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Effect of Structure on Physicomechanical Properties of
Transition Metals Diboride Films

A.A. Goncharova,∗, A.N. Yundaa, H. Komstab and P. Rogalskib
aSumy State University, Rimsky-Korsakov 2, 40007 Sumy, Ukraine

bLublin University of Technology, Nadbystrzycka 36-38A, 20-618 Lublin, Poland

Research of the effect of structure on composition and physicomechanical properties of transition metals
diboride films deposited by RF-magnetron sputtering was carried out. It was shown that there is a wide range
of different structures, from amorphous to nanocrystalline one with 1–40 nm nanocrystallite sizes in the case
of transition metals diboride films. The correlation between the structure, composition, and physicomechanical
properties of transition metals diboride films was established.
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1. Introduction

Transition metals diboride film coatings (TiB2, CrB2,
TaB2, HfB2) are actively investigated due to their use-
ful physical and mechanical characteristics. Compounds
of this type have a high melting temperature, therefore
their synthesis in a film state is performed by magne-
tron sputtering (RF and DC). At the same time, synt-
hesis features of transition metal nitrides and carbides
film materials are manifested in dependence of the for-
med structure and properties on the incident ions energy
and the substrate temperature which leads to the forma-
tion of film condensates of different structural states —
amorphous, cluster, or nanocrystalline [1, 2].

In this study, RF magnetron sputtering of targets in
an argon atmosphere was used for the deposition of tran-
sition metals (Hf and Ta) diborides thin films. The met-
hod of RF-magnetron sputtering allows to vary widely
the composition, structure and physicomechanical pro-
perties of transition metal diborides thin films.

The aim of this work is the study of the size factor
effect on the composition and physicomechanical charac-
teristics of transition metals diboride films.

Tantalum and hafnium diborides thin films were
deposited by no-reactive RF-magnetron sputtering
(13.56 MHz) at argon pressure of 0.56–0.64 Pa, at a con-
stant generator power of 500 W, at different substrate
biases and substrate temperatures. Discs of 120 mm di-
ameter were used as targets. The films were deposited
on a substrate 20 × 5 × 5 mm3 in size made of AISI 302
stainless steel.

The film thickness controlled by multibeam interfero-
metry using a MII-4 interferometer was varied from 1 to
2 µm. The structure and phase composition of the coa-
tings were examined using a DRON-3 diffractometer in
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Cu Kα-radiation (Ni-filter). The mechanical tests were
performed on nanohardness Nano Indenter II (MTS Sy-
stems Corporation USA) equipped with a Berkovich in-
denter. Hardness and elastic modulus were found by ana-
lyzing the curve of indenter unloading by the standard
method.

2. Results and discussions

As shown in Refs. [3–8], the most characteristic struc-
ture feature of transition metals diboride films synthe-
sized by physical vapor deposition (PVD)-methods is a
columnar morphology with a growth texture in plane
(00.1). The X-ray diffraction patterns of tantalum and
hafnium diborides films with the growth texture (00.1)
are shown in Figs. 1 and 2. The intensities ratio of the dif-
fractometric peaks in Figs. 1a,b and 2a,b shows that films
have a different degree of texture. The most strongly ex-
pressed texture of films is shown in Fig. 1a and Fig. 2a.
As the research results show [9], the energy conditions of
magnetron sputtering (DC and RF) are optimum at the
substrate bias of –50 V for DC and ±50 V for RF, and
at the substrate temperature of ≈ 550 ◦C. Hafnium and
tantalum diborides films were deposited at a positive bias
potential applied to substrate holder and at a substrate
temperature of ≈ 500 ◦C.

A similar pattern for other diborides was observed by
many authors: for the TiB2 films in [3, 10], CrB2 [5, 6]
and others. The general features of substructural charac-
teristic of the described films and their properties (Ta-
ble I) were observed. A significant increase in the para-
meter c indicates a growth of the concentration of dissol-
ved boron atoms in the transition metal diborides lattice.

The results of comparative analysis of the composition
and physicomechanical characteristics of transition me-
tal diborides films having a columnar structure and the
growth texture in the plane [00.1] are shown in Table I,
and reveal the relationship between the physicomechani-
cal properties and composition of formed films.

Highly-textured transition metal diborides films de-
posited at the bias potential of –50 V (DC) or
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Fig. 1. X-ray diffraction patterns of tantalum dibo-
ride films with the growth texture (00.1): (a) highly-
textured nanocrystalline over-stoichiometric film; (b)
weakly-textured nanocrystalline stoichiometric film. S
— the substrate reflections.

Fig. 2. As in Fig. 1, but for hafnium diboride.

