, macrodroplets fly out from the target surface
and getting caught the volume of the toroidal magnetron
plasma. Sputtered atoms and molecules of the target material
freely pass through the toroidal magnetron plasma and are
precipitated on the substrate. Macrodroplets of the target
material in the volume of a toroidal magnetron plasma
undergo additional charging and further, as a result of the
development of the process of Relay or capillary instability in
the plasma, cascade fission. Daughters of a macrodroplet
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formed in the process of cascade fission are also unstable, and
we get a cascade decay of droplets to the size

(min =810 "eo 5). At this size the particles lose charge
as a result of the electronic emission [33]. The process
self-organization, i.e.of cooling and solidification of
nanoparticles occurs outside the plasma region in a vacuum
space, when they freely fall along a spiral trajectory between
the target surface and the substrate holder (Fig. 9).

This excludes the risk of an increase in the size of
nanoparticles as a result of maturation or Oswald
agglomeration. As a result of rapid cooling (cooling rate ~
106 K / s), the resulting nanoparticles keep their spherical
shape and amorphous structure. Exactly Similar to the
method of laser electrodispersion, the size of nanoparticles is
2-4 nm, and the relative dispersion is about 10% (Fig.8) [29].

B

a) b)

Fig.8. a) Vacuum apparatus for magnetron ion-plasma
electrodispersion;

b) Innovative planar magnetron sputtering

device with rotating magnetic block

1 - vacuum chamber, 2 - anode, 3 - cathode, 4 - liquid
cooling system, 5 - disk target, 6 - matrix of permanent
magnets, 7 - substrate, 8 - holder substrate, 9 - rotating
magnetic field, 10 - generated magnetron plasma. A - coolant
inlet, B - coolant outlet

The method of magnetron ion-plasma electrodispersion of
liquid-phase droplets for the production of two-dimensional
catalytic and three-dimensional nanostructured materials is
characterized by high stability of technological processes and
the possibility of their controlled operation, environmental
safety. The proposed reactor for magnetron electrodispersion
can be used for the synthesis and production of not only
mono- and bimetallic thin-film materials for biomedical use,
but also composite, semiconductor, oxide, nitride, etc. highly
dispersed catalytic and nanostructured materials.

E. The potential and role of nanotechnology in the fight

against COVID-19

The modern scientific community is trying to find ways to
meet and solve the problems facing humanity. Mankind is
facing a pandemic today. In order to overcome it, it is
necessary to study in detail this biggest problem.We can talk
about our technology and materials as their successful use to
obtain materials that are very important today, i.e. to develop
antiviral drugs that can be effectively used in the fight against
COVID-19. We cannot disagree with Jeremy Ferrar: "The
only way out of this pandemic is through science.” Humanity
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today is faced with the greatest danger that can only be
overcome with the help of scientific advances. This is a quite
difficult task, especially when we look at the properties and
construction of the Covid-19 virus(Fig.9). The viral surface
proteins spike, envelope and membrane are embedded in a
lipid bilayer envelope derived from the host cell. The
single-stranded positive-sense viral RNA is associated with
the nucleocapsid protein [34].

Nucleocapsid
protein (N) Membrane

\ / glycoprotein (M)

Spike
protein (S) _=

Envelope
protein (E)

-

4nm

a b
Fig.9 Sizes of Covid 19 and our nanoparticle

a-Schematic diagram of the SARS coronavirus structure,
b- nanostructured material of spherical shape and
amorphous structure

To neutralize the virus, materials are needed that can
penetrate it. It is expected that the proposed method and
technology for the synthesis of spherical nanoparticles,
amorphous structure and less than 4 nm in size can attach to
Spike protein (S), or easily penetrate into the Nucleocapsid
protein (N), disrupting the structure of the coronavirus and
destroying them.

In medicine, a lot of research is being carried out on the use
of nanomaterials as antiviral remedies. For example, ZnO
nanoparticles are well known in biomedicine, which are
highly effective and do not have toxic side effects [36,37,38].

Our article [39,40] and report [41] at an international
conference was devoted to the possibility of obtaining these
materials using the innovative method we presented.

In addition, nanostructured materials could become
alternative to toxic chemicals used in healthcare facilities as
disinfectants. It is believed that nanomaterial coatings and
alloys have antiviral and antibacterial properties due to the
release of ions that disrupt the functioning of living cells.

Il. CONCLUSIONS

This paper reveals the advantages of an innovative method
and technology for the synthesis of two-dimensional catalytic
and three-dimensional nanostructured materials,
characterized by high stability of technological processes, the
ability to control them, and environmental safety. The
proposed reactor for magnetron electrodispersion in vacuum
can be used to obtain not only composite, oxide, nitride, etc.
highly dispersed catalytic and nanostructured materials, but
also nanomaterials for biomedical purposes.
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