UDC 539.2:538.975

MAGNETRON SPUTTERING OF HIGH TEMPERATURE COMPOSITE
CERAMICS AIN-TiB,-TiSi,

L.N. Torianik!, V.M. Beresnev!, A.D. Pogrebnjak?, O.V. SoboP’, Ye.V. Beresneva!,
I.A. Podcherniaieva®, A.Yu. Kropotov'*, N.G. Stiervoiedov', P.V. Turbin'*,
D.A. Kolesnikov®, S.S. Grankin!, U.S. Nyemchenko', P.A. Srebniuk!, V.Yu. Novikov®
V.N. Karazin Kharkiv National University, Ukraine
2Sumy State University, Ukraine
$National Technical University “Kharkiv Polytechnic Institute”, Ukraine
“Scientific Center of Physical Technologies MES and NAS of Ukraine
*Belgorod National Research University, Russian Federation
®I.N. Frantsevich Institute for Problems of Materials Science, Ukraine
Received 24.09.2013

By means of the magnetron sputtering method using the DC and pulsed voltages applied to the target,
the coatings based on AIN-TiB,-TiSi, ceramics were obtained. An amorphous-like structure of the
obtained coatings was revealed. It had the area of ordering ~ 1 nm and the viscoplasticity coefficient
of 0.07. The hardness of the coatings reaches 15.3 GPa, and the modulus of elasticity is 206 GPa.
The coatings are characterized by high adhesion strength to the substrate.
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MATHETPOHHOE PACHIBIJIEHUE BHICOKOTEMIIEPATYPHOM
KOMITO3UIIMOHHOM KEPAMUKHA AIN-TiB,-TiSi,
HU.H. Topsauuk, B.M. bepecnesn, A./l. Ilorpeonsik, O.B. Co6oab, E.B. bepecnena,
N.A. ITonuepusieBa, A.}O. Kponoros, H.I'. CtepBoenos, I1.B. Typoun,

d.A. Konecunkon, C.C. I'pankun, ¥.C. Hemuenko, I1.A. Cpedniok, B.FO. HoBukos
MarHeTpoHHBIM METOAOM PaCTIbUICHHS, C TIPUMEHEHHEM MOCTOSHHOTO M UMITYJILCHOTO HAPSKCHUH
Ha MHILEHb, IOy YeHbI OKPHITHs Ha 0cHOBE kepamuku AIN-TiB -TiSi,. Beisisnieno avopgrononobuyro
CTPYKTYPY COPMUPOBAHHBIX TIOKPBITHH C 00IACTHIO YIOPSA0USHHUS ~ | HM U KO DUIIMEHTOM BsI3-
koractuyHocTH 0,07. TBepaocTs mokpeITHii octuraet 15,3 I'Tla, a Moy YIIpyTrOCTH COCTaBIsAET
206 I'Tla. ITokpeITHS XapaKTEPU3YIOTCS BBICOKON aIre€3MOHHOM MPOYHOCTHIO MO OTHOIICHHIO K
TIOJITTOXKKE.

KioueBsble ci10Ba: kepaMuKa, KOMITIO3UIIMOHHBIE TIOKPBITHSI, MATHETPOHHBIN METO/ pacIbUICHHS,
(U3NKO-MEeXaHUYECKHE CBOIMCTBA.
MATHETPOHHE PO3IUJEHHA BUCOKOTEMIIEPATYPHOI
KOMIIO3UIINHOI KEPAMIKH AIN-TiB,-TiSi,

I.M. Topsinuk, B.M. bepecnes, O./A. Ilorpednsk, O.B. Coboasb, €.B. bepecHeBa,
1.O. IloguensieBa, O.F0. Kponoro, M.I. CtepBoenon, I1.B. Typoin, /1.0O. Kosecnikos,
C.C. I'pankin, Y.C. Hemuenko, II.A. Cpedniok, B.JO. HoBikoB
MaraeTpoHHIM METOJOM PO3NMJICHHS, i3 3aCTOCYBaHHSM HOCTIHHOI Ta iIMITY/IECHOT HAIIPYT HA MiLIIEHb,
OTpHUMaHi MOKpUTTs Ha ocHOBI kepamiku AIN-TiB -TiSi,. Bussneno amopprononiony crpykrypy
cthopMOBaHMX MOKPHUTTIB i3 OONACTIO BIOPSIIKYBaHHS ~1 HM i KOe(illi€HTOM B’S3KOILTACTUYHOCTI
0,07. Teepaicts mokputtiB mocsrae 15,3 I'Tla, a mogymne npyxHocTi cknagae 206 I'Tla. I[Hokpurts

XapaKTePHU3YIOTHCS BUCOKOIO are31ifHO0 MIITHICTIO 110 BiTHOIIIEHHFO JI0 T KIaTHHKH.
KuarouoBi ciioBa: xepamika, KOMITO3UITIIHI TOKPUTTS, MATHETPOHHHA METOJ PO3MUIICHHS, (Pi3uKO-
MeXaHi4Hi BIaCTHBOCTI.

