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This paper discusses the applicability of double busbar design to surface acoustic wave (SAW) devices employing low-cut lithium tantalate (LT)
with a multi-layered structure. This design offers good energy confinement, scattering loss suppression and transverse mode suppression for a
wide frequency range. In addition, the effectiveness of manipulating the slowness curve shape for transverse mode suppression is demonstrated.
First, three different lateral edge designs are applied to the layered SAW configuration on low-cut LT, and their performances are compared using
the periodic three-dimensional finite-element method powered by the hierarchical cascading technique. Then, the discussion is extended to the
influence of the SAW slowness shape to the transverse mode suppression. © 2022 The Japan Society of Applied Physics

1. Introduction

Recently, surface acoustic wave (SAW) resonators employing
multi-layered structures, such as incredible high performance
(LH.P.) SAW, have aroused appreciable interest owing to its
small temperature coefficient of frequency and high quality
factors (Q) owing to excellent acoustic energy
confinement.''” Despite the fact that energy can be well
confined to the surface, there still remains lateral energy
leakage through the busbar which causes excess loss. For its
ultimate reduction, lateral edges including busbars and gaps
between electrode finger tips must be designed properly.

It is known that dummy electrodes (dummies) are necessary
to suppress scattering loss when the rotation angle 6 of LiTaO5
(LT) substrate is chosen at about 42°, namely 42-LT.'®
However, they weaken the lateral energy confinement, and
energy leakage occurs.'” Huck et al. proposed to use the gap
short structure,”” instead of dummies, for further suppression.

This year, the authors’ group proposed'® the double
busbar configuration with piston mode design,>"** which
offers both good energy confinement and transverse mode
suppression for layered SAW structures employing 42-LT
such as LH.P. SAW.

Layered structures using LT with small 6, for example,
20°, also seem promising for achieving larger electromecha-
nical coupling factor (k%) than 42-LT.'"® The authors
attempted to apply the double busbar configuration to the
layered structure using 20-LT.** Although well energy
confinement was achieved, transverse mode resonances could
not be well suppressed. The authors thought this is due to
convex shape of the SAW slowness curve on the 20-LT plate.
In contrast, the slowness shape is concave for shear-hori-
zontal (SH) SAWSs on 42-LT itself, and the curvature can be
adjusted by the layer design.>”

This paper is the extended version of Ref. 24, and
discusses applicability of the double busbar configuration to
multi-layered SAW resonators on low-cut LT for better
energy confinement and spurious resonance suppression.
Influence of the slowness curve shape is also studied for
the transverse mode suppression.

First, three different lateral edge designs are applied to the
layered SAW configuration on 20-LT, and their perfor-
mances are compared. The analysis is performed by the
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periodic three dimensional (3D) finite element method (FEM)
powered by the hierarchical cascading technique.?*" It is
shown that the double busbar configuration offers good
energy confinement in addition to suppression of transverse
mode resonances in some extent.

Then, the discussion is extended to influence of the SAW
slowness shape to the transverse mode suppression. The
influence is enormous, and transverse resonances can be
suppressed well when the slowness shape is almost flat.
Note that the flat slowness shape is realizable by reducing
the electrode thickness even when 6 is small although it
reduces k>

2. Double busbar design on 20-LT plate

2.1. Comparison of three different lateral edge
designs

Figure 1(a) shows one period of the 20-LT/SiO,/Si structure
discussed in this paper. Figures 1(b)-1(d) show one period of
the electrode patterns discussed in this paper: (b) and (c) are
the conventional ones without and with dummy electrodes,
respectively, while (d) is the double-busbar structure pro-
posed by the authors.?” The perfect matching layers (PMLs)
are given to the side edges, while the periodic boundary
conditions are applied to the top and bottom boundaries.
Since only tiny material loss is added in the FEM model,
losses appearing in the following analyses are mainly due to
energy leakage through busbars and scattering to bulk waves.
In the following calculation, used parameters are taken from
authors’ previous work using 42-LT>* and given in Table L.

Figure 2 shows admittance (¥Y) and conductance (G)
calculated by periodic 3D FEM. When the dummies are
not given, the conductance levels are elevated upward at
frequencies above 1.925 GHz [see Fig. 2(a)]. This is caused
by the scattering at the gap region.'®'? Figure 3(a) shows the
field distribution of the “without dummies” design at
1.944 GHz. The red lines are the outline of electrodes and
busbar region. Energy concentration is seen near the gap
region which is responsible for the scattering loss.

On the other hand, when the dummies are given, the
elevation was suppressed [see Fig. 2(b)]. Note that shorter
gap length gives better performance as well as cases using
42-LT:'"® both electrical and mechanical effects of dummies
are responsible for the scattering reduction. Spurious

© 2022 The Japan Society of Applied Physics
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Fig. 1.

standard design with dummy electrodes, and (d) double busbar design.24)

Table I. Simulation parameters.

Parameters Value
Piezoelectric material 20-LT
Electrode material Aluminum
IDT period (py) 2 pm
Electrode layer thickness (fa;) 0.09 py
Piezoelectric layer thickness (#.t) 0.368 py
Silicon dioxide layer thickness (fsio2) 0.3 p;
Silicon layer thickness (fs;) 1.5 pr
PML layer (tppr) 1 pt
Metallization ratio (MR) 0.35
Aperture 12.8 pr
Gap length (Igap1) 0.2 py
Busbar length (Zyys1) 6.85 pr
Dummy electrode length (lqummy) 0.9 p
Secondary gap length (lgap2) 0.9 pr
Secondary busbar length () 0.3 p;

resonance peaks are not steep above 1.925 GHz. Figure 3(b)
shows the field distribution of the “standard” design at
1.95 GHz. Although the energy concentration does not occur
in this case, energy leakage to the busbar region is clearly
seen. Namely, the transverse modes are leaky in this
frequency range.

