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Structure of AlN films deposited by magnetron
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AlN films on a Si substrate were synthesized by magnetron sputtering method. A dual magnetron system operating in AC
mode was used in the experiment. Processes of synthesis were carried out in the atmosphere of a mixture of Ar/N2. Morphology
and phase structure of the AlN films were investigated at different pressures. Structural characterizations were performed by
means of SEM and X-ray diffraction methods. Our results show that the use of magnetron sputtering method in a dual magnetron
sputtering system is an effective way to produce AlN layers which are characterized by a good adhesion to the silicon substrate.
The morphology of the films is strongly dependent on the Ar/N2 gas mixture pressure. An increase of the mixture pressure
is accompanied by a columnar growth of the layers. The films obtained at the pressure below 1 Pa are characterized by finer
and compacter structure. The AlN films are characterized by a polycrystalline hexagonal (wurtzite) structure in which the
crystallographic orientation depends on the gas mixture pressure.
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1. Introduction
Aluminum nitride is a material with a broad

range of applications due to numerous physical and
chemical properties. The properties of aluminum
nitride (AlN) thin films deposited using plasma
enhanced techniques have been studied for over
twenty years. It was shown that AlN thin films
show a number of highly demanded properties, i.e.
high thermal conductivity and stability, chemical
inertness or high hardness. Moreover, the films ex-
hibit excellent electrical and optical properties, i.e.
high breakdown voltage and wide band-gap or low
extinction coefficient in a wide spectral range, and
a high refractive index [1–5]. All the properties al-
low us to treat the films as prospective material for
mechanical, chemical and electrical applications.

In case of AlN layers synthesis a predominant
texture growth is observed. The piezoelectric prop-
erties of highly oriented films (along the c-axis) are
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similar to those of a single-crystal. If highly c-axis-
oriented AlN films are grown, a high electrome-
chanical coupling coefficient and low losses can be
achieved, therefore, the material with such texture
is economically advantageous. The highly c-axis-
oriented AlN is an attractive material for small to
medium bandwidth filters [6, 7] as a part of in-
tegrated ULSI devices, optical sensors in the UV
range or in acousto-optic devices [1–5].

Taking into account potential applications of
AlN layers, in which the preferred 0 0 0 1 struc-
ture is expected, the optimization of their growth
has been widely discussed. AlN thin films can be
synthesized using several techniques, such as reac-
tive magnetron sputtering [8, 9], molecular beam
epitaxy [10, 11], laser ablation [12, 13], or pulse
laser deposition (PLD) [14]. A usual reactive sput-
tering is generally known as an effective method for
preparing highly oriented AlN thin films [15–17],
however, clear, optimal parameters that can resolve
the problem have not been obtained yet. Many pa-
rameters of the sputtering processes significantly
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affect the orientation of the AlN layers. As reported
by [15–20] the [0 0 0 1] preferred growth direction
is dependent on many parameters, e.g. the change
of N2 concentration and/or Ar/N2 mixture pres-
sure [15, 16, 18, 19], the type of substrate [18], the
thickness of interlayer [20].

The aim of our study was to examine the mor-
phology of the structure of aluminum nitride lay-
ers depending on the pressure during the deposi-
tion process carried out in a dual magnetron sys-
tem, working in AC mode. In addition, we tried to
define deposition conditions that would be advan-
tageous for obtaining AlN films showing promis-
ing properties from a point of view of certain
applications.

2. Experimental
2.1. Films deposition

A dual magnetron sputtering system with two
WKM-100 circular magnetrons was used in this
experiment. Schematic view of the apparatus is
shown in Fig. 1.

Fig. 1. Schematic view of the magnetron sputtering sys-
tem used in our experiment.

The magnetrons were placed opposite to each
other at a distance of 350 mm. Targets of 100
mm of diameter and 8 mm of thickness were
made of aluminum (1050A). The magnetrons were
supplied by a 10 kW pulse power supplier, from

DORA PS, operating in AC mode with a frequency
of 80kHz and modulation of about 1 kHz [21]. A
grounded substrate stage was placed perpendicu-
lar to the magnetron axis. The AlN films were de-
posited on silicon substrates that were not addi-
tionally heated during any stage of the deposition
process. The substrates were not rotated during the
synthesis. The vacuum chamber was pumped with
diffusion and rotary pumps. This system yielded a
base pressure in the sputtering chamber better than
3 × 10−4 Pa. Argon with 99.999 % purity was used
as a sputtering gas. Nitrogen (99.999 %) was used
as a reactive gas. Metering needles were used to
distribute gases into the vacuum chambers. In our
experiments we used a wide range of pressures,
from a relatively low to a relatively high, (generally
not used in the synthesis of AlN layers). It means
that the reactive process of AlN layers growth took
place in presence of Ar/N2 gas mixture, where a
pressure was from 0.1 to 15 Pa. All the synthe-
sis processes were conducted in a transient mode
of the deposition process under the conditions of
gas mixture pressure established on the basis of
the relation of the effective power to the circulating
power [21]. Target current was 5 A and deposition
time was 180 minutes.

