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Effects of sputtering pressure on nanostructure and
nanomechanical properties of AIN films prepared by RF reactive sputtering
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Abstract: Wurtzite aluminum nitride (AIN) films were deposited on Si(100) wafers under various sputtering pressures by
radio-frequency (RF) reactive magnetron sputtering. The film properties were investigated by XRD, SEM, AFM, XPS and
nanoindenter techniques. It is suggested from the XRD patterns that highly c-axis oriented films grow preferentially at low pressures
and the growth of (100) planes are preferred at higher pressures. The SEM and AFM images both reveal that the deposition rate and
the surface roughness decrease while the average grain size increases with increasing the sputtering pressure. XPS results show that
lowering the sputtering pressure is a useful way to minimize the incorporation of oxygen atoms into the AIN films and hence a film
with closer stoichiometric composition is obtained. From the measurement of nanomechanical properties of AIN thin films, the

largest hardness and elastic modulus are obtained at 0.30 Pa.
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1 Introduction

The wurtzite aluminum nitride (AIN) films with
wurtzite hexagonal structure have attracted increasing
attention for their exceptional properties such as high
thermal conductivity (285 W/mK at room temperature)
[1,2], wide band-gap width (6.2 eV) [3], fine
piezoelectric activity, high wave speed and high
electromechanical coupling factor [4]. AIN is an
excellent candidate for gigahertz surface acoustic wave
(SAW) devices [5], bulk acoustic wave (BAW) devices
[6—8] and LED [9].

At present, AIN thin films can be prepared by
various kinds of techniques, such as chemical vapor
deposition [10], pulsed laser deposition [11], molecular
beam epitaxy [12] and magnetron sputtering [13—15].
Compared with other techniques, reactive magnetron
sputtering owns many advantages like low deposition
temperature, low cost, easy to control the experiment

parameters, which lead to their wide use. The key lies on
controlling the parameters so as to effectively regulate
their micro-structure, which determines the properties of
AIN thin films.

In this work, hexagon structure AIN thin films with
different orientations were deposited on silicon (100)
substrate by RF magnetron sputtering techniques. We set
a series of experiments by adjusting the sputtering
parameters, so as to investigate the correlations among
crystal
morphology, thickness and nanomechanical properties.
Nowadays, much attention has been paid to
nanomechanical property of AIN. Since AIN thin film

chemical composition, structure, surface

needs to be applied in various electronic devices, it is
necessary to investigate its mechanical properties besides
optical and electrical properties. Furthermore, the
properties of these devices might be seriously impaired
due to the micro loading during machining, packaging
and utilizing. FIGUEROA et al [16] revealed the
influence of sputtering pressure on hardness of AIN thin
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film deposited on glass substrate. They thought that the
changes of residual stress and its effect on hardness and
fracture properties are mainly affected by the columnar
growth and thickness of thin film. And OLIVEIRA et al
[17] found that the substrate temperature and the sort of
working gas greatly influence the hardness of AIN thin
film, while preferred orientation has less effect on the
hardness. However, research on nanomechanical
properties of AIN thin films is still seldom reported. It is
of great importance in finding the correlation among
sputtering  pressure, components, and
nanomechanical property.

structure

2 Experimental

AIN thin films were fabricated by CSU550-I ultra
high vacuum magnetron device. The aluminum target
was 60 mm in diameter and 4 mm in thickness with a
purity of 99.999%. The sputtering and reactive gases
were high-purity Ar (99.999%) and N, (99.999%),
respectively. Si(100) wafer with 10 mm>10 mmx0.5 mm
in dimensions was used as substrate. And the surfaces of
films deposited were mirror polished. Degreasing was
carried out in ultrasonic baths of acetone, ethanol and
deionized water for 30 min, respectively. The native
oxide on the Si wafer was removed through etching in
5% HF solution for 10 s. The sputtering power was kept
at 200 W. Distance between the target and the substrate
was 30 mm. The chamber was evacuated below 1.8x107
Pa, and a mixture of Ar and N, (flux ratio 1:1) was
introduced into. After pre-sputtering, the AIN thin films
were deposited at 0.20, 0.30 and 0.55 Pa for 1 h,
respectively. Since the substrate was not heated, its
temperature was below 150 °C. The deposition
parameters are summarized in Table 1.

