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a b s t r a c t

Nanocomposite Ti1−xAlxN films were deposited on corning glass substrate by DC/RF magnetron sputtering
in the present work. The effect of variation in Al content on structural features of Ti1−xAlxN films has
been investigated by characterization techniques such as XRD, FE-SEM, and AFM. The hydrophobic and
electrical properties of the films have been measured by contact angle (Drop Shape Analysis System
DSA100) (Kruss, Germany) and Four-probe method, respectively. XRD analysis of the Ti1−xAlxN films
with the variation in Al contents of xAl ≤ 0.73 and xAl ≥ 0.78 revealed the NaCl or cubic B1 structure and
AlN wurtzite or hexagonal B4 structure, respectively. The crystallite size and lattice parameter of the films
calculated from its XRD peaks revealed that it decreases with increasing Al contents. Structural analysis
of the films has shown that with increasing Al contents (0.58 at.%), grain size decreases and pyramidal
shape grains transforms into flowerlike structure and finally into disc like structure as evident from
the FE-SEM analysis. The root mean square roughness of Ti1−xAlxN films has decreased with increasing

Al contents up to x ≤ 0.73 (cubic B1 structure) but it increased when x ≥ 0.78 (hexagonal B4 structure).
The maximum contact angle of 123.8◦ ± 3.7◦ (hydrophobic) has been observed for the Ti1−xAlxN film
with xAl = 0.17 but it decreased continuously up to xAl = 0.73 of Al content. However, contact angle of the
films sharply increases again when the cubic B1 phase has transformed to hexagonal B4 structure at the
xAl = 0.78. The electric resistivity of Ti1−xAlxN films has increased linearly in the cubic B1 structure but
it increased sharply when the Al content exceeds x = 0.73 due to the phase transformation leading to

4 stru
formation of hexagonal B

. Introduction

Titanium aluminum nitride (Ti1−xAlxN) coating was developed
lmost two decades ago, as a promising alternative to TiN coating,
or providing better tribological and high temperature oxidation
esistance to cutting and forming tools. It has been also used as
iffusion barriers in microelectronics and electrodes in semicon-
uctor devices [1–8]. An addition of Al to the TiN films by partial
emoval of Ti atoms increases oxidation resistance of the films at
levated temperatures due to the formation of a hard and protec-
ive layer of Al2O3 on the Ti1−xAlxN surface. It has been reported
hat TiN with NaCl-type structure undergoes oxidation around
00 ◦C, but Ti0.5Al0.5N is stable up to 700 ◦C [1]. It is well known

hat addition of Al contents to the TiN, preparation technique, and
emperature affects the formation and structure of Ti1−xAlxN films
1,9–13]. For example, the metastable solid solution of Ti1−xAlxN
ith face centered cubic NaCl structure and hexagonal ZnS struc-

∗ Corresponding author. Tel.: +91 1332 285869; fax: +91 1332 285243.
E-mail addresses: ramesfic@gmail.com, ramesfic@iitr.ernet.in (R. Chandra).

925-8388/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2010.08.017
cture in the films.
© 2010 Elsevier B.V. All rights reserved.

ture has been produced for the composition of Al varying between
0 < xAl ≤ 0.66 and xAl > 0.66, respectively with a substrate tempera-
ture of 350–550 ◦C in physical vapor deposition or plasma induced
chemical vapor deposition techniques [1,14–16]. Upon annealing,
the phase transformations has occurred in the metastable fcc-
Ti1−xAlxN solution (xAl ≤ 0.66) and it transformed into cubic Ti-rich
and Al-rich domains, which exhibits higher hardness than the films
with fcc structure [17].

Wahlstrom et al. [18] have investigated the sputter deposited
Ti1−xAlxN films and reported the following results such as (a) the
Ti1−xAlxN (0 0 2) films with variation of Al contents, 0 ≤ xAl ≤ 0.52
exhibits B1-NaCl structure; (b) two phase consisting of AlN-
depleted Ti1−xAlxN (0 0 2) grains and AlN-rich (0 0 0 2) and (1 0 1̄ 1)
grains showed B1-NaCl structure, and wurtzite-structure, respec-
tively, for the Al contents varying between 0.52 ≤ xAl ≤ 0.59; for (c)
single phase AlN-rich (0 0 0 2) and (1 0 1̄ 1) grains with polycrys-

talline wurtzite-structure is observed for 0.59 ≤ xAl ≤ 0.86; and (d)
single phase AlN (0 0 0 2) grains with wurtzite-structure is observed
for xAl = 1. It has been reported that the intensity of X-ray reflections
from Ti1−xAlxN films with 0.59 ≤ xAl ≤ 0.86 is very weak due to the
formation of nanometer-sized grains and low-density interfaces,

dx.doi.org/10.1016/j.jallcom.2010.08.017
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:ramesfic@gmail.com
mailto:ramesfic@iitr.ernet.in
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Table 1
Sputtering parameters for Ti1−xAlxN films with variation of Al content.

