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The effect of the RF- and DC-magnetron sputtering parameters on the structure and substructural
characteristics of protective coatings based on tantalum diboride thin films was studied in this work.The
results of the studies showed that the sign and magnitude of the applied bias potential at the use of both
types of magnetron sputtering (RF and DC) have a crucial effect on the structure and substructural prop-
erties of tantalum diboride films. It was established that nanocrystalline tantalum diboride films of the
overstoichiometric composition (Cp/Cra = 2.2-2.6) and having strong growth texture in plane (00.1) were ob-
tained at the bias potential of + 50 V and — 50V in the RF- and DC-magnetron sputtering respectively.
Thus obtained films had the best physico-mechanical properties and general substructural characteristic
quantities: nanocristallites size of ~ 30 nm, and increased value of «c» parameter compared with the tabu-

lated.
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1. INTRODUCTION

The problem of obtaining thin films and coatings
with predetermined properties and structure refers to
one of the most important tasks of modern solid-state
physics. This is due to the growing practical use of thin
films and coatings primarily in solid-state microelec-
tronics and mechanical engineering [1-3].

The film coatings of transition metal diborides (TiBg,
CrBg, TaBg, HfB, et al.) are actively investigated owing to
their high physical and mechanical characteristics. [4].
Compounds of this type have a high melting temperature,
therefore their synthesis in the film state is performed by
magnetron sputtering (RF and DC). Titanium boride and
boridenitride films are most studied in this class of com-
pounds [5-8], at the same time tantalum borides and bori-
denitrides are least studied [9, 10]. Methods of control of
electro-physical properties of tantalum boride and bori-
denitride films (~ 300 nm) obtained by reactive and non-
reactive RF-magnetron sputtering were studied in these
works. Physical and mechanical properties were not stud-
ied due to the specifics of these works.

Our preliminary studies [11, 12] showed that the
formation process of the film nanostructures in RF-
magnetron sputtering is dependent on the parameters
of sputtering such as: the structure and temperature of
substrate, the power of sputtering, the bias potential
applied to the substrate holder.

Therefore, the study of the effect of RF- and DC-
magnetron sputtering parameters on the structural
and substructural properties of tantalum diboride films
is the aim of this work.

2. SPECIMENS, METHODS OF OBTAINING AND
RESEARCH OF STRUCTURE

2.1 Specimens
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PACS numbers: 68.35. — p, 68.55.A —, 68.60.Bs,
81.07.Bc, 81.15.Cd

Unbalanced planar round magnetron equipped with
a disc target of diameter 100 mm and thickness of
10 mm made of sintered TaB: powder was used in the
RF- and DC-magnetron sputtering systems. The tanta-
lum diboride coatings were deposited on a substrate
20 x 5 x 5 mm in size made of AISI 302 stainless steel.
Substrates were polished to the roughness of
Ra=0.25 um before deposition. Prior to deposition, the
substrates were ultrasonically precleaned in acetone
and then sputter cleaned in an argon DC discharge. The
substrate was fixed in a holder with a clamp and the
temperature was measured by a thermocouple at the
holder-specimen interface.

2.2 Method of RF-magnetron Sputtering

A horizontal RF-sputtering system based on a pla-
nar magnetron was used in this work for the deposition
of TaBs films.

The upgraded setting UVN-75r-3 was used as a vac-
uum post. The magnetic field of the magnetron with an
intensity about 4 x 103 A/m on the surface of the target
is created by a set of annular permanent magnets
(Co-Sm) with a steel polar tip.

The generator UV-1 (13,56 MHz, 1 kW) was used as
a source of RF power.

Schematic diagram of the sputtering assembly is
shown in Fig. 1. Sputtering of the target was carried out
in Ar* plasma. The pressure of the residual gases in the
chamber before deposition was 2+3 x 10 -3 Pa.

