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In the present paper, the results studying the technological regimes of reactive magnetron sputtering in cluster
set-up with two planar magnetrons, plasma source and medium energy ion source are presented. Magnetron current-
voltage characteristics as well as dependencies of the magnetron current, voltage and the total pressure in the cham-
ber on the reactive gas flow are presented with emphasis on the features of the joint work of the two magnetrons
with targets of different materials using different reactive gases. The technological “window” is determined on the

basis of the measured characteristics.
PACS: 52.77.-j, 81.15.-z

INTRODUCTION

In previous study [1], the results of elaboration and
investigation of cluster technological setup for synthesis
of complex compound composites were demonstrated.
The presented set-up consists of complimentary DC-
magnetron system, RF-inductive plasma source and ion
source. The set-up system allows to form the fluxes of
metal atoms, chemically active particles, and ions inde-
pendently from each other, as well as to synthesize the
thin films of complex compound composites, including
nano composites.

The results of studying the different module compo-
nents were published previously: the research of the
low-pressure DC magnetron [2]; the research of arcing
processes at the magnetron target in the oxygen atmos-
phere [3]; the research of the target passivation [4]; the
research of the RF inductive plasma source [5].

On the base of this module we designed the experi-
mental multifunctional cluster ion-plasma system with
parameters corresponding to the demands of industrial
operation. The main purpose of this system is synthesis
and processing of complex-composite (including nano-
composite) coatings and structures based on TiAIN,,
TiAIO,, Al,O3, ZrAlO, and their combinations. Peculi-
arities of the system operation with reactive gas filling
were reported in [6] where the results of measuring the
current-voltage characteristics of magnetron discharge
with various target materials in argon mixtures with
oxygen and nitrogen were presented.

The experiments showed that the magnetron dis-
charge in reactive atmosphere can glow in two modes
with hysteretic transition between them. However, these
results were insufficient for understanding the double-
magnetron system operation in the reactive gas. The
present paper describes the results of studying the sim-
ultaneous operation of two magnetrons with emphasis
on mutual influence of the magnetron discharges on
each other. Basing on the obtained results the deposition
technology of ZrAlOx coatings is developed.

1. EXPERIMENTAL SETUP

The cluster set-up is schematically shown in the
Fig. 1. The system consists of two low-pressure magne-
trons 2, 7 located at different sides of the chamber, the
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RF inductive source of plasma and activated particles of
reactive gas 3 located inside the chamber. The relative
location of these components is chosen to provide the
possibility of the simultaneous action on the processed
surface of the flows of metal atoms, activated particles
of reactive gas and ions of rare or reactive gas.
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Fig. 1. Scheme of the cluster set-up for complex compo-
site compounds synthesis. 1, 6 — DC magnetron power
supply; 2, 7 — magnetron; 3 — RF ICP source; 4 — RF

generator; 5 — RF matchbox; 8, 11 — shutter; 9 — pulsed
power supply for samples polarization; 10 — samples

rotation system
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A planar magnetron with permanent magnets is used in
the system (Fig. 2). The magnetron power supply allows
to bias the magnetron target at up to 1 kV negative po-
tential at the discharge current up to 20 A, maximum
power of the supply is 6 KW. The magnetron targets of
170 mm diameter are made of aluminum, zirconium or
titanium. Distance from the target to the processed sam-
ples is variable within the limits 100...500 mm in the
case of pure magnetron deposition, and is fixed in ap-
proximately 300 mm for the case of simultaneous oper-
ation of the magnetron and the ion source.
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Fig. 2. CVC of two magnetron discharges with Zr (lines
1, 2) and Al (lines 3, 4) targets. a — working gas is pure
argon; b — mixture of argon and oxygen. Lines 1 and 3
correspond to single-magnetron operation; lines 2 and 4
show influence of second magnetron. Base argon pres-
sureP=1.5 x 10 Torr

2. EXPERIMENTAL RESULTS

The oxide Al,O3 and ZrO, coating is deposited in
high vacuum pumping system with the base pressure
about 107 mBar. There is the problem of target oxida-
tion during deposition process. Under the excessive ox-
ygen flow conditions the process shifts to the target pas-
sivation regime. The sputtering process should be made
in the regimes far from the target passivation both for
aluminum and for zirconium target materials for oxide
coatings deposition with highly stoichiometric composi-
tion. Such deposition conditions allow also to avoid
micro-arcs and micro-drops formation increasing the
corrosion resistance.

