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Highly c-axis oriented aluminum nitride (AlN) films, which can be used in
flexible surface acoustic wave (SAW) devices, were successfully deposited on
polyimide (PI) substrates by direct current reactive magnetron sputtering
without heating. The sputtering power, film thickness, and deposition pres-
sure were optimized. The characterization studies show that at the optimized
conditions, the deposited AlN films are composed of columnar grains, which
penetrate through the entire film thickness (�2 lm) and exhibit an excellent
(0002) texture with a full width at half maximum value of the rocking curve
equal to 2.96�. The film surface is smooth with a root mean square value of
roughness of 3.79 nm. SAW prototype devices with a center frequency of
about 520 MHz and a phase velocity of Rayleigh wave of about 4160 m/s
were successfully fabricated using the AlN/PI composite structure. The ob-
tained results demonstrate that the highly c-axis oriented AlN films with a
smooth surface and low stress can be produced on relatively rough, flexible
substrates, and this composite structure can be possibly used in flexible SAW
devices.
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INTRODUCTION

In the past several decades, flexible electronics
have attracted tremendous interest in the fields of
flat panel displays, sensors, actuators, and biomed-
ical applications due to their lightness, flexibility,
and low costs.1–4 Flexible surface acoustic wave
(SAW) devices are crucial for the development of
flexible electronics as fundamental building blocks.5

Traditional SAW devices are built on rigid sub-
strates like single crystals of silicon,6 LiNbO3,7

LiTaO3,8 sapphire,9 and polycrystalline diamond
films.10 Although these substrates demonstrated
good performance and have been used to fabricate
SAW devices for a long time, their expanded

applications are limited due to inflexibility and high
costs. PI is inexpensive and possesses excellent
flexibility, good chemical stability, and great
mechanical and electrical properties; hence, it is
extensively used in microelectronics as a flexible
substrate.11 At the same time, AlN, one of the most
commonly used materials for piezoelectric films, has
several advantages such as high values of relative
dielectric constant (8.5) and phase velocity for the
Rayleigh wave (5600 m/s) as well as excellent
atmospheric stability and acid resistivity.12 The
possibility of growing high quality AlN films on PI
substrates offers the opportunity of utilizing the
excellent chemical and physical properties of both
the AlN films and PI substrates. Thicker AlN films
possess better crystal quality leading to better
acoustic properties and piezoelectricity than AlN
thin films. Although there are several studies of AlN(Received June 21, 2015; accepted February 20, 2016;
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deposition on flexible polymer substrates as listed in
Table I,4,11,13–18 little research have been conducted
on the AlN thick film deposition on polyimide
supports at ambient temperature for applications
in SAW devices.

In this work, highly c-axis oriented thick AlN
films were successfully deposited on PI substrates
by DC reactive magnetron sputtering. The sputter-
ing power, film thickness, and deposition pressure
were optimized, and the morphology and crystal
structure of the deposited films were investigated in
detail. SAW prototype devices were fabricated to
show the potential of using the AlN/PI composite
structures in flexible SAW applications.

EXPERIMENTAL PROCEDURE

AlN thick films were prepared on the PI sub-
strates at ambient temperature by using a DC
reactive magnetron sputtering system with a 3-
inch Al (99.999% pure) target. The distance
between the substrates and the target was about
70 mm. Prior to insertion into the chamber, the PI
substrates were subsequently degreased in acetone,
ethanol, and deionized water for 4 min each fol-
lowed by blow-drying in nitrogen gas. The base
pressure was better than 3 9 10�5 Pa, and the
sputtering atmosphere consisted of a mixture of Ar
(99.999% pure) and N2 (99.999% pure) gases with a
flux ratio of 3:1. The target was pre-cleaned by
argon ion bombardment for 5 min and sputtering
at the deposition conditions with a closed shutter
for another 5 min. The sputtering voltage was
maintained at 280 V. The electrode consisted of
10 nm thick Ti and 140 nm thick Al films, which
were deposited by an e-beam evaporation system
with commercial target material (99.999% pure)
and the base pressure below 1.19 9 10�6 Pa. The
interdigital electrodes were fabricated by conven-
tional photolithography and wet etching. The
design parameters of the SAW devices are sum-
marized in Table II.

The grain size and microstructures of the depos-
ited AlN films were investigated by a field emission
scanning electron microscope (FE-SEM) (LEO 1530)
operated at 10 kV with a working distance of 5 mm.

