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1. Introduction 

The propagation of surface acoustic waves 
(SAWs) is influenced by the structure and physical 
properties of the medium.  There are methods to in-
vestigate these properties of the medium by observ-
ing the propagation of the SAWs.[1-6] One typical 
method of observing the SAW propagation is the op-
tical imaging of the surface displacement caused by 
the SAWs.    In this method, the optical phase 
change of the reflected light, which is caused by the 
surface displacement, at a single point is measured 
by using an interferometer, and the spatial scanning 
of the measuring point is used to obtain the 2-dimen-
sional image of the displacement field.[4-6] 
 This approach, however, requires long total 
measurement time because of the scanning The 
measurement time can be reduced if one obtains the 
full 2-dimensional image at once using appropriate 
divices such as a camera.[7] The surface displace-
ment on the sample modifies the way of light scatter-
ing and thus modifies the intensity and position of 
the speckle-like patterns observed by the imaging de-
vice.  Relying on this modification, though it is not 
quantitative, it is possible to obtain a spatial pattern 
of the points where the surface is displaced.  In this 
study, we construct and demonstrate an optical sys-
tem that performs full field optical imaging of SAW 
using laser scattering due to surface displacement. 
 
2. System design and measurements  

The measurement is based on a time-re-
solved method called a pump-probe technique.  As 
a light source, we use a mode-locked Ti-sapphire la-
ser which generates a periodic train of ultrashort 
light pulses with the temporal width < 1 ps at repeti-
tion frequency 80 MHz.  The laser beam is divided 
into two parts.  One is used as the pump light and is 
focused to the sample to generate acoustic waves.  

The other is delayed and is used as the probe light to 
observe the acoustic wave field.  By changing the 
delay time between the pump and probe light pulse 
arrival to the sample, one can track the temporal evo-
lution of the acoustic field.  In the previous works, 
both pump and probe light are focused on the sample 
and the position of the pump or probe focused point 
is spatially scanned [5,6].  On the other hand, in the 
method proposed here, the probe light irradiates a 
certain area of the sample to get the full-field image 
of the acoustic field without scanning.  

Figure 1 shows the optical setup for the 
probing.  The sample is a gold thin film with a 
thickness of 40 nm on a glass substrate.  The pump 
light is focused to the sample to generate the SAWs.  
The probe light is incident as collimated light on a 
certain area of the sample.  Two pairs of the lenses 
including an objective lens form two 4f optical sys-
tems to transfer the image on the sample surface to 
the imaging plane of a CMOS imaging sensor.  The 
images with and without pump light are accumulated 
independently and then one of them is subtracted 
from the other to extract the modification caused by 
the SAW field.  

 

Fig. 1.  Imaging system of sample with a CMOS  
imaging sensor 
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In this measurement method, the measure-
ment area is determined by the magnification factor 
𝑓𝑓1/𝑓𝑓2×𝑓𝑓1/𝑓𝑓3 and the area of the CCD imaging plane 
(13.312 mm×13.312 mm).  We use 𝑓𝑓1 3300 mm, 
𝑓𝑓23100 mm and 𝑓𝑓3318 mm, thus are capable to ob-
serve 266 μm × 266 μm in a single frame.  

 
3.  Experimental results  

Figure 3 shows the typical image obtained at 
a fixed delay time.  The measurement area was 130 
μm × 170 μm.  The pump light is focused around 
the center of the image.  It is considered that the ex-
cited SAWs propagate isotropically in this sample. 
We can see the circular ripple around the excitation 
point, which is thought to be due to the surface dis-
placement of the isotropic SAW.  Total measure-
ment time was 5 minutes which has not yet been very 
optimized.  (A typical measurement time for a 
frame in our previous scanning method is about 10 
minutes.)  This measurement time, however, in-
cludes the data processing time of 100 sec which 
should be much more reduced by using better algo-
rithm.  In fact, this measurement time is much 
longer than the theoretical value (100 sec) derived 
from the performance of the CMOS sensor, and still 
has enough room to be improved.  For this reason, 
we can expect a shorter time for the measurement 
under the same conditions by improving the meas-
urement program.  
 

 

4. Conclusions 

An optical setup for the time-resolved and 
full-field optical imaging of surface acoustic waves 
by a CMOS imaging sensor using laser scattering 
was proposed and some preliminary measurement 
was demonstrated.  In future, we expect the method 
can be improved to track the propagation of surface 
acoustic waves over a wide range in a shorter time 
than that elapsed in the previous scanning methods. 
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Fig. 3 Image by surface displacement on CMOS sensor 
(130 μm × 170 μm). 
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