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At present study the result of development and investigations of cluster technological set-up for synthesis of
complex compound composites is demonstrated. The present set-up consist of complimentary DC-magnetron system,
RF-inductive plasma source and ion source. The system allows to independently form the fluxes of metal atoms,
chemically active particles, ions and also to synthesize the thin films of complex compound composites, including
nanocomposites. Various types of high-quality coatings such as Al,O3, AIN, TiO,, TiN, ZrO, and others with thickness
up to 10 mkm have been synthesized using the described set-up.
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1. INTRODUCTION

The planar DC magnetrons are widely used for
deposition of metallic coatings [1, 2]. At the present time
the synthesis of dielectric films such as TiO,, Al,O;,
TayOs; etc. encounter significant problems at simple
reason that these compaunds do not conduct the direct
current of charged particles. It results in the magnetron
target passivation, intence arcing, "disappearind anode"
phenomenon and various discharge instabilities. All of
this considerably narrows the technological "window" for
synthesis of high-quality coatings [3-5].
To solve these problems the technological module
was developed for the reactive synthesis of complex-
composite coatings such as oxides and oxynitrides on the
base of DC magnetron and RF inductive plasma source
[6]. The research results of the different module
components were published previously:
o the research of the low-pressure DC magnetron [7];
o the research of arcing processes at the magnetron
target in the oxygen atmosphere [8, 9];

e the research of the target passivation [10];

e the research of the RF inductive plasma source
[11].

The research of the technological module operation
was also conducted in technology of high-quality Al,O;
coatings synthesis [12].

On the base of this module we created the
experimental multifunctional cluster ion-plasma system
with parameters corresponding the demands of industrial
operation. The main purpose of this system is synthesis
and processing of complex-composite (including
nanocomposite) coatings and structures based on TiN,
AIN, Ti0,, Al,Os, ZrO, and their combinations.

The basic novelty of the present work is the
combination in one cluster vacuum-plasma system of few
compatible sources of flows of metals, ions, chemically-
active particles for the sequential or simultaneous
processing of micro- and nano-structures.

2. EXPERIMENTAL SETUP

The cluster set-up is schematically shown in the
Fig.1. The system consists of the low-pressure magnetron
2 located on the butt end of chamber, the RF inductive
source of plasma and activated particles of reactive gas 3
located inside the chamber, the ion source 8 located on

lateral flange of the chamber. The relative location of
these components has been 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.

In the system a planar magnetron with permanent
magnets was used (Fig. 2). The magnetron power supply
allows to bias the magnetron target at up to 1 kV negative
potential at the discharge current up to 20 A, maximum
power of the supply is 6 kW. The magnetron targets of
170 mm diameter is made of aluminum, zirconium and
titan. Distance from the target to the processed samples is
variable within the limits 100...500 mm in the case of
pure magnetron deposition, and is fixed in approximately
300 mm for the case of simultaneous operation of the
magnetron and the ion source.

The RF inductive plasma source 3 serves as plasma
activator of the reactive gas, and also produces a stream
of slow ions and electrons. It is applied for the surface
clearing of workpieces and is compatible with the
magnetron for deposition of metal oxides and nitrides.
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Fig. 1. Scheme of the cluster set-up for complex compos-
ite compounds synthesis. 1 — DC magnetron power sup-
ply; 2 — magnetron; 3 — RF ICP source; 4; 6 — RF gen-

erator; 5, 7 — RF matchbox; 8 — ion source; 9 - DC
power supply; 10 — pulsed power supply for samples po-
larization; 11 — samples rotation system; 12 — shutter

The plasma source is placed inside the vacuum chamber
that allows to choose the optimum relation between the
distances from the magnetron to samples and from the
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plasma source to samples. Plasma in such source is
concentrated in the discharge chamber made of a ceramic
tube (Fig.3). At the source exit the perforated metal
screen is erected which restricts the plasma and provides a
pressure drop between the source volume and the
technological chamber.

Ceramic tube

Fig. 3. RF ICP source

The RF inductive plasma source is supplied with the
RF power up to 1 kW (frequency 13.56 MHz) by the RF
generator 4 which is connected to the inductive coil by
trough the RF matchbox 5.

The ion source 8 produces the 50...500 eV ion beam
directed to the processed samples and can be applied as
standalone device for etching of the samples, the ion
polishing, and cleaning the surface before the coating
process as well as simultaneously with the magnetron
discharge for synthesis of coatings with different unique
properties. The construction of the ion source illustrated
by the Fig. 4.

Gas inlat
Wader cosling

Faraday shield

Inductive coil

0,8

0,6

~ 02} 2
1

0,0

-30 20 -10 0 10 20 30

Probe position, cm

Fig. 5. Radial distributions of ion current density to the
substrate holder for magnetron plasma (1) and ICP (2)

Using the pulsed power supply 10 for the workpieces
polarization it is possible to apply a constant voltage or
impulses of different duty cycle to the rotated substrate
holder 11.

3. EXPERIMENTAL RESULTS

The basic idea of the plasma activated reactive
synthesis of oxide coatings consists in the separation of
two processes: metal target sputtering using a direct
current magnetron in inert gas and activation of the
reactive gas by means of the additional plasma source
based on the RF inductive discharge. The important
condition of the technology is to deliver the activated
reactive gas as close as possible to the processed surface
increasing the effective partial pressure of the reactive gas
in the synthesis region. In this case the useful range of
parameters is much wider due to keeping the target in
metallic mode.

