https://doi.org/10.46813/2020-130-146
MAGNETRON DISCHARGE INTENSIFICATION FOR EFFECTIVE
DEPOSITION OF COATINGS FROM DIFFICULT SPRAY METALS
A.G. Chunadral, K. V. Sereda’, 1.K. Tarasov'?, Y.A. Vereshchaka®
'V.N. Karazin Kharkiv National University, Kharkiv, Ukraine;
2Institute of Plasma Physics NSC “Kharkov Institute of Physics and Technology”, Kharkiv, Ukraine
E-mail: agchunadra@gmail.com

The work is devoted to improvement of magnetron discharge parameters based on a standard magnetron
sputtering system (MSS) of the MAG-5 type with an additional anode magnetic trap for discharge electrons in the
conditions of localization of the discharge zone in the gap between electrodes to prevent charged particles losses.
Possibilities of such configuration of MSS for depositing of coatings of materials with low coefficient of sputtering
(tungsten) are investigated. The increase of the coating rate has been demonstrated. The mass of the deposited
tungsten increased by more than 35 % compared to the use of the same MSS without additional anode magnetic

trap.
PACS: 51.50.+v, 52.25.0Jm

INTRODUCTION

Research on increasing the efficiency of magnetron
sputtering by sharing both the combined stationary-
pulse mode of magnetron discharge and the use of
magnetic insulation of the anode are important for the
development of coating technologies, which, in turn, is
required in many fields of science and technology.
Deposition of coatings are resistant to corrosion, high
temperatures, mechanical and radiation damages is one
of the advanced tasks of modern science and
technology. Such coatings—are applied in scientific
researches as well as many fields of industry [1, 2]. For
example, tungsten (W) coatings applied in radiation
protection technologies. It should be note that W is not a
structural metal due to its high melting point of 3695 K.
Most tungsten products are obtained by spilling powder
or producing alloys. Solid—tungsten alloyed by nickel,
iron, copper and other metals, as well as a suspension of
tungsten powder with other materials in a polymer base,
are used for radiation protection. Tungsten coatings
deposited by magnetron sputtering are more prospected
and helpful for application in scientific installations for
the study of radioisotopes and/or for fusion. However,
thickness of such tungsten layer should be sufficiently
increased. From this reason, efficiency of tungsten
coatings deposition need to increase.

This paper proposes the way to increase of the
magnetron sputtering efficiency by using magnetic
insulation of the anode with a change of magnetic
configuration in the near anode space. The aim of the
work is evaluation of magnetic configuration of
magnetron system with as well as without a near anode
additional magnetic trap. The investigation of the
voltage-ampere characteristics of the discharge was
performed for choosing better magnetic configurations
for increasing of efficiency coating deposition in the
magnetron sputtering system.

1. EXPERIMENTAL EQUIPMENT

The computer program FEMM 4.0 was used to
calculate the topology of magnetic fields in the bit
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interval of the magnetron sputtering system (MSS).
Fig. 1 shows the configuration of the vacuum magnetic
field of the planar magnetron sputtering system MAG-5.
Analysis of the magnetic fields topology showed that
the MAG-5 MSS is quite well balanced. However, a
significant number of magnetic power lines near the
axis of the system close at infinity, which leads to the
loss of electrons from the discharge.

Fig. 1. The configuration of the vacuum magnetic field
of the planar magnetron sputtering system MAG-5

Additional external anode magnetic conductor was
installed to MSS MAG-5 for eliminating the loss of
electrons from the discharge. The balancing of the MSS
is also improved. As result an anode magnetic trap for
electrons of discharge plasma was created. By gradually
changing the position and geometric dimensions of the
magnetic circuit, as well as the location and parameters
of permanent magnets, the optimal design and location
of the magnetic circuit is obtained.

Fig. 2 shows the configuration of the vacuum
magnetic field of the planar magnetron sputtering
system MAG-5 with an additional anode magnetic
circuit. The formation of an anode magnetic trap led
(see marked circle in Fig. 2) to the imbalance of the
MSS in the peripheral region, which would contribute to
the loss of electrons from the discharge.
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Fig. 2. The configuration of the vacuum magnetic field
of the planar magnetron sputtering system MAG-5 with
an additional anode magnetic circuit

By gradually selecting the location of the permanent
magnets of the anode magnetic system, it was possible
to achieve the elimination of MSS imbalance in the
peripheral region. Fig. 3 shows the configuration of the
vacuum magnetic field of the planar magnetron
sputtering system MAG-5 with an additional anode
magnetic circuit without imbalance in the peripheral
region (see marked circle in Fig. 3).
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Fig. 3. The configuration of the vacuum magnetic field
of the planar magnetron spraying system MAG-5 with
boat anode magnetic wire without imbalance in the
peripheral region

