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TaN films with different N2 partial pressures were deposited on 304
stainless steel using the magnetron sputtering method. The effect of
gas pressure on the mechanical properties, morphology, and phase
structure of the films is investigated by X-ray diffraction (XRD)
analysis, atomic force microscopy (AFM), nanohardness testing,
friction coefficient measurements, and wear mechanism study. The
XRD results confirmed that increasing N2 partial pressure does not
affect the formation of the new phases but the intensity of the peaks
increased. AFM images showed that surface roughness and grain
size increased with increasing N2 partial pressure. It was found that
hardness decreased as N2 partial pressure increased. From the
friction coefficient measurements, it could be inferred that the
friction coefficient increased as N2 partial pressure increased. The
images of the samples after wear test showed that wear resistance
decreased with increasing N2 partial pressure. The results show that
the partial pressure of N2 has a great influence on the mechanical
properties
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1. Introduction
Transition metal nitride films, such as CrN, TiN,
TaN, etc., have been utilized for cutting and
drilling tools due to their excellent hardness,
wear, and corrosion resistance [1-4]. TaN films
are used in a wide variety of applications such as
thin film resistors, diffusion barriers in
microelectronic [5-9], and surface protective
coatings [10,11]. There are valuable
investigations on the mechanical properties and
thermal stability of TaN films, indicating its
potential application as hard coatings [10,11].
However, the overall published reports for TaN
are for less than other nitrides such as TiN and
CrN. In the physical vapor deposition, PVD,
TaN films show a variety of compound
solutions, including BCC α-TaN, hexagonal γ
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TaN, Ta2N, WC structure, cubic NaCl TaN,
tetragonal Ta4N5 and orthorombic Ta3N5 [1213]. The structures of TaN films prepared by
PVD method depend intimately on the
deposition technique and the process
parameters. Multilayer structure and related
mechanical and corrosion behaviors were also
intensively studied [14]. In this work, we
propose to study the effect of N2 partial pressure
in TaN films in terms of the microstructure,
surface morphology and mechanical properties
of the films.

2. Materials and methods
The tantalum nitride films with 800 nm
thickness measured by Quartz digital thickness
gauge, were deposited on 304 stainless steel
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substrates by magnetron sputtering technique.
The target diameter and thickness were 50 mm
and 6 mm, respectively, and the distance of
target from substrate is 100 mm. The substrates
were cut into 10mm ×10mm slabs and then
cleaned with acetone and ethanol in an
ultrasonic bath for 30 min. The vacuum chamber
base pressure was 2×10-5 mbar. Argon
(99.999%) and nitrogen (99.999%) were
introduced into the chamber through mass flow
controllers, which were used as the sputtering
and reactive gases, respectively. The voltage and
substrates temperature were fixed at 220 V and
300 K respectively during the deposition. The
TaN films were deposited on 304 stainless steel
with different N2 partial pressures which isas
summarised in table Table 1.
Table 1. Flow rate of N2 and Ar used for depositing
TaN films

The phase and crystalline structure of the films
were characterized by X-ray diffraction (XRD)
analysis using a Philips-pw 1800 with Cu(-Kα)
radiation (λ=0.15406) which was operated at 40
kV and 30mA. The scanning angle was from
2θ=20° to 2θ=70° with a step size of 0.02° and a
measuring time of 1.25 s per step. The
topography and roughness of the films were
investigated using an atomic force microscope
(DI, Dimension 3100) in contact mode.
Hardness and Young’s modulus were measured
using a load-controlled nano-indentation system
(UNI 2000) with a Berkovich indenter. The load
dwelling time was 30 s while the indentation
depth was 200 nm. The measurements on Eeach
sample was were measured carried out for five
times, and the average values as well as the
deviation were calculated. Friction coefficient
and wear tests were performed using a pin-ondisk tribometer. A Si3N4 ball with a diameter of
6 cm was used as the counterpart. The Normal
normal loading was 10 N and the relative sliding
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speed was 0.08 m/s. The tests were carried out
under atmospheric pressure at 25 °C and 50%
relative humidity. Prior to the experiments, the
samples were ultrasonically cleaned for 10 min
in ethanol, in order to remove substances that
might affect the results. Images of the wear track
mechanism in the samples with different N2
partial pressures were examined by scanning
electron microscope.y (SEM, Hitachi S-4160,
Japan).
3. Results and discussion
Figure 1 shows the XRD patterns of the samples
with different N2 partial pressures. In all XRD
patterns, in addition to the peaks denoted with
star which are related to 304 stainless steel
substrate, the peaks of TaN(111), TaN(200) and
TaN(220) with FCC structure are observed at
2θ=35.5°, 2θ=41.6° and 2θ=60.4°, respectively.
It can be observed in Fig. 1 that TaN(111),
TaN(200), and TaN(220) peaks intensity in fig 1
increased with the increase of N2 partial pressure
which indicates The effect of N2 partial pressure
on the microstructure of different films is shown
in figure 2. The surface topography of the films
is performed using height AFM for a scanned
area of 2µm×2µm. As can be observed, the
AFM images of the samples shows a columnar
structure in which the round grains with the
nearly equal sizes are distribution distributed
with distance to from one another on the an
improvement in the crystalline structure of the
films. When the partial pressure of N2 further
increased (sample C3), TaN(200) and TaN(220)
peaks intensity increased, while the TaN(111)
peak intensity decreased, which indicates that
the preferred orientation of the TaN films have
has changed. surface. Table 2 shows the values
of average (Ra) and the root mean square
roughness (Rms) as well as grain size for of the
samples. The grain size in the AFM images
increases as a function of the N2 partial pressure.
Also, the surface roughness of the films
increased with the N2 partial pressure because
of the increase of the grain size as shown in 2D
images of figure2. Figure 3 shows the hardness
and Young’s modulus of the films as a function
of N2 partial pressure. The hardness and Young’s
modulus decreased with the increase of N2
partial pressure. Overall, factors like surface
roughness, N2 partial pressure and grain size
have the greatest impact on hardness and
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Fig. 1. XRD patterns of the TaN films prepared at different partial pressures of N 2
Table 2. Variation of the average roughness and root mean square roughness as well as grain size

