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Abstract— Solidly mounted resonators (SMRs) built on
dielectric acoustic reflectors can save several fabrication steps
as well as avoid undesired parasitic effects when exciting
extended electrodes via capacitive coupling. In this work we
manufacture and measure the frequency response of AIN-based
SMRs built on 7-layer ZnO/SiO2 acoustic reflectors with SiO2
working as low impedance material and ZnO as high impedance
material. After applying a 700°C treatment, their frequency
response is measured again and compared with the pre-
treatment measurements.
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I. INTRODUCTION

Good acoustic isolation is needed to improve the
performance of film bulk acoustic resonators (FBARs), either
by fabricating them in free-standing configuration or on top of
acoustic reflectors. Free-standing configurations are usually
the ones providing better confinement of acoustic energy.
However, these devices are quite fragile as well as demanding
and delicate in terms of manufacture [1]. Considering this,
solidly mounted resonators (SMRs) based on acoustic
reflectors are the preferred choice when more rugged and less
pressure sensitive devices are needed. Thus, designing and
fabricating acoustic reflectors capable of providing good
acoustic insulation to the piezoelectric slab have been always
a key process step in SMRs.

An acoustic reflector is often made of alternated layers of
high and low acoustic impedance materials, being SiO, the
most common low impedance material as it presents proper
acoustic characteristics, as well established within the
industry. Metallic materials such as W [2], Ir [3] and Mo [4]
are usually the ones occupying the high impedance material
position, but they are prone to generate undesired capacitive
coupling effects if specific configurations for the grounding
electrode, are used [2]. Accessing the bottom electrode by

capacitive coupling avoids the use of additional masking steps
and etching through the AIN piezoelectric layer. A structure
based on capacitive coupling and extended electrode is shown
in fig. 1. The extension of the top electrode is employed in
specific setups where we need to separate the active resonating
area from the pure electrical pad. In this case, the bottom
electrode must be etched below the electrical pad to prevent
the appearance of parallel resonators. Even if the bottom
electrode is etched below the electrical pad, if the acoustic
reflector has metallic layers, capacitive coupling and
generation of a parallel resonator can still happen. To avoid
this, fully non-conductive acoustic reflectors are mandatory.
Different non-conductive high acoustic impedance materials
have been studied, as SiN, AIN [5], TaxOs [6] or HfO, [7].
However, SMRs based on these acoustic reflectors have not
reached the performances that reflectors with metallic layers
can achieve. A specific application of these fully non-
conductive reflectors is of special interest, namely at very high
temperatures. SMRs can be employed as gravimetric gas
sensors in harsh environments due to their advantages
compared to the typically studied SAW devices: they can be
designed with thicker electrodes, which overcomes the power
and destructive limitations of interdigital transducers (IDTs).

Here we show how an acoustic reflector made of ZnO,
working as high impedance layer, and SiO, as low impedance
layer, can provide a good acoustic confinement tool for AIN-
based resonators, as previously presented [8]. Additionally,
we test their behavior under high temperatures. Longitudinal
mode devices and shear mode devices have been monitored
both at room temperature and after a 700°C treatment in
vacuum, proving the viability of ZnO/Si0O, acoustic reflectors
under harsh circumstances.
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Fig. 1. (a) SMR on acoustic reflector diagram. Bottom electrode is not
reachable directly by RF probe and is excited by capacitive coupling. (b)
Top view diagram of an SMR with patterned top electrode extension.

II. FABRICATION PROCESS

Zn0/Si0;, acoustic reflectors were made via DC-pulsed
sputtering on 4-inch Si wafers, consisting in 7 alternated 510
nm-thick SiO; and 506 nm-thick ZnO layers. Reflector design
was carried out by Mason’s model simulations, taking care of
the thicknesses of each thin film. To test their acoustic
insulation properties, two types of AIN-based SMRs were
grown on top of them: c-axis oriented AIN layers were grown
to have longitudinal mode devices and tilted AIN layers were
grown to obtain shear mode devices. Both SMRs had a Mo
layer working as top electrode, patterned via
photolithography, and an Ir layer intended to work as bottom
electrode. Then, these SMRs built on the fully-dielectric
acoustic reflectors were characterized measuring their
piezoelectric response to be able to see how good the acoustic
insulation provided by the reflectors is.

