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Abstract— This paper describes how to reduce spurious reso-
nances which can take place in a resonator using guided waves
above a Bragg mirror. These parasitics arise from overtone
resonances as well as from higher order modes also excited
by electrodes having inappropriate dimensions. In this paper,
the influence of period and metalization ratio on the harmonic
admittance of a resonator is studied.

I. INTRODUCTION

Acoustic resonators are used in RF systems for their com-
pactness and their high quality factors. Unlike BAW (Bulk
Acoustic Wave) or SAW (Surface Acoustic Wave) devices
which respectively exploit waves propagating in the thickness
direction or waves guided at the surface of a piezoelectric
medium, guided acoustic wave devices exploit laterally prop-
agating waves guided by a piezoelectric layer [1]. In this
frame, they are similar in their principle to Lamb wave devices,
except that the wave confinement is obtained by the use of a
Bragg mirror instead of a free surface. These waves are excited
by pairs of interdigitated electrodes. The center frequency is
globally determined by the spatial period of the finger-like
electrodes. When the Bragg mirror achieves a high isolation
[1], some care must be taken in order to reduce spurious
resonances.

In this paper, we will first present a guided wave resonator
in section II. Section III will present a method for overtones
suppression. The influence of the metalization ratio will be
presented in section IV.

II. GUIDED WAVE RESONATORS

Guided wave resonators consist of a thin piezoelectric AIN
films transducers as for Lamb Wave or Contour Mode Res-
onators [2],[3]. However, the resonator is acoustically isolated
from the substrate by a Bragg mirror similar to the one
used in Solidly Mounted BAW Resonators (SMR). Unlike
the case of SMR BAW resonators, the design of the Bragg
mirror is more complicated for guided wave resonator, since
1D propagation perpendicular to the interfaces between layers
cannot be assumed. Indeed, the modes can be seen as a linear
superposition of so-called partial waves, corresponding to the
longitudinal and shear waves propagating in a homogeneous
and unbounded medium. To improve isolation, these partial
waves must be isolated from the substrate, taking into account
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Fig. 1.  Dispersion curve of the structure represented in table 1. The

intersection between the horizontal and vertical dashed lines correspond to
the working point.

the fact that one partial wave can be transmitted or reflected
into another polarization at the interface separating two layers
(mode conversion).

In this work, the scattering matrix method [4] is used for the
calculation of dispersion curves [5]. This computation method
takes into account the conversion of modes at each interface.
Using the same model, we have implemented a calculation
of the harmonic admittance of an infinitely long interdigitated
transducer under the assumption of infinitely thin electrodes
based on the derivations from Blotekjaér and Ingebrigsten [6].

III. OVERTONE SUPPRESSION

Using the computed dispersion curves, the next step consists
in the selection of the working point. This point defines the
operating mode and the center frequency. A typical dispersion
curve is plotted on Fig. 1 for the resonator stack described
in Table I. This working point is fixed by the period of the
excitation interdigitated transducers, which corresponds to half
of a wavelength. In this example, the chosen mode is similar
to the second symmetric Lamb wave of the piezoelectric layer.

Ideally, this working point corresponds to a displacement
shape like in Fig. 2(a). However, the same boundary conditions
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TABLE I
LAYER THICKNESSES OF THE STRUCTURE USED AS EXAMPLE.

Layer number | Material | Thickness («m) ‘
#1 St Semi-infinite
#2 Si02 1.1
#3 SiN 0.8
#4 Si0C 1.0
#5 SiN 0.6
#6 Si0C 1.0
#7 SiN 0.5
#8 Si02 0.6
#9 Mo 0.3
# 10 AIN 1.7
#11 SiN 0.3

(@ (b)

Fig. 2.  Displacement shapes of the modes which can be excited by the
structures : (a) fundamental mode with a wavelength matching the periodicity
of the electrodes and (b) first overtone.

are satisfied by the displacement shape of Fig. 2(b) and by
parasitic modes with higher wave-vectors.

As example, in Fig. 3(a), the working point is first fixed
to a wavenumber k; = 0.16 wm™!, corresponding to a
wavelength of 40 pym. The main resonance is thus located
at 2.093 GHz. Overtones with wave-numbers odd multiples of
the fundamental wavenumber can also be electrically excited
since they satisfy the electrical boundary conditions. The first
two are represented in Fig. 3(a). In particular, the first overtone
generates a parasitic resonance close to 2 GHz, which appears
on the electrical response represented in Fig. 4. As it is close in
frequency to the main resonance, it affects the spectral purity
of the resonator.

On the other hand, if we start with a higher wavenumber
ks = 0.37 pum™!, the overtones exhibit very large wave-
numbers, and in practice correspond here even to another
dispersion branch with nearly no piezoelectric coupling, as
can be seen in Fig. 3(b). Therefore, these overtones do not
generate any spurious resonance and the resonator response in
Fig. 4 is therefore clean.