The roughness of the film was evaluated by atomic
force microscopy (AFM, DI NanoMan VS) in a
tapping mode. Raman scattering spectroscopy was
used to assess the crystal structure of the AlN films
as well as defects or possible impurities with a
confocal microscope using a polarized line of 532 nm
at room temperature. The texture of the AlN films
was studied by x-ray diffraction (XRD) in a Bragg–
Brentano configuration (h–2h scan) and a rocking
curve (x scan) using monochromatized Cu Ka
(k = 0.15406 nm) radiation with an operating volt-
age of 40 kV and a filament current of 200 mA. High
resolution transmission electron microscopy
(HRTEM) (Tecnai F30) was used to study the cross
section of the AlN films on a-SiO2/Si (100) substrate
at an accelerating voltage of 300 kV. TEM samples
of AlN on the a-SiO2/Si (100) were prepared by
mechanical polishing to a sample thickness of below
20 lm, after which ion milling was used to thin the
samples to electron transparency. The acoustic
properties of the AlN/PI composite structure were
tested by measuring the scattering parameter S21 of
the flexible SAW delay line with an Agilent E5071C
network analyzer and a radio frequency (RF) micro-
probe (Cascade Microtech) equipped with a ground-
signal-ground (GSG) probe.

RESULTS AND DISCUSSION

Optimization of Sputtering Parameters

In order to obtain satisfactory performance of
SAW devices, it is paramount to ensure good crystal
quality and high c-axial orientation of the piezo-
electric films deposited on flexible substrates. The
effect of deposition power, thickness, and pressure

Table I. AlN on polymer substrate reported by different works

Single (0002) texture Thickness FWHM of rocking curve FWHM of h–2h scan

This work Yes 2 lm 2.96�
Ref. 13 Yes 700 nm 0.55�
Ref. 14 Yes 565 nm 0.417�
Ref. 15 No
Ref. 16 Yes 1 lm 11.7�
Ref. 11 Yes 700 nm 0.54�
Ref. 4 Yes 500 nm 5.1�
Ref. 17 Yes 1 lm 8.3�
Ref. 18 Yes 1 lm 9.1�

Table II. Design parameters of the IDT electrode of
the delay line SAW device

Number of IDT pairs 40
Transducer aperture 320 lm
Wavelength 8 lm
Metallization ration 0.5
Delay line 480 mm
Electrode thickness Ti(10 nm)\Al(140 nm)
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on the properties of the AlN films was examined by
varying one parameter while holding the remaining
ones fixed, which led to the optimized set of the
deposition parameters. The obtained results are
shown in Fig. 1, where all the samples have a (0002)
orientation. The FWHM of the AlN (0002) peak
reaches minimum at 225 W when the sputtering
power was varied between 201 W and 235 W. The
sputtering power values lower than 225 W result in
decreased kinetic energy of the incident atoms, and,
therefore, inability to rearrange themselves.12

When the sputtering power is greater than 225 W,
the high-energy incident atoms destroy the newly
formed AlN layer and reduce the adatom diffusion
length, thus deteriorating the (0002) orientation.19

Since PI substrates have low acoustic velocity
without piezoelectricity, the AlN films deposited on
those substrates have to be thick enough to ensure
good acoustic properties and piezoelectricity. The
FWHM of the AlN (0002) rocking curve monoto-
nously decreases with an increase in the AlN film
thickness, which may be due to the large amount of
defects such as dislocations, stacking faults, grain
boundaries, or even amorphousness at an early
stage of the film growth. The c-axis oriented grains
grow faster than the grains with other orientations;
therefore, thicker films have a larger fraction of the
c-axis oriented film resulting in a smaller FWHM of
the rocking curve as reported in Ref. 20. The
deposition pressure was varied between the fixed
0.2 Pa, 0.3 Pa, or 0.4 Pa values to investigate its
effect on the film crystal structure. In this range,
the FWHM of the AlN (0002) rocking curve
increases with the deposition pressure. On the one
hand, low deposition pressure reduces collisions
between incident atoms, which now have enough
energy to migrate on the surface of the substrate to

form the (0002) AlN films with the lowest energy;12

on the other hand, low deposition pressure leads to
instability of the deposition process. In order to
obtain a high degree of orientation and, thus, a high
electromechanical coupling coefficient for a piezo
film, the AlN film was deposited with a sputtering
power of 225 W, a deposition pressure of 0.3 Pa, and
a thickness of 2 lm. The sample was systematically
analyzed to investigate AlN/PI composite structure
with the SEM, AFM, Raman, XRD, and TEM. For
the SAW prototype devices’ characterization, 6.2 lm
thick AlN films were used to ensure good piezoelec-
tricity and acoustic properties.

