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Structure of tantalum diboride thin films
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The tantalum diboride films have been deposited in various conditions by non-reactive
RF magnetron sputtering. The film phase compositions and structures have been deter-
mined by X-ray diffraction, secondary ion mass spectrometry, and electron microscopy.
The effect of the substrate temperature and of positive bias potential value on the
texturing extent and phase composition has been defined. Some general regularities of the
film growth have been established: the formation of quasi-amorphous structure and its
transition to textured condensate with various texturing extent.

Meromom HepeaKTuBHOr0 BYU-MArHeTpOHHOTO PACHBLICHHWS IIPU DPASIUYHBIX YCIOBHAX
OCAKIEHMUSA IIOJNydYeHbl ILIEHKM aubopmaa ranrtaga. C IOMOIILI0O PEHTreHOBCKON AM(MPaKTO-
METPHUH, BTOPUUYHON HMOHHOII MacC-CIeKTPOMEeTPUN U JEKTPOHHON MUKPOCKOIIMU KCCJIeI0Ba-
HBI UX (PasoBBIM coCTaB M CTPYKTypa. VI8yuyeHO BIMAHNE TEMIIEPATYPHI IMOAJIOMKKN U BEJIUYU-
HBI IIOJIOJKUTEJNbHOrO IIOTEeHI[NAJA CMEIeHnsl HA N3MEeHEHNe CTelleH! TEeKCTYPUPOBAHHOCTH U
cocTaBa IIOJyYaeMbIX MIOKPBITHII. YCTAHOBJIEHBI HEKOTOPHLIE OOI[re 3aKOHOMEPHOCTH POCTa
IJIEHOK: oOpasoBaHMe KBa3uaMOP(PHOII CTPYKTYPHLI U €e II€PeX0] B TeKCTYPUPOBAHHBIA KOH-
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IEeHCAT PasJINYHON CTEIeHU COBEPIIEeHCTBA.

Borides of transition metals are rather
attractive materials for wide scale applica-
tion in various fields of machine-building,
metallurgy, instrument-making, chemical
industry, etc., due to their high thermody-
namic stability, hardness, electric conduc-
tivity in combination with high melting
temperatures. Thin films prepared on the
basis of those materials provide a still
larger application field thereof, in particu-
lar, as diffusion barriers in micro-electron-
ies. Titanium, zirconium, wolfram and chro-
mium diborides [1-6] have been studied
most comprehensively and find practical ap-
plication. The formation peculiarities of
thin films of tantalum diboride (TaB,) being
typical representative of transition metal
boride class (melting point 8087°C, micro-
hardness 25 GPa [7]) have been studied in-
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sufficiently till now. The growth peculiari-
ties of tantalum boride thin films prepared
by RF magnetron sputtering on silicon sub-
strates have been investigated in [8]. A
strong influence of negative bias potential
applied to the substrate on the structure,
phase composition, and electrical properties
of the coatings is noted. In this work, the
structure and composition of TaB, films
prepared on steel substrate by RF magnetron
sputtering in argon atmosphere are studied
depending on the deposition conditions.

A sintered TaB, disk of 120 mm diame-
ter was used as the target. The operating
pressure was 0.32 Pa, the generator power
500 W, the bias voltage being varied in the
range of 0 V (earthed base) to +75 V, depo-
sition time being 10-90 min. The film
thickness was determined by multi-beam in-
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terference technique on a MII-4 microscope,
the structure and phase composition were
examined by X-ray diffraction (DRON-3)
using CuKo radiation (Ni filter). The coher-
ent dispersion area value (CDA) was calcu-
lated using improved approximation method
(Smyslov-Mirkin). The coating composition
was checked by SIMS method (MS-7201M).
The relative atomic concentration (boron to
tantalum) was determined by standard tech-
nique [9] using the relative sensitivity coeffi-
cient of boron to tantalum found for powder
of initial target. Electron microscopic studies
were carried out using a JEM-200A appara-
tus. The texturing extent of the coatings was
evaluated using orientation factor f;;,

Thri Ty
Tkt Font >
I}, being diffraction peak intensity from
the chosen surface; Fj;,, dispersion factor
for that surface, determined for the powder
of target (untextured sample).

