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Abstract 
Nondestructive evaluation of crystal structure is one of important tasks. The ultrasonic wave speed is related to 
the elastic properties of solid specimen, and it is varied with the propagation direction in anisotropic solids. In 
the present work, three monocrystalline silicon of different crystal structures, [100], [110] and [111], are 
employed as anisotropic media. The speeds of Leaky Acoustic Surface Wave (LSAW) on the monocrystalline 
Silicon were measured by using large aperture line-focusing PVDF transducer and angular profi le of LSAW 
speeds was obtained by rotating the specimen. Finally obtained angular profi le of LSAW speeds were compared 
with elastic moduli of anisotropic plates. As a result, it is found that the angular profi le of LSAW speeds offers 
information of crystal structure of silicon. 
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1.  Introduction 
 
Nondestructive evaluation of crystal structure is one of important tasks. The ultrasonic wave 
speed depends on the density and the elastic properties of solid medium. In addition, the 
propagation speeds are varied with the propagation direction in the anisotropic solids [1]. 
 
Leaky surface acoustic wave (LSAW) propagates along the surface of solid specimen at the 
interface between a solid and fluid. Speed of LSAW depends on the elastic properties of solid. 
Anisotropic solids such as single crystals have the anisotropic elastic properties, so that speed 
of LSAW depends on propagation direction. Large aperture line-focusing PVDF transducers 
are useful to measure LSAW and showed the great potential to be applied to materials 
characterization [2, 3]. 
 
In the present work, the propagation property of LSAW has been investigated by using line-
focusing PVDF transducer with large aperture. [100], [110] and [111] monocrystalline silicon 
was employed as anisotropic solid specimens. The speed of LSAW was measured from the 
arrival times of directly reflected echo and LSAW signal, and its angular dependence was 
obtained by rotating the specimen. The elastic moduli of specimen were compared with 
obtained angular profile of LSAW speeds. 
 
2.  LSAW measurement principle 
 
Figure 1 shows ray representation of line-focusing PVDF transducer. Path I is the directly 
reflection from the surface of specimen, and Path II involves LSAW, that is incident at the 
critical angle for Rayleigh wave and propagates along the surface and finally incidents as a 
compressional wave by mode conversion at symmetric point. 
 
As varying the defocusing length 権, the time interval of surface wave and reflect wave's 
separation are changed, and the speed of the surface wave can be determined by calculating 
the slope of the time difference versus defocusing length z difference. Then the velocity of the 
leaky surface acoustic wave (����栂) can be evaluated by following formula. 
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�栂 = 態岫�−�岻塚葱 , 

 �� = 態岫�−�/ c誰坦�岻塚葱 + 態� 担a樽 �塚�濡�葱 , 

 ����栂 = 塚葱√怠−岾怠−∆禰寧葱2� 峇2 
 
Where �栂 and �� are elapsed times for path I and that for path II, respectively. 
 

 
 

Figure 1: Two ray paths in ultrasonic pulse-echo signal. 
 
 

3.  Experiments 
 
A PVDF transducer with radius of 25 mm was fabricated by using PVDF strip with thickness 
of 28 μm, width of 11 mm and length of 52 mm. Epoxy backing material has acoustic 
impedance of 3.8 MRayl and transmittance between PVDF and backing materials is 99%, so 
that reflection in bonding layer is minimized. Peak frequency of the fabricated transducer was 
about 5 MHz. 
 
Panametrics NDR-5800 was employed as an ultrasonic pulser-receiver. Three dimensional 
position of transducer was controlled by 捲, 検 and 権 stage and NI Motion Controller MID-
7604. Pulse-echo signals were captured by NI PXI-5124 200 MHz digitizer. 
 
4.  Results and discussion 
 
4.1 Pulse-echo signal as varying defocusing length 
 
Pulse-echo signals obtained for various defocusing length in 1 mm step are shown in Figure 2. 
Two echoes of directly reflected wave and LSAW were clearly observed in pulse-echo signals, 
and two echoes moves with the different slopes as decreasing defocusing length. The slope of 
LSAW is 3.49 mm/μs, and the speed of the LSAW is determined as 2.43 mm/μs. 
 



 
 

Figure 2: Pulse-echo signals for different defocusing length in a steel specimen. 
 
 
4.2  Comparison of speeds of LSAW and shear modulus of monocrystalline silicon 
 
Figures 3, 4 and 5 show angular plots of pulse-echo signals, elastic moduli of [100], [110] and 
[111] monocrystalline silicon, respectively. Angular Pulse-echo signals were obtained by 
polar plot of pulse-echo signals. Peak positions were detected and marked in polar plot in 
second graphs and wave speed (inner circle) and slowness (outer circle) are shown in third 
plot. The rightmost graph shows Young’s and Shear moduli of monocrystalline crystal. 
 
From the experimental result, it was confirmed that the shape of angular plot of echo signals, 
peak positions of that signals are similar to Young’s and Shear moduli of monocrystalline 
crystal. This is because shear modulus is proportional to the speed of a shear wave, and the 
speed of the Rayleigh wave is 80~90% of the shear waves speed. It implies that angular 
profi le of LSAW speeds offers some information on the crystal structure of silicon. 
 
 

 
Figure 3: [100] monocrystalline silicon: Angular plot of pulse-echo signal in grey scale, peak 
positions of pulse-echo signal, speed and slowness curve graph, Young’s and shear moduli of 
monocrystalline silicon. 
 



 
Figure 4: [110] monocrystalline silicon: Angular plot of pulse-echo signal in grey scale, peak 
positions of pulse-echo signal, speed and slowness curve graph, Young’s and shear moduli of 
monocrystalline silicon. 
 
 

 
Figure 5: [111] monocrystalline silicon: Angular plot of pulse-echo signal in grey scale, peak 
positions of pulse-echo signal, speed and slowness curve graph, Young’s and shear moduli of 
monocrystalline silicon. 
 
4.  Conclusions 
In the present work, the propagation property of LSAW on Silicon wafers have been 
interrogated by using fabricated PVDF transducer. As a result, it is found that the angular 
profi le of LSAW speeds offers information of crystal structure of silicon. 
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