The crystal structure and preferred orientation of the
thin films were characterized by X-ray diffraction (XRD,
Dmax—2500VBX with a Cu K, radiation source
(4=0.154 nm)). An atomic force microscope (AFM
NT-MDT, Solver P47) was used to analyze the surface
morphology of thin films and roughness. The
cross-section morphologies and thickness of the AIN
films were observed by a scanning electron microscope
(Quanta200  Environmental =~ SEM). An  X-ray
photoelectron spectrometer (K-Alpha 1063, Thermo
Fisher Scientific Ltd.) was applied to analyzing the sort
of elements, contents and electronic valence. The data of
hardness and modulus of elasticity were collected from
nanoindentation tester (CSM Switzerland, UNHT).

Table 1 Deposition parameters of AIN thin films

Qiu-ping WEI, et al/Trans. Nonferrous Met. Soc. China 24(2014) 2845-2855

3 Results and discussion

3.1 Structural analysis

Figure 1 shows the XRD patterns of the AIN thin
films deposited under different pressures. The intensity
of AIN (002) peak in the thin film is much stronger than
that of AIN (100) under the pressure of 0.20 Pa,
indicating a fine c-axis preferred orientation. Increasing
the pressure to 0.30 Pa, both the (100) and (002) peaks of
AIN appear in the pattern. For the sample prepared at
0.55 Pa, (100) peak of AIN turns out to be the strongest
and that of AIN (002) weakens a lot. Remarkably, the
peak of AIN (100) is much sharper than that of AIN (002)
at 0.30 Pa, indicating that this film has better
crystallinity.

As it can be seen above, the sputtering pressure has
significant influence on the preferred orientation of AIN
thin film. Increasing the pressure is beneficial to the
growth of (100) plane while (002) plane grows
preferentially at a relatively low sputtering pressure.
During sputtering, the longer mean free path (1) of
particles at a low sputtering pressure lowers the
possibility of particles colliding with each other, thus
keeping particle energy at a high level, which results in
high nucleation density and deposition rate. All these
conditions are suitable for the growth of (002) preferred
orientation [18]. On the contrary, increasing the
sputtering pressure reduces A of particles and increases
the possibility of collision between sputtering particles
and Ar ions, which will lead to much more scattering and
make the energy level and number of sputtering particles
reaching the substrate diminish drastically. Therefore, the
deposition rate and the nucleation density both decrease,
which is good for the growth of (100) preferred
orientation. Besides, at high pressures, Al atoms
sputtered from the target and activated nitrogen atoms
could form AI-N clusters through once or several
times of collision and then were deposited on the
substrate, which enhanced the growth of (100) plane
[19-21].

Table 2 shows the structural parameters of AIN thin
films deposited under different sputtering pressures. And
we calculated the interplanar distance and crystal size of
all samples by Bragg equation and Scherrer formula.

It can be seen from Table 2 that crystal size grows
along the ascent of sputtering pressure. At low pressures,
the atomic clusters sputtered from the target own low
possibility of colliding with gas ions on their way to the

Sputtering Sputtering N, flow rate/  Ar flow rate/ Substrate Substrate-to- Deposition
pressure/Pa power/W (mL-min ") (mL-min ") temperature/°C target distance/cm time/h
0.20, 0.30, 0.55 200 5 5 <150 °C (no heating) 3 1
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Fig. 1 XRD spectra of AIN thin films deposited under different
pressures

Table 2 Structural parameters of AIN thin films deposited
under different sputtering pressures