The problem of micro-arcs and micro-drops for-
mation becomes actual during simultaneous operation of
two magnetrons. Fig. 2 presents the current-voltage
characteristic (CVC) of the magnetrons with targets of
aluminum and zirconium in pure argon (see Fig. 2,a)
and in mixture of argon with oxygen (see Fig. 2,b).

As can be seen from Fig. 2,a, the CVCs for magne-
trons with Al and Zr targets are significantly different
for pure argon, while the influence of each magnetron to
other is not observed.

In Fig. 2,b the CVCs for the Al and Zr targets are
shown for the mixture of argon and oxygen. As can be
seen from the figure, all the CVCs are S-shaped, and
consist of the transition region and two saturation re-
gions: the higher one for pure argon, and the lower one
appearing in the target passivation mode at sufficiently
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high flow of oxygen. There is a region with a negative
slope for medium flow values of oxygen. One can also
see that a hysteresis is observed in the transition region.
The width of the hysteretic loop increases at the reactive
gas flow increase. The S-shaped curve can be passed
completely for small gas flow values, but above a cer-
tain threshold value the slope of the S-curve becomes
greater than the slope of the load curve of our power
supply and abrupt transition happens from the pas-
sivation regime to the "metallic" mode. With further
reactive gas flow increase, the exit current from the pas-
sivation appears too high, so the power of the power
supply is insufficient.

When two magnetron operate (see lines 3, 4 in the
Fig. 2,b) then the significant influence of one magnetron
on the other is observed. The hysteresis of CVC of each
magnetron shifts to lower values of the discharge cur-
rent.

The Fig. 3 demonstrates the hysteretic of magnetron
voltage versus the oxygen flow rate. Fig. 3,a shows that
the passivation of the two magnetron targets does not
occur simultaneously. When one magnetron enters the
passivation mode then the voltage on the second magne-
tron decreases stepwise, that is caused by sharp increase
of oxygen partial pressure in the chamber. Further in-
crease of the oxygen flow induces the second magnetron
transition to the passivation mode. Exit from the pas-
sivation mode occurs in reverse order.

If one chooses the power of the magnetron discharge

so that the transition to the passivation mode of both
magnetrons occur for similar flow of reactive gas, then
the picture is somewhat different one. When the first
magnetron reaches the critical oxygen flow, then it
switches to the passivation mode thus releasing some
additional amount of oxygen, that is sufficient for the
second magnetron jump to passivation mode. Thus, both
magnetrons switch into the passivation mode (and vice
versa) simultaneously. One can also observe from the
Fig. 3,b the shift of the hysteresis region to higher val-
ues of oxygen flow rate when two magnetrons operate
simultaneously.
The obtained results allow choosing the “process win-
dow” for the synthesis of oxide coatings of Al, Zr and
their combinations. The experiment shows that success-
ful synthesis of stoichiometric oxide film is possible
only within a narrow “window” on the oxygen flow rate
axis. At lower rates only non-stoichiometric non-
trasparent film can be obtained while the oxygen flow
rate increase above the “window” causes arcing at the
magnetron target leading to contamination of the grown
film by metallic droplets. Adjusting the position of the
plasma source in relation to the magnetrons one can
achieve the situation when the “process window” is
shifted above the hysteresis by the voltage axis so that
the coating process takes place in the “metallic mode”
far away from the area of passivation and microarcs.

