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1. Introduction 

Leaky surface acoustic waves (LSAWs) and 
longitudinal-type LSAWs (LLSAWs) have a larger 
electromechanical coupling factor K2 and higher 
phase velocity than Rayleigh-type SAWs (R-SAWs). 
However, LSAWs and LLSAWs have inherent 
attenuation because they lose energy by continuously 
radiating bulk waves into the substrate. To solve this 
problem, we previously reported that the attenuation 
of LSAWs and LLSAWs can be reduced by loading 
with an aluminum nitride (AlN) thin film with a 
higher phase velocity than that of the substrate.1,2 
However, K2 is reduced owing to the small 
piezoelectricity of the AlN thin film. 

On the other hand, by bonding a sapphire (Al2O3) 
substrate to a LiTaO3 (LT) substrate, temperature-
compensated SAW filters have achieved practical 
use.3 Thus, substrate structures combining various 
different materials have been studied to improve the 
SAW property. In this study, to obtain a substrate 
structure with a higher K2, the propagation properties 
of LSAWs and LLSAWs on an LT or LiNbO3 (LN) 
thin plate bonded to a high-velocity substrate were 
investigated theoretically and experimentally. 

2. Theoretically Calculation 
AT-cut quartz and c-plane Al2O3 (c-Al2O3) were 

employed as support substrates with a high phase 
velocity. First, the values of K2 for an LSAW on a 
36° Y-cut X-propagating LT (36° YX-LT) thin plate 
and an LLSAW on an X-cut 31° Y-propagating LT 
(X31° Y-LT) thin plate bonded to these support 
substrates were calculated. Figures 1 and 2 show K2 
as a function of the normalized LT thin-plate 
thickness h/λ (λ: wavelength). Note that K2 for the 
LSAW and LLSAW has a maximum value when the 
propagation direction of the AT-cut quartz is 90° X-
propagating (90° X) and 45° X, respectively. As 
shown in Figs. 1 and 2, K2 for the LSAW and 
LLSAW increased with increasing h/λ, and the 
values of K2 were larger than those in the case of a 
single LT substrate. In particular, in the case of 
bonding to a quartz substrate, the values of K2 for the 
LSAW and LLSAW were two and three times higher 

than those on a single LT substrate, respectively. 
Similar trends were observed for an LN thin plate. 

Then, using the finite element method (FEM), 
the resonance properties in the case of forming an 
interdigital transducer (IDT)-type resonator having 
the parameters shown in Table I on an X36° Y-LN 
thin plate bonded to these substrates were analyzed. 
These simulations were performed with Femtet 
software (Murata Software). The LN thin-plate 
thickness h/λ was set to 0.20. Figure 3 shows the 
simulation results. The admittance ratio and 
resonance Q of the bonded substrate were larger than 
those of the single LN substrate. Furthermore, large 
resonances at a lower frequency than that of the 
LLSAW were observed for the bonded substrate. 
Therefore, it is considered that an R-SAW and 
LSAW are highly coupled with the bonded structure.                                                           
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Fig. 1  K2 for LSAW vs LT thin-plate thickness. 
 
 

Fig. 2  K2 for LLSAW vs LT thin-plate thickness. 
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the cutoff frequency, corresponding mode is 
evanescent laterally. 

Fig. 3(b) shows the case when h=0.06p and 
=125.2°. It seems similar to Fig. 3(a). However, 
two branches intersects only in this case. This is due 
to the mechanical coupling mentioned above, and 
this phenomenon cannot be explained when the 
coupling is ignored. Furthermore, this coupling 
causes rapid variation of y with f near the cutoff as 
the authors pointed out in Ref.4.  

 
(a) =128° and h=0 

 
(b) =125.2° and h=0.06p. ■ and ▲: thin plate model 

Fig. 3  Variation of βy with f under the longitudinal 
resonance condition 

3. Analysis by thin plate model 
The extended version6) of the thin plate model5), 

which can take coupling between two SAWs into 
account, is applied to this case, and influence of the 
coupling on the device performance is investigated. 

Fig. 3(b) also shows y calculated by the extended 
thin plate model using parameters obtained by the 
fitting. The agreement is excellent. This fact 
indicates that the intersection is caused by the 
mechanical coupling of the Rayleigh SAW with the 
SH SAW. 

Then, the extended thin plate model is applied to 
an infinitely long Cu IDT (h=0.06p)/125.2-LN 
substrate structure, which consists of busbar, gap 
and aperture regions. Gap and aperture lengths are 
0.5p and 40p, respectively. 