The most essential factors stimulating
the ordering processes in growing film are
known to be thermal heating and radiative
influence of high-energy particles (atoms
and ions) bombarding the film. The method
of RF magnetron sputtering is charac-
terized by a rather low energy (1 to 50 eV)
of particles being condensed. At the same
time, any growth surface contains numer-
ous dangling atomic bonds, which define the
mobility of particles in the adsorbed layer.
Therefore, in these conditions, it is just the
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Fig. 1. Microdiffraction patterns for various areas of TaB, thin films.

thermal factor that contributes most consid-
erably to the ordering processes.

The heating of the substrate surface
layer and growing film may also occur
under bombarding with electron flow.
Hence, the studied films were prepared in
different techniques:

I — on earthed substrates without pre-
heating;

IT — on earthed substrates heated to
773 K (the heater power remaining constant
during the whole deposition time);

IIT — wunder positive bias potential U =
+75 V and without preheating;
IV — under positive bias potential U =

+75 V on the base heated to 773 K (the
heater power remaining constant during the
whole deposition time).

The coating thickness was varied depend-
ing on the deposition time and technique
and amounted 0.05 to 1.5 um. The other
conditions being the same, the greatest
thickness wvalues were obtained using the
technique I, the least ones, by the IV one.
The characteristic feature of all studied
films is that till a certain thickness (£,), all
of them had quasi-amorphous structures (by
X-ray diffraction data). At the same time,
besides of diffuse rings typical of the case
(Fig. 1la), areas with micro diffraction pic-
tures typical of ordered tantalum diboride
polycrystals (Fig. 1b) have been revealed.
Such results allow to conclude the existence
of an amorphous-crystalline structure typi-
cal of thin films obtained under heavy su-
percooling (and consequently under high su-
persaturation in the absorption layer), that
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a
Fig. 2. Microphotos of film surface: a) thickness less than %.; b) thickness exceeding #..

structure being due also to the dimension
factor influence [10, 11].

The “critical” thickness values h, vary
depending on the preparation technique (see
the Table). The films with thickness exceed-
ing h, are characterized by the presence of
clear reflexes allowing to identify TaB,
phase reliably. Such structural rebuilding
may occur under the influence of high in-
ternal stresses and is accompanied by appre-
ciable increasing grain size and more pro-
nounced three-dimensional growth character
(Fig. 2). Another characteristic feature of
films having thickness exceeding £, is the
presence of a texture. The texture was
grown in the <00.1> direction perpendicu-
lar to the coating growth front for all
preparation methods. The texture extent
varied depending on the preparation
method: the greatest one was observed in
films deposited by the III method, the least
one, in those obtained by the method II
(Fig. 3). X-ray diffraction patterns of films
deposited by the I and IV methods looked
like that shown in Figure 3b, only absolute
peak heights of reflections from (00.1) and
(00.2) planes and their ratio being varied.

Variations in structural characteristics
of obtained films depending on the method

b
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Fig. 3. Typical X-ray diffraction patterns of
coating obtained by: a) II method, b) III
method.

of preparation has been noted, first of all,
differences in CDA size and lattice parame-
ters (see Table). The latter could indicate
variations in defectness degree of studied
film coatings and, as a result, deviations
from stoichiometric composition [12]. The