The following parameters and conditions were var-
ied during the deposition: working gas pressure from
0.32 to 0.65 Pa; power of RF generator of 500 W; the
bias potential applied to the substrate from + 50 to
— 50 V relatively to the ground.
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Fig. 1 — Schematic diagram of the RF-magnetron sputtering
system. 1 — toroidal magnet; 2 — anode; 3 — target; 4 — inlet
of working gas; 5 — the housing of cathode assembly; 6 — the
matching coil of variable inductance; 7,8 — the variable match-
ing capacitors

2.3 Method of DC-magnetron Sputtering

Ton-plasma system for the deposition of coatings was
assembled on the basis of a vacuum processing unit of
the URMS3 type (Fig. 2).
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Fig. 2 — The ion-plasma system for the reactive synthesis of
coatings based on planar magnetron, RF-inductive couple
plasma source and ion source. 1 — DC magnetron power sup-
ply; 2 — magnetron; 3 — RF ICP source; 4 — RF generator; 5 —
RF matchbox; 6 — probe; 7 — ion source; 8 — DC power supply;
9 — power supply for specimens polarization; 10 — specimens
rotation system; 11 — shutter [13]

The composition of the ion-plasma system includes:
the low-pressure magnetron located at the end face of
the chamber, the RF-inductive couple plasma source
located within the chamber, the ion source located on the
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side flange of the chamber.

The working pressure in the chamber of the sputter-
ing system was ~ 0,1 Pa. The discharge power was 2500-
2800 W. The substrate temperature was varied from 200
to 300 °C. The deposition was carried out both at a
grounded metal substrate holder and at the application
of a positive or negative bias potential. The specimens
were placed at a distance of 20 cm from the target, the
time of deposition was 30 min. Ion purification was per-
formed directly before deposition by argon ions within
3 min.

2.4 X-ray Diffraction Researches

X-ray diffraction researches of the material struc-
ture were carried out on an automated diffractometer
DRON-3. The CuKa radiation (wavelength 0.154 nm)
and the Bragg-Brentano focusing method 6-26 (26 —
Bragg angle) were used in the shooting. The values of
current and voltage on the X-ray tube were 20 mA and
40 kV. Shooting of specimens was carried out with hor-
izontal slits of 4 mm on the tube and of 1 mm on the
detector in continuous registration mode with a rate of
1°/min in a 26 angle range from 25° to 60°. Calculation
of the nanocrystallites size was performed by approxi-
mation method.

3. RESULTS AND DISCUSSION

The effect of various substrates on the orientation
and structure of the films as well as the effect of the
deposition modes on the film growth were studied in
previous works [11, 12]. These studies show that the
process of formation of the film nanostructures depends
on several factors: the structure and temperature of the
substrate, the power of sputtering and the bias potential
supplied to the substrate.

3.1 RF-magnetron Sputtering

The results of X-ray diffraction researches have
shown a significant effect of the bias potential on the
structure of the obtained films. The textured films with
predominant growth by normal to the plane (00.1) were
formed at zero and + 50V bias potentials supplied to
the substrate holder. The supplying of a negative bias
potential (—25V) led to the formation of untextured
amorphous-like nanocrystalline coatings (Fig. 3).

The growth of textured nanocrystalline TaBz films
occurred in the case of a grounded substrate holder (the
bias potential is zero) (in addition to the peaks (00.1)
and (00.2), the peaks (10.1), (10.0), (11.1), (10.2) are
seen in the X-ray diffraction pattern)) (Fig. 3 a).

The degree of texture of the films increased
(Fig. 3b) at the bias potential of +50 V supplied the
substrate holder. The shift in the position of the lines
(00.1) and (00.2) occurred in this case.

The supply of a negative substrate bias (- 25 V)
most significantly affected on the mechanism of coating
formation — an amorphous phase TaB. was formed
(Fig. 3 c).

The lattice parameters were significantly different
from  the tabulated values (a=0.30981 nm,
¢ =0.32266 nm), the parameter a was varied within

04014-2



EFFECT OF THE MAGNETRON SPUTTERING PARAMETERS...

I, arb. units

=
-
=
=
=

a
=
<
E
g i b
s
S
g
= a
25 30 35 40 45 50 55 60
20, deg.

Fig. 3 — X-ray diffraction patterns of tantalum diboride films
deposited by RF-magnetron sputtering at different substrate
biases: a) =25 V; b) +50 V; ¢) 0 V. S — the substrate reflections.