+50 V (RF) and at the substrate temperature of 500–
550 ◦C [6, 8, 10, 12] have the highest nanohardness values:
Hv = 44 GPa (CrB2), 44 GPa (HfB2), 48.5 GPa (TiB2),
44 GPa (TaB2). The investigations of composition show
an increase in the boron concentration for TiB2 [3, 4, 11],
TaB2 and HfB2 within the atomic concentration of bo-

ron B/Me = 2.2−2.6, which is probably associated with
the features of electronic structure of transition metal
diborides films that leads to an increase of nanohard-
ness in comparing with the stoichiometric films (Table II,
Figs. 1b and 2b), respectively Hv = 33 GPa (CrB2),
36 GPa (HfB2), 37 GPa (TiB2), 35 GPa (TaB2).

Applying a negative bias potential of –25 V at a sub-
strate temperature of ≈ 300 ◦C leads to the formation
of amorphous-crystalline films [20] of tantalum and haf-
nium diborides (Fig. 3). Significant broadening of the
diffraction peaks with simultaneous reduction of their in-
tensity was observed after the films formation. There was
an increase of the parameter a and a decrease of the para-
meter c. In this case the grain size was ≈ 5−10 nm. The
formation of transition metal diborides films of under-
stoichiometric composition occurs for the amorphous-
crystalline films. This leads to a further decrease of hard-
ness and elastic modulus for HfB2 (26 and 254 GPa, re-
spectively) and TaB2 (29.4 and 232 GPa), respectively.

Fig. 3. X-ray diffraction patterns of clustered tanta-
lum (a) and hafnium (b) diborides films. S — the sub-
strate reflections.

Halo-curves corresponding to the diffraction peaks
(00.1) and (10.0) in amorphous-crystalline state (Fig. 3)
merge into a single one (Fig. 4), which leads to the forma-
tion of an amorphous films with nanocrystallites size less
than 1 nm. Further reduction of the atomic concentra-
tion of boron B/Me occurs for amorphous films [14, 15].
This can be explained by a large number of ragged and
not formed chemical bonds, which ultimately leads to sig-
nificant reduction of hardness up to 13 GPa (HfB2) and
11.5 GPa (TaB2), and therefore to reduction of elastic
modulus — up to 187 GPa (HfB2) and 144 GPa (TaB2).
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TABLE ISubstructural characteristics of over-stoichiometric transition metal diborides films.

Crystal lattice parameters [nm]
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TiB2 [11] – – 0.323 0.325 – 2.4 20 48.5 400
HfB2 [12] 0.314 0.317 0.347 0.351 1.107 2.2–2.6 20–30 44 396
CrB2 [13] 0.297 – 0.307 – – 2.4 20–50 43.9 397
TaB2 [10] 0.309 0.312 0.322 0.327 1.046 2.2–2.6 38–42 44 348
∗Data file JCPDS

TABLE IIStructure, composition, substructural and physicomechanical properties
of stoichiometric transition metal diborides films.

Crystal lattice parameters [nm]

Target a∗ a c∗ c
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TiB2 [16,17] – – – – 2.0 20 36 365
(W,Ti)B2 [19] – – – – 2.0 50 37 389

HfB2 [12] 0.314 0.316 0.347 0.346 2.0 15–20 36 340
CrB2 [18] 0.297 0.297 0.307 0.306 2.0 20–40 33 276
TaB2 [10] 0.3098 0.3093 0.3226 0.322 1.96 17–19 35 266

∗Data file JCPDS

Fig. 4. X-ray diffraction patterns of amorphous tan-
talum (a) and hafnium (b) diborides films. S — the
substrate reflections.

3. Conclusions

Analysis of the effect of structure on the physicomecha-
nical properties of transition metal diborides films allows
to distinguish four groups of films:

• highly-textured (2◦ < ∆ϕ < 10◦) nanocrystalline,
over-stoichiometric superhard films with a crystal-
lite size of 20–50 nm;

• weakly-textured (10◦ < ∆ϕ < 20◦) nanocrystal-
line, stoichiometric films with the crystallite size
10–20 nm;

• non-textured, nanocrystalline, under-
stoichiometric films with the crystallite size
5–10 nm;

• amorphous films with the crystallite size less than
1 nm.

The comparative analysis of the physicomechani-
cal properties shows that the indicators of over-
stoichiometric coatings excel the indicators of stoichio-
metric films. Over-stoichiometric coatings have the best
physicomechanical characteristics, high hardness value
and a relatively low elastic modulus. This fact gives
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grounds to assume that the over-stoichiometric coatings
have the highest wear resistance compared to those ha-
ving a lower degree of texture. The formation of under-
stoichiometric amorphous or amorphous-crystalline tran-
sition metal diboride films occurs if the energy supplied
to the growing film is not enough to stimulate its cry-
stallization, thus the values of nanohardness and elastic
modulus are much smaller than for nanocrystalline films.

Thus, the level of physicomechanical properties of con-
sidered nanocomposite coatings is largely caused by na-
nodimensionality of their grain structure.
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