
result of the peak being regarded as the thing by 
the component of the electrode, and having 
pushed forward a guess from constitution 
materials, it was revealed that it was a thing by 
the phase transition of PVdF which was a binder. 
 

 

 

The resonance frequency showed a change with 
Increase in discharge and charge when I watched 
the change of the value by discharge and charge. 
About a resonance frequency, I show the rate of 
change of the value by discharge and charge in 
figure 4. 
I understood that this laboratory finding 
conformed to "route rule" used as a rating 
system of the battery cell. Route rule expresses 
Remaining life of the battery in 𝑦𝑦 𝑦 100 − 𝛽𝛽𝛽𝛽𝛽, 
and coefficient, N where β is demanded by an 
experiment are discharge and charge. 
 Based upon the foregoing, it was revealed that 
a life evaluation using route rule was enabled by 
measuring a resonance frequency as an electrode. 
 For the same sample, I show the resonance 
frequency temperature dependence that I got by 
the decrement method and the half bandwidth 
method in figure 5. 
 The differences between decrement method 
and resonance frequency that I got by the half 
bandwidth method were 4.5Hz on the average. 

The error of the sample length for this frequency 
error was 0.68mm. 
Because there was the error of this length within 
the artificial error at the time of the sample 
manufacture, the result of a measurement of the 
decrement method and the half bandwidth 
method was good and knew that I agreed. 

 

 

 

4. Conclusions 

I measured the mechanical characteristic of the 
LiB electrode of discharge and charge time 
using vibration lead law. It is thought that the 
rigidity of the electrode decreased by 
deterioration of PVdF from the decrease in 
resonance frequency with discharge and charge. 
And I understood that a life evaluation by route 
rule was possible as an electrode by using a 
resonance frequency as a parameter. In addition, 
the measurement accuracy by the half 
bandwidth method is equal to the decrement 
method, and the measurement in the frequency 
domain is suitable for automatic measurement. 

Fig. 2 Temperature dependence of the resonance 
frequency 
 Schematic diagram of measurement system. 

Fig. 3 Temperature dependence of the internal 
discord 
 Schematic diagram of measurement system. 

Fig. 4 Rate of change of the resonance frequency 
by 充放電 

Fig. 5 Temperature dependence of the resonance 
frequency 
 Schematic diagram of measurement system. 
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1. Introduction 

Surface acoustic wave (SAW) propagation 
modes such as leaky SAWs (LSAWs) and 
longitudinal-type LSAWs (LLSAWs) have been 
studied to obtain a higher frequency, a larger 
electromechanical coupling factor (K2), a larger Q 
factor, and a smaller temperature coefficient of 
frequency (TCF). Our research group has reported 
the propagation properties of LSAWs and LLSAWs 
on a LiTaO3 (LT) or LiNbO3 (LN) thin plate bonded 
to a high-velocity substrate.1 In that study, K2 larger 
than that of a single LT substrate was obtained 
theoretically when 36°Y-cut X-propagating LT 
(36°YX-LT)/AT-cut 90°X-propagating quartz 
(AT90°X-quartz) for an LSAW and X-cut 31°Y-
propagating LT (X31°Y-LT)/ AT45°X-quartz for an 
LLSAW were employed.  

In this study, some bonded samples were 
practically prepared, and the propagation properties, 
the resonance characteristics, and the TCFs for 
LSAWs and LLSAWs on the bonded structures were 
investigated experimentally.  
2. Experiment and Discussion 
2.1. Sample preparation 

Although 90°X propagating was desirable for the 
LSAW, AT-cut quartz was set to X propagating since 
K2 was almost the same as that for 90°X. First, the 
surface of a 3- or 4-inch wafer of LT and AT-cut 
quartz with thicknesses of 0.2–0.8 mm was activated 
in Ar+O2 plasma after RCA cleaning. Next, the 
surfaces of LT and AT-cut quartz were bonded under 
atmospheric pressure. Moreover, the bonded wafers 
were annealed for several hours at 100–300 °C. After 
dicing to a size of 20×15 mm, the surface on the LT 
wafer side was thinned to a plate thickness h in the 
range of 3.0–9.0 μm. Then, a single-electrode 
interdigital transducer (IDT) was prepared with 
period λ values of 8–64 μm and finger pairs N of 10–
30 on the polished surface of LT using a 1500-Å-
thick Al thin film. For comparison, IDTs were also 
fabricated on the surface of a single LT substrate. 