Morphology

Since SAWs are known to propagate along the
surface and almost all their energy is confined
within a wavelength from the surface to the inside;
hence, surface roughness greatly affects device
performance.21 Therefore, it is important to exam-
ine the morphology of the AlN films deposited on the
PI substrate. Figure 1 shows the roughness values
at different deposition parameters indicating an
apparent mismatch between the optimal values of
FWHM and roughness. As the FWHM parameter is
more critical for obtaining a strong signal in the
device applications, the sample of 2 lm thickness
with a little bit larger RMS value is chosen for AFM
and SEM. Figure 2a shows the FE-SEM image of
the of the AlN film cross-section indicating that the
AlN film consists of a lot of columnar grains, which
are perpendicular to the PI substrate surface and
penetrate through the entire film. The film
microstructure is dense and crack-free with no
voids between the grains. There are numerous fine
columnar grains with a width of only about several
nanometers at the interface between the substrate
and the AlN film, while the columnar grain size
increases near the surface due to the merges
between the smaller grains located under the larger
grains. The larger grains result in better crys-
tallinity, but also produce a rough surface when
randomly oriented. The surface morphology mea-
sured by AFM reveals that the as-prepared AlN
films possess a relatively smooth surface with an
RMS roughness (Rq) of �3.79 nm over the
2 lm 9 2 lm surface area. Compared with the AlN
film deposited on an ordinary rigid polished sub-
strate at a relatively high temperature, such surface
morphology may result from the low mobility of
adatoms at low temperatures and the poor surface
quality of the PI substrate. The obtained results
show that the AlN columnar grains can grow well on
the PI substrates and have a surface flat enough to
satisfy the requirements of the SAW device
fabrication.

Crystal Structure and Stress

Raman microscopy is a nondestructive method for
crystal structure characterization, which is very

Fig. 1. The effect of sputtering power, film thickness and deposition
pressure on the FWHM of the rocking curve of the AlN (0002) peak
and roughness of the film. In the left part of the graph the pressure
and thickness are set to 0.3 Pa and 0.8 lm; in the middle part of the
picture, the power and thickness are set to 225 W and 0.3 Pa; in the
right part of the picture, the power and thickness are set to 200 W
and 0.8 lm.
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sensitive to disorders and residual strains. Wurtzite

AlN belongs to the space group C4
6v and is known to

have a hexagonal unit cell with two lattice param-
eters, a and c. It is composed of two interpenetrating
hexagonal close-packed sublattices, with each

sublattice containing four atoms per primitive cell.
According to group theory, zone-center optical
phonons can be decomposed using the formula:
Copt = A1 + 2B1 + E1 + 2E2. Among these modes,
the two E2 modes marked as E2 (high) and E2

(low) are both Raman and infrared active, while the
two B1 modes are Raman silent. Since the A1 and E1

modes are polar, they can split into the longitudinal
optical (LO) and transverse optical (TO) compo-
nents; and the branches of the A1 and E1 modes, in
which the phonons are polarized in the z direction
and along the x–y plane, respectively, are also
Raman silent.22 In this study, a backscattering
configuration was used with the Z direction perpen-
dicular to the film surface. Figure 3 depicts a typical
Raman spectrum of the AlN film. The peak at
658 cm�1 corresponds to the E2 (high) mode of AlN,
the strongest of the allowed modes for the c-axis
oriented wurtzite film in the backscattering config-
uration. This value is slightly larger than
657.4 ± 0.2 cm�123 in the zero-stress state resulting

Fig. 2. (a) FE-SEM image of the cross-sectional of the AlN film, (b)
surface morphology of AlN film measured by AFM under tapping
mode. The roughness RMS value is 3.79 nm.

Fig. 3. Raman spectrum of the AlN film on PI substrate.