In Fig. 5 the radial distribution of the ion current
density to the substrate holder is presented separately for
the magnetron plasma and RF inductive plasma. At the
working pressure the streams of ions and species are
distributed approximately at cosine law.

This technology was initially developed for the
Al)O5 coatings synthesis [6, 12], but to the moment it has
been adopted to synthesis of other dielectric materials
such as ZrO,.

For the synthesized coatings the researches of
adhesion, properties of elasticity and plasticity, corrosion
durability have been carried out.

The most interesting property of the dielectric
coatings like ALO;, ZrO, is their unique corrosion
resistance. The corrosion resistance of single-layer and
multilayer structures Al,O;, TiN/ALO;, AI/AL,O; has
been measured using the electrochemical method in
relation to corrosion resistance of SW7M steel (Fig. 6).
One can see from the Fig.6 that the combination
TiN/Al,O; has the highest corrosion resistance.
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Fig. 6. Anode polarization curve, obtained by
potentiodynamic method for SW7M steel sample
without a coating and with TiN and Al,O3 coatings

4. CONCLUSIONS

The multifunctional cluster ion-plasma technological
system for synthesis and processing of complex
composite (including nanocomposite) multilayer coatings
and structures in particular TiN, AIN, TiO,, Al,Os;, and
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their combinations has been created. The parameters of
the system correspond the demands of industrial
operation:

Magnetron power — to 10 kW;

Size of processed surface — to 500 mm;

Deposition rate — to 10 um/hr;

Process cycle — about 2 hours.

The system consists of the following complementary
plasma modules:

1. The low pressure unbalanced magnetron ;

2. The RF inductive source of plasma and activated

reactive gas;

3. The ion source;

4. DC/pulsed samples polarization system .

The basic novelty of the present work is the
combination in one cluster vacuum-plasma system of few
compatible sources of flows of metals, ions, chemically-
active particles for the sequential or simultaneous
processing of micro- and nanostructures.
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HHTEI'PAJIBHASI KIACTEPHASI YCTAHOBKA JIVISI CHHTE3A CJIOKHOKOMITO3UTHBIX CTPYKTYP
C.. Axoeun, C.B. /Iyoun, A.B. 3vikoe, B.H. @apenux

[IpencraBneHbl pe3yabTaThl pa3pabOTKH U HCCICAOBAHMS TEXHOJOTMYCCKOW YCTAHOBKH JUIs CHHTE3a CJIOXKHO-
KOMIIO3UTHBIX COCIUHCHUN HAa TMOBEPXHOCTH. YCTAHOBKA COCTOUT M3 KOMIUIEMEHTAPHBIX MOJYJICH MarHeTpoHa
MMOCTOSIHHOTO TOKa, BU-WHIyKIIMOHHOTO MCTOYHHKA IUIa3Mbl M UCTOYHHKA MOHOB. CHCTEMa IO3BOJIICT HE3aBHCHUMO
(hopMHUpPOBATh TMOTOKA METALUIMYECKUX aTOMOB, XMMHYCCKH AKTHBHBIX YACTHIl, NOHOB WM CHHTC3UPOBATH TOHKHE
CJIO)KHOKOMITO3UTHBIC TUICHKH, BKJIFOYasi HAHOKOMIO3UTHL. Ha IpeicTaBIeHHOM yCTaHOBKE OBLIH MOTYUYCHBI pa3IHYHBIC
THUIBI BBICOKOKaYECTBEHHBIX MOKPHITHH, TakuX Kak Al,O;, AIN, TiO,, TiN, ZrO, u ap., TommuHoi 10 10 MxM.

IHTEI'PAJIBHA KJIACTEPHA YCTAHOBKA JIJI51 CUHTE3Y CKIAJHOKOMITIO3UTHUX CTPYKTYP
C . Axoesin, C.B. yoin, O.B. 3uxos, B.1. @apenix

[IpencraBneHo pe3ynbTaTH poO3pOOKH 1 JOCHIIHKEHHS TEXHOJOTIYHOI YCTAaHOBKHM [UIS CHHTE3Y CKIAIHO-
KOMITO3UTHHX CIIOJIyK HAa TOBEPXHI. YCTaHOBKA CKJIQJAETHCS 3 KOMIUIEMEHTAPHUX MOJYJIB MarHeTpOHAa IMOCTIHHOTO
ctpymy, BU-inaykiiiiHoro pkepena riasmMu 1 jpkepena ioHiB. CucTema J03BOJISSE HE3AICKHO (DOpMyBaTH MOTOKH
METAJICBUX aTOMiB, XiIMIYHO aKTUBHUX YaCTOK, 10HIB 1 CHHTE3yBaTH TOHKI CKJIQJHOKOMITO3MTHI IUTIBKH, BKIIFOUAFOUH
HaHOKOMIO3uTH. Ha 11iii ycTaHOBII OyJI0 OTPUMAHO Pi3HI TUITH BHCOKOSIKICHUX MOKPHUTTIB, TakuX K Al,Os3, AIN, TiO,,
TiN, ZrO, Ta iH., TOBIIMHOIO A0 10 MKM.

154



	1. INTRODUCTION 
	2. EXPERIMENTAL SETUP 
	3. EXPERIMENTAL RESULTS 
	4. CONCLUSIONS  
	REFERENCES 

