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In this study, AlN thin films were deposited on a polycrystalline (poly) 3C-SiC buffer layer for surface
acoustic wave (SAW) applications using a pulsed reactive magnetron sputtering system. AFM, XRD and
FT-IR were used to analyze structural properties and the morphology of the AlN/3C-SiC thin film. Suitabil-
ity of the film in SAW applications was investigated by comparing the SAW characteristics of an interdig-
ital transducer (IDT)/AlN/3C-SiC structure with the IDT/AlN/Si structure at 160 MHz in the temperature
range 30–150 �C. These experimental results showed that AlN films on the poly (111) preferred 3C-SiC
have dominant c-axis orientation. Furthermore, the film showed improved temperature stability for
the SAW device, TCF = �18 ppm/�C. The change in resonance frequency according to temperature was
nearly linear. The insertion loss decrease was about 0.033 dB/�C. However, some defects existed in the
film, which caused a slight reduction in SAW velocity.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

AlN has been widely used in thin film form for SAW applications
because of its attractive material properties including: high electri-
cal resistance, acoustic velocity, temperature and chemical stabil-
ity and piezoelectric properties. Currently, AlN films grown on
different substrates revealed many advantages such as high SAW
velocity in AlN/diamond, AlN/sapphire, AlN/4H-SiC and AlN/6H-
SiC embodiments [1–4], and low temperature coefficient of
frequency (TCF) in AlN/Sapphire [2], AlN/diamond [5] and AlN/
6H-SiC [6] systems. Unfortunately, these structures still have some
disadvantages. As-deposited poly diamond films exhibit poor
surface roughness and high hardness. These disadvantages are im-
proved by using a diamond (backside)/Si structure, or nanocrystal-
line diamond [5,7], which is based on a complex process and
therefore is relatively expensive. SiC wafers (4H- and 6H-bulk) fab-
ricated by a sublimation method are commercially available, but
these substrates have small areas and are very costly because it
is difficult to obtain large area substrates by sublimation due to
the high temperature (2000 �C) required. Moreover, these materi-
als are hard to integrate into the silicon device fabrication process
and are not compatible with other electronic elements. So, the
main drawbacks of these substrates are that they are expensive
and difficult to integrate into conventional Si manufacturing
technologies. Si substrates, on the other hand, are low cost but
the difference in coefficient of thermal expansion (CTE) (17%) and
ll rights reserved.
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the lattice mismatch (19%) between AlN and Si are large, which
is a disadvantage for their SAW properties at high temperatures.

Recently, SiC-MEMS researchers have become interested in cu-
bic 3C-SiC that can be grown on large Si wafers at relatively low
cost. 3C-SiC is classified into single and polycrystalline types by
its crystal structure. In comparison with poly 3C-SiC films, single
3C-SiC films require high growth temperatures, which cause prob-
lems such as a large residual stress, cracks, lattice mismatching
(20%), and different CTE (8%) at the Si/single-SiC interface. How-
ever, poly 3C-SiC grown on an insulating material like SiO2 can re-
duce these problems because the growth temperature can be lower
than that of single crystalline on other substrates [8]. Furthermore,
The SiC’s CTE is closely matched that of AlN, and the lattice mis-
match is less than 1%. Therefore, both materials have been used
in applications in high temperature packaging [9], and AlN thin
films have been used as buffer layers for 3C-SiC grown on Si sub-
strate [10].

Based on the discussion above, poly 3C-SiC is an ideal candidate
for a buffer layer of poly AlN films grown on SiO2/Si substrate for
SAW applications with variable temperature, which is the topic
of this work. A pulsed magnetron reactive sputtering method
was used to deposit AlN on 3C-SiC buffer layer. The structural
properties of AlN/SiC were investigated by atomic force micros-
copy (AFM), X-ray diffraction (XRD), and Fourier transform infrared
spectroscopy (FT-IR). The sample poly AlN(0002) grown on
Si(100) substrate was used. We fabricated an IDT/AlN/3C-SiC
structure and an IDT/AlN/Si structure with the same wavelength
(k) and thickness (h), and investigated their SAW properties over
the temperature range 30–150 �C.
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Fig. 2. XRD spectra of AlN/SiC structure and the rocking curve (inset) around the
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2. Experimental