0.3157-0.3244 nm, the parameter ¢ = 0.3271-0.3333 nm,
which probably reveals on the increased concentration
of dissolved boron atoms in the lattice TaBz. The size of
nanocrystallites was varied from 24 to 42 nm. The tex-
ture perfection of the formed coatings grew with the
increase in the size of nanocrystallites. The level of
microdeformation of the lattice was 0.2-0.3 %. The
study of physico-mechanical properties showed a signif-
icant difference in the characteristics of films obtained
at different bias potentials and having different struc-
tures. The obtained textured coatings with a columnar
structure exhibited an increase in the value of nano-
hardness and the elastic modulus from 35 and 266 GPa
(grounded substrate) to 44 and 348 GPa (substrate bias
of + 50 V) respectively. The amorphous-cluster coatings
obtained at negative substrate bias are different in
their physico-mechanical characteristics from the coat-
ings described above. The hardness of coatings of
11.5 GPa (at a bias potential of —25 V) is smaller in
comparison with hardness of the solid tantalum dibo-
ride of stoichiometric composition (25 GPa). The elastic
modulus of the films is lower — 232 GPa and 262 GPa,
respectively.

3.2 DC-magnetron Sputtering

X-ray diffraction studies show (Fig. 4 a-d) that tex-
tured films with preferential texture growth in plane
(00.1) and composition close to the stoichiometric phase
of TaB2 (AlB: structural type, P6/mmm space sym-
metry group) were formed at a grounded substrate, a
floating potential and a positive or negative bias poten-
tial.

The peaks corresponding to the TaB2 phase — (00.1),
(10.1), (00.2) (11.1), (10.2) are shown in the X-ray dif-
fraction patterns (Fig. 4), however, the intensity of the
lines is violated: the strongest line (10.1) has an inten-

J. NANO- ELECTRON. PHYS. 9, 04014 (2017)

sity less than line (00.2). This reveals that films were
formed nanostructural, i.e. were growing preferentially
in plane (00.1). In addition, there was a weak asym-
metry of the lines (00.1) and (00.2), which could be due
to the absence of the phase stoichiometry or the pres-
ence of a stacking faults.
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Fig. 4 — X-ray diffraction patterns of tantalum diboride films
deposited by DC-magnetron sputtering at different substrate
biases: a) ground, gap (specimen 1); b) floating potential (spec-
imen 2) ¢) — 50 V (specimen 3); d) + 50 V (specimen 4). S — the
substrate reflections

The films with a growth texture in plane (00.1) were
formed at grounded substrate; a weak asymmetry of
peaks (00.1) and (00.2), and peaks of weak intensity
(10.0), (10.1), (11.1), (10.2) were observed (Fig. 4 a).

The supply of a negative bias potential of —50V
(Fig. 4 c) leads to an increase in the degree of texture in
plane (00.1). There were only peaks (00.1) and (00.2).
The degree of texture decreases substantially at float-
ing potential (Fig. 4 b) unlike the negative one. A dif-
fraction peak corresponding to the plane (10.1) is ap-
peared. This peak has a blurred shape characterizing
the nanostructured state of the film. An appeared dif-
fraction peaks (10.0), (00.2) and (11.1) are more inten-
sive. The degree of asymmetry (00.1) and (00.2) is am-
plified. The supply of a positive bias potential also
leads to a significant increase in the degree of texture,
there is a significant asymmetry of the peaks (00.1) and
(002), which reveals to stacking faults.

Highly textured films obtained at a negative and
positive bias potentials (Table 3.1) had lattice parame-
ters: a=0,3114-0,3117 nm, ¢ = 3,3317 nm, which were
substantially larger than tabulated (a = 0,30981 nm,
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¢ =0,32266 nm).

The parameters decreased in the films obtained at a
grounded substrate. The parameter a almost coincides
with the tabulated, and the parameter ¢ is decreased in
comparison with the previous specimens, but is large
relatively to the tabulated.

The values of the lattice parameters (a and c¢) at a
floating potential are differed insignificantly from the
tabulated — within the limits of the error.

Table 1 — The structural characteristics of TaBs films

Substrate| Lattice parameters, nm Size of
Mode | current, nano- <&
mA a c ale crystallite,
nm
Ground - 0,3096 |0,33041| 1,07 | 32,668 | 0,4
Gap 280-320 | 0,3089 |0,32452| 1,05 | 32,293 |0,42
-50B 20-25 0,3114 |0,33317| 1,07 | 32,293 0,42
+50B 650 0,3117 [0,33317| 1,07 | 27,798 (0,47
0,30981% [ 0,3226* | 1,04*

* — Database of JCPDS

The process of formation of tantalum diboride films
with a high degree of texture occurs similar to the pro-
cess of formation of textured titanium diboride and
boridenitride films, which have been subjected to the
most  detailed investigation by  C. Mitterer,
P.H. Mayrhofer et al. in the works [5-8]. The effect of
the sputtering parameters (bias potential, working gas
pressure, substrate temperature) on the structure of
titanium diboride and boridenitride films was studied
in these works.