Pressure/ 26/ FWHM/ C*/
Pa ©) (°) nm

( h k I) Intensity I/FWHM d/A

020 357 (002) 186  0.535 159 348 2.5129
32.920(100) 377  0.166 62.7 2271 2.7185
35960(002) 338  0.466 183 725 2.4954

0.55 32964(100) 897  0.134 93.2 6694 2.7150

*C refers to the crystal size calculated from Scherrer formula.

substrate and the diffraction of sputtered clusters (Al, N,
AI-N and etc.) is small. Therefore, there is a large
quantity of atomic clusters flying to the substrate surface.
Their kinetic energy and mobility are kept at high levels.
But they are soon covered by subsequent atomic groups
before migration, which inhibits the growth of crystal.
While at high pressures, the sputtering atomic groups
have more chances to collide with gas particles, which
reduces the number and kinetic energy of atomic groups
reaching the substrate and lowers their mobility. Studies
have shown that it presents a polymerization effect [22]
in order to reduce the total surface energy among fine
grains. The reduction of diffusion energy will lead to the
enhancement of polymerization among fine grains.
Furthermore, since less particles fly to the surface of
substrate, the atomic groups after condensation have
much time to grow via diffusion migration and coalesce
with the nearest neighbor atomic groups. These factors
above are conducive to the further growth of grains.

Observed from Table 2, as the gas pressure
increases from 0.20 Pa to 0.55 Pa, the ratio of the
intensity to full width half maximum (/FWHM) of (002)
plane and (100) plane gradually increases. The /FWHM
value of (100) plane is larger than that of (002) plane at
0.30 Pa.

3.2 Deposition rate

Figure 2 shows the cross-sectional SEM images of
the AIN thin films deposited under different sputtering
pressures. The thickness of film first increases and then
decreases with the ascent of sputtering pressure, which
indicates that the deposition rate of film first increases
and then decreases. The deposition rates of AIN thin
films are 22.2, 24.7 and 12.6 nm/min at 0.20, 0.30 and
0.55 Pa, respectively.

CHENG et al [18] considered that the sputtering
pressure can affect deposition rate positively and
negatively. On one hand, the collision between the
electrons and gas molecules increases with increasing the

Fig. 2 Cross-sectional SEM image of AIN thin films deposited

under different pressures: (a) 0.20 Pa; (b) 0.30 Pa; (c) 0.55 Pa
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sputtering pressure, resulting in the enhancement of gas
ionization and increasing the density of Ar” and so on, so
that the ions bombard the target more frequently, which
helps increasing the sputtering rate of the target and
deposition rate. On the other hand, as the pressure
increases, the possibility of collision between atomic
clusters from the target and gas ions also increases and
the chance of particles arriving at the substrate reduces.
This results in the reduction of deposition rate of thin
film. It is the combined effects of these two factors that
cause the deposition rate to first increase and then
decrease in our experiment.

3.3 Morphologic analysis

Figure 3 shows the AFM images of AIN thin films
deposited under different sputtering pressures. The film
deposited under the pressure of 0.20 Pa shows a uniform
and dense morphology with circular columnar grains of
(002) preferred orientation. As the pressure increases to

0.30 Pa, grains turn into various shapes and their
boundaries become unclear. A few of small grains start to
agglomerate. At 0.55 Pa, the grain shape turns to be
silkworm-like and the film has comparatively large
pores. It can be clearly seen that the majority of
silkworm-like grains are parallel to the substrate surface.
The thin film has (100) preferred orientation and its
c-axis is parallel to the surface of substrate.