III. EXPERIMENTAL CHARACTERIZATION

To test the thermal stability of ZnO working as high
impedance material, the SMRs described in the previous
section were exposed to a thermal treatment of 700°C in 10
mTorr vacuum for 2 hours. After that, frequency response was
assessed for the different devices using a network analyzer by
measuring their S11 parameters. Their acoustic properties
were calculated and analyzed together with the ones obtained
before the treatment.

Fig. 2 shows the longitudinal mode frequency response
evaluated before and after applying the thermal treatment.
From this graph one can observe that the thermal treatment
probably induces a higher degradation of the resonant mode
compared to the antiresonant one, although it could also be an
effect of the RF probe used for the measurements. On fig. 3
the shear mode frequency response can be observed. In this
case no extra signs of degradation are identifiable after high
temperature exposure, meaning that acoustic reflector remains
stable and brings no extra sources of energy loss. However, a
good number of spurious modes are observed both before and
after the thermal treatment. These undesired modes could
come from different sources, from the topology of the device
to the reflector itself. Specific techniques could be applied to
reduce their presence.
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Fig. 2. Frequency response before and after 700°C exposition, displaying the
behavior of the longitudinal mode of the c-axis oriented AIN SMRs on
ZnO/Si0, reflectors.
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Fig. 3. Frequency response before and after 700°C exposition showing the
behavior of the shear mode of the tilted AIN SMRs on ZnO/SiO,
reflectors.

From the measurements shown in fig. 2 and fig. 3 some
important parameters related to piezoelectric activity and
acoustic insulation were worked out. Electromechanical

coupling coefficient (kgff) was obtained following the formula
2 _ Tfr
K = 100—2fa tan[%] (1)

where f; is the resonant frequency and f, is the antiresonant
frequency. Q factors were also obtained following the formula

Q=0.5f, 2L i=ra @)
f o lf=r
where ¢ is the phase of the impedance Z. The results are
shown in table I, where the mean values for each parameter
are gathered for more than 5 measurements with the
uncertainty being of one standard deviation. Frequency and
ker? values show almost no variation, meaning that
piezoelectric properties remain stable after high temperature
exposure and no harm has been caused to the AIN layer.
Regarding Q factor values, Q, values remain quite similar for
longitudinal mode, while Q. seems to experience some



degradation, as could be glimpsed from fig. 2. For the shear
mode, both Q; and Q, show slightly better values after 700°C
exposure, thus making it clear that no extra acoustic energy
loss mechanism has appeared, and the acoustic reflector does
not show any sign of degradation.

TABLE I. CHARACTERIZATION RESULTS

fr (GHZ) fa (GHZ) keffz (tyo) Qr Qa

Before
+H +
Long,  700rC 266001273001 54502 4765151 440:137
Mode  After ) 05,001 2716001 5302 360474 454:60
700°C
Before
+H
Shear  700°C 148£0.04 1495004 16503 351555 299480
Mode  After 15,004 150£0.05 1906 420£115 339:108
700°C
Temperature  coefficient of  frequency (TCF)

measurements were also carried out for resonant and
antiresonant frequencies from both longitudinal and shear
modes. To calculate TCFs, these frequencies were obtained at
temperatures ranging from 20°C to 100°C and computing the
slope of the linear regression derived from the measurements.
Fig. 4 shows the TCF measurements for longitudinal mode
SMRs and fig. 5 shows the TCF measurements for shear mode
devices.

Ranging from -25.27 to -16.91 ppm/°C, the outcome of
these measurements lay on the same region as the rest of
conventional AIN-based devices, meaning that substituting
more common high impedance materials with ZnO does not
induce extra deviation in the behavior of frequency response
variations due to temperature changes. Therefore, similar
steps to the ones carried out to similar devices could
successfully achieve temperature compensation.
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Fig. 4. TCF measurements for longitudinal mode.
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Fig. 5. TCF measurements for shear mode.

IV. CONCLUSIONS

In this work we observe how an acoustic reflector with
ZnO working as high impedance material maintains its
acoustic performance after being exposed to a 700°C
temperature treatment, showing its good thermal stability.
Regarding Q values, they show that no extra source of acoustic
energy loss is introduced, meaning that the acoustic reflectors
preserve their properties and structure, and providing good
acoustic insulation. TCF measurements also show that
variation of frequency with temperature has a similar behavior
compared to AIN-based SMRs fabricated on top of other
common acoustic reflectors. This could mean not only that
devices built with this configuration can perform in these
temperature ranges, but that they can potentially keep this
performance after being exposed to extra fabrication steps, for
instance, to work as gravimetric sensors.
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