The formation of titanium diboride films with a col-
umn structure and growth texture in plane (00.1) ob-
tained by non-reactive DC-magnetron sputtering of the
TiB: target at bias potential of — 80 V and without pre-
liminary substrate heating was noted by C. Mitterer
with co-workers in one of the first papers [5].

All Ti-B films obtained at the negative bias range of
— 50 +— 150 V independently on the change in the oth-
er parameters were composed of the hexagonal phase of
TiBz with the predominant growth orientation in plane
(00.1) parallel to surface. Thus the change of parameter
¢ from ¢=0.3225nm to ¢=0.32587 nm at substrate
temperature T's = 550°C occurred within the change in
applied bias potential from — 50 V to — 150 V, i.e. there
was an increase in the parameter «c» for films with a
growth texture (00.1) compared to the value calculated
for the TiB2 powder standard (c=0.3229 nm). Meas-
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urement of the chemical composition by the EPMA
method showed that all textured films were over-
stoichiometric with ratio B/Ti = 2.4.

The formation of nanostructured transition metals
diboride films without pronounced orientation was not-
ed in the number of works [14, 15].

As was noted in paper [14] the energy supplied to
the growing film at substrate bias of — 30 V was insuf-
ficient to stimulate the crystallization of film and for-
mation of a growth texture (00.1) even at substrate
temperature T's = 550°C. It was noted that the parame-
ter ¢ = 0.32158 nm decreases compared with the stand-
ard (c = 0.32295 nm).

Similarly the titanium diboride films were obtained
R.A. Andrievskii and co-workers [15] in DC-magnetron
sputtering at substrate bias of —30V (U= 1.5 kV). The
formation of nanostructured TiB: films with a small
crystallite size (4-8 nm) occurs in this case. The transi-
tion to RF-magnetron sputtering mode at zero bias po-
tential with the conservation of all other parameters
leads to a small increase in the crystallite size to 5-
10 nm.

The value of the lattice parameters is significantly
different from the tabulated values for TiB2
(@=0.3025nm and c¢=0.3228 nm). It is noteworthy
that the parameter a increases to 0.3048 nm and the
parameter ¢ decreases to 0.318 nm.

4. CONCLUSIONS

The results of the studies showed that the sign and
magnitude of the applied bias potential have a crucial
effect on the formation of structure and substructure of
tantalum diboride films at the use of the RF- and DC-
magnetron sputtering, that ultimately determines
physico-mechanical and electro-physical properties of
these films.

It was established that nanocrystalline tantalum
diboride films of the overstoichiometric composition
(CB/Cra = 2.2-2.6) and having strong growth texture in
plane (00.1) were obtained at the bias potential of
+ 50V and — 50 V in the RF- and DC-magnetron sput-
tering respectively. It should be noted that obtained
films had the best physico-mechanical properties and
general substructural characteristic parameters:
nanocristallites size of ~ 30 nm, and increased value of
«c» parameter compared with the tabulated.

This work was performed within the framework of a
budget theme No. 01170002247.

Bausuune napaMeTpoB MArHETPOHHOIO PACHBUIEHUS HA CTPYKTYPY U CyOCTPYKTY PHBIE
XapaK-TEePHCTHUKH IUIEHOK JUOOopHaa TaHTaIa

A.A. Toruapos, A.H. I0una, 11.B. lllenecr, B.B. Bypauuu

Cymcruii eocyoapemeernubili yrusepcumem, yui. Pumckoeo-Kopcarosa, 2, 40007 Cymot, Yipauna

