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Mechanism of Enlarged Nonlinear H2 Response of
Transverse Modes in RF BAW Devices
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1. Introduction

Currently, nonlinearity is one of the hottest
research topics in RF surface and bulk acoustic
wave (SAW/BAW) devices.[1-3]

Yang et al., reported that transverse modes
generate relatively strong second harmonics (H2) in
RF BAW resonators.[4] The authors’ group reported
that H2 behavior can be explained well by the
first-order perturbation analysis using the A-form
constitutive relations[5], and it was also shown that
H2 including the transverse modes can be explained
well by extending the thoery to two dimensional
(2D). [6] They also derived an equivalent circuit for
nonlinear behaviors based on the 1D perturbation
analysis using the A-form.[7] The circuit is
equivalent to the modified BVD model for linear
responses but two voltage sources Vnr and Vg are
introduced to express generated nonlinear stress and
electric field.

This paper discusses extension of the equivalent
circuit to include nonlinearity caused by transverse
modes in RF BAW resonators, by which the
mechanism causing the H2 enlargement at tranverse
modes is explored.

2. Analysis procedures

Fig. 1 shows an equivalent circuit for nonlinear
analysis of RF BAW resonators proposed in this
paper, where multiple acoustic branches are newly
added to the circuit given in [7].

The simulation is performed as follows. First step
is the linear simulation. Prior to the analysis, all the
LCR values are determined by fitting using the
measured admittance. The peripheral circuits are
added to the model, and the total current /; and
acoustic current /i, in the n-th branch are estimated.
Following to [7], we assume that /i and /I, are
proportional to the electric flux density D and stress
S, of the n-th mode, respectively.

Next step is the nonlinear simulation. Nonlinear
voltages V't and Vxe are calculated by substituting
S, and D to the constitutive equations of the A-form.
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Fig.1 Proposed equivalent circuit including multiple
acoustic branches and two signal sources responsible to
nonlinear signal generation

The relations are given by
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A weighting factor necessary for the summation
over n is determined from the motional capacitance
Cry. Finally, the peripheral circuits are added again,
and H2 output is estimated.

3. Numerical example

As a specimen, we employed a TE mode BAW
resonator composed of an AIN piezoelectric layer
and two Ru electrodes[8].

Fig. 2 shows the fitted admittance curve of the RF
BAW resonator with the measured one. Enlarged
view is also given as the inset for frequencies below
the main resonance. Series of transverse resonances
can be seen at frequenceis lower than the main
resonance. The agreement is well not only for the
main resonance but transverse modes. In this
simulation, 43 resonances were taken into accout.

Fig. 3 compares simulated and experimental H2 of
the resonator. In the simulation, only contribution of
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Fig.2 Admittance of the RF BAW resonator

Si? to Var is considered for the main mode (n=1)
while that of 2518, is considered for higher-order
modes (n>2). It is clear from comparison between
Figs. 2 and 3 that transverse mode responses are
more obvious in H2 than those in the linear
response. Good agreement between the simulation
and experiment indicates that H2 responses can be
simulated accurately and speedy in this manner
provided that all the parameters including the
weighting factor are known.

H:in dBm

1.850 1,900 1.950 2,000 2,050

Driving Frequency [MIz]

Fig.3 Experimental and simulated H2 responses

4. Discussion

In this case, all the resonance modes included in
the simulation are caused by the identical Lamb (S)
mode. Thus it is expected that all the resonances
pocess alsmost identical field distribution toward
the thickness direction, and their excitation and
detection efficiencies are determined by the
resonance field pattern on the electrodes.

Thus it is reasonable to estimate total charge O
induced to the top electrode is given by

0, ocJ(Sl +ZSnja’A (5)

for the linear case, where A is the electrode area,
and §, is the lateral field distribution of the n-th
resonance. Under the same assumption, total charge
On induced as H2 is given by

0. j[sl +25nj2 da~ s, (Sl +2ZSn]dA

(6)

25-27 November, 2019

Note that S, in Eq. (6) is the same as that in Eq. (5).
For simplicity, S| is approximated as uniform
(constant) laterally. Then Egs (5) and (6) reduce to

1
0, « 31A£1+?Zn:£snd/1} 7
and
2 2
0. ocSIA[1+S1Azn:£SndAj, (8)

respectively. Comparison of Egs. (7) and (8)
indicates that for higher modes, the detection
efficiency for H2 is two times higher than that for
the main mode. This fact indicates that H2 of the
higher modes is enlarged by a factor of 2 (6 dB)
than that of the main one in total. Note that
although non-uniform S} may cause deviation of
this factor from two, the deviation does not seems
to be so large.

4. Conclusion

This paper discussed the mechanism causing the H2
enlargement of transverse mode resonances, and it
is shown that a factor of 2 appearing at the
production of two field components is responsible
to this phenomenon.
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