However, this configuration does not completely
avoid the loss of electrons from the discharge, because
some magnetic lines of force, although closed on the
magnetic circuit, but from the outside. To solve the
problem of eliminating the residual imbalance of the
system, it was decided to increase the degree of
coverage by the magnetic conductor of the additional
anode magnetic systems of the cathode block MSS.

field of the planar magnetron sputtering system MAG-5
with an additional anode magnetic circuit
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Fig. 4 shows the finally accepted configuration of
the vacuum magnetic field of the planar magnetron
sputtering system MAG-5 with an additional anode
magnetic circuit. The imbalance of the MSS in the
peripheral region was completely eliminated; the
optimal configuration of the anode magnetic trap for
discharge electrons was achieved.

Based on the data obtained as a result of the
calculations, the design of the location in the vacuum
chamber of MSS MAG-5 with an additional anode
magnetic circuit was carried out. Fig. 5 shows a front
section of a planar magnetron sputtering system MAG-5
with a boat anode magnetic circuit.

Fig. 5. Frontal section of the planar magnetron
sputtering system MAG-5 with a boat anode magnetic
circuit: 1 — MSS MAG-5; 2 — tungsten target;

3 —anode; 4 — conclusions of water cooling and power
supply of the cathode assembly; 5 — power supply
output of the anode; 6 — isolated screen-guard of the
cathode unit; 7 — additional anode magnetic circuit;
8 — magnets that create an additional anode magnetic
field; 9 — the main insulator, which provides the ability
to operate the system in conditions of non-potential
ground; 10 — a gas supply branch pipe;

11 — the wall of the vacuum chamber

Careful electrical insulation of electrical inputs of
MSS electrodes provided the possibility of system
operation in non-potential ground with power supply of
electrodes of discharge "+" — anode, "-" — cathode, in
order to localize the discharge region between the
electrodes of discharge and prevent loss of charged
particles from gas discharge plasma.

2. RESULTS OF EXPERIMENTS
AND DISCUSSION

In the experiments, the volt-ampere characteristics
of a stationary magnetron discharge in MSS based on
MAG-5 were measured with and without an additional
anode magnetic field. Using a double probe,
comparative measurements of electron temperature and
gas discharge plasma ion density in the MSS were made
in both configurations. The method of probe
measurements is described in detail in the paper [3].

The test deposition of tungsten coatings was also
performed on copper samples with/without an additional
anode magnetic trap for discharge electrons and using a
standard MSS configuration. The efficiency of the
coating process was evaluated by weighing the samples
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before and after deposition. The obtained weight gain
Am divided by the time for which this coating was
applied, allowed obtaining the value of the rate of
coating using MSS with an additional anode magnetic
system compared to standard MSS.

Fig.6 shows the obtained volt-ampere
characteristics of the stationary magnetron discharge in
MSS on the basis of MAG-5 with/without of additional
magnetic insulation of the anode.
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Fig. 6. Volt-ampere characteristics MSS MAG-5.
The red line corresponds to MAG-5 without additional
magnetic insulation of the anode, and the blue
MAG-5 — using an additional magnetic circuit to create
an anode magnetic trap

The use of an additional anode trap causes an
increase of the discharge combustion voltage in the
MSS by about 50 V at the same discharge current as
without additional anode magnetic field. Increasing the
voltage at the discharge gap, in turn, contributes to
increasing the energy of the flow of gas ions to the
target cathode of the MSS and, as a result, increases the
efficiency of the sputtering process of the target
material.

The temperature of the electrons and the
concentration of ions were T.=4.11¢eV,
n; = 1.033-10™ cm?, correspondently when using MSS
without magnetic isolation. The growth rate of the mass
of the deposited tungsten coating achieved
Am = 0.17 pg/s.

The electron temperature and ion concentration
increased up to T.=7.506¢eV, n;=5.868-10" cm?
correspondently, at application of an additional anodic
magnetic field. The growth rate of the mass of the
deposited tungsten coating increased till
Am = 0.23 ng/s. The obtained results show that the use
of an additional anode magnetic trap in the MSS under
conditions of localization of the discharge zone in the
gap between electrodes and prevention of loss of
charged particles from the volume of gas-discharge
plasma significantly increases (by about 35.3 %) the
rate of mass growth of deposited tungsten although
tungsten has a very low sputtering ratio (S(W) = 0.6).

148

The further direction of development that exists for
this system is to use the MSS based on the MAG-5 with
magnetic insulation of the anode together with the pulse
power source for its use in the combined stationary-
pulse discharge [4]. The results obtained in previous
works allow us to expect an even higher rate of
application of tungsten coatings, with high quality
coatings (surface adhesion to the substrate, surface
structure and homogeneity, resistance to thermal and
mechanical damage), which can be used in further
scientific and technical research.

