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1. Introduction 

High-temperature ultrasonic transducers by 
sol–gel composites have been developed for 
industrial applications.1-2) Sol-gel composite 
material is made by ferroelectric powders and 
sol-gel solution and composed of three phases, 
ferroelectric powder phase,  dielectric sol-gel 
phase, and air phase. Sol-gel composites ultrasonic 
transducers have several merits. First, couplant is  
unnecessary because sol-gel composite film has 
good acoustic coupling with a substrate since oxide 
layer is created between the substrate and the 
piezoelectric film during film fabrication thermal 
process. Second, backing material is also 
unnecessary because tiny pores are manufactured 
inside sol-gel composite film, which cause 
ultrasonic loss and reduce the ringing effect. Third,  
sol-gel composite film has high thermal shock 
resistance because of tiny pores which contribute no 
necessity of backing material.  

CaBi4Ti4O15/Pb(Zr,Ti)O3(CBT/PZT) sol-gel 
composite is promising piezoelectric material for 
high temperature ultrasonic transducer applications 
above 500 °C. In previous study, CBT/PZT was 
poled by positive DC corona discharge. CBT/PZT 
sol-gel composites has been developed for NDT 
above 550 °C and it showed clear multiple echoes 
at 550 °C.3) However, efficient poling of CBT/PZT 
required high temperature in order to obtain high 
piezoelectricity owing to the high coercive field of 
the CBT powder phase. Therefore, poling process 
takes a long time because of the long heating time 
and cooling time. If CBT/PZT can be poled at room 
temperature, the manufacturing cost is reduced and 
it will be suitable for on-site fabrication. In this 
research, a new poling method using by pulse 
corona discharge generation at room temperature 
was developed for CBT/PZT. 

 
2. Fabrication of CBT/PZT films 

The fabrication process was based on a 
sol–gel spray technique developed previously. The 
CBT/PZT films were fabricated onto titanium 
substrates by spray coating. First, CBT powders 
were mixed with self-manufactured PZT sol-gel 

solution and ball-milled for more than one day until 
appropriate viscosity for spray coating was 
achieved. Then it was sprayed onto titanium 
substrates. The area of the titanium substrate was 9 
cm2, and the thickness was 3 mm. After spray 
coating, they were heated as follows: drying at 
150 °C for 5 min on a hot plate and firing at 650 °C 
for 5 min by a furnace. In this research, those spray 
coating process and thermal process were repeated 
5 times to obtain a 50-μm-thick CBT/PZT films. 
After ~50 μm thick films were fabricated on the 
titanium substrates, poling processes were 
performed. 

 
3. Poling process 

In this study, CBT/PZT films were polarized 
by two poling methods. First, traditional poling is 
corona discharge using a high-DC-voltage source at 
a high temperature using a hot plate. A positive 
corona discharge was used for poling because a 
high electrical field could be applied on the 
piezoelectric film without dielectric breakdown.  
In this experiment, output voltage of the 
high-DC-voltage source was +30 kV and the poling 
time was 15 min, and the sample was heated to 400 
C. Next, the new poling method is corona 
discharge poling at RT using a self-built 
high-pulse-voltage source. In this experiment, pulse 
repetition frequency was 2kHz, the output voltage 
was +21 kV, and the poling time was 1 min. After 
corona poling, ~5 mm diameter silver top electrode 
was fabricated on the CBT/PZT film. Optical 
images of two samples after fabricating silver top 
electrodes were shown in Fig. 1.  
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higher resolution than that of the original 
compressed echo signals. 
 
3. Results and discussion 

Figure 2 shows the experiment 
environment and measurement system; An 
experiment was made in the gymnasium of our 
university. Assuming that a target object is at the 
position of 25m from a super-directivity speaker, 
and that microphone is set above the speaker. 

Figure 3 depicts simulation results; we 
employ simple modeling of the received signal at 
the microphone to compute under similar condition. 
The transmitted signal is multiplied by the Hanning 
window. The white noise is added to the received 
signal. Other conditions are shown in Table 1. 

Figure 3 provides a comparison of the 
received signal (black solid line) and 
super-resolution result (red dotted line). The SN 
ratio is improved after the super-resolution. It has 
become extremely narrow with a half width of 
9.48mm, which is equivalent to the wavelength of 
the sine wave of 36.2 kHz. 

