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1. Introduction 

Ultrasound is applied to several devices, such 
as an ultrasonic cleaner, a homogenizer, and a 
sonochemical reactor. The evaluation method of the 
ultrasonic field is carried out by calorimetry, the 
radiation force balance method, and the sound 
pressure measurement method, etc. The sound 
pressure measurement is effective to obtain 
distribution of the sound pressure in the 
sonochemical reactors. However, in a strong 
ultrasound field where cavitation is generated, a 
sound pressure spectrum measured by hydrophone 
has many frequency components as shown in Fig.1. 
In this figure, f1, f1.5,, f2 are frequencies of 
fundamental, subharmonic and harmonic, 
respectively. The shadowed area is a white noise 
component. When ultrasonic cavitation is generated, 
white noise and subharmonics component 
apprear1,2). Uchida et al. estimated the sonochemical 
reactor performance from the white noise 
component 3,4). 

In this study, the spatial distribution of sound 
pressure of fundamental, subharmonic, and white 
noise in the sonochemical reactor are measured, in 
order to develop a sonochemical reactor with a 
higher efficiency. 
 
2. Experiment 

The experimental setup is shown in Fig. 2. 
The inside diameter of sonochemical reactor was 56 
mm. The side of sonochemical reactor came with 
two tiers to circulate temperature controlled water 
at 298 ± 0.1 K. The sample was air-saturated water 
and volume was 100 mL. Sound pressure 
components of various frequencies were measured 
by a hydrophone (Honda Electronics HUS-200S) 
and a spectrum analyzer. A sensor of hydrophone 
was produced by hydrothermal synthesis method5). 
The hydrophone was calibrated from 20 kHz to 20 
MHz. A preamplifier (Honda Electronics 
HUS-200A) was used to transform output 
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Fig. 1  The frequency components  
of sound pressure at 129 kHz 
in the sonochemical reactor. 

Fig. 2  Experimental setup. 
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structure is analyzed using FEM based frequency 
domain analysis (FDA)2). The setup is shown in Fig.1 
(b). The ScAlN thickness is fixed at 0.3pI, and the 
thickness h of the grating is assumed to be zero. As 
reflectors, open-circuited (OC) and short-circuited (SC) 
gratings with four fingers are considered. The electrode 
pitch and the metallization ratio are set to be 2 μm and 
0.5, respectively. 

Fig.3 shows calculated reflection coefficient |Γ| of the 
Sezawa wave on the ScAlN/3C-SiC structure. The OC 
grating offers relatively large |Γ| even though no 
mechanical perturbation is given. This may be owed to 
large K2. 
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Fig.3 Comparison of frequency dependence of reflection 
coefficient for two different substrates: 128-LN and 
ScAlN/3C-SiC 

Fig. 4 shows the calculated power dissipation ratio d 
given by 1-|Γ|2-|T|2 as a function of frequency, where T 
is the transmission coefficient. It is seen that the OC 
grating offers much smaller d than the SC grating even 
though the reflection coefficient is larger. Large d of the 
SC grating is due to significant conversion from the  
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Fig.4 Comparison of frequency dependence of power 
dissipation ratio for two different substrates: 128- LN and 
ScAlN/3C-SiC 

incident Sezawa mode to the Rayleigh one. In other 
words, the mode conversion is small for the OC case. 

The same calculations are performed for the Rayeligh 
SAW on 128-LN. Figs. 3 and 4 also show the calculated 
results when the reflector parameters are set as the same 
as that of ScAlN/3C-SiC case. It is seen that the Sezawa 
mode on the ScAlN/3C-SiC structure gives |Γ| 
comparable to the Rayleigh SAW on 128-LN. Although 
d of the Sezawa mode is much larger than that of the 
Rayleigh SAW, the value is still acceptable for the use 
in SAW RFID Tags and wireless sensors. As for such 
applications, large V of the Sezawa mode is quite 
advantageous. 
The same analysis was applied for combination with 

various grating materials and base substrates. The result 
indicated that |Γ| always became small and d always 
became large when the finite thickness was given. It was 
also indicated that large |Γ| and small d are 
simultaneously obtainable only when materials with 
extremely large V, such as SiC and diamond, are chosen 
as the base substrate. 

4. Conclusion 
Sezawa mode scattering by short reflectors on 
ScAlN/3C-SiC structure was analyzed. The calculated 
results showed that the mode conversion from Sezawa 
to Rayleigh modes can be suppressed well by combining 
ScAlN with a fast substrate and proper reflector design. 
Meanwhile, large reflection coefficient and small power 
dissipation ratio as well as high velocity ~7,194 m/s are 
simultaneously obtainable. 

These results demonstrates applicability of the 
Sezawa mode on the ScAlN-based layered structure to 
SAW RFID tags in 2.45GHz ISM band with a relatively 
wide finger width. 
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impedance of the hydrophone. The hydrophone was 
moved in two dimensions of x-z coordinates in 
Fig.2 by XYZ axis stages. A Langevin type 
transducer with a diameter of 45 mm was driven by 
a power amplifier which amplified a continuous 
sinusoidal wave with a frequency of 129 kHz 
produced by a signal generator. An effective electric 
power applied to the transducer was calculated from 
a voltage at both ends of the transducer and a 
current measured by an oscilloscope and a current 
probe. At this time, the effective electric power 
applied to the transducer was 4 W.  
 
3. Results and discussion 

Figure 3 shows the distribution of sound 
pressure at fundamental frequency in the 
sonochemical reactor. Standing waves are observed 
in the direction of x (reactor radius) in addition to 
the direction of z (transducer axis). The reason of 
which is considered to be due to coupled vibration 
of vibration between transducer and water surface, 
and vibration of reactor radius direction. The sound 
pressure at x = 0 mm and z = 26 mm has a 
maximum value. 

Figure 4 shows the distribution of sound 
pressure at subharmonics frequency (1.5 times 
higher than fundamental). The maximum sound 
pressure of subharmonic appears at the same 
position as that of fundamental. However, the value 
of maximum sound pressure of subharmonics is two 
orders of magnitude less than that of fundamental. 

Figure 5 shows the distribution of white 
noise component. The sound pressure of white 
noise component, Average of broadband sound 
pressure (ABP) was calculated from the next 
equation. 

 
 
,  (1) 
 

where P is sound pressure removed those of 
fundamental, subharmonics and harmonics. In this 
figure, f1 and f2 are 20 kHz and 10 MHz, 
respectively. By using ABP, a comparison of sound 
pressure between white noise and subharmonic is 
possible. Compared with subharmonic, white noise 
is observed in wide area. Standing waves of ABP 
are observed in the same manner of sound pressure 
of fundamental. However, the position of maximum 
sound pressure for white noise is different from that 
for fundamental. This result means that the position 
at maximum sound pressure is different from that at 
many cavitation generations. 
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Fig. 3  Distribution of the sound pressure at  

fundamental frequency in the sonochemical reactor. 
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Fig. 4  Distribution of the sound pressure 

at subharmonic frequency. 
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Fig. 5  Distribution of ABP. 