Target Titanium and Aluminum

Base pressure 2 × 10−6 Torr
Gas used Ar:N2 (85:15)
Sputtering pressure 10 mTorr
Deposition time 90 min
Sputtering power for Ti target 90 W

where, the superscript D refers to the dispersion (non-polar) component, and P
ig. 1. Schematic diagram of experimental setup used for Ti1−xAlxN films deposition.

onfirming the formation of nanostructures in the films at these
pecific composition of Al. The phase transformation in Ti1−xAlxN
lms with varying Al content, has been well studied in the litera-
ure [19–23]. However, structure and properties of the Ti1−xAlxN
lms reported so far are widely different due to the different pro-
essing conditions chosen during deposition. The effect of phase
ransformation driven by changing Al contents in Ti1−xAlxN films
n electrical and hydrophobic properties of the films is scarce in
he literature.

Hydrophobicity is an useful property when Ti1−xAlxN is used
s hard coatings on cutting tools and turbine blades as it pre-
ludes the harmful effect of wet surface. Recently, the coatings
ith multifunctional properties such as tribology, hydrophobic-

ty, and electrical properties are being developed to improve the
erformance and life of the components exposed to various ser-
ice conditions. Therefore, the present work has been envisaged
o fabricate nanocomposite Ti1−xAlxN films on corning glass sub-
trate by using DC/RF magnetron sputtering and investigate the
nfluence of phase transformation, induced by varying Al contents,
n structural, electrical, and hydrophobic properties of films. The
icrostructural characteristics of Ti1−xAlxN films were character-

zed by XRD, FE-SEM, and AFM. Contact angle measurement and
our-probe method were used to characterise the hydrophobicity
nd electrical properties of the thin films prepared under different
rocessing conditions. The Al contents in the Ti1−xAlxN films were
nalysed by using energy dispersive spectroscopy (EDS) attached
ith FE-SEM. The structural features and phase transformation of

he films are correlated with their electrical and hydrophobic prop-
rties.

. Experimental

.1. Deposition of Ti–Al–N films

The Ti1−xAlxN films were deposited on corning glass substrates by direct cur-
ent (DC)/radio frequency (RF) magnetron sputtering system (Excel Instruments,
ndia). DC magnetron sputtering is used for conducting targets such as metals or
oped semiconductors but not for non-conducting targets (non-metals or insula-
ors) because of its non-conducting nature, positive ions would lead to a charging of
he surface and subsequently to a shielding of the electric field. Subsequently, the
on current would die off. Therefore, RF magnetron sputtering (radio frequency of
3.56 MHz) is used for non-conducting and semiconductor targets in which an AC-
oltage is applied to the target. In one phase, ions are accelerated towards the target
urface to sputter material and in the other phase, charge neutrality is achieved.

The sputtering targets were high purity (99.99%) Ti and Al metal disc (ACI Alloys,
SA) of 2” diameter and 5 mm thickness, fixed at an angle of 45◦ to each other
nd with the use of rotator, the substrate was rotated between Ti and Al targets
ontinuously to perform a co-sputtering as shown in Fig. 1. DC sputtering and RF
puttering for Ti and Al targets were used, respectively, during deposition of the
lms. Reactive cosputtering was used to deposit Ti1−xAlxN films in the present work.
he substrates were initially cleaned thoroughly in an ultrasonic bath of acetone and
ethanol and finally dried under nitrogen gas. Prior to sputtering deposition, the

hamber was evacuated to a base pressure which was better than 2 × 10−6 Torr,

chieved by turbo molecular pump backed by a rotary pump. Subsequently, the
ixture of Ar and N2 gases was introduced through a mass flow controller into

he chamber. Before every sputtering run, the targets are pre-sputtered for 15 min
ith a shutter located in between the targets and the substrate in order to ascertain

he same state of the targets in every run. This shutter is also used to control the
Sputtering power for Al target 0–180 W (0–0.81 at.%)
Substrate Corning glass
Substrate temperature 550 ◦C

deposition time. All the deposition was performed at a fixed substrate to target
distance of approximately 5 cm. The sputtering parameters for Ti1−xAlxN films with
varying Al content are given in Table 1.