In contrast, when the double busbar is applied, resonance
peaks keep steep until 1.965 GHz. The extra gap region has
higher acoustic velocity, so it can act as an energy barrier. Thus,
the energy is mainly trapped within the aperture region. This
further indicates that even on the low-cut LT, the double busbar
configuration can provide better lateral energy confinement for
wider frequency range. Although larger /g, can further enhance
the lateral leakage suppression, it can also lead to larger ohmic
resistance. As a compromise, g,y s set to 0.9 py.

Note that some energy leakage can still be seen above
1.965 GHz. This is due to insufficient SAW velocity difference
between electrode and gap regions.'” This problem might be
solved by redesigning the whole device configuration.

2.2. Piston mode operation on double busbar
structure

Although double busbar can provide good energy confine-
ment, some transverse resonances still remain in the passband
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(Color online) Unit cells of three designs of the multi-layered SAW on 20-LT: (a) cross section, (b) standard design without dummy electrodes, (c)
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Fig. 2. (Color online) Calculated Y and G: (a) standard design without

dummies design, (b) standard design, and (c) double busbar design.24)

[see Fig. 2(c)]. Then, the piston mode is applied to the double
busbar structure for further transverse mode suppression. The
inset of Fig. 4(a) shows the electrode configuration including
optimized “hammer heads™*'*® for the piston mode opera-
tion.

Figure 4(a) shows change of Y and G of double busbar
design with the piston mode design. The effect of piston
mode operation is significant. Transverse modes are sup-
pressed in some extent. This can also be seen from the
comparison of Bode 0°? curve in Fig. 4(b). The notches in
the blue curve from 1.9 GHz to 1.95 GHz become smaller
which also confirms the good impact of piston mode

© 2022 The Japan Society of Applied Physics
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Fig. 4. (Color online) Variation of ¥, G and Bode Q when the hammer
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operation. No apparent degradation is seen by the application
of “hammer heads”.

3. Influence of slowness shape to transverse mode
suppression

The spurious suppression of this result is inferior to that
obtained when 42-LT was used instead of 20-LT.'* Namely,
there still remain several spurious resonances hard to
eliminate by the “hammer heads” design. This is expected
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(Color online) Field distribution of (a) without dummies design at 1.944 GHz, and (b) standard design at 1.95 GHz. Note that the color scale for (b) is
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Fig. 5. (Color online) Variation of slowness shape with 75, when 20-LT is
employed.
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to be related to the slowness curve shape of the SH SAW
under concern. Note that the slowness shape can be quite flat
near the crystal X direction when 42-LT is employed.*>"*>
It is known that the slowness shape can be adjusted
effectively by tuning the metallization ratio (MR), rotation
angle 0, tr 1, tsio2, and t,; for SAW structure.” Among these
parameters, slowness shape is most sensitive to 74.

© 2022 The Japan Society of Applied Physics
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Fig. 8. (Color online) Calculated Y and G when the hammer heads are

given and 0 and 7, are set to give the flat slowness shape.

Figure 5 shows how the slowness shape in the aperture
region changes with f,; when 20-LT is used. The flat
slowness shape can be achieved when t,,; is set to 0.05 pr.
Figure 6 shows how the slowness shape changes with 6 when
ta1 is fixed to 0.09 pr. In this case, the flat slowness shape
appears when @ is close to 42°.

Figure 7 shows that how 74, giving the flat slowness
changes with 6. It is seen that the flat slowness shape is
achievable by reducing t,; even when 6 is small.

Then, periodic 3D FEM simulations are carried out to for
the cases: (a) 20-LT is chosen and 74 is set at 0.05 py, and (b)
30-LT is chosen and 74 is set at 0.08 p;. In these settings, the
slowness curves are mostly flat.

Figure 8 shows calculated Y and G. Transverse modes are
well suppressed between resonance and anti-resonance fre-
quencies for both cases. This indicates that even low-cut LT
is chosen as the piezoelectric layer, better transverse mode
suppression can also be achieved by manipulating the
slowness shape. And near flat slowness shape is preferable
to realize almost complete transverse mode suppression.

By the way, it is known that reduction of #4; causes that of
k* in these substrates.”® Figure 7 also shows how estimated
k* under the flat slowness condition changes with 6. Due to

SG1031-4

the £4; reduction, increase of K is quite limited even when 6
is small. Namely, although k? takes a maximum at 0 ~ 25°,
its increment from 42-LT is limited to about 1%.

4. Conclusion

This paper discussed the applicability of double busbar
design to multi-layered SAW devices employing low-cut
LT for better lateral energy confinement and spurious
resonance suppression. Influence of the slowness curve shape
was also studied for the transverse mode suppression.

First, it was shown that dummies are necessary for
scattering suppression in 20-LT and a narrow gap is prefer-
able, as well as cases using 42-LT. Besides, double busbar can
provide wider energy confinement while realize the electrode
connection for dummies to create an extra gap between
dummies and busbar. It was also shown that transverse modes
can be suppressed in some extent by applying the hammer
heads onto double busbar configuration.

Then the discussion was extended to the influence of
slowness shape to transverse mode suppression. It was
indicated that even low-cut LT is chosen as the piezoelectric
layer, better transverse mode suppression can also be realiz-
able by manipulating the slowness shape in the trade-off with
achievable k*.
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