Fig. 4. (a) XRD pattern of the as-prepared AlN film on PI substrate.
The corresponding rocking curve for the AlN (0002) diffraction peak
is shown in the inset, (b) the rocking curves of the AlN (0002)
diffraction peak on a-SiO2/Si(100) substrate and PI substrate with
intensity normalized for comparison.
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in small compression under the internal stress of
about �162 ± 54 MPa according to Ref. 24. In
addiiton, the FWHM of the E2 (high) mode is
23 cm�1, between 3 cm�1 for AlN bulk single crys-
tals of the highest quality and 50 cm�1 for highly
defective crystals, which may be due to changes in
phonon frequencies and lifetimes. This indicates
that even though the texture of the film is good (as
shown in Fig. 4a), some defects (such as point
defects, dislocations, and grain boundaries) still
exist on the surface. The other two predicted peaks
for this configuration are E2 (low) at 246 cm�1 and
A1 (LO) at 892 cm�1. These three coexisting Raman
peaks predicted by the selection rules indicate that
the deposited AlN films have the wurtzite structure
with the c-axis orientation perpendicular to the
substrate surface. The peak at 578 cm�1 is attrib-
uted to the PI substrate, since it can also be detected
on the bare PI substrate without the AlN film. The
absence of either disorder-activated Raman scatter-
ing generally associated with the lattice disorder or
local vibrational modes generally associated with
substitutional impurities is an indication of the
overall good quality of the deposited AlN films and
the absence of impurities.24

Since trace amounts of non-(0002) planes parallel
to the substrate surface in the AlN film can result in
the degradation of piezoelectric response and have a
major impact on the SAW device performance,25 the
texture of the deposited AlN films was analyzed by
XRD. h–2h scans collect the x-rays diffracted only
from the planes of the film, which are parallel to the
substrate surface. A typical XRD (h–2h scan) pat-
tern of the AlN/PI composite structure is shown in
Fig. 4a. Only the peaks at 36.00� and 76.36� were
detected. The peak intensities are quite strong, with
the peak at 36.00� corresponding to the (0002)
diffraction peak of wurtzite AlN, which indicates a
strongly oriented (0002) texture. In addition, the
rocking curve for this plane is obtained to further
examine the AlN film texture. The inset of Fig. 4a
shows a low FWHM value of 2.96�, which is
satisfactory considering that the AlN films were
deposited on a relative rough PI substrate directly
by DC reactive magnetron sputtering without heat-
ing. Generally, higher adatom mobility promotes
the growth of the AlN thin films with a c-axis
orientation, since, if the particles have higher
mobility, they are more likely to occupy the low
energy binding sites leading to faster crystal growth
in the planes with highest surface energy (in this
case, the (0002) plane). Figure 2a shows a larger
number of fine grains in the first thin bottom layer
of the film due to the amorphousness of the sub-
strate. There is no coherence between the substrate
and the deposited film, so the c-axis of these fine
grains can deviate from the substrate surface
normal leading to the spread in orientation. In
addition, a rough substrate surface with an RMS
roughness of 1.52 nm and a high deposition rate of
about 20 nm/min can also lead to low adatom

mobility. At low temperatures, the growth of the
AlN films is considered thermodynamically limited
due to the low thermal energy for sufficient adatom
mobility. There are some works26,27 about the
impact of the substrate roughness on the FWHM
of the AlN (0002) rocking curve at low tempera-
tures. These studies are focused on the migration
energy of the adatoms originating from the kinetic
energy of sputtered particles, which is sufficient for
moving only across a very smooth surface due to the
low substrate temperature. On rough surfaces, AlN
also nucleates along the (0002) plane parallel to the
local surface. However, there is a tilt variation from
grain to grain impeding the cumulative c-axis
orientation. As the substrate roughness increases,
the film texture gradually degrades. There is a large
difference in substrate roughness between PI and a-
SiO2/Si (100) as shown in Table III, but the differ-
ence in FWHM of the AlN (0002) rocking curves for
these two substrates is relatively small compared to
the previous works.27 Highly c-axis oriented AlN
films can be deposited on such rough amorphous
substrates opening an opportunity for this AlN/PI
composite structure to be used in SAW device
applications.