Table 3 shows the influence of sputtering pressure
on the roughness of AIN thin films, where R, refers to
the root mean square roughness and R, represents the
difference in height between the highest and lowest
points within the detection range. As the sputtering
pressure increases from 0.20 Pa to 0.55 Pa, the roughness
of film decreases from 5.6 nm to 2.9 nm; also the R
value gradually decreases from 44.5 nm to 27.5 nm. The
root mean square roughness of the films is much smaller
than 30 nm which meets the requirement of SAW
devices [23].

x/um
Fig. 3 AFM images of AIN thin films deposited under different pressures: (a;, a,) 0.20 Pa; (b, by) 0.30 Pa; (¢, ¢;) 0.55 Pa

27.5nm
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Table 3 Effects of sputtering pressure on roughness of AIN thin
film

Sputtering pressure/Pa Ry/nm Ra/nm
0.20 5.6 445
0.30 3.0 28.8
0.55 29 275

To explain the effect of pressure on the surface
roughness of film, we can adopt the theory that combines
the changes of the kinetic energy and the surface
migration energy of absorbed atoms during the process
of deposition [14]. At low sputtering pressures, the
kinetic energy of absorbed atoms on the surface is high,
but the deposition rate is high as well, which decreases
the diffusion time of Al and N atoms on the substrate
surface. Therefore, it is conducive to enhance the
crystallization of the film and lower its roughness. The
deposition rate gets lower while increasing the sputtering
pressure, which means that the Al and N atoms have
more time to diffuse on the substrate and results in a
rougher surface.

3.4 Film composition analysis

Figure 4 shows the XPS spectra of the AIN thin
films deposited under different sputtering pressures
without etching or after Ar" etching for 10 min. The
surface of as-deposited AIN thin film is composed of Al,
N, O, and C.

Ols
54.28%

Al 25
Al 2p Nlis
38.76% 3.15% .55 Pa, etched
51.62%
37.5% 5 ‘ I 0.55 Pa, un-¢tched
2.84% e
[ ~
29.8% 20.33%
ey 20.
47.58%, L L 0.30 Pa, erched
34.04%
37.9% 14.Ill Y 0.30 Pa, un-etched
A "
33.35%
49.44%
" °* l 14.38.% .20 Pa, etched
o 30.86%
29.15% Cls |3-‘?“3% 0.20 Pa, un-etched
A

0 100

200 300 400 500 600 700 800
Binding energy/eV

Fig. 4 XPS spectra of AIN thin films deposited under different

pressures without etching or etching for 10 min

Figure 5 shows the effects of the sputtering pressure
on the mole fractions of Al, N, O and C in the AIN thin
film. The aluminum content is higher than that of
nitrogen, which indicates that the thin films are Al-rich.
Besides, the content of every element in all samples
changes a lot after etching. After etching for 10 min, the
content of Al or N increases and that of carbon decreases.
The contents of O at 0.20 Pa and 0.30 Pa sharply

decrease after etching. Only at 0.55 Pa, it increases from
51.62% to 54.28%. This indicates that the pollution of O
and C mainly presents in the surface layer of the AIN
films, which is caused by surface oxidation after
deposition. Since the specimens were only etched for 10
min, the oxygen content of the film is still high. However,
referring to Ref. [24] on the analysis of XPS along the
depth in AIN thin films, it can be inferred that the oxide
layer on the surface will basically be removed if etching
for a long time enough, and the measured composition
will be closer to the stoichiometric ratio of AIN.

60

50F
B HWF  smeamt o
,g. -H- AI. un—leu(:ihed
1 L —+— Al, etche
B 30 -0- N, un-etched
o N —=—N, etched
El | = -<- 0, un-etched
= 20 —o—Q, etched

...... -+~ C, un-etched
ol 7 TtEEIseaLly ——C, etched
x4
0 . : :

0.2 0.3 0.4 0.5 0.6 0.7
Working pressure/Pa

Fig. 5 Effect of sputtering pressure on mole fraction of Al, N, O
and C in AIN thin films