For Al and Zr targets, the oxide coating should be
deposited in the "metallic mode", i.e. when the target is
far from passivation. This is necessary to avoid
microarcs and, as a consequence, the droplets. These
conditions are satisfied at the upper part of the lines
higher than the hysteresis.
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any mutual influence of two magnetrons is absent. On

600 the contrary, the interference between two magnetrons

500 R e N causes the hysteretic region shift in CVC towards lower

= currents in the case of oxygen usage as a reactive gas.

400 e The similar shift in the magnetron discharge voltage
. S AN i

7 300 e dependence on the oxygen flow rate is observed towards

higher values of the flow rate. Basing on the research

200 results it is found that it is most expedient to deposit the

100 oxide coatings at the top branch of the CVC, i.e. in "me-
tallic mode".
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The obtained results allow us to choose the “process
window" for the synthesis of oxide coatings of Al, Zr
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charge in noble (Ar) and reactive (O) gases for different
target materials (Al, Zr) and their interdependence is
reported in the present paper. It is shown that in pure Ar
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KJACTEPHASA YCTAHOBKA C IBYMA MATHETPOHAMM JJIAA CUHTE3A MUKPO-
U HAHOCTPYKTYPHBIX IOKPBITHUM

C. Axosun, A. 3vixos, C. /[youn, M. Cepzueuy, B. @apenuk

[pencraBieHsl pe3yIbTaThl UCCIEIOBAHUS TEXHOJIOTHYECKUX PEKUMOB PEAKTUBHOIO MarHETPOHHOT'O HAITbLIe-
HHS B KJIACTEPHOW YCTaHOBKE C JIBYMs IIOCKHMHM MarHeTpOHaMH M MCTOYHHKOM IUta3Mbl. [IpencraBnenst BAX
MarHeTpOHOB, a TAK)Xe 3aBUCHMOCTH TOKA ¥ HANPSDKSHHS MarHETPOHA M JaBJICHHS B KaMepe OT MOTOKA PEaKTHBHO-
rO ra3a ¢ akleHTOM Ha OCOOCHHOCTSIX COBMECTHOH paboThl JByX MAarHETPOHOB C MHUILICHSIMH W3 Pa3iIMYHbIX MaTe-
puasnoB. Ha ocHOBaHMH M3MEpPEHHBIX XapaKTEPUCTHK OIPEEIIEHO ONTUMANIBFHOE ""TeXHOJIOTHUECKOE OKHO".

KJIACTEPHA YCTAHOBKA 3 IBOMA MATHETPOHAMM J1JIs1 CUHTE3Y MIKPO-
TA HAHOCTPYKTYPHUX NOKPUTTIB

C. Axogin, 0. 3ukos, C. /[yoin, M. Cepzieus, B. @apenik

IpezncraBiieHi pe3ynbTaTh JOCIIIHKEHHS TEXHOJIOTIYHUX PEKUMIB PEAKTUBHOTO MAarHETPOHHOTO HAIIMJIFOBAHHS
B KJIACTEpHIN YCTaHOBII 3 IBOMa INIOCKUMH MarHeTpoOHaMu 1 Jukepenom mia3mu. [Ipencrasneno BAX maraerpoHis,
a TAKOX 3aJIXHOCTI CTPYMY 1 HaIpyTu MarHeTpoHa Ta TUCKY B KaMepi BiJl IIOTOKY PEakTHBHOT'O ra3y 3 akKIlEHTOM Ha
0COOJIMBOCTSIX CITIJIBHOT pOOOTH JIBOX MAarHETPOHIB 3 MILIEHSAMHM 3 pi3HHUX MaTepiaiiB. Ha 6a3i BUMipsiHUX XapakTe-
PHUCTHK BU3HAYEHO ONTHMAJIbHE "TEXHOJIOTI4HE BIiKHO".
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