Figure 4b displays the two rocking curves for the
AlN films deposited on the a-SiO2/Si(100) and PI
substrates using the same deposition process. The
substrate thermal expansion coefficient,28,29 sub-
strate roughness, AlN film roughness, FWHM, and
2h of the AlN (0002) diffraction peak, and internal
stress for the deposited AlN films on PI and a-SiO2/
Si(100) are listed in Table III. The internal stress
rfilm parallel to the film surface was calculated
according to the following equation:

rfilm ¼ 2c2
13 � c33 c11 þ c12ð Þ

2c13
� cfilm � cthð Þ

cth
; ð1Þ

where c11,c12,c13 and c33 are the stiffness constants
for AlN,30 cfilm and cth are the experimental and
theoretical lattice parameters c for the AlN films,
respectively. As seen in Fig. 4b, the (0002) diffrac-
tion peak value for AlN deposited on the PI sub-
strate shifts toward the lower 2h angle compared
with that on the a-SiO2/Si(100) substrate, and both
of them are smaller than the standard value of the
AlN powder. It means that both deposited AlN films
undergo compressive stress, though it is relatively
small as shown in Table III. This small residual
compressive stress most likely results from the
deposition at low sputtering pressures, when the
ejected Al particles with higher kinetic energies
(due to an increased mean free path of the sputtered
particles with little scattering) bombard the as-
grown film at an angle approximately normal to the
surface leading to dissociation of loosely packed
planes and decreasing voids. Hence, a dense and
compact film was formed under compressive stress.
In addition, the AlN film on the PI substrate has
larger in-plane compressive stress than the AlN film
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grown on the a-SiO2/Si(100) substrate. The differ-
ence in the quantity of stress is likely due to a
thermal expansion coefficient mismatch. The ther-
mal expansion coefficient of AlN is located between
the corresponding values for PI and a-SiO2/Si(100)
as listed in Table III. If both composite structures
undergo the same temperature change, the AlN film
on PI will exhibit compressive stress, while the AlN
film on a-SiO2/Si(100) will be under tensile stress.
Finally, a combination of thermal stress with Al
particle bombardment can explain why the AlN film
grown on the PI substrate undergoes bigger com-
pressive stress than the AlN film deposited on the
a-SiO2/Si(100) substrate. In general, the parameters
of the AlN film deposited on PI are almost compa-
rable with those for the AlN film prepared on the
a-SiO2/Si (100) substrate (see Table III).

Voids and cracks not only affect the acoustic
velocity and electromechanical coefficient of a mate-
rial, but also result in a transmission loss. Conven-
tional and high-resolution TEM analysis were used
to examine the cross-sectional microstructures on
amorphous substrates. A cross-sectional sample of
AlN on the a-SiO2/Si(100) substrate was manufac-
tured, since it is difficult to prepare a cross-sectional
sample of AlN on the PI substrate. A representative
low magnification cross-sectional TEM image of the
AlN/a-SiO2/Si(100) composite structure is shown in
Fig. 5a, where the AlN and a-SiO2 film thicknesses
are 2 lm and 300 nm, respectively. The thickness of
the obtained AlN film is in good agreement with the
AlN films deposited on the PI substrate using the
same process (as shown in Fig. 2a). The film con-
sists of highly parallel columnar grains similar to
those observed for the films deposited on the PI
substrate. Figure 5b shows a typical HRTEM image
that reveals a transitional thin interlayer between
AlN and the amorphous SiO2, which is similar to the
one reported earlier.31 This amorphous interlayer is
most likely formed in the beginning of the deposi-
tion process when the substrate temperature is low.
A high deposition rate of 20 nm/min and a low
substrate temperature make it difficult for the
adatoms to rearrange themselves and crystallize
well. A selected area electron diffraction (SAED)
pattern for the AlN/a-SiO2 interface with a field
view of �200 nm is presented in the inset of Fig. 5b.

There are two sets of diffraction spots as shown in
the inset. The spots marked by a blue arrow belong
to the crystal zone of ½2�1�10�, while the spots marked
by a red arrow belong to the crystal zone of ½10�10�.
These two domains locally rotate 30� with respect to
each other along the c-axis, though they are ran-
domly distributed over the whole film. In fact,
several SAED patterns collected at different spots
of the AlN film cross-section were almost identical.
These results support the conclusion that the AlN
grains on the amorphous substrate are well tex-
tured along the [0001] direction. Since both the PI
and a-SiO2/Si(100) substrates are amorphous, and
the quality of the deposited AlN films is about the
same (as indicated by the XRD results),we may
roughly know the AlN microstructures on the PI
substrate can be assessed qualitatively.