The (100) oriented Si wafer was cut into a rectangular shape of
4 � 6 cm2. After an 800 nm SiO2 layer was grown on the Si wafer
using a wet thermal oxidization process, poly 3C-SiC thin film
(used as a buffer layer) was deposited on the oxidized Si(100) sub-
strate by atmospheric pressure chemical vapor deposition (APCVD)
using Ar + H2 mixtures as a carrier gas and hexamethyldisilane
(HMDS: (CH3)6Si2) as a precursor. Poly 3C-SiC thin film with
0.5 lm thickness was grown at a deposition temperature of
1100 �C [8]. AlN thin films with 2 lm thickness were deposited
on the poly 3C-SiC/SiO2/Si substrates and the Si wafers in the same
deposition condition by using a 40 kHz pulsed magnetron reactive
sputtering system. The distance between the aluminum (Al) target
(99.999% purity) and the substrate was 8 cm. After the sputtering
chamber was evacuated to a base pressure of 5 � 10�7 Torr, AlN
films were deposited at a deposition pressure of 3.5 � 10�3 Torr
with gas flow ratio (Ar:N2) of 10:1. Deposition rate was 800–
850 Å/min. During the deposition, the applied power density was
12.5 W/cm2 and substrate was at room temperature. The phases
of the films were determined by a high resolution triple axis X-
ray diffractometer (HRXRD: Philips X’Pert Pro-MRD) in the Bragg-
Brentano geometry, using Cu-Ka radiation. XRD diffraction angles
(2h) were in range from 20� to 80�. In order to identify the chemical
composition and structure of AlN/SiC films grown on oxidized Si
substrate, the infrared absorption spectrum was measured at room
temperature with the FTS-2000 Scimitar spectrometer. The AFM
micrograph to observe the surface morphology was taken by a Dig-
ital Instrument SPA-400 microscope.

Two-port SAW resonators were fabricated by the conventional
photolithography technology and wet etching. Inter-digital trans-
ducers (IDT) and reflectors (Aluminum) is 100 nm thick. IDTs of
50 finger pairs having an electrode period (d) of 8 lm were used.
The number of grating finger was 50 per reflector. The grating
width and a gap of reflector was 8 lm, the aperture was
W = 60 k, and the wavelength (k = 4d) was 32 lm. The length from
center to center was 2240 lm, and the spacing between the IDT
and the reflector was 170 lm. Transmission characteristics of the
two-port SAW resonators were measured using an Agilent 8802A
Network Analyzer in the temperature range of 30–150 �C.

3. Results and discussion

Fig. 1 shows the XRD pattern of a poly 3C-SiC film grown on oxi-
dized Si(100) substrate. Among the two peaks, the stronger one
appeared at 2h = 35.54�, which is characteristic of the SiC(111)
plane. The other peak presented at 2h = 60.24�, characteristic of
Fig. 1. XRD spectrum of poly 3C-SiC thin films deposited on the oxidized Si(100)
substrate.
the SiC(220) plane. From XRD results, then, it is clear that poly
3C-SiC films grown on the oxidized Si substrate had a (111) pre-
ferred orientation.

In Fig. 2, the XRD spectrum of the AlN/SiC structure shows that
the peak with the highest intensity is observed at 2h = 36.05�, indi-
cating the (0002) oriented plane. The full width of half maximum
(FWHM) of the (0002) AlN rocking curves was approximately 1.3�.
This result suggests that the crystalline AlN of films grown on the
poly 3C-SiC buffer layer were oriented along the c-axis normal to
the substrate. However, other non-(0002) peaks appeared at
2h = 49.85 and 66.08� indicating (1012) and (1013) planes, which
are related with some defects that degrade the piezoelectric prop-
erties of the thin films [11]. The existence of these defects was con-
firmed by FT-IR analysis. The effect of these defects was
investigated by measuring the SAW velocity of the film. On the
other hand, the peak indicating the (111) plane of 3C-SiC film
was not seen in Fig. 2. The reason for this is that the difference be-
tween the 3C-SiC(111) plane peak and the AlN(0002) plane peak
is only 2h � 0.6� according to the data in Joint Committee on Pow-
der Diffraction Standards (JCPDS). The existence of SiC layer was
verified in the FT-IR absorption spectra.

Four kinds of stretching vibrations are observed in Fig. 3. The
peak at around 810.1 cm�1 indicates that SiC exists in the films.
The SiO2 peak appeared at approximately 1095.6 cm�1, while
peaks at 613.4 and 671.2 cm�1 correspond to the A1(TO) and
(0002) reflection.

Fig. 3. FT-IR absorption spectra of the AlN/SiC structure.
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E1(TO) vibrational modes of wurtzite AlN, respectively. The A1(TO)
mode of AlN is related to the existence of grains of mixed orienta-
tions in the films while the ratio of integrated areas of A1(TO)
vibrational mode over the E1(TO) mode are related to the (0002)
preferred orientation of the films [12]. The energy of E1(TO) and
A1(TO) peaks were intense and weak, respectively, which confirm
the dominant of the (0002) orientation.

Generally, a (111) plane in FCC (face-centered cubic) structure
is well matched with a (0002) plane in a hexagonal structure. Lat-
tice mismatch between AlN films and 3C-SiC buffer layer was
approximately 1%. The as-grown AlN thin films on 3C-SiC buffer
layer had a low root mean square (RMS) roughness of about
9.3 nm, as shown in Fig. 4. Thus, although weak (1012) and
(1013) planes were still existent in the film, clear (0002) orienta-
tion of poly AlN films on a poly a 3C-SiC buffer layer with (111)
orientation were achieved by using pulsed reactive magnetron
sputtering, which is promising for using in SAW applications.