Fig. 4 shows the calculated admittance curve. In 
addition to the largest peak and dip due to the main 
resonance, a number of satellite resonances are seen. 
They are identified as transverse ones. The figure 
also shows the result obtained by the three  

 
Fig. 4 Comparison of admittance of infinitely long IDT 

calculated by the thin plate model and 3D FEM 

dimensional (3D) finite element method (FEM). It 
is seen that the two admittance curves agree very 
well. Remaining discrepancies may be due to 
inaccuracy of parameters used for busbar and gap 
regions and/or improper setting of the perfect 
matched layer. 

4 Conclusion 
The propagation characteristics of Rayleigh SAW 

and SH SAW on Cu grating/128 -LN structure were 
investigated. It was shown that mechanical coupling 
of SH SAW gives significant impact on propagation 
characteristics of Rayleigh SAW. The thin plate 
model was applied to analyze the influence of the 
mechanical coupling on the lateral propagation. The 
result indicates that the model can describe the 
dispersion behavior well. The model was also 
applied to analyze resonance characteristics of an 
infinitely long Cu IDT on 125.2-LN substrate 
structure. The result agreed well with that of 3D 
FEM simulation. 
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3. Experiment 
After directly bonding a c-Al2O3 wafer and an 

X36° Y-LN wafer, the surface on the LN wafer side 
was polished and an IDT-type resonator with the 
parameters shown in Table I was fabricated using an 
Al thin film. The LN thin-plate thickness h/λ was set 
to 0.19. The resonance property was measured using 
a network analyzer and is shown in Fig. 3. It was 
found to be in good agreement with the FEM 
analysis results. The admittance ratio and resonance 
Q were increased from 12.9 dB and 4.1 for the single 
LN substrate to 22.6 dB and 22.4 for the bonded 
substrate, respectively. Furthermore, the values of K2 
for the single LN substrate and bonded substrate 
were determined to be 10.6 and 19.7% from the 
admittance property of a normal-type IDT (N=10) 
prepared at the same time, respectively. 

Input and output IDTs with the parameters shown 
in Table II were fabricated on samples and the 
frequency response was measured. Figure 4 shows 
the minimum insertion loss IL of the LLSAW as a 
function of the propagation length L. The minimum 
IL for the bonded substrate was less than that for the 
single LN substrate for all values of L. IL was 
approximated as the sum of the conversion loss CL, 
the bulk-wave radiation loss BL into the substrate 
from the IDT, and the propagation loss. The values 
of CL for the single LN substrate and bonded 
substrate were determined to be 6.9 and 6.5 dB from 
the measured admittance property, respectively. 
Therefore, it is considered that BL was lower for the 
bonded substrate. However, the minimum IL 
decreased nonlinearly with increasing L for both 
substrates. The property of the observed surface 

wave on the single LN substrate contained not only 
that of the LLSAW but also that of a surface-
skimming bulk wave (SSBW).1 Therefore, it is 
considered that an LLSAW and SSBW were 
simultaneously excited on the bonded substrate. 

On the other hand, the values of K2 for the R-
SAW on the single LN substrate and bonded 
substrate were 0.35 and 1.58%, respectively. In 
addition, although no LSAW excitation was 
observed on the single LN substrate, it was observed 
on the bonded substrate (K2=3.9%). From these 
results, the value of K2 not only for an LLSAW but 
also for an R-SAW and LSAW was increased for the 
bonded structure. 

4. Summary 
In this study, we investigated LSAWs and 

LLSAWs on an LN or LT thin plate bonded with a 
high-velocity substrate. It was revealed that the 
resonance property was improved and K2 was 
increased for the bonded structure. As the next step, 
we will experimentally investigate LSAWs and 
LLSAWs on thin plates bonded with other high-
velocity substrates, the dependence of K2 on h/λ, and 
the application of this structure to other SAW modes. 
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Table II.  IDT parameters. 
Al thickness [Å] 1,000 

Wavelength λ [μm] 8.0 
IDT finger pairs N 10 (single) 

Propagation length [λ] 5, 10, 25, 50 
Propagation path Metallized 

 

Table I.  IDT-type resonator parameters. 
Al thickness [Å] 1,000 

Wavelength λ [μm] 8.0 
IDT finger pairs N 30.5 (single) 

Reflector number NR 0 
Aperture width W [λ] 25 
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Fig. 3  Simulated and measured resonance properties. Fig. 4  Minimum insertion loss vs propagation length. 
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