2.2. Characterization details

The orientation and crystallinity of the Ti1−xAlxN films were studied using

XRD (Bruker AXS, D8 Advance, Germany) with CuK� (� = 1.54 ´̊A) radiation in a
(� − 2�) geometry. The excitation voltage and current were set to a 40 kV and 30 mA
respectively, in the diffractometer. The scan rate used was 0.2 sec/step with 0.02◦

increment and the scan range was from 25◦ to 55◦ . The crystallite size t of the
Ti1−xAlxN films was calculated by using the well known Scherrer’s equation [24],
given as

t = 0.9�

B cos �
(1)

where, B (crystallite) is the corrected full-width at half maximum (FWHM) of a Bragg
peak, � is the wavelength of X-ray, and � is the Bragg angle.

FE-SEM (FEI, Quanta 200F, Netherlands) was used to characterize the
microstructures of the Ti1−xAlxN films at an acceleration voltage of 20 kV and the
atomic percentage of Al in the Ti1−xAlxN films was measured by using energy dis-
persive spectroscopy (EDS) attached with FE-SEM at five different spots for each
sample and the average value has been used. Cross-sectional FE-SEM images were
used to measure the thickness of Ti1−xAlxN films. The surface morphology of the
Ti1−xAlxN films was characterized by AFM (NT-MDT, Ntegra, Russia) operated in
semi contact (tapping) mode. To calculate root-mean-square (RMS) roughness, five
different spots for each sample was scanned using AFM and the average value has
been used. The electric resistivity was measured by using Four-probe method at
room temperature.

Contact angle of Ti1−xAlxN films was measured by using Drop Shape Analysis Sys-
tem DSA100 (Kruss, Germany) in air at room temperature and the average contact
angle value was calculated based on measurements at five different positions in each
sample. The surface energy of Ti1−xAlxN films has been calculated by Owens–Wendt
method using two liquids with known surface energy values of 72.8 and 50.8 mN/m
for water (polar component) and diiodomethane (dispersion liquid), respectively.
When a liquid drop is in contact with an ideally smooth, homogeneous, rigid and
insoluble solid, its equilibrium contact angle is expressed by Young’s equation:

�L cos � = �S − �SL (2)

where, �L , �S and �SL are the surface energies of the liquid/vapor, solid/vapor and
solid/liquid interfaces, respectively [25]. Fowkes [26] proposed that the surface
energy (�S) can be described as the sum of contributions from dispersion interac-
tions (�D

S
) and non-dispersive interactions, which is also called the polar component

(�P
S

).

�S = �P
S + �D

S (3)

Fowkes investigated mainly two-phase systems containing a substance (solid
or liquid) in which the dispersion interactions are important across the interface
and contribute to the work of adhesion, as expressed in the geometric mean of
the dispersive surface energy. Hence, the surface free energy corresponding to the
solid-liquid interface is calculated by the Eq. (4):

�SL = �S + �L − 2
√

(�D
S

�D
L

) (4)

Owens and Wendt [27] extended Fowkes’ equation and proposed a general form
of expression:

�L(1 + cos �) = 2
√

(�D
S

�D
L

) + 2
√

(�P
S

�P
L

) (5)
refers to the polar (non-dispersion) component, including all the interactions occurs
between the solid and liquid, such as dipole–dipole, dipole-induced dipole and
hydrogen bonding, etc. The solid surface energy is calculated using Eq. (5). There-
fore, one could easily determine �D

S
and �P

S
by solving Eq. (5) using two liquids with

known �D
L

and �P
L

for contact angle measurements.
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in Al contents up to x = 0.58 (Fig. 5(b)), grain size decreases from
41.9 ± 2.9 to 29.0 ± 2.0 nm and there was no observable change
in pyramidal grain morphology. However, when the Al content is
increased above xAl = 0.58 (Fig. 5(c)), pyramidal shape flowerlike
Fig. 2. XRD peaks of Ti1−xAlxN films with variation of Al content.

The influence of surface roughness on the water contact angle is expressed by
enzel’s equation [28]:

os �W = A cos � (6)

here, A is a roughness factor, defined as the ratio of the real and apparent surface
reas and �W is a water contact angle for a rough film surface. According to this rela-
ionship, the water contact angle for a rough but chemically homogeneous surface
s larger than that of a smooth surface. On the other hand, when the film is smooth
n the atomic scale, if the RMS roughness is below 0.5 nm, it does not affect surface
nergy. Hence, the effect of surface roughness on the water contact angle can be
eglected and other factors are important as reported in the literature [29].