INTRODUCTION

Ion-plasma deposition methods by means of sput-
tering targets, which consist of metals or their ni-
trides, carbides and borides, can generate a wide
range of multi-component coatings. In many papers

[1 —3] various variants of such structures and their
properties have been considered.

Prospects for the use of multi-component coat-
ings containing wear-resisting and antifriction com-
ponents are associated with the possibility of ob-
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taining a new composite structures having the de-
sired physical and mechanical properties. The most
common and effective systems of coatings forma-
tion are systems based on magnetron sputtering tech-
niques [4, 5]. During the deposition process, the
amorphous structure can be formed along with the
reduction of the size of the grain and obtaining new
chemical compounds. This promotes a significant
improve to the physical and mechanical properties
of'the coatings.

In the current work, the possibility of applying
the method of magnetron sputtering of high-temper-
ature composite ceramics and formation of coat-
ings on their basis have been explored. The physi-
cal and mechanical properties of the coatings have
been studied.

EQUIPMENT AND METHODS OF
INVESTIGATION

Operational volume was a vacuum chamber made
of stainless steel with a diameter of 75 cm and a
volume of [D6 liters. The scheme of the installa-
tion is shown in fig. 1.
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Fig. 1. Scheme of the installation for magnetron sputtering
of multicomponent systems: 1 —vacuum chamber, 2 — planar
magnetron, 3 — sputtering target, 4 — substrate holder, 5 —
substrate, 6 — Langmuir probe, 7 — quartz thickness and
the deposition rate measuring instrument, 8 — pumping, 9
—observation window, 10 —water cooling, 11 — operational
gas buffing, 12 — system of control and data acquisition,
13 — photometer, 14 —ignition block, 15 —impulse power
supply unit, 16 — constant power supply unit.

As the sputtered material we used ceramics
(AIN-TiB,-TiSi,) with a diameter [180 mm and
thickness of 4 mm.

The coatings were deposited on the polished
surface of the samples of steel 45 and on the sur-
face of the silicon samples. Samples were fixed on
the substrate, which was located above on a dis-

tance of 70 mm from the surface of the sputtering
target. For comparison of the results of research,
two modes of deposition have been used: at a con-
stant voltage applied to the target and in pulsed
mode.

DEPOSITION PARAMETERS

The DC voltage applied to the sputtering target was
400V, current [ 200 mA; deposition time 95 min;
bias potential on the substrate was [200 V. The
partial pressure in the chamber during the coating
deposition was P, =0.1 Pa. Before the deposition
of the coatings, the cleaning of the samples in a glow
discharge for 15 minutes at P, =0.08 Pa has been
implemented.

The pulse voltage applied to the sputtering tar-
get was 700 V, current [2.0 A; deposition time
35 min; potential bias on the substrate was (200 V.
The partial pressure in the chamber during coating
deposition was P, =0.1 Pa. Before the deposition
of coatings, the cleaning of the samples in a glow
discharge for 15 minutes at P, =0.08 Pa has been
implemented.

The surface morphology of the coated samples
was studied using a scanning electron microscope
FEI Quanta 600 FEG. Nanohardness measurements
were carried out using NanoIndenter I1 (MTS Sys-
tems, USA) installation. It was equipped with a
three-sided Berkovich pyramid. To study the
structural elements, the method of atomic force mi-
croscopy (AFM) was used.

EXPERIMENTAL RESULTS AND DIS-
CUSSION

Fig. 2 and fig. 3 show microphotographs of the sur-
face of the coatings, as well as the fractorgaphy im-
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Fig. 2. Image of the surface topography of the AIN-TiB,-
TiSi, coating: a) —under DC, b) — pulsed magnetron sput-
tering.

Fig. 3. Fractography images of the fractures of the AIN-
TiB,-TiSi,coatings: a) — obtained ata DC (t o 95 min),
b) — impulse magnetron sputtering (t o 35 min).

ages of the fracture. The analysis of the images shows
that the use of magnetron sputtering for the evapo-
ration of the ceramic targets of compound compo-
sition leads to the fact of presence of a drop com-
ponent in a small amount on the surface. The analy-
sis of the published data suggests that the main fac-
tor determining the presence of the drop compo-
nent is the low thermal conductivity of the vapor-
ized components composing the target [6].

Even with intensive cooling of the target, the tem-
perature of the evaporating surface increases be-
cause of the low thermal conductivity of the eva-
porable components: A, = 160 — 250 W/(m[K)
[71; Ay, = 64,4 W/(mEK) [7]; A, = 45,9W/(mIK)
[8], which leads to the generation of microdrops
fraction [9]. Fig. 4 shows the results of energy dis-
persion microanalysis of the surface of the coatings
based on AIN-TiB,-TiSi,.