There is however a limitation to this. A very high wavenum-
ber would add several problems:

« the effective coupling factor kgff drops significantly
when increasing the wavenumber,

« the number of spurious resonances increases as over-
tones approach the region of dispersion curves where the
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Fig. 3. Representation of overtones which can be generated by interdigitated
electrodes with periods (a) 20 um and (b) 8.5 pum.

density of modes is high due to low frequency modes
which raise and tend to their asymptotic limit. Even if
these modes exhibit neglectible piezoelectric coupling
coefficients, and thus are not likely to generate parasitics
on the electric response, there are still some possibilities
of mode coupling between the desired mode and the other
ones, and this leads globally to a decrease in quality
factor.

« the wavelength may become very small, what may put
more constraints on the fabrication process.

So the choice of wavenumber is a tradeoff between the
reduction of spurious resonances and the decrease in coupling
and/or quality factor. Typically, the suitable region can be
optimized with a proper design of the Bragg mirror.

It is necessary to note that another source of spurious
resonances comes from higher order modes, which correspond
to other dispersion branches. Where these modes exhibit the
same wavenumber as the desired mode, or odd multiples of
this wavenumber, they can also give rise to parasitics on the
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Fig. 4. Harmonic impedance responses of : wavenumber k& = 3.7 105 um =1

in blue color and wavenumber k£ = 1.85 10°um~"! in red color where the
spurious resonances are more coupled around the center frequency.

electrical response if they exhibit a piezoelectric coupling. Fig.
5 shows the relation between the dispersion curves and the
parasitics which can be seen on the electrical response of the
two resonators of Fig. 4. For both of them, parasitics above
the resonance frequency are caused by the mode which has a
cut-off frequency of 2.2 GHz. But again, a lower electrodes
period leads to an increased wavenumber and to parasitics
located further from the main resonance. Overall, this leads
also to a higher spectral purity. These kinds of parasitics are
however highly dependent on the exact dispersion behavior of
the resonator, i.e. on the material stack. So a proper material
stack design should bring any other branches than the desired
one as far as possible from the resonance frequency.

IV. INFLUENCE OF METALIZATION RATIO

After the choice of the wavelength, some care must be taken
to choose the metalization ratio. In the case of guided wave
resonators, the electrical boundary conditions have a large
influence on the effective piezoelectric coupling coefficient,
not only of the desired mode, but also on parasitic modes.
Mostly two mechanisms come into play:

« the electric potential is uniform under metalizations. As a
rule of thumb, the degree to which this electric potential
matches the vibration shape of an acoustic waves will de-
termine the excitation efficiency. For this reason, narrow
electrodes only generate a vertical electric field over a
small part of the resonator. So they only cause extension
or compression over a small part of the wavelength.
Therefore, one can expect the excitation efficiency of the
desired mode to be low for low metalization ratios. In this
case, one can expect overtones with smaller wavelength
to be excited with a similar efficiency, what may lead to
an increase in spurious resonances content.

« conversely, for large metalizations, the excitation effi-
ciency of overtones is lower, since their vibration shapes
match much less the electric potential distribution than
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Fig. 5. Representation of parasitics related to other modes generated by
interdigitated electrodes with periods (a) 20 pm and (b) 8.5 pm.

the desired mode, as shown in Fig. 6. However, in
this case two electrodes with opposite polarities come
closer and thus the horizontal component of the electric
field becomes stronger. This may make modes more
sensitive to the in-plane electric field to be excited and
if these modes exhibit wavelengths compatible with the
periodicity of the electrodes, they may lead to parasitic
resonances.

From these two considerations, one can expect that an
optimum metalization ratio exists. In Fig. 7, the harmonic
admittance has been calculated for various metalization ratios.
As expected, for a metalization ratio of 30 %, the effective
piezoelectric coupling factor is reduced, because of a lower
excitation efficiency of the desired mode. For a metalization
ratio of 80 %, a strong spurious appears close to the antires-
onance. The electric response for a metalization ratio close to
50 % seems to be the best compromise.
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Fig. 6. Schematic of the excitation for a metalization ratio of 50% (a) and

70% (b). Arrows correspond to the electric field. The deformation shape is
plotted with respect to the disposition of the electrodes.

V. CONCLUSION

We have shown that the design of a resonator using guided
acoustic waves is closely related to the dispersion charac-
teristics of the material stack. These characteristics define a
window in which the wavelength of the exploited mode can
be chosen to reach a sufficient effective piezoelectric coupling
factor while keeping spurious resonances caused by overtone
resonances far from the main resonance. Parasitics can also
be caused by other modes. Therefore, the dispersion branch
exploited should be isolated as much from the others as
possible. This puts high constraints on the design of Bragg
mirrors for such applications.

We have also investigated the influence of the metalization
ratio of the interdigitated excitation electrodes. We have seen
that a compromise must be found between a high excitation
efficiency, which tends to require large electrodes, and the
excitation of unwanted waves by in-plane electric fields caused
by electrodes with opposite polarities coming close together.
We found that in our case, this optimum lies close to a 50 %
metalization ratio.

The studies performed so far were based on the assumption
of infinitely thin electrodes and of an infinite number of
electrodes. Further work will consist in refining this study by
also considering the mechanical influence of metalizations as
well as by considering structures of finite length.
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