
and B in Fig.2). The acoustic waveguide was 
clamped by setting the displacement in the range of 
8 mm from left end and the left end of the acoustic 
waveguide to zero (fully constrained state). The 
material properties of titanium (Density: 4540 
kg/m3,Young's modulus: 116 GPa, Poisson's ratio: 
0.32) were used for the acoustic waveguide. 
Analysis was performed at frequency every 10 kHz 
between 100 kHz and 500 kHz. The applied voltage 
was set at 20 Vp-p. 
 

3.2 Propagation Velocity of Acoustic Waveguide 
In this analysis, propagation velocities of 

longitudinal wave (UY), vertical shear wave (UZ) 
and horizontal shear wave (UX) including in the 
elastic guided wave were calculated from the 
wavelength of each wave displacement (UX, UY, 
UZ) by using frequency response analysis in FEM. 
The wavelength (λ) is obtained from the spatial 
distribution of displacements between position A 
and B (50 mm) on the acoustic waveguide as shown 
Fig. 2. The propagation velocity (v) was calculated 
using expression of  fv  from the 
relationship between the driving frequency (f) and 
wavelength (λ). Figure 3 shows the spatial 
displacement distribution of UY at the driving 
frequencies of 250 kHz, 160 kHz and 140 kHz. 

 
Fig3 Spatial distribution of displacement on the 

longitudinal wave (UY) of titanium acoustic 
waveguide (50 mm) when the drive 
frequency of 250 kHz, 160 kHz, and 140 kHz 

 
4. Results and discussions  

Figure 4 shows the relationships between 
propagation velocity in each displacement direction 
and the driving frequency. The  propagation 
velocity of UX and UZ had increased when the 
driving frequency increased. The propagation 
velocities for UX were 544 m/s at driving 
frequency 110 kHz, 1125 m/s at 500 kHz, 
respectively. In addition, the propagation velocities 
for UZ were 225.5 m/s at 110 kHz, 475 m/s at 500 
kHz, respectively. On the contrary, the propagation 

velocity was almost constant and the averaged 
velocity was approximately 5055 m/s at driving 
frequency between 200 kHz to 500 kHz. The 
propagation velocity varied greatly within +/- 10 % 
between the drive frequency of 130 kHz and 200 
kHz. The maximum velocity was about 5600 m/s at 
140 kHz, the minimum velocity was about 4650 
m/s at 160 kHz. Only two wavelengths or less were 
included between points A and B on the acoustic 
waveguide at driving frequency lower than 200kHz. 
We think that this is the reason for the calculated 
results of the propagation velocity with unstable 
fluctuation. It is thought that it is necessary to 
further study the reason why the calculated 
propagation velocity fluctuates unstably at the 
driving frequency lower than 200 kHz. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 Propagation velocity of the acoustic 

waveguide in each displacement direction 
as the driving frequency 

 
5. Summary 

In this paper, we analyzed the propagation 
velocity of the elastic guided wave propagating on 
the straight flat plate acoustic waveguide by three 
dimensional FEM simulation as the basic 
consideration for analysis of the CS-USM. For 
future works, propagation velocity for UY at 
driving frequency lower than 200 kHz is analyzed 
by using time domain response analysis. 
Furthermore, experimental measurement on the 
thickness direction displacement will be performed, 
and coiled acoustic waveguide will be analyzed. 
 
References 
1. T Abe et al.Sens. & Trans. Vol.184 p-p 108-115. 
2. T Abe et al.,Jpn. J. Appl. Phys. 53, 07KE15, 2014. 
3. M Tanabe et al.,Jpn. J. Appl. Phys. 47,24262 

 

-50
-40
-30
-20
-10
0
10
20
30
40
50

-50
-40
-30
-20
-10

0
10
20
30
40
50

0 10 20 30 40 50

250 kHz 160 kHz 140 kHz

D
isp

lac
em

en
t o

f
25

0 
kH

z
(n

m
)

Positon (mm)

λ = 29 mm

（A） （B）

D
isp

lac
em

en
t o

f
14

0 
kH

za
nd

16
0k

H
z

(p
m

)

λ/2 = 19.9mm

λ = 20.2 mm

4400
4600
4800
5000
5200
5400
5600

UY: Length direction
 (Longitudinal wave)

200
400
600
800

1000
1200

100 200 300 400 500

UZ: Thickness direction
 (Vertical shear wave)
UX: Width direction
 (Horizental shear wave)

Freaqency (kHz)

Pr
op

ag
at

ion
 v

elo
cit

y 
(m

/s)

UZ

UX

UY

Induced phonons by laser pulses for Brillouin scattering 
measurement 
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1. Introduction 

With the term Brillouin scattering we refer to 
the inelastic interaction between electromagnetic 
and mechanical waves. Based on this phenomenon, 
the Brillouin spectroscopy is a well-established 
technique which, using a focused laser beam as 
probe, allows the non-contact and non-destructive 
investigation of local mechanical properties of 
transparent materials [1,2]. Usually this method is 
based on thermally excited phonons resulting in a 
low intensity of Brillouin scattered light. This badly 
affects the accuracy and the time of the 
measurements [3]. To overcome this problem, a 
possible solution is to artificially generate higher 
amplitude ultrasonic waves in the sample [4,5]. 