Prototype Device Characterization

Using the obtained data, highly c-axis oriented
device-grade AlN films were successfully prepared

Table III. Comparisons of samples deposited on PI
and a-SiO2/Si(100)

PI a-SiO2/Si (100)

asubstrate 20 9 10�6 K�128 2.69 9 10�6 K�129

Rqsubstrate (nm) 1.55 0.19
RqAlN (nm) 3.79 2.70
FWHM 2.95� 2.50�
2h 36.00� 36.02�
rfilm (MPa) �827 �473

Fig. 5. (a) Cross-sectional TEM image of 2 lm thick AlN film on the
a-SiO2/Si(100) substrate, (b) cross-sectional HRTEM image of the
interface between AlN and amorphous SiO2. Inset in (b) is SAED
pattern of 2 lm AlN grown on 300 nm amorphous SiO2.
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on PI substrates by DC reactive magnetron sput-
tering at ambient temperature. The fabricated delay
line devices are schematically shown in Fig. 6a. In
these devices, SAW propagates in the direction
normal to the c-axis of the AlN film in order to
demonstrate the practical operation of the piezo-
electric AlN films grown on the PI substrates. The
manufactured devices consist of Al (140 nm), Ti
(10 nm), and AlN (6.2 lm) layers deposited on PI
(125 lm) substrates. The Ti underlayer is used to
enhance the adhesion between the Al and AlN
layers. The PI substrate ensures that the device is
light and flexible, while the 6.2-lm AlN layer with a
rocking curve FWHM of 2.45� and RMS value of
4.9 nm ensures that the AlN film used to fabricate
SAW devices has good piezoelectricity, and that the
resultant SAW delay line devices perform well in
acoustoelectric conversion. An electrical signal is
input into the device via an input interdigital
transducer (IDT) followed by its transformation into
an acoustic signal via the converse piezoelectric
effect of the AlN film, which transmits sound waves
along the film surface. Finally, it is converted back
into an electrical signal via an output IDT by the
piezoelectric effect. Figure 6b shows a microscope
image of the IDT fingers on the AlN/PI composite
structure having the same width a with finger space
of 2 lm, which is essential for good performance.
The fabricated SAW delay line device shown in
Fig. 6c is characterized by high flexibility.

Figure 6d plots a typical frequency response of
the device after time-gating, which was employed to

remove the electromagnetic feedthrough effect. It
clearly indicates that a flexible SAW delay line
device with a center frequency of 520 MHz was
successfully fabricated. Since the sensitivity of a
SAW device is known to be proportional to its center
frequency, the fabricated flexible SAW device with
high center frequency of 520 MHz is promising for
all sorts of highly sensitive sensors.32–34 The phase
velocity of the excited SAW was estimated by using
the following equation:

m ¼ k� f0; ð2Þ

where k is the IDT periodicity (equal to 8 lm) and f0
is the center frequency of the fabricated device.
According to this formula, the phase velocity of the
fabricated device can be calculated as
m ¼ k� f0 ¼ 8 lm � 520 MHz ¼ 4160 m/s. Such a
high phase velocity of Rayleigh wave is reasonable
considering that, on the one hand, the thickness of
the deposited AlN film is 6.2 lm with a relatively
large film thickness ratio h/k equal to 0.75. On the
other hand, AlN has a very high phase velocity of
Rayleigh wave of about 5600 m/s. These two factors
may have contributed to the high values of both the
phase velocity and center frequency of the deposited
AlN films. A relatively high insertion loss of this
prototype device is probably due to the large FWHM
value of the rocking curve.35 It can be improved in
the future by adding a transition layer14 on a proper
substrate or by design optimization.36 A proper
substrate may be obtained by using pre-deposition

Fig. 6. (a) Schematic of the developed flexible SAW delay line device on AlN/PI composite structure, (b) microscope image of interdigital
transducer fingers, (c) photographs of flexible SAW delay line devices on PI substrate, and (d) frequency response of the flexible SAW delay line
device.
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RF plasma etching37 or another material, which
requires further studies. In general, the obtained
results indicate that the manufactured AlN/PI
composite structures are suitable for flexible SAW
device fabrication.

CONCLUSIONS

In this study, highly c-axis oriented AlN films
were successfully deposited on relatively rough PI
substrates by DC reactive magnetron sputtering at
a total pressure of 0.3 Pa and a sputtering power of
225 W. The as-prepared 2 lm thick AlN films have a
high c-axis orientation with the FWHM of the
rocking curve equal to 2.96� and consist of multiple
highly ordered columnar grains penetrating
through the entire film thickness. The prototype
devices with a center frequency of about 520 MHz
and a high phase velocity of Rayleigh wave of about
4160 m/s were fabricated to demonstrate the great
potential of the AlN/PI composite structures to be
used in flexible SAW devices.
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