. Results and discussion

Fig. 2 shows the X-ray diffraction patterns obtained from the
anocomposite Ti1−xAlxN films with xAl = 0, 0.17, 0.35, 0.58, 0.73,
.78, 0.81, respectively on corning glass substrate. It is observed
hat the XRD pattern at xAl = 0 show the peaks of TiN (1 1 1) and
2 0 0) with NaCl or cubic B1 structure. With increasing Al content
p to xAl = 0.73, the peaks has gradually shifted to higher diffraction
ngle in proportion to the xAl value, indicating a decrease in the
attice parameter value. The lattice parameter, a of Ti1−xAlxN films
s calculated by using the equation of cubic structure given below
24]:

1
d2

= (h2 + k2 + l2)
a2

(7)

here, d is the interplanar distance obtained from the position of
he (1 1 1) peak using the Bragg condition, a is the lattice parame-
er and h, k and l are planes. The change in lattice parameter was
ttributed to the substitution of Ti atoms with Al atoms (smaller
tomic radius) in TiN with the cubic B1 structure as reported in the
arlier literature [22,30,31]. Fig. 3 shows the effect of Al contents on
he changes observed in inter planar spacing, d and lattice param-
ter, a of Ti1−xAlxN films with cubic B1 structure. The interplanar
pacing and lattice parameters have decreased from 2.4324 Å and
.213 Å for xAl = 0, in pure TiN, to 2.3764 and 4.116 Å for xAl = 0.73,

n Ti1−xAlxN, respectively.
For films with xAl ≥ 0.78, new peaks appeared at positions close

o those associated with the AlN wurtzite or hexagonal B4 structure.
he cubic B1 structure for xAl ≤ 0.73 has transformed into hexag-
nal B4 structure for xAl ≥ 0.78, because of excess Al content. The

ositions of peaks were located at lower diffraction angles than
hose of AlN, therefore the lattice parameter became larger than
hat of AlN, presumably, because of the Ti1−xAlxN structure contains
arger Ti atoms within the AlN exhibiting wurtzite or hexagonal B4
tructure.
Fig. 3. Interplanar spacing and lattice parameters of Ti1−xAlxN films deposited with
variation of Al content.

The crystallite size of the Ti1−xAlxN film with xAl = 0 was calcu-
lated from the X-ray peak broadening is 41.4 nm and it decreases
with increasing Al content. The size reduced to 13.9 nm for
xAl = 0.81. This is due to the inhibition of grain growth of TiN crystals
due to the presence of second phase particles causing Zener drag
effect. The inhibition of grain growth of a material due to the pres-
ence of second phase particle and impurities is called Zener drag
effect. In the present work, when Al is doped in Ti1−xAlxN nanocom-
posite film, the Al particles inhibit the grain boundary mobility of
TiN and suppress its grain growth due to Zener drag effect. For a
random distribution of particles, the pinning force (pz) exerted on
the grain boundary is given by:

pz = 3�Fv

2r
(8)

where, � is the grain boundary energy, Fv is the particle volume
fraction and r is the particle radius.

It indicates that TiN crystals become finer with the incorporation
of the AlN phase. Fig. 4 shows the changes in crystallite size of all
the Ti1−xAlxN films as a function of Al concentration.

The FE-SEM images of the Ti1−xAlxN films with increasing Al con-
tents are shown in Fig. 5(a–e). From Fig. 5(a), uniformly distributed
pyramidal shape grains are observed at xAl = 0 and with increase
Fig. 4. Crystallite size and RMS roughness of Ti1−xAlxN films deposited with varia-
tion of Al content.
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Fig. 5. FE-SEM images of Ti1−xAlxN films with variation of Al

tructure grains, and also tetragonal bipyramid grains are observed.
ith further increase in Al content up to xAl = 0.78, cubic B1 struc-

ure has transformed into hexagonal B4 structure and the disc like
tructure has transformed into diffused structure when Al con-
ent, (xAl) = 0.81. The reason of different grain shapes is that when
he Al content is low (xAl ≤ 0.58), Ti1−xAlxN shows the pyrami-
al structure, which is the structure of TiN. On further increasing
he Al content, it becomes comparable to that of Ti and it shows
yramidal shape flowerlike structure and also tetragonal bipyra-
id structure. With further increase in Al content, it shows disc

ike structure which nearly matches to the structure of pure AlN.
ence, it can conclude that the structure depends on the concen-

ration of Ti or Al and the higher concentration of these elements
ransforms the structure of Ti1−xAlxN to its pure form. The atomic
ercentage of Al in the Ti1−xAlxN films was calculated from the EDS

esults.