Figure 4 shows an experimental result. It 
also compares the received signal of the 
microphone (black solid line) and super-resolution 
result (red dotted line). Although clear estimation of 
the delay time using only the received RF signal is 
seem to be difficult due to low SN ratio, the 
proposed method enable us to determine a position 
of the target object. Here, small peak at about 26 m 
is expected due to reflection by the back wall of the 
gymnasium. 

 
5. Conclusion 

In this study, we examined the 
effectiveness of the long range acoustic sensing that 
combines the super-directivity speaker and 
super-resolution signal processing with PCT. We 
show that the proposed method has the possibility 
to improve the SN ratio and resolution in long range 
sensing.  

 
 

 
Table1 Experimental parameters 

 
 

References 
1. M. Fujiwara, K. Okubo and N. Tagawa, "A 

novel technique for high resolution ultrasound 
imaging super resolution FM-Chirp correlation 
Method (SCM)," IEEE International 
Ultrasonics Symposium, 2009, pp. 2390-2393. 

2. T. Wada, Y. Ho, N. Tagawa and K. Okubo, 
"Extension of FM-Chirp super resolution 
imaging for ultrasound synthetic aperture 
system," Ultrasonics Symposium (IUS), 2015 
IEEE International, Taipei, 2015, pp. 1-4. 

3. R. Schmidt, "Multiple emitter location and 
signal parameter estimation," in IEEE 
Transactions on Antennas and Propagation, vol. 
34, no. 3, pp. 276-280, Mar 1986. 

4. T. Kamakura, S. Sakai: Principle and 
applications of a parametric loudspeaker, IEICE,  
EA, 105(556), p.25-30, (2006) 

 
 
 

 
Fig.2 Experiment environment 
 

 
Fig.3 Comparison of signals before and after 
super-resolution processing (Simulation) 
 

Fig.4 Comparison of signals before and after 
super-resolution processing (Experiment) 
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Fig. 1 CBT/PZT film optical images poled by 
(a) DC corona at 400 C, and (b) pulse corona 
at RT. 
 
4. Experimental results 

First, pulse-echo measurement result poled 
by DC corona at high temperature is shown in Fig. 
2. The P/R gain was 35 dB. Clear multiple reflected 
echoes from the bottom surface of the titanium 
substrate were confirmed. Piezoelectric constant d33 
of that sample was 6.3 pC/N. Measurement result 
poled by pulse discharge at RT is shown in Fig. 3. 
The used gain was 50 dB. Clear multiple reflected 
echoes were also confirmed as well. From this 
result, CBT/PZT was successfully poled by pulse 
corona discharge at RT. Piezoelectric constant d33 of 
CBT/PZT poled at RT was 4.2 pC/N. From those 
results, poling efficiency of CBT/PZT poled by 
pulse discharge at RT was slightly lower than poled 
by DC corona at HT though it was improved by 
5dB than previous study.3).  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 2 Ultrasonic response of CBT/PZT poled by 
DC corona at high temperature onto ~3-mm-thick 
titanium substrate. 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 3 Ultrasonic response of CBT/PZT poled by 
pulse discharge at RT onto ~3-mm-thick titanium 
substrate. 

 
Next, CBT/PZT poled by pulse corona was 

tested by a furnace at 500 °C for 2 h in order to 
investigate thermal durability. Fig. 4 show the 
ultrasonic response of CBT/PZT transducer at 
500 °C after 2 h. Signal amplitued at 500 °C was 
lower than that at RT though the same gain was 
used and clear multiple reflected echoes were 
confirmed. Temperature stability was much 
improved than previous study.3) So, It was found 
that CBT phase has been sufficiently poled. New 
pulse voltage source machine has been developed 
for further improvement. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 4 Ultrasonic response of CBT/PZT transducer 
in a furnace at 500 °C after 2 h. 
 
5. Conclusions 

In this experiment, the poling of CBT/PZT 
was carried out by new poling method for pulse 
discharge at RT. Although The sample showed 
lower piezoelectric properties and ultrasonic 
response than those of the sample poled by DC 
corona at high-temperature, multiple reflected 
echoes and sufficient thermal durability was 
confirmed. Therefore, it could be concluded that 
pulse discharge poling of CBT/PZT at RT was 
demonstrated successfully. 
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