Table.
Deposition T, K Bias h., nm CDA, nm | Aa, nm Ac, nm h, nm Cy/Cr,
method voltage, V
I 273 0 35 35 - +0.0052 850 1.9
II 773 0 15...20 24 +0.00621 | +0.0001 800 2.0
111 273 +75 20...25 25 - +0.0040 820 1.8
v 773 +75 10...15 28 +0.01489 | +0.0052 750 1.9
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increase of the lattice parameter "¢" could
be induced, besides of high macroscale
stresses, by large number of vacancies in
non-metal sublattice, while increase of "a”,
by vacancies in metal one. This is confirmed
by the results of SIMS examination.
Summarizing the study results, it could
be concluded that the substrate heating in
the course of the coating deposition favors a
reduction in the texture extent and reduces
the structure defectness. A positive bias po-
tential applied to the substrate, though re-
ducing the defectness, increases consider-
ably the texturing of coatings obtained.
During the experiments, the substrate tem-
perature monitoring has shown the tempera-
ture to be set in the range 343-353 K dur-
ing 10:15 min and not to be changed fur-
ther when depositing film by the I method.
When depositing by the III method, the
temperature was being set in the range
363-373 K during the same time. The elec-
tron bombardment in the involved energy
range seems to cause only heating of the
upper surface layers of growing film and do
not result in producing some visible radia-
tion-induced damage. As a result, lowering
of the stress level in condensate occurs,
atomic mobility in adsorbed layer being in-
creased somewhat as well, that is reflected
in reduced defectness of obtained struc-
tures. The texture formation in tantalum
diboride films seems to be due to the pres-
ence of temperature gradient on condensa-
tion surface and to its value (the greater is
the gradient, the higher is the texturing
extent). Considering the results obtained, it
is possible to make the following conclu-
sions. The substrate heating promotes for-
mation of least textured coverings with si-
multaneous increase of the grain size and
decrease in the structure defectness. The ef-
fect of positive bias potential corresponds as
a whole to the effect of thermal factor.
However, some radiation effect is also pos-
sible resulting in increased structure defect-
ness, number of the nucleation centers on
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the growth surface, and in the total struec-
ture thinning of the coatings.

Thus, the structure characteristics of
tantalum diboride films depend essentially
on the sputtering conditions and are due to
the effect of radiant heating factors. The
structures closest to equilibrium are formed
at additional heating of substrates up to at
least 500°C. The quasi-amorphous structure
is formed at an initial stage of film growth
in all cases. It transits into textured con-
densate with various texturing extent as
the coating thickness increases. Distinctions
in film structures should certainly influence
their physical and mechanical properties.
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CTpyKTypHi XapaKTepMCTHKN TOHKHMX ILIiBOK AUOOpuUIa
TAHTAaJXy, ofgepkaHuX BU-MarHeTpOHHUM PO3NMUIEHHAM

B.A.RKonoeanoe, I.M.Tepniii, H. A.Rnaxina,
I.I''Kocmenko, JI.A.Baceyvra

MeTtogom mepeakTuBHOro BU-MarLerpoHHOro PO3MHUJEHHS IPU PIBHUX YMOBAX OCAIKEH-
Hf OTPHUMAHO ILIiBKH AMOOpHAA TAHTAJy. 3a JOIOMOIOI0 PEeHTreHiBChbKOl mudpaxrTomerpii,
BTOPUHHOI i0oHHOI Mac-cueKTpomerpil Ta ereKTpoHHOI MiKpockomii mocaimskeno ixmiit ¢daso-
BUI CKJa[g i cTPpyKTypy. BuBUEeHO BILIMB TeMIepaTypy IiAKJIAAKHK i BEJIUYUHU IIO3SUTHUBHOI'O
HOTEHIialy 3CyBYy HA 3MiHY CTYIeHS TEKCTYPOBAHOCTL i CKJax oZep:KaHuX IMOKPUTTIB. 3’sac0o-
BaHO JesKi 3arajbHi 3aKOHOMiPHOCTI POCTy ILJIIBOK: YyTBOPEHHS KBadiaMOp(HOI CTPYKTypH Ta
ii mepexin y TEKCTYpPOBaHMU KOHJEHCAT Pi3HOrO CTYIIEHS ITOCKOHAJOCTI.
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