Fig. 6(a–e) shows the 2D AFM images of the Ti1−xAlxN films with
ncreasing Al contents and it is tandem with the FE-SEM results. It
s evident from this figure that with increasing Al contents, sur-
ace roughness decreases, which could be explained from the XRD
t (a) x = 0, (b) x = 0.35, (c) x = 0.73, (d) x = 0.78 and (e) x = 0.81.

results in which X-ray peak broadening is observed indicating the
size reduction of TiN up to Al content x = 0.73. With further increase
in Al content, surface roughness increase initially due to the change
in cubic B1 structure to wurtzite structure and finally decreases. The
root mean square roughness values with different Al contents on
corning glass substrate calculated from the AFM images of the films
are plotted in Fig. 4.

Cross-sectional FE-SEM images of Ti1−xAlxN film with varying
Al content are shown in Fig. 7(a–b). It shows a columnar morphol-
ogy and it becomes denser with increasing Al content. Since the
atomic size of Al is smaller as compared to Ti atom, the doping of
Al reduces the lattice parameter of the films as shown in Fig. 3,
which leads to the formation of denser structure. The similar struc-
ture with increase in Al content of the films is observed as shown
in cross-sectional FE-SEM micrographs of Ti1−xAlxN films (Fig. 7).

The film thickness is also increasing with increase in Al content
because of the fixed power given to the Ti target; while increasing
the power of Al target, which ensures the formation of thicker films.
The thickness of Ti1−xAlxN films measured from cross-sectional FE-
SEM images are included in Table 2.
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Fig. 6. AFM images of Ti1−xAlxN films with variation of Al co

Fig. 8(a–c) shows the contact angle between water and Ti1−xAlxN
lms with varying Al content. Fig. 9shows the Al concentration
at.%) versus contact angle of all the Ti1−xAlxN films. The corn-
ng glass substrate is hydrophilic in nature and showed average
ontact angle of 36.6◦ ± 1.1◦ for water. When tested for pure TiN
lm, the contact angle was 110.9◦ ± 3.3◦. However, with Al con-
ent, xAl = 0.17, in Ti1−xAlxN film, the contact angle was 123.8◦ ± 3.7◦

Fig. 8(a)). With further increase in Al content up to x = 0.73, the
ydrophobicity has changed into hydrophilic and the contact angle
as 18.1◦ ± 0.5◦, which is less than the contact angle of bare sub-

trate as shown in Fig. 8(b). In hydrophilic, the water droplet has
pread quickly on the surface and permeated into the interior
uickly, due to its high surface energy and vice versa for hydropho-
ic. However, the phase transformation from cubic B1 to wurtzite
ccurs when the Al content reached xAl = 0.78 as evident from

he XRD results shown in Fig. 2. Also, the contact angle increases
harply from 18.1◦ ± 0.5◦ to 122.5◦ ± 3.6◦ (Fig. 8(c)) for xAl = 0.73 to
Al = 0.78, respectively. The reason of contact angles variation with
l content is that the phases identified in pure TiN and AlN are cubic

B1 structure) and hexagonal (B4) structure, respectively. With
(a) x = 0, (b) x = 0.35, (c) x = 0.73, (d) x = 0.78 and (e) x = 0.81.

increase in Al content, the contact angle decreases up to xAl = 0.73
of Al content. The phase of the film at xAl = 0.73 of Al content is
still cubic B1 structure (shown in Fig. 2), which is TiN. However,
with further increase in Al content (xAl = 0.78), the structure of
films transforms from cubic B1 structure to hexagonal B4 structure
(shown in Fig. 2), and the contact angle increases up to 122.5◦ ± 3.6◦.
The contact angle of pure AlN films, deposited with same sputtering
parameters, has been measured and it is found to be 121.4◦ ± 3.6◦.
The surface energy of Ti1−xAlxN films which shows an inverse rela-
tion with contact angle is calculated by Owens-Wendt method by
using Eq. (5) and included in Table 2.