2.2. Coupling factor K2 
The K2 values of the LSAW and LLSAW were 

determined from the admittance properties of IDTs 
(N=10 or 15). The measured K2 values of the LSAW 
and LLSAW are shown in Figs. 1 and 2, respectively, 
with the calculated K2 results.1 For the LSAW, K2 
larger than that for the single LT substrate was 
obtained for three samples with different normalized 
LT thin-plate thicknesses. For the sample with 
h/λ=0.25, K2 increased from 5.9% for the single LT 
substrate to 11.8% for the bonded structure. For the 
LLSAW, K2 increased to 6.2% at h/λ=0.28 and was 
2.4 times as much as 2.5% for the single LT substrate. 
However, the K2 of the bonded substrate for the 
LLSAW was slightly smaller than the calculated 
result. This is considered to be due to the 
deterioration of K2 caused by the bonding condition. 
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Fig. 1  K2 for LSAW vs LT thin-plate thickness 
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Fig. 2  K2 for LLSAW vs LT thin-plate thickness 
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2.3. Resonance characteristics 
Figures 3 and 4 show the measured admittance 

properties of the bonded structure and single LT 
substrate for the LSAW and LLSAW, respectively. 
Models of the same structure for the LSAW and 
LLSAW were simulated using the FEM system 
(Femtet, developed by Murata Software). The 
simulated results are also shown in Figs. 3 and 4. For 
the LSAW, the admittance ratio and fractional 
bandwidth for an IDT (N=30) were increased from 
22 dB and 4.5% for the single LT substrate to 39 dB 
and 5.3% for the bonded structure with h/λ=0.44, 
respectively. For the LLSAW, the admittance ratio 
and fractional bandwidth for an IDT (N=30) were 
increased from 7.8 dB and 4.1% for the single LT 
substrate to 16 dB and 5.0% for the bonded structure 
with h/λ=0.28, respectively. Although they were 
roughly in agreement with FEM analysis results, 
they were slightly smaller than the simulated results 
at approximately the resonance frequency fr and anti-
resonance frequency fa. This is considered to be due 
to the unevenness of the surface condition and 
resistance of the Al thin film. 

2.4. Temperature coefficient of frequency 
The frequency shift properties for LSAW and 

LLSAW in temperature were measured in a thermo-
static oven with temperatures ranging from 0–80 °C. 
The experimental TCF values were determined from 
the slope of the measured frequency shift. Figure 5 
shows the measured TCF values of the LSAW with 
the calculated results. The TCF at h/λ=0.38 was 
improved from -35.3 ppm/°C for the single LT 
substrate to -17.2 ppm/°C for the bonded structure. 
The measured results were roughly in agreement 
with the calculated results. The TCF of the LLSAW 
was -17.2 ppm/°C, which was also improved as 
compared with the calculated result of the single LT. 

Furthermore, the TCF of the LSAW on 36°YX-
LT/AT90°X-quartz was calculated. The calculated 
result is also shown in Fig. 5. There was a normalized 
LT thin-plate thickness that the TCF became 0 
ppm/°C. In addition, the previously calculated K2 of 
the LSAW on 36°YX-LT/AT90°X-quartz1 is also 
shown in Fig. 1. From both calculated results, the K2 
of approximately 12% and the TCF of 0 ppm/°C 
were theoretically obtained simultaneously for the 
LSAW on 36°YX-LT/AT90°X-quartz of h/λ=0.17. 

5. Conclusions 
In this study, we investigated LSAWs and 

LLSAWs on an LT thin plate bonded to an AT-cut 
quartz substrate experimentally. Samples with 
36°YX-LT/ATX-quartz for the LSAW and X31°Y-
LT/AT45°X-quartz for the LLSAW were fabricated 
and measured. 

The K2 of the LSAW increased from 5.9% for a 
single LT substrate to 11.8% for the bonded structure 
with h/λ=0.25. The K2 of the LLSAW increased from 
2.5% for the single LT substrate to 6.2% for the 
bonded structure with h/λ=0.28. Also, the resonance 
characteristics of both the LSAW and LLSAW were 
improved as compared with the single LT substrate. 
The improvements of TCF for the LSAW and 
LLSAW were also observed. Furthermore, when the 
TCF of the LSAW on 36°YX-LT/AT90°X-quartz 
was calculated, K2 of approximately 12% and TCF 
of 0 ppm/°C were theoretically obtained 
simultaneously at a certain thin-plate thickness. 
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Fig. 3  Resonance properties for LSAW. 
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Fig. 4  Resonance properties for LLSAW 
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Fig. 5  TCF for LSAW vs LT thin-plate thickness 
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