CONCLUSIONS

In this paper, the prospects of localization of the gas
discharge zone and the use of an additional anode
magnetic system for holding charged particles of gas-
discharge plasma in MSS without changes to standard
devices and without additional power supplies are
investigated.

The use of an additional anode trap for discharge
electrons leads to an increase in the voltage at the
discharge gap, which increases the energy of the flow of
gas ions at the target cathode MSS and, consequently,
increases the efficiency of the process of spraying the
target material.

Comparison of the results of the study of the
deposition rate of tungsten coatings show that the use of
additional anode magnetic trap for discharge electrons
in MSS in terms of localization of the discharge zone in
the gap between electrode and prevent loss of charged
particles from the volume of gas discharge plasma
significantly increases (approximately 35.3%) the
growth rate of the mass of precipitated tungsten.
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NHTEHCUO®UKALIUA MATHETPOHHOI'O PA3PAJIA JUISI EE@EKTUBHOI'O OCAXKJIEHUSA
MOKPBITHUM C TPYJTHOPACHBLISAEMBIX METAJLJIOB

A.I. Yynaopa, K.H. Cepeoa, U.K. Tapacos, E.A. Bepewaka

PaboTa mocBseHa MCCIEIOBAHMSM YIyYIIEHHUs MTapaMeTpOB MarHETPOHHOTO pa3psAna Ha 0ase cTaHAapTHOH
MarHeTpoHHOM pacnbuiuTensHON cucteMel (MPC) tuma MAI-5 ¢ nonmoiaHUTeNbHOM NPUHAHOAHOM MAarHUTHOM
JIOBYILIKOM AJIS 3JIEKTPOHOB pa3psAaa B YCIOBUSX JIOKATU3AIMU 30HBI pa3psaja B MEXKUIEKTPOIHOM IPOMEXKYTKE IS
NpEeOTBPAICHHS TIOTEePh 3apsDKEHHBIX YacTUI] M3 Iuia3Mbl. McciemoBaHbl BO3MOXKHOCTH TaKOi KOHGUryparuu
MPC nns HaHeceHUWsI TOKpPBITUH C MarepuaioB, MMEIOLMX HHU3KMH KoddduuueHT pacnbuieHus (Bosbppam).
IIponeMoHCTPUPOBAHO MOBBINIEHHE CKOPOCTH HAHECCHMS MOKPBITUH M JOCTUTHYT IPUPOCT MACChl HAHECEHHOI'O
BoJb(pama Oosblie, ueM Ha 35 % 10 CpaBHEHHMIO C UCIIONB30BaHHEM Toit ke MPC Ge3 cozaHusl TOTOITHUTETBHOM
MIPUAHOJHON MarHUTHOM JIOBYLIKH.

IHTEHCU®IKALOIA MATHETPOHHOTI'O PO3PAAY JJIAA EOCEKTHBHOT' O OCAJKEHHSA
IHOKPHUTTIB 3 BA’KKOPO3IIOPOIIYBAHUX METAJIIB

A.I. Yynaopa, K.M. Cepeoa, .LK. Tapacos, €. A. Bepewaka

PoGora mpucBsiueHa AOCIIIKEHHSIM IOKPAIICHHS MapaMeTpiB MarHeTPOHHOTO PO3psay Ha 0a3i craHaapTHOL
MarHeTpoHHOi po3nopoinyBanbHoi cuctemu (MPC) tuny MAI'-5 3 101aTKOBOIO MPUAHOIHOIO MarHiTHOIO MTACTKOO
JUISL €JIEKTPOHIB PO3PsAYy B YMOBax JIOKaji3aulii 30HH PO3psAy B MIKEIECKTPOJHOMY IPOMIDKKY JUIS 3amoOiraHHs
BTpaT 3apsUKEHMX 4YacTMHOK 3 mia3mu. JlocmimpkeHo MoxkimBocTi Takoi koH¢irypauii MPC paist HaHeceHHs
MOKPUTTIB 3 MaTepiamiB, SKi MalOTh HU3BKHHA KOeQiIieHT po3mopolmeHHs (Boib(ppam). IIpomeMoHCTpOBaHO
MiABUIICHHS MIBUIKOCTI HAHECCHHS ITOKPUTTIB, Ta TOCATHYTHI MPUPICT MAaCH HAHECCHOTO BOJb(paMy OiibIe, Hixk
Ha 35 % y nopiBHSAHHI 3 BUKOpUCTaHHAM Tiel )k MPC 6e3 cTBOpeHHs OAaTKOBOI MPHAHOIHOT MarHiTHOI MACTKH.
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