Element Wt, % At, %
BK 2411 399
CK 415 7619
NK 819 1048
OK 1226 1374
AK 3010 1999
SIK 646 412
TK 1474 552
Total 100.00 100.00
Ti
Ti
0,50 150 250 350 450 keV
b) Al Element Wt, % At %
BK 2387 39.23
CK 1195 1768
NK 796 1009
OK 388 431
AK 2819 1856
SK 452 286
TiK 1963 728
Total 100.00 100°00
Ti
Ti
-
0.60 1,80 3.00 4.20 540 keV

Fig. 4. The elemental composition of coatings based on
AIN-TiB,-TiSi,: a) —in a DC voltage conditions, b) —ina
pulsed voltage conditions.

The results of elemental microanalysis of the coat-
ing show that when applying a pulsed voltage to the
sputtering target, the reduction of content boron,
nitrogen, aluminum and silicon takes place (see fig.
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5b). As for titanium, the selective sputtering of tita-
nium atoms is less apparent compared with the coat-
ings produced under conditions of DC applied to
the target. The presence of oxygen and carbon in
the coating is apparently due to the presence of the
residual atmosphere in the vacuum system.

AIN-TiB,-TiSi, coatings, obtained in this work,
had an amorphous structure with a broad “halo” on
the XRD spectra after the deposition. It had a
center in the area of the diffraction angle 26 =38°.
The size of the ordering area was aboutR_=10 A
=1 nm, i.e., the obtained structure can be attribut-
ed to the amorphous cluster class.

Electron microscopy studies of the surface of the
coating using reflection and transmission, confirm the
presence of the ultrafine structure which is close to
amorphous. This is evidenced by the nature of the
diffraction pattern (fig. 5).

Fig. 5. Electron microscopic image of the coating AIN-
TiB,-TiSi,.

Analysis of the mechanical characteristics, car-
ried out by the nanoindentation method showed that
in the initial state the obtained coatings have
nanohardness H=15.3 GPa and the elasticity mod-
ulus E =206 GPa. The index of viscoplasticity [ 10]
for the system we obtained the system was [10.07,
thus striving to the amorphous state of the material.

To obtain a high adhesive strength of the coating
to the substrate, according to the literature [ 11], two
factors are required: 1 —mechanical contact between
the coating and the substrate, 2 — the chemical in-
teraction on the border of two contacting surfaces.
Mechanical interaction is determined by the rough-
ness of the contacting surfaces, and the chemical
interaction is determined by the interatomic interac-
tion on the border of the contacting bodies. The high
degree of activation can be obtained by surface
treatment by the glow discharge and pulse process-
ing before the deposition, which leads to the activa-

tion of the atoms interacting at the boundary of'the
contacting materials.

The adhesion of coatings based on ceramic sys-
tem AIN-TiB_-TiSi,, obtained by the pulse magne-
tron sputtering, to a steel substrate is estimated [12]
by the area of the chop which was obtained during
the joint local plastic deformation of the coating and
its substrate through the penetration of Rockwell
indenter at a load of 1470 N. The quality of adhe-
sion determined by this method indicates the pres-
ence of chops and peeling around the imprint (see
fig. 6).

Fig. 6. Image of the area of the indenter imprint on samples
of steel with a coating: a) — general view, b) — fragment of
the imprint.

Coatings of the system AIN-TiB,_-TiSi,, formed
on a steel substrate, are characterized by the suffi-
cient quality (see Fig. 6a) in the area around the
imprint after the penetration of the indenter into the
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deep. Peeling the coating from the substrate was
not revealed. The obtained coatings based on ce-
ramics AIN-TiB,-TiSi,, which have amorphous-like
structure [ 13] can be effectively used to protect the
surfaces of the rubbing details from the oxidation
wear.

SUMMARY

1. Inconditions of applying DC voltage and pulse
voltage to the target, the composite coatings
based on ceramic compounds AIN-TiB,-TiSi,
weredeveloped.

2. X-ray diffraction analysis revealed an amor-
phous-like structure of the coating with the area
of ordering about 1 nm and viscoplasticity co-
efficient of 0.07.

3. The mechanical properties of the coatings are
characterized by the hardness of 15.3 GPa,
modulus of elasticity of 206 GPa and a high
adhesive strength with respect to the substrate.

4. Tribological properties of the obtained amor-
phous-like coatings based on the ceramic com-
pounds AIN-TiB _-TiSi, are promising for using
them as protective coatings for the rubbing sur-
faces of machine details.

1. The work was done by the scientific research
topics 01120006974 and 01130001079, fund-
ed by the Ministry of Education and Science of
Ukraine. Part of the work was performed using
the diagnostic equipment of the Center of Col-
lective Using of scientific equipment of Belgorod
National Research University, “Diagnostics of
structure and properties of nanomaterials’ un-
der the state contract number 16 55211 7087
with the financial support of the Ministry of Ed-
ucation and Science of the Russian Federation.
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