TiN exhibits electrical conductivity similar to the metal, but
AlN is a poor conductor. The electric resistivity of Ti1−xAlxN
film deposited on the corning glass substrates was measured at
room temperature and plotted in Fig. 10. The electric resistivity

of Ti1−xAlxN films in the cubic B1 structure increases linearly.
However, when the Al content (xAl) is 0.78, the phase transfor-
mation from cubic B1 to wurtzite has occurred, increasing the
resistivity of the films. Since, AlN is a very bad conductor, the
electric resistivity of the Ti1−xAlxN films has increased sharply
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Fig. 7. Cross-section FE-SEM images of Ti1−xAlxN films with variation of Al content
(a) x = 0.58 and (b) x = 0.81.

Table 2
Properties of Ti1−xAlxN films with variation of Al content.

S. no. Sputtering power
for Al (W)

Ti1−xAlxN
composi-
tion

Thickness
(�m)

Surface
energy, �S

(mN/m)

(1) 0 x = 0 1.52 7.7
(2) 30 x = 0.17 1.30 3.7
(3) 60 x = 0.35 1.74 13.6
(4) 90 x = 0.58 2.29 62.5
(5) 120 x = 0.73 3.81 71.3
(6) 150 x = 0.78 4.17 4.0
(7) 180 x = 0.81 4.30 4.3

Fig. 9. Contact angle of Ti1−xAlxN films deposited with variation of Al content.

Fig. 8. Contact angle between water and Ti1−xAlxN films with var
Fig. 10. Electric resistivity of Ti1−xAlxN films deposited with variation of Al.

from 0.9 � cm for (Ti0.27Al0.73)N to 6.2 � cm for (Ti0.22Al0.78)N.
The reason is that the pure TiN is a semiconductor; while AlN
is an insulator. With increase in Al content of Ti1−xAlxN films,
its resistivity increases slowly. This slow increase in resistivity
continuous until xAl = 0.73 of Al contents and phase of the films
remain same as cubic B1 structure. With increase in Al content
beyond x = 0.73, structure of the films changes from cubic (B1)
Al
to pure AlN, i.e. hexagonal (B4) structure. Since AlN is a poor
conductor, an abrupt increase in resistivity was observed. The
observed electric resistivity values (0.9 � cm) for Ti1−xAlxN with
increasing Al concentration are in tandem with that of it reported

iation of Al content (a) x = 0.17, (b) x = 0.73 and (c) x = 0.78.
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or the films deposited with varying nitrogen flow rate [31]. The
imilar trend in electric resistivity of Ti1−xAlxN films has also been
eported by Zhou et al. [23]. They have calculated resistivity of
i1−xAlxN films with varying Al concentration and observed a sharp
ncrease of resistivity from 23.5 to 136 � cm, for (Ti0.5Al0.5)N and
Ti0.4Al0.6)N, respectively. It may be mentioned that the increase
n resistivity of Ti1−xAlxN films as observed in the present work
ould be due to the formation of metal vacancies and reduction in
rain size in the Al rich films [31] as well as due to the phase trans-
ormation occurs from cubic B1 structure to hexagonal B4 structure.

. Conclusion

Nanocomposite Ti1−xAlxN films were deposited on corning glass
ubstrate by DC/RF magnetron sputtering. The influence of Al
ontents on structural properties of Ti1−xAlxN films has been inves-
igated by characterization techniques such as XRD, FE-SEM, and
FM. The contact angle and Four-probe method have been used

o measure the hydrophobicity and electric resistivity of the films
eposited with varying Al contents. XRD analysis of the Ti1−xAlxN
lms, with varying Al contents, revealed the NaCl or cubic B1 struc-
ure up to xAl ≤ 0.73, beyond which at xAl ≥ 0.78, the film showed
lN wurtzite or hexagonal B4 structure. The crystallite size and lat-

ice parameter decreases with increasing Al contents as observed
rom XRD results. With increasing Al contents, reduction in grain
ize occurs and pyramidal shape grains transforms into flower-
ike structure and finally into disc like structure. The root mean
quare roughness of Ti1−xAlxN films, with increasing Al contents
p to x ≤ 0.73 (cubic B1 structure), decreases but it increases when
> 0.73 (hexagonal B4 structure). The maximum contact angle of
23.8◦ ± 3.7◦ (hydrophobic) was observed for the Ti1−xAlxN film of
l content (xAl) = 0.17, which decreases continuously with increas-

ng Al content. However, it increases sharply when the cubic B1
tructure has transformed to hexagonal B4 structure when the
l content in the film exceeds 0.73. The electric resistivity of
i1−xAlxN films, in the cubic B1 structure, showed a linear trend
ut it increases sharply when xAl exceeds the value 0.73 due to
hase transformation.
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