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of the reflection from bottom of the transducer, 
there is a peak in the negative(-) phase. In the 
amplitude spectra of Fig. 3(c), the periodical 
patterns are shown due to the two shockwaves of 
the direct propagation and the bottom reflection as 
Fig. 3(b). The measured and the fitted ones are in 
good agreement in waveform. It reveals that the 
CNT/PDMS layer produces a blast wave type 
shockwave. The transducer could endure the laser 
energy higher than 300 mJ/pulse, and the positive(+) 
peak pressures changed linearly as shown in Fig. 4. 
The maximum 5.4 MPa was obtained when the 
laser energy is 330 mJ/pulse.  

 

 
Fig. 3. Measured and fitted waveforms, two shockwave 
components of the fitted waveform (b) and frequency 
spectra (c). 

 
Fig. 4. Variation of the positive(+) and negative(-) peak 
pressures with laser energy. 

 
Because the fabricated film transducer is 

flexible, it is easy to make different shape of 
acoustic shockwave sources. As an example, a 
cylindrical focusing source with the radius of 
curvature r=14 mm and aperture D=26 mm were 
made using the film transducers. A holder made by 
a 3D printer kept the cylindrical shape. Figure 5 
shows the measured and simulated acoustic fields. 
In the simulation by PZFlex(Weidlinger Associates 
Inc.), it is assumed that the radiation surface 
consists of simple sources which generate the 
measured shockwave shown in Fig. 3(a). The  

 
           (a)                (b) 
Fig. 5. Measured (a) and simulated (b) acoustic fields by 
the shockwave source with cylindrical radiation surface. 

 
simulated acoustic field shows that the beam is 
strongly focused within 0.18 mm of full width half 
maximum(FWHM) at focus. However, due to the 
hydrophone size and the step size(0.1 mm) of motor, 
the measured field was not so clear as simulation 
one and the beam was confined within 0.2 mm at 
focus. However, the waveform at focus was quite 
similar with the measured one in Fig. 3(a), and the 
peak pressure was 15.7 MPa for the laser energy 
330 mJ/pulse. 

 

5. Summary 
In this study, we have fabricated an 

optoacoustic film transducer by coating CNTs and 
PDMS on a thin PET sheet. The transducer 
generated shockwaves which have high peak 
pressures and very short pulse widths. It is noted 
that the waves have the waveform of a blast wave. 
The transducer is useful to make shockwave 
sources with different shape of radiation surface. As 
an example, it was shown that a line-focusing 
source, which is made by the film transducer, gives 
strong focusing effect with high pressure. 
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1. Introduction 

Ultrasonic waves are widely used to determine the 
characteristics of materials without destruction. 
Among them, guided waves are especially used to 
examine a thin plate. The guided wave is generated 
by the combination of incident wave and reflected 
wave when the wave propagates through a thin 
layered material. Lamb wave is one special kind of 
the guided wave. When two surfaces of the plates are 
very close to each other, two surface waves interfere 
to form Lamb wave.  
In this research, we’ve explored the propagation of 

Lamb waves in each direction from 0° to 360°. We 
used large aperture line focused (PVDF) transducer 
to send and receive signals from [100] silicon wafer. 
By repeating the construction of V(f, z) curve while 
rotating the specimen, we could get a dispersion 
curve for every direction of wave propagation. 
Properties of Lamb wave in the other materials and 
wafer orientation will be discussed in further studies. 
 
2. Experimental setup and waveform processing 

 
Fig. 1. Experimental setup 

 
The experimental setup to measure the Lamb 

wave is shown in Fig. 1. It includes a large aperture 
lined focused PVDF transducer, a servo-motorized 
linear stage, a pulser/receiver, a digital oscilloscope, 
a motor controller, and a personal computer. The 
pulser/receiver send signals to the transducer to 
make it generate a pulsed wave incident on the 
sample. Then, the reflected wave returns to the 
transducer to produce a signal. We have repeated this 
process by changing the propagation direction and 
the distance between the transducer and the sample. 
These automatic processes are operated by a serve-

motorized linear stage and a motor controller with 
Labview program. 