Figure 5 demonstrates the content change of each
element with sputtering pressure, which is obtained by
calculating the area of each peak. The sputtering pressure
has great impact on the content of all elements in the AIN
thin film. For specimens without etching, the content of
oxygen gradually increases from 30.86% to 54.28%
when the pressure increases. And the content of N and Al
first increases and then decreases. However, the content
of C gradually decreases from 27% to 8%. For the films
after etching, as the sputtering pressure increases, both
the contents of Al and N gradually reduce, while the
oxygen content increases; the aluminum content reduces
from 49.44% to 38.76%, nitrogen reduces from 33.35%
to 3.15% and the oxygen increases from 14.78% to
54.28%. This phenomenon is consistent with that report
by LEE et al [25] and PENZA et al [26]. Whether being
etched or not, the oxygen content increases with the
ascent of sputtering pressure, and excellent
anti-oxidation property and high purity are shown by the
film prepared under low pressures. ABABNEH et al [27]
also found that the content of oxygen is less than 5% at
0.20 Pa, while it increases to 10% at 0.60 Pa. With the
increase of sputtering pressure, the content of oxygen in
the film is increased, which is due to the strong affinity
between aluminum and oxygen atoms [27].

In view of thermodynamics, Al prefers to react with
O, when the contents of N, and O, are in the same level



2850

at room temperature [25]. Therefore, the sputtered Al
atoms react with residue oxygen in the chamber, which
causes the formation of alumina. When exposed to the air,
it is also easy to form Al,O; on the surface of the Al-rich
thin film. Combined with the XRD analysis above, we
can draw a further deduction that the thickness of Al,O3;
layer is very thin or it is amorphous. The oxygen content
in the film is mainly derived from the residual gas in the
chamber. At low pressures, the ion bombardment on the
as-deposited film is strong. The oxygen incorporated into
the AIN thin film is less due to the decrease of adhesion
coefficient of oxygen at low pressures. While increasing
the pressure to 0.30 Pa, the deposition rate is higher.
High deposition rate can also reduce the content of

Qiu-ping WEI, et al/Trans. Nonferrous Met. Soc. China 24(2014) 2845-2855

oxygen derived from residue gas in the chamber.
Actually, only 5% of oxygen in the film will hinder its
growth along the c-axis. Al,O; impedes the growth of
AIN columnar grains and causes damage to its c-axis
preferred orientation [28]. This is consistent with the
XRD result, which shows that the preferred orientation
gradually changes from (002) to (100) as the
concentration of oxygen increases.

The mole ratios of Al to N of as-deposited thin films
are 1:0.67, 1:0.63 and 1:0.08 at 0.20 Pa, 0.30 Pa and 0.55
Pa, respectively, after etching for 10 min. The results
show that the composition of thin film at 0.20 Pa is the
closest to 1:1, which is the stoichiometric value of AIN.

Figure 6 shows the XPS spectra of Al 2p of the AIN
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Al—0 74.49
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Fig. 6 Al2p XPS spectra of AIN thin films deposited under different pressures before and after etching: (a;) 0.20 Pa, un-etched;
(ay) 0.20 Pa, etched; (by) 0.30 Pa, un-etched; (b,) 0.30 Pa, etched; (c;) 0.55 Pa, un-etched; (c,) 0.55 Pa, etched
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thin films prepared under different pressures before and
after etching. The binding energy of Al 2p in the metallic
state is between 72.5 eV and 72.8 eV, in aluminum
nitride it is between 73.1 eV and 74.7 eV and in the
aluminum oxide it is between 74.0 eV and 75.6 eV [28].
Before etching, the Al 2p peaks are composed of AI—N
bonds and Al—O bonds in all samples. At 0.20 Pa, the
Al—N peak is strong and the AI—O peak is weak,
indicating that there is little alumina on its surface. In the
Al 2p spectra of samples surfaces at 0.30 Pa and 0.55 Pa
without etching, the AI=—O bond is the main peak and
the AI—N bond peak is very weak. This shows that the
surface contains more alumina than that at 0.20 Pa. In the
Al 2p diagram after etching, the Al 2p peaks at 0.20 Pa

