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Impact of Transverse Mode Resonances on Second
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1. Introduction

Currently, nonlinearity reduction is one of the
biggest conerns for performance enhancement of
radio frequency (RF) surface and bulk acoustic
wave (SAW/BAW) duplexers and/or multiplexers to
guarantee the receiver sensitivity under incidence of
strong signals.[1-3] Yang, et al.,, reported that
spurious resonances such as transverse modes
sometimes cause very strong second-order
nonlinearlity in RF BAW devices.[4]

Hashimoto and Li proposed use of the A-form
piezoelectric  constitutive equations for the
one-dimensional (1D) perturbation analysis of
nonlinear signal generation in RF BAW devices,
and showed that second-order nonlinearity of the
main mode can be simulated well[5] without use of
time-consuming harmonic balance technique[6].

In the paper, this analysis is extended to the
two-dimensional (2D) case, and influence of
transverse mode resonances is discussed to second
harmonic (H2) generation.

2. Analysis procedures

Fig. 1 shows a 2D model of a free-standing BAW
resonator comprising an AIN piezoelectric layer
sandwiched in between two Ru electrodes[7]. The
lateral dimension of the resonator is much larger
than thickness. The side edges of resonator are
assumed to be clamped to make the analysis simple
and generate strong transverse resonances.

Resistivity of electrodes is ignored, and thus the
electrodes can be excluded from the simulation in
the Maxwell equation. Besides, the acoustic loss is
also added to piezo-layer and metal electrodes
respectively so as to adjust the Q factor.

First, linear analysis is performed for a given
driving frequency ® by conventional 2D finite
element method (FEM). For the calculation, the
COMSOL Multiphysics is used. From the obtained
input admittance, voltage across the resonator is
estimated by taking external circuit conditions into
account, and wave fields strain S and electric flux
density D in the resonator body are determined.
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Fig.1 Cross sectional view of an RF BAW resonator
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Second, stress T and electric field £ generated by
nolinearity are estimated. Following to [5], the

following  A-form  piezoelectric  constitutive
equations are used:

T =c"S—hD+T,(S,D) (1)
and

E=BD-hS+E(S,D). )
where ¢P, h and [ are stiffness at constant D,

piezoelectric constant, and inverse permittivity at
constant S, respectively.

Expansion of 7y and En to the second order
gives:
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In the perturbation analysis, 7n and Ex are
evaluated by substituting S and D estimated by the
linear analysis for ® into Egs. (3) and (4).

Since 7Tn and En has already be determined, Eq.
(1) and (2) can be converted into the e-form as:

T=c"S—eE+(eE, +Ty) )
and

D=¢E—eS—&°E, (6)
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where cf, e and & are stiffness at constant E,
piezoelectric constant, and permittivity at constant S,
respectively. Then substitution into Newton’s law
and Gauss’s law give

Ve(c"S—eE)-pii=-V e (cEy+Ty) (7)
and
Ve(’E-eS)=Ve(°E,). (8)

Egs. (7) and (8) are linear partial differential
equations when the right-side terms are regarded as
body sources with the frequency 2m. Then linear
2D FEM analysis is again applicable.

The voltage difference between two electrodes is
set at zero, and the FEM analysis is performed.
Then total charge induced to the top electrode is
evaluated. Since admittance of the resonator can be
also calculated for 2w, we can evaluate H2 voltage
by taking external circuit conditions into account.

3. Numerical example

Parameters appearing Eqs. (3) and (4) are
unknown. Furthermore, S and D are tensors. Here
only S33=0u3/0z and Ds are taken into account in
these equations because they are expected to be
dominant for both the main and transverse mode

: T
resonances under concern. In this work, y,, and

T .
X Was considered.

Fig. 2 shows impedance of the RF BAW
resonator obtained by the linear analysis. In order to
fit with real device characteristics, the parasitic
capacitance was added in parallel. Transverse
resonance can be seen at frequencies lower than the
resonance. The figure also shows the impdance at
the harmonic frequency. No acoustic resonance is
seen in this frequency range.
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Fig.2 Impedance of the RF BAW resonator

Fig. 3 shows simulated H2 response for the RF
BAW resonator. For comparison, that obtained by
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the 1D simulation is also shown. It is seen these 1D
and 2D calculations are almost identical near the
H2 peak. However, H2 responses become
considerably strong at the frequency region where
transverse resonances occur. The result obtained by

Z1T1 is similar to that obtained by ;(ZTO. Anyway,

this phenomenon 1is what we have seen

experimentally[1,2,4].
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Fig.3 Simulated 2D H2 output vs. 1D H2 output and
resistance at fundamental frequencies

4. Conclusion

This paper proposed 2D perturbation analysis of
nonlinear signal generation in RF BAW devices,
and impact of transverse modes to H2 generation
was discussed. In this analysis, nonlinear
parameters j,,and y,| were considered. The result

shows that this method can predict H2 emissions.
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