B pabore mpoBoguinch mcciieoBaHusA BIAUAHUA mapamerpoB marHerporHoro (BY u IIT) pacubienus
Ha OPMUPOBAHME CTPYKTYPHI U CYyOCTPYKTYPHBIX XapAKTEPUCTUK 3AI[UTHBIX MOKPHITUN HA OCHOBE TOHKHUX
IUIEHOK IHMOOpHIa TaHTaja. Pe3ysbTaThl NIPOBEJEHHBIX WCCIICJOBAHUN IIOKA3aJIM, YTO 3HAK U BEJIMUHMHA
HPUJIOKEHHOTO ITOTEHIINAIA CMEIeHNs TP UCII0JIb30BAHUN 000MX TUIIOB MarHeTPOHHOro paciblienus (BY
u IIC) mmeet omnpenesnsaonee BausHrue Ha QOPMUPOBAHNE UX CTPYKTYPHI U CyOCTPYKTYPHBIX CBOMCTB. Ycra-
HOBJIGHO, YTO HAHOKPUCTAJJIMYECKNME IUJIEHKA AU0OpHIA TAHTAla CBEPXCTEXMOMETPUYECKOTO COCTABA
(CB/CTa = 2,2-2,6), obmagaInue CHIBHON TeKCTypoil pocta mrockocTbio (00.1) OBIIM MOTyYeHEI IIPK 0T H-
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muase cmemenus + 50 B u — 50 B mpu BY- u [IT-marueTponHOM pacmbliieHUSX cOOTBeTCTBeHHO. [Ipm aTom
TMOJIyYeHHBIEe IUIEHKHW WMeJIV HAWJIyJIIne (PU3UKO-MEeXaHWJYeCKHe CBOMCTBA W O0IMe XapaKTepHBIE CyO0-
CTPYKTYPHBIE BEJIMYWHBL: pasMep HAHOKPUCTAJLINTOB ~ 30 HM, ¥ yBeJIMUeHHOEe 3HAYEHHe IapaMerpa «c» 1o
CPaBHEHMUIO C TAOJIUIHBIM.

Knouessie ciopa: MaruerponHoe pacusiienue, [{ubopun tanrana, [lorenmuan cmemenus;, Ctpykrypa,
Hauotsepmocts, Momyss yrpyrocru.

Broiue mapameTpiB MArHETPOHHOTIO PO3IMUIEHHS HA CTPYKTYPY i CyOCTPYKTYpHI
XapaKTePUCTHUKHU ILUIiBOK JUOOPHUAY TAHTAJLY

O.A. T'oruapos, A.M. IOuma, 1.B. lllesect, B.B. Bypauuu

Cymcoruli deporcasruti ynigepcumem, 8yn. Pumcvrozo-Kopcarxosa, 2, 40007 Cymu, Yrpaina

¥V po6oTi mpoBOMIIUCEH JOCTIIKeHHs BILIUBY mapamerpis marderporuoro (BY rta I1C) posmumenus Ha
dopMyBaHHSA CTPYKTYPH 1 CYOCTPYKTYPHUX XaPAKTEPUCTHUK 3aXUCHUX IMOKPUTTIB HA OCHOBI TOHKHX ILTIBOK
nubopuny TaHTasy. Pe3yspraru IpoBeeHUX JOCIIKEHb IIOKA3aJIH, IO 3HAK 1 BeJIMYWHA IIPUKJIAJIEHOIO
TMOTEHITIAIY 3MIIeHHs IPU BUKOPHCTAHHI 060X THmB MarHerponHoro posmuiaenus (BY ta I1C) mae BusHa-
YQJIbHUH BILUIUB Ha POPMYBAHHS CTPYKTYPH, CKIAAY 1 PI3UKO-MeXaHIUHUX BJIACTHBOCTEHN ILIIBOK JIHUOOPUIY
TaHTay. BeraHOBIIEHO, IO HAHOKPUCTAJIYHI IUIIBKYM AUOOPHAY TAHTALY HAACTEXIOMETPHYHOTO CHJIIAIY
(CB/Cra = 2,2-2,6), iK1 MAIOTh CHJIBHY TeKCTypy pocty twiortuuon (00.1) Oyam oTpuMaHi IIpH IIOTEHIIAIAX
amimenss + 50 B ra — 50 B nupu BY- ta IIC-maruerporsOMy posnmieHHsx Binmoeinso. I[Ipu npomy orpu-
MaH1 ILUTIBKA MaJii Haukpaim (isuko-MexaHIuHl BJIACTHBOCTI 1 3arajibHi XapakTepHi CyOCTPYKTYpH1 Besu-
YHMHHA: pO3Mip HAaHOKpUCTAMTIB ~ 30 HM, 1 30LJIbIIeHe 3HAYEHHS [1apaMeTpa «c» y MOPIBHAHHI 3 TAOJIHYHUM.

Kirouosi ciioBa: Maruerponse posnunenss, Jlubopus ranrany, Iorenmian amimenns, Crpykrypa, Hano-
TBepicTh, Mo1ysIb IPYIKRHOCTI.
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