and 0.30 Pa are composed of AI—N, AI—0 and metallic
aluminum after fitting. The AI—N peak is the main peak,
while the AI—O and metallic aluminum peaks are weak,
indicating that the alumina content is largely reduced
after etching. This may be due to the ion induced
decomposition of aluminum nitride during the etching
process [29]. The Al 2p diagrams of specimen at 0.55 Pa
before and after etching are only composed of AI—O
bond and AI—N bond. And the peak area of AI—O is
much higher than that of AI—N bond, which shows that
its surface contains much alumina.

Figure 7 shows the XPS spectra of N1s in AIN thin
films deposited under different pressures. The binding
energy of N—Al in the AIN thin films is in the range of

(a;)

N—AIl 396.79

N—C 398.32

N—N 39&

(a,)

N—AI 396.39

405 400 395
Binding energy/eV

405 400 395
Binding energy/eV
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N—AI 397.64

N—N 398.9
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Fig. 7 N1s XPS spectra of AIN thin films deposited under different pressures before and after etching: (a;) 0.20 Pa, un-etched;
(a3) 0.20 Pa, etched; (by) 0.30 Pa, un-etched; (b,) 0.30 Pa, etched; (c;) 0.55 Pa, un-etched; (c;) 0.55 Pa, etched
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396.16—397.54 eV, confirming the formation of the AIN.
It was reported that the binding energy of N—O in the
Nls is 395.4 eV [24,30-35] and 3959 eV [34]. Its
formation comes from the oxide layer on the surface of
the film [36]. The binding energies of N—C bond are
398.5 eV and 399.5 eV, which exists as nitride and
imides in a triple bond or a double bond [34]. The N—N
bond comes from the thin film or absorbed N, molecules,
and its binding energy is 399.0—399.6 eV [37].

In the N1s spectra of specimens at 0.20 Pa and 0.30
Pa before etching, N—AI bond is the main peak in the
AIN thin film and the peaks of N—C, N—O and N—N
bond are very weak. After etching, the peak of N—Al
bond is still the main peak on the fitting patterns, but
N—N disappears. There are N—O bond and N—AI—O

Qiu-ping WEI, et al/Trans. Nonferrous Met. Soc. China 24(2014) 2845-2855

corresponding to the oxygen content of 14.78% in the
film. The above analysis shows that the main constituent
of thin films at 0.20 Pa and 0.30 Pa is AIN and a small
amount of nitrogen oxide and alumina exist. Also the
films have absorbed a few N, molecules. The N Is
spectrum of sample at 0.55 Pa after fitting consists of
three peaks before and after etching. They are AI—O—N
bond [32] at 403 eV, N—N bond at 399.28 eV and N—
Al bond at 397.54 eV and 397.35 eV. Among them, the
peak of AI—O—N bond is the strongest and the N—N
peak and the N—Al peak are weak. This shows that there
are many oxides on the surface. The surface also has
absorbed N, molecules. The AI—O—N bond at 403.1 eV
is formed at the interface of Al,0; and AIN [38].