Fig. 5 shows the frequency responses of two-port SAW resona-
tors fabricated on AlN/3C-SiC/SiO2/Si and AlN/Si samples at room
temperature. The SAW velocity of the AlN/3C-SiC SAW resonator
was 5020.8 m/s at h/k = 0.0625 (h = 2 lm, k = 32 lm), with a corre-
Fig. 4. AFM image of the AlN/SiC structure.

Fig. 5. Frequency response of two-port SAW resonators: (a) AlN on 3C-SiC/SiO2/Si
substrate; (b) AlN on Si substrate.
sponding resonance frequency of 156.9 MHz as shown Fig. 5a. This
SAW velocity was 153.6 m/s lower than the SAW velocity
(5174.4 m/s) of an AlN/Si sample (Fig. 5b) with the same h and k.
These results can be caused by the appearance of some non-
(0002) peaks in the XRD spectrum of the AlN/SiC structure, which
was explained above. Nevertheless, with k = 32 lm, the SAW veloc-
ity of the AlN/3C-SiC SAW resonator is high and can be made high-
er by reducing the resolution of the IDTs and reflector gratings by
e-beam lithography [3].

Fig. 6 shows the change in insertion loss of SAW resonators in
the temperature range of 30–150 �C. In the range of 30–80 �C, delta
IL (DIL) changes are similar in both an IDT/AlN/3C-SiC and IDT/AlN/
Si structures. The change in DIL for AlN/Si sample is irregular when
compared with that of AlN/3C-SiC in range of 80–150 �C. In addi-
tion, the insertion loss of the IDT/AlN/3C-SiC structure was
�21.92 dB with 9.3 nm RMS roughness at room temperature; the
change in insertion loss is approximately linear and decreases by
0.033 dB/�C in the temperature range from 30 to 150 �C. This inser-
tion loss is significant when the temperature increase is high.

Fig. 7 shows the fractional change in the resonance frequency
((f � fo)/fo) of SAW resonators as a function of temperature in the
Fig. 6. The change of insertion loss of two-port SAW resonators using AlN/3C-SiC
and AlN/Si structures as a function of temperature.

Fig. 7. Temperature dependence of the center frequency of two-port SAW
resonators using AlN/3C-SiC and AlN/Si structures.
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range of 30–150 �C, where fo was selected as the frequency at 30 �C
(room temperature). The TCF was calculated from the following
equation: TCF = (df/dT) � 1/fo. The TCF of AlN/3C-SiC sample was
about �18 ppm/�C with h/k = 0.0625. This value is better than the
value of �30.8 ppm/�C obtained for AlN/Si as in Fig. 7, which is
comparable with that of materials often used in SAW devices:
13.4 ppm/�C in AlN/diamond [5] and �19 ppm/�C in bulk AlN sin-
gle crystal [13] and �28.21 ppm/�C in AlN/Y-128 LiNbO3 [14]. Our
�18 ppm/�C result is smaller than the �20.5 ppm/�C for AlN grown
on 6H-SiC(0001) substrate [6]. This difference in TCF can be
caused by the restricted temperature [6] or SiO2 buffer layer. More-
over, the decrease in resonance frequency according to the increase
in temperature of the IDT/AlN/3C-SiC structure is nearly linear.

4. Conclusions

Poly AlN thin films were deposited on a poly 3C-SiC buffer layer
by pulsed reactive magnetron sputtering. The films had a smooth
surface with a RMS of 9.3 nm. The XRD spectra of 3C-SiC films
showed a (111) preferred orientation. From the results of both
XRD and FT-IR analysis, AlN thin films grown on poly 3C-SiC buffer
layer still exists some undesired defects such as (1012) and (1013)
planes, which caused a light decrease in SAW velocity. However,
using poly 3C-SiC as the buffer layer for AlN grown on SiO2/Si sub-
strate brings satisfactory results for SAW properties over the tem-
perature range from 30 to 150 �C. The results indicate that the
change in resonance frequency is nearly linear with changes in
temperature, and that of the TCF of device is small (about
18 ppm/�C). The decrease of the insertion loss is about 0.033 dB/
�C. The temperature-basis frequency response of the two-port
SAW resonator of AlN films deposited on 3C-SiC buffer layers are
enhanced significantly when compared with the resonator of AlN
film grown on Si substrate. Therefore, the poly AlN grown on the
poly 3C-SiC buffer layer can be used for SAW applications with var-
ious temperatures, which is the basis for study of SAW applications
in harsh temperature environments with low cost.
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