2.2. Characterization of the films

The morphology of the AlN films was investi-
gated using scanning electron microscope (JEOL
Leo 1530). The X-ray diffraction measurements
were performed using monochromatic synchrotron
radiation (λ = 1.54056 Å) at the W1.1 beam-
line (equipped with a 6+2-circle diffractometer) at
DESY-Hasylab. Diffraction patterns were collected
in two scanning modes: 2θ-ω symmetrical scan
and coplanar 2θ scan in the glancing geometry with
ω angle fixed at 1°.

In the symmetrical 2θ-ω scan mode, the crys-
tallographic orientation of Si substrate was directed
parallel to the incident beam. This type of measure-
ment geometry permits to collect the signal, mostly
from film crystallites which are co-oriented to the
crystallographic orientation of the substrate. The
glancing geometry allowed us to obtain a strong
diffracted signal from the possible polycrystalline
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fraction of thin film, with a negligible or low sig-
nal from the substrate and low background scatter-
ing effect. Thin film lattice parameters were deter-
mined by the whole-pattern decomposition proce-
dure (Le Bail method) [22] with the help of Full-
prof.2k (v. 2.70) program [23]. The pseudo-Voigt
profile shape function was assumed. Generally, two
groups of parameters were refined: lattice parame-
ters with systematic line-shifts and peak shape pa-
rameters (total 6 parameters refined). The back-
ground points were set manually.

Fig. 2. SEM pictures of cross-section view of the AlN
layers deposited at (a) 0.1 Pa, (b) 1 Pa, (c) 5 Pa,
and (d) 10 Pa of the Ar/N2 gas mixture pressure.

3. Results and discussion
Fig. 2 shows the morphology of the aluminum

nitride films obtained by the magnetron sputtering.
It illustrates the relationship between the size of
the columnar structure of the films and the pres-
sure of the Ar/N2 gas mixture. As one can see, the
growing pressure influences the obtained film mor-
phology. The increasing of the gas mixture pres-
sure is accompanied by a tendency to columnar
growth. The columnar structure is clearly visible
in the AlN film synthesized at 5 and 10 Pa pres-
sure (Fig. 2c and 2d), while the films obtained at
the pressure below 1 Pa are characterized by finer
and compacter structure. The obtained result is sig-
nificant from the point of view of columnar crystal-
lites growth, characteristic of magnetron sputtering
method. It is known that at low substrate temper-
ature during magnetron sputtering the layers most
typically show a columnar crystallographic struc-
ture. The size of the crystallites depends on pres-
sure and at lower pressure the films exhibit finer
structure. This can be explained by the theory of
phase formation and crystal growth according to
the Thornton model [24].

Fig. 3. X-ray diffraction patterns measured for the AlN
layers obtained at different Ar/N2 gas mixture
pressures.

X-ray phase analysis (Fig. 3) confirms the
presence of polycrystalline, hexagonal wurtzite
structure in the studied aluminum nitride films that
do not include any impurity phases. The investi-
gated AlN thin films are characterized by differ-
ent preferred growth directions that depend on the
Ar/N2 gas mixture pressure. An increase in the
pressure leads to the formation of structures that
are mainly formed by the crystallites oriented along
the [1 0 1] direction, while at low pressure (0.1 Pa
and 1 Pa) the prevalent orientation of the growth is
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(0 0 1) (along c-axis). Due to potential electronic
applications, the AlN thin films with column-like
structures are unwanted, therefore, more detailed
studies were carried out for the films obtained at
low pressures. For detailed structural studies and
phase purity improvement, the diffraction patterns
of the AlN films obtained at 0.1 Pa and 1 Pa Ar/N2
gas mixture pressure were collected in glancing
geometry (Fig. 4). Applying of whole-pattern de-
composition method allowed us to determine lat-
tice parameters of the thin films. The obtained re-
sults are collected in Table 1. The lattice parameter
values match well with those previously reported in
literature [25, 26]. The AlN layers synthesized at
low mixture pressure show a promising morphol-
ogy and phase composition for the application in
electronic devices.

Table 1. The values of lattice parameters and grain size
of the hexagonal AlN films deposited at differ-
ent Ar/N2 mixture pressures.

Sample
Lattice constant

References
a [Å] c [Å]

AlN 0.1Pa 3.113(3) 5.02(2) This work
AlN 1Pa 3.116(7) 5.00(2) This work
Powder 3.112 4.982 [25]

3.11197(2) 4.98089(4) [26]

4. Conclusions
The results show that the application of mag-

netron sputtering in a dual magnetron system al-
lows an effective deposition of the AlN films on
non intentionally heated substrates. The AlN films
are characterized by polycrystalline, hexagonal
wurtzite structure. The morphology and predomi-
nant texture growth of the hexagonal AlN structure
depends on the Ar/N2 gas mixture pressure. The
results show that the most promising morphology
and phase composition have the films deposited in
Ar/N2 pressure range from 0.1 to 1 Pa. An increase
of pressure is accompanied by a columnar growth
of the layers. The films obtained at a pressure be-
low 1 Pa are characterized by finer and compacter
structure.

Fig. 4. 2θ/ω-type diffraction patterns and copla-
nar 2θ-type scan in glancing incidence geometry
measured for the AlN films obtained at different
Ar/N2 gas mixture pressures: 0.1 Pa (left), 1 Pa
(right). The peaks of highest intensity in the pat-
terns are related to (0 0 1)-oriented bulk AlN.
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