Figure 8 shows the O 1s of XPS spectra in the AIN

bond [32] in the etched specimen at 0.20 Pa, thin films prepared under different pressures before and
(a;) (a,)
Al—0 531.34
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Fig. 8 O 1s XPS spectra of AIN thin films deposited under different pressures before and after etching: (a;) 0.20 Pa, un-etched;
(az) 0.20 Pa, etched; (b;) 0.30 Pa, un-etched; (b,) 0.30 Pa, etched; (c;) 0.55 Pa, un-etched; (c;) 0.55 Pa, etched
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after etching. At 0.20 Pa, the main peak of O 1s on the
surface without etching locates at 5324 leV,
corresponding to the O 1s of OH (Al—OH bond), the
other two peaks locate at 530.79 eV and 534.18 eV,
respectively, corresponding to the O* (Al—0O bond) and
the physical absorption of H,O [39]. This demonstrates
that the surface mainly consists of AI(OH);, aluminum
oxide and absorbed water. After etching, the main peak
of the O 1s spectrum locates at 531.34 eV, the AI—0O
bond. The binding energy of AI—O bond is 531.15—
531.6 eV [31]. Another two peaks are at 530.01 eV and
533.34 eV, respectively, corresponding to the oxygen in
the AI—O—N [30-32,35,37] and AI——OH [32]. After
etching, the O 1s of absorbed water disappears and the
intensity of peak representing the AI—OH is also
greatly reduced. For samples prepared at 0.30 Pa and
0.55 Pa, the O 1s is composed of Al—O and Al—OH,
corresponding to aluminum oxide and Al (OH); before
and after etching. And the main peak is A0 bond; the
peak area of AI—OH is weak, indicating that the content
of Al (OH); on the surface is much lower than that of
alumina.

3.5 Nanomechanics performance analysis

Figure 9 shows the correlation among nano-
indentation hardness and elastic modulus and indentation
depth of AIN thin films deposited under different
pressures. For samples prepared at 0.20 Pa, its hardness
is 10.9-12.9 GPa at the depth of 36—80 nm; and its
elastic modulus lies between 175.2 GPa and 197.3 GPa.
As the sputtering pressure goes to 0.30 Pa, the hardness
of thin film increases to 18.3—20.7 GPa at the depth of
33—44 nm, and its elastic modulus is between 185.7 GPa
and 200.7 GPa. At 0.55 Pa, hardness of thin film lies
between 10.0 and 17.8 GPa at the depth of 24—61 nm
and the elastic modulus is in the range of 122.7-154.9
GPa. With the increase of indentation depth, the
micro-hardness of thin films gradually decreases, which
is close to the substrate hardness. The deformation zone
of indentation will extend to substrate if indentation
penetration is too deep, thereby making the measured
hardness value lower. Based on this, it is recommended
that the ratio of indentation depth to film thickness
should be less than 1/10—1/20 in order to guarantee its
accuracy [40,41].

As it can be seen from the Fig. 9 and Table 4, the
hardness and elastic modulus of AIN thin films first
increase and then decrease with the increase of pressure.
At 0.30 Pa, they reach the maximum. Since the
anisotropic generally exists in crystal, different crystal
planes possess different mechanical properties. The
elastic constant of AIN is anisotropic [42]. The results of
XRD and AFM both reveal that the crystal orientation,
the grain size and film thickness of each AIN films are

not the same in this work. Therefore, the nanomechenical
properties of the AIN thin films are relevant to the
microstructure, preferred orientation, grain size and other
factors.
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Fig. 9 Mechanical properties of AIN thin films deposited under

different sputtering pressures: (a) Hardness; (b) Elastic

modulus

Table 4 Hardness and elastic modulus of AIN thin films
deposited under different sputtering pressures

Sputtering pressure/Pa Hardness/GPa Elastic modulus/GPa

0.20 10.9-12.9 175.2-197.3
0.30 18.3-20.7 185.7-200.7
0.55 10.0-17.8 122.7-154.9

4 Conclusions

1) It is easy to deposit high c-axis oriented AIN thin
films at low pressures, while at high pressures, it is easy
to prepare AIN thin films with (100) preferred
orientation.

2) With the increase of sputtering pressure, the film
deposition rate and surface roughness are gradually
reduced, and the grain size is gradually increased.

3) Depositing at low pressures prevents the thin
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films from being polluted by oxygen, so that the
composition of the thin films is close to the
stoichiometric composition of the AIN film, thereby
enhancing the oxidation resistance of the AIN thin film.

4) Sputtering pressure has great influence on the
hardness of AIN thin film. At 0.30 Pa, the hardness and
elastic modulus reach the maximum.
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