In this study, we have induced the artificial 
phonons (several hundred of MHz) by laser 
ultrasound technique and we have studied how they 
affect the intensity of Brillouin scattered light.  

The final purpose is to develop a rapid 
measurement technique based on non-contact 
stimulation and probing of the sample. 
 
2. Generation of the induced phonons by pulse 
laser technique  
    At first it was necessary to verify the effective 
generation of phonons by pulse laser. For this 
purpose, we used a silica glass sample (1×10×10 
mm) on whose side (10×10 mm) was deposited an 
Al film (thickness of approximately 300 nm). We 
irradiated the Al film with the pulse laser (helios 
1064-5-50, Spectraphysics) with a wavelength of 
1064 nm, the duration of a pulse was 377 ps, the 
repetition rate was 20 kHz. The power near the 
sample was 50 mW and the diameter of the beam 
spot on the sample was approximately 10 µm. 
Ultrasonic waves were generated by the 
thermoelastic effect due the temperature rise of the 
region irradiated with the pulse laser [6]. To 
generate compressive waves propagating in the 
direction perpendicular to the surface, we 
constrained the sample surface with a thin glass 
layer [6]. Then we acquired the induced ultrasonic 
waves with a ZnO piezoelectric sensor (house 
made) positioned on the reverse side. 
--------------------------------------------------------------
mmatsukawa@mail.doshisha.ac.jp              

Here the ZnO sensor was directly deposited on the 
reverse side of the silica glass sample, the sensing 
area was 500µm×500µm, the thickness was 5µm. 
Figure 1 shows the obtained signal. The main 
frequency component of the signal was around 300 
MHz. From the measurements of propagation time, 
we obtained the longitudinal wave velocity in the 
sample. It resulted to be 5770 m/s. 
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Fig. 1. Longitudinal wave acquired with the piezoelectric 
sensor.  
 

3. Experimental apparatus for Brillouin 
scattering  

   A scheme of the experimental apparatus is 
represented in Fig. 2. 

Pulse laser
 

Fig. 2. Experimental apparatus for Brillouin scattering. 

    
  The probe laser used for the Brillouin 
measurements is the solid-state laser with the 
wavelength of 532 nm (mpc3000, Laser Quantum). 
The diameter of the beam spot on the sample was 
approximately 50 µm, and the power near the 
sample was 100 mW. 

The scattered light was acquired with a six-pass 
tandem Fabry-Perot interferometer (JRS scientific 
instruments) followed by a photomultiplier system 

2P1-8



(Hamamatsu, R464s). Then the signal was averaged 
by the photon counter after the analog to digital 
conversion and recorded as a frequency spectrum in 
the computer.  

The sample for the measurements was a silica 
glass specimen (5×20×10 mm). On the reverse side 
(20×10 mm) an Al film (thickness of approximately 
300 nm) was deposited to reflect the probe laser. On 
the short side (20×5 mm), another Al film 
(thickness of approximately 300 nm) was deposited 
to generate the induced phonons. 

 
4. Results and discussion 

For the Brillouin scattering measurements we 
used the RIθA scattering geometry [7], and we 
focused our study on the effect of compressive 
induced waves on the intensity of scattered light. 
The geometry is shown in Fig. 3.   
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Fig. 3. RIθA scattering geometry: ki is the wave vector of    
the incident light; ks the wave vector of the scattered 
light; q the wave vector of the ultrasonic waves. 

 
Using this configuration the relation between 

scattering angle (θ) and shift frequency (f θA) is 
given by   

θ )
2

 
 arcsin(2 Q

Q




v
f i

  (1), 

where Qv is the velocity of longitudinal waves in 
the glass,  λi is the wavelength of the probe laser. 
The expected shift frequency (f Q) was 300MHz 
(same as the frequency measured with piezoelectric 
sensor). From the velocity  v Q  (5770 m/s) , i 
(532 nm) and f Q (300 MHz), we selected the 
scattering angle θ =1.58°. The obtained spectra are 
shown in Fig. 4. Here, the elastic Rayleigh peak has 
been deleted for clarity of presentation. 
  The data shows the spectrum of the Brillouin 
scattered light in two cases: with and without the 
radiation of the pulse laser. In both cases we could 
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Fig. 4. Spectrum of the Brillouin scattered light with and 
without the use of pulse laser  

 

observe the inelastic Brillouin scattering peak 
around 300 MHz, which is in good agreement with 
the observed longitudinal waves using the 
piezoelectric sensor. From a comparison of the two 
spectra, it turned out that the Brillouin peak has a 
value 2.7 time larger in presence of induced 
phonons.  

5. Conclusions 

  This first study shows that it is possible to 
increase the intensity of Brillouin scattered light by 
using laser pulses to induce longitudinal phonons in 
the sample. However, the increase is modest and we 
need a better understanding of the sound field to 
improve the result. 
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