
As a first step, we show in Fig. 1 the 
dispersion relations calculated for a circular 
cross-section GaN nanowire with wurtzite structure. 
These curves are in good agreement with those 
presented in Ref. [3]. The lowest two curves were 
used to obtain the approximated dispersion relations 
for a GaN/AlN NWSL. 

Exactly speaking, two symmetrically different 
modes are included in these dispersion relations. 
Although the expressions (1) are exact ones for the 
materials with C2v symmetry, the basis functions 
expressed in (1) are further classified into two 
different subspace for the circular cross-section NW 
with the wurtzite structure. Thus, we utilized group 
theory [7] and classified these modes in two groups. 
The red lines in Fig. 1 correspond to the dilatational 
modes in the present symmetry. In the experiments, 
it is expected to observe the phonon modes drawn 
by red lines. 

3. Dilatational Phonon Modes in a GaN/AlN 
NWSL  

Figure 2 shows the dispersion relations 
calculated for the dilatational modes in a GaN/AlN 
NWSL. The parameters in the present work 
correspond to those in the experiment [3]. That is, 
the radius of the NWSL is 75 nm, the thicknesses of 
the GaN and AlN layers are 56 nm and 42 nm, 
respectively, and the number of periods is 5. 

Comparing the result by using Kronig- 
Penney’s model with numerical one, we find that 
only the first dispersion curve and lower part of the 
second one is reproduced with this model. 

 

 
Fig. 2 Dispersion relations of dilatational phonon 
modes of a circular-cross-section GaN/AlN nanowire 
superlattice with wurtzite structure.  
 

The time frequency analysis of the transient 
reflectivity in Ref. [3] shows the detection of the 25 
and 60 GHz phonons, which are attributed to the 
paths illustrated in Fig. 3. Paths A and B correspond 
to 25GHz phonons and Path C to 60 GHz phonons. 

Based on our numerical results, we can assign 
the observed phonons and give an alternative 
explanation for the dynamical process of the 25GHz 
phonons in this NWSL. The phonons generated at 
the tip travel toward the interface between the 
NWSL and substrate NW, then are reflected by this 
interface. In addition, phonons reach the end of the 
NW substrate, and then go back to the tip. 

 

 

Fig. 3 Schematic representation for the dynamical 
process of the 25 GHz and 60 GHz phonons, which is 
given in Ref. [3]. 

4. Conclusions 
Calculating the dispersion relations of the 

acoustic phonons with the xyz algorithm, we 
discussed guided acoustic phonons in a GaN/AlN 
NWSL. Our results show that only the lowest 
dispersion curve in the dispersion relations is well 
reproduced with the use of a simple Kronig- 
Penney’s equation. Our calculational method is 
useful for the qualitative discussions of 
higher-frequency acoustic phonons in NWSLs.  
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1. Introduction 

We have been developed a noncontact and 
nondestructive method using high-intensity aerial 
ultrasonic waves and optical equipment[1,2]. 

In this method, an object is forcibly excited 
with high intensity aerial ultrasonic wave and the 
vibration distribution on the object is measured in 
noncontact way by optical equipment. In addition, it 
is imaged a defect by this vibration distribution. 

Here, recently, a long-range screening 
technique with guided waves for building structure 
and tunnel using a laser induced ultrasonic wave 
and air-coupled ultrasonic wave have developed. 

In this report, as a basic study, we investigate 
a method of noncontact imaging defects by 
observing a sound speed variation of the guided 
wave of a defect area and a defect free area when its 
wave in flat plate is generated by using high 
intensity aerial ultrasonic wave. 

 
2. Experiment 

2.1 Experimental device 
Fig.1 shows an experimental devices. These 

devices consist of ultrasonic sound source, laser 
Doppler vibrometer (LDV), a data logger, a PC. 
This sound source is a focus sound source has a 
structure in which 263 transducers (drive 
frequency : 40 kHz) are distributed evenly inside a 
hemisphere(diameter : 150 mm). The focal circular 
area was about 10 mm. The sound wave from this 
sound source is irradiated at an incident angle is 45 
degree with respect to the object. 
2.2 Experimental method  

First, the guided wave is generated by 
exciting an one point of the flat plate with acoustic 
waves. The vibration waveform on the surface due 
to guide wave generated from the excitation point 
are measured by LDV. This measurement is 
scanned by LDV over the measurement area and the 
guide wave is observed from the obtained vibration 
velocity distribution at the same time. In addition, 
the sound source is driven at 3 cycles and an 
applied voltage of 45 V, and the waveform is 
acquired over a measurement time of 1 ms. 

 

 

2.3 Experimental sample  
Fig.2 shows the schematic view of sample. 

We prepare a 10-mm-thick acrylic sample with 
dimensions of 200 × 300 mm. The defect is about 5 
mm width, length 50 mm, 2 mm depth in figure. 
The shaded area in the figure is the measurement 
area (30 mm width× 50 mm length) of this 
experiment. In addition, the vibrating part is located 
10 mm away from the defect part as shown in the 
figure. In the experiment, the measurement area is 
measured in 1-mm intervals.  
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Fig. 1 Experimental device. 
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Fig. 2 Sample detail. 
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3. Result and discussion 

3.1 Experimental result  
Fig.3 shows the experimental result. The 

result shows the vibration velocity distribution after 
750 μs as an example. As the result, it is difficult to 
confirm the propagation of the guide wave in a 
specific mode from this result because several guide 
waves are observed to propagate in an overlapping 
manner. It is considered that this is due to the fact 
that the sound speed of the guide wave propagating 
through the healthy area differs from the sound 
speed of the guide wave propagating through the 
defect area.  

We attempted this measurement result is 
processed by two-dimensional FFT to extract each 
the guide wave. 
3.2 Experimental result (2D FFT)  

Fig. 4 and 5 shows the measurement result of 
two-dimensional FFT processing.  

As the results, it can be confirmed that the 
guide wave with fast sound speed propagates over 
the measurement area (in Fig.5). Therefore, this 
guide wave is considered to be a plate wave which 
is a guide wave propagates through the flat plate. 

On the other hand, it can be confirmed that 
the guide wave with slow sound speed propagates 
while separating at defect area and defect free area. 
That is, this guide wave is estimated a plate wave 
propagates through a defect area which is a thin 
plate. In addition, Table I shows the measurement 
results of sound velocity. As the result, it almost 
agrees with the theoretical value of A0 mode of 
Lamb wave. 

Moreover, the guide wave of the defect area 
propagated with a larger amplitude value as 
compared with the defect free area. 

Above the results, it is possible to image the 
defect by detecting the guide wave propagating 
through the defect area. 

 
4. Conclusion 

We investigate a method of defect imaging by 
guide waves generated in flat plates using by the 
high intensity aerial ultrasonic waves and optical 
equipment. 

As the result, it is confirmed that defects can 
be imaged by observing of the generated guided 
wave. 
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Fig. 3 Vibration velocity distribution on sample 
surface. 
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Fig. 4 Vibration velocity distribution on sample 
surface by two-dimensional FFT processing 

(sound speed is high). 
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Fig. 4 Vibration velocity distribution on sample 
surface by two-dimensional FFT processing 

(sound speed is low). 
 

Table I Sound speed of guided wave 
 

Experiment value [m/s] theoretical value [m/s] 
542 590 
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