Young’s modulus. According to the hardness
values obtained in this study, it can be said that
grain size has the strongest effect on hardness.
Decreasing the grain size according to the HallPetch equation causes the increase in hardness
and Young’s modulus [15].
The plastic deformation resistance (H3/E2) is a
strong indicator of a coating resistance to plastic
deformation in the elastic/plastic plate contacts
[16]. The high H3/E2 of 0.175 was obtained for
sample C1. Hence, it is expected that sample C1
shows better wear resistance. The elastic
recovery was calculated by the following
equation:
R= hmax-hr/hmax
(1)

Where hmax and hr are the maximum and residual
displacements, respectively. Elastic recovery
(R) [17] in TaN films was evaluated by loadpenetration depth curves of indentations for each
film, as show in fig 4. The values decreased from
37% to 28% with increasing N2 partial pressure.
Figure 5 shows the patterns of the friction
coefficient versus distant for all samples. It can
be seen that the friction coefficient increased
with increasing N2 partial pressure. Generally,
the friction coefficient depends on two factors,
namely surface roughness and hardness. Sample
C1 had the lowest friction coefficient because of
its less surface roughness and more hardness
compared with other samples.
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Fig. 2. AFM images of the TaN films prepared at different partial pressures of N 2:(a) 10%, (b) 20% , (c)
30%.
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Fig. 3. Hardness and Young’s modulus of the TaN films at different partial pressures of N 2.

Fig. 4. Load-penetration depth curves of indentations for the TaN films with different N2 partial pressures.

Fig. 5. Friction coefficient as a function of the sliding distance.
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The images of various TaN films after wear test
are shown in figure 6. Sample C1 had the
narrowest wear track width due to its higher
hardness. With increasing N2 partial pressure,
sever tracking and delamination was found
along the track, indicating a relatively brittle
failure mode. Generally, factors which are
effective in improving wear resistance are
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hardness increase and friction coefficient
decrease, because a decrease in the friction
coefficient means a decrease of transfer tangent
power in the surface of the sample. The images
also show that the wear track decreases as N2
partial pressure decreases, which indicates the
improvement of wear resistance.

Fig. 6. The images of the formed wear grooves: a) sample C1, b) sample C2 and
c) sample C3.

Conclusions
In the present study, the effect of N2 partial
pressure on the microstructure and mechanical
properties of TaN films was investigated. The
TaN films with crystalline microstructure
features were fabricated by magnetron
sputtering with Ar:N2 gas input control of 90:10
%, 80:20 % and 70:30 %, respectively. XRD
patterns showed that TaN crystalline phases
were formed into (111), (200) and (220)
direction with FCC structure at different N2
partial pressures. According to the AFM images,
grain size and roughness increased with
increasing N2 partial pressure. The highest
hardness and Young's modulus around 21 and
230 GPa respectively were found for sample C1
due to its small grain size and roughness. Also,

increasing N2 partial pressure caused the friction
coefficient to increase. The images of sample C1
after wear test showed the narrowest wear track,
and with increasing N2 partial pressure (samples
C2 and C3) sever cracking and delamination were
observed along the wear path.
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