The key step of our signal processing is FFT 
analysis. We could get reflected signal waveforms at 
each z value from above process. These waveforms 
can be converted into frequency spectrum at each 
defocus by FFT analysis. Let V(f,z) be the magnitude 
of the data of the waveform at frequency f and 
defocus z. By changing the axis of the graphs, we can 
eventually get the graph below. 

 

 
Fig. 2. V(f, z) curves of a 0.26-mm-thick  

[100] silicon wafer 
 
3. Result and discussion 

 
Fig. 3. Image of A(f, k) 
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Fig. 4. Theoretical expectation of f, 1/z graph 

 

 
Fig.5. A(f, k) graph according to direction at f=3MHz 

 

To precisely determine the oscillation period of 
the V(f, z) curve, the curve was Fourier transformed 
with respect to z to get an A(f, k) graph where k is 
the inverse of z[3]. To visually determine the peak 
values, we plotted the A(f, k) data with a gray scale 
image of a 270um-thick-[100] silicon wafer. Peak 
values of the graph followed the curve as shown in 
the Fig.3. The k-f relation of the peak values 
corresponds to the specific mode of dispersion curve 
that shows the relation between phase velocity and 
multiple of frequency and thickness. A curve with 
respect to f and 1/z was obtained from the theoretical 
dispersion curve, and it showed the similar tendency 
with our experimental data (Fig.3). In addition, by 
comparing the actual phase velocity with the 
theoretical values, we could confirm that the upper 
curve of Fig.3 corresponds to the A0 mode and the 
lower one corresponds to the S0 mode. To check out 
the tendency of the A0 and S0 mode according to 
direction, we got a graph from 0° to 360° in 3-degree 
intervals at 5 MHz (Fig.5). Then, we eventually 
plotted a polar graph of the phase velocity along the 
direction based on Fig. 4. 

It indicates that the A0 mode is isotropic and the 
S0 mode is anisotropic. 

In the case of A0 mode, the oscillation of material 
is perpendicular to the traveling direction of the 
wave, which is also perpendicular to the plane, that 
is, [100] direction. So the A0 mode becomes 
isotropic. For the S0 mode, the traveling and the 
vibration direction is parallel, and the wave 
propagates while the horizontal vibration generates 
the vertical vibration. Therefore, the crystal structure 
oscillates in different directions, and the phase 
velocity changes. Since the [110] and [111] 
directions repeat at the intervals of 45 degrees in the 
crystal structure, the S0 mode becomes symmetrical. 

 
4. Conclusion 

The dispersion curve at a certain angle was 
determined by using the V(f, z) method[1], [3]. The 
samples were rotated in 3 degrees interval. The 
dispersion curve obtained by the experiment 
indicates that the A0 mode is isotropic and the S0 
mode is symmetrical. The change of dispersion curve 
according to propagation angle could be explained 
by examining the crystal structure and the oscillation 
direction of the material. 

By examining the gray color-coded graph, the 
axisymmetric pattern had a relationship with the 
crystal structure. For [100] sample, dark areas were 
observed in every 90 degrees. Thus, we conclude that 
the characteristic of elastic wave propagation is 
related to the crystal structure. 

For further researches, the remaining problem is 
to investigate the propagation of group velocity. We 
will also conduct experiments on different types of 
anisotropic materials such as sapphire. In addition, 
the direction that cannot be expressed by Miller 
index could be studied more. 
 
Acknowledgment 
This work was supported by Ministry of 
Science, ICT and Future Planning, Korea. 
 
References 
1. Y. C. Lee, Measurements of Dispersion Curves of 

Leaky Lamb Waves Using a Lens-less Line-focus 
Transducer," Ultrasonics, vol. 39, pp. 297-306, 
2000. 

2. Y. C. Lee, "Measurements of Multimode Leaky 
Lamb Waves Propagating in Metal Sheets," Jpn. J. 
Appl. Phys. vol. 40, pp. 359-363, 2001. 

3. Oh, Jaewon, et al. "Study on Lamb wave 
propagation in single crystal silicon wafer using 
large aperture line focusing ultrasonic transducer." 
Ultrasonics Symposium (IUS), 2016 IEEE 
International. IEEE, 2016. 

Proceedings of Symposium on Ultrasonic Electronics, Vol. 38 (2017)
25-28 October, 2017


