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INTRODUCTION
The transducer-lens system is one major component in the performance of an acoustic microscope. The design criteria for the various
types of applications of an acoustic microscope are different. For surface imaging applications, it is desired to have a small spot size and
low sidelobe level. For materials characterization and subsurface imaging applications (sue~ as subsurface crack imaging), it is required to
have high surface wave excitation efficiency. Several researchers addressed the problem of surface imaging.l-5 Also, some work has been
done to investigate materials properties indirectly by using so-called
V(z) curves.6-8 The resolution obtained in the latter case is always
much worse than that of the corresponding lens. The direct measurement
of surface wave velocity by using conventional transducer-lens systems
also gives poor spatial resolution because it suffers from the interference of the specularly-reflected signal with the surface wave component
caused by the low efficiency of surface wave excitation. 9 In order to
increase the surface wave excitation efficiency, we first modified the
design of the standard longitudinal transducer-lens system. Furthermore, we worked out a novel configuration, i.e, the shear transducerlens system. This gives very high surface wave excitation efficiency
and anisotropic acoustic beam distribution. Therefore, it can be used
for direct measurements of materials properties in different directions
with much less defocus than in the case of conventional transducer-lens
systems. This gives the potential of many new applications of materials
characterization with excellent spatial resolution.
LONGITUDINAL TRANSDUCER-LENS SYSTEM
A typical transducer-lens system is schematically depicted in
Fig. 1. For surface imaging applications, the acoustic beam generated
by the longitudinal transducer.propagates through the buffer rod and is
focused at the surface of the sample. In order to obtain a low sidelobe
level, the buffer rod length is chosen to correspond to S = 1 where
(1)
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Fig. 1.

Schematic diagram of typical transducer- lens system.

where A is the wavelength of the longitudina l wave in the buffer rod,
1 is the length of the buffer rod, and a is the radius of the transducer.
Bringing the lens closer to the sample (defocusing ) induces surface
acoustic waves, which give quantitativ e information about the materials
properties, such as surface wave velocity and residual stress. Therefore, it is very important to excite surface waves efficiently for materials characteriz ation. To evaluate the efficiency of surface wave
excitation, we will look at the impulse response of the transducer- lens
system in the time domain.
The theoretical calculation of the time domain response of a transducer-lens system is described in reference 10. Figure 2a shows the
theoretical result of the time domain response of a longitudina l transducer-lens system with the buffer length correspondi ng to S = 1 at the
center frequency of 50 MHz when defocused -1.8 mm • The diameter of
the lens is 4.5 mm and the F-number is 1.65. The sample is hot
pressed silicon nitride. It is clear that the received signal consists
of the specularly -reflected signal, which comes first, and the surface
wave component, which arrives second, and that the surface wave signal
is weaker than the specularly -reflected signal. Figure 2b shows the
correspondi ng experimenta l result which agrees with the theoretical
result very well.
In order to increase the relative amplitude of the surface wave
signal, it would be helpful to minimize the acoustic illuminatio n at the
center region of the lens. One way to do this would be to place the
lens in the near field of the transducer, at a location where the
on-axis field strength is at a minimum, such as for S = 0.5 •

Figures 3a and 3b show the theoretical and experimental results for

the time domain response of a longitudina l transducer- lens system that
we constructed with a buffer length correspondi ng to S = 0.6 , a center
678
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Fig. 2.

The time domain response of a longitudinal transducer-lens system. S = 1 at f 0 = 50 MHz , Z = 1.8 mm , Lens Diameter =
4.5 mm , F-number = 1.65 , Sample: Si 3N4 • (a) Theoretical.
(b) Experimental.

frequency of 40 MHz , and a defocusing distance of -1.8 mm • The lens
diameter is 3.5 mm, the F-number is 1.65 , and the sample is also hot
pressed Si 3N4 • The surface wave excitation efficiency, with respect to
the specular reflection, in this case has been increased by about
12 dBs compared to that of the transducer-lens system of Fig. 2.
SHEAR TRANSDUCER-LENS SYSTEM
A new configuration of a transducer-lens system is a shear transducer-lens system. In this case, we use a shear polarized transducer on
the buffer rod instead of the longitudinal transducer. The shear wave
propagates through the buffer rod to the lens-water interface and is
mode converted into a longitudinal wave in the water. Since the incident angle at different locations of the interface varies, the longitudinal transmittance is a function of r/F , where r is the radial
distance from the center of the lens, and F is the focal length of the
lens. Figure 4 shows the theoretical calculation of the transmittance
function at the lens-water interface of a shear transducer-lens system
with a buffer rod of fused quartz. 11 In this calculation, we assume
that the transducer is radially polarized and the lens is in the far
field of the transducer so that the incident shear wave is uniformly
distributed. Considering the transmittance function as the equivalent
lens illumination, we calculated the time domain response as we did for
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Fig. 3.

The time domain response of a longitudinal transducer-lens
system. S = .6 at fo = 40 MHz , Z = -1.8 mm , Lens Diameter
= 3.5 mm , F-number = 1.65 , Sample: Si3N4. (a) Theoretical.
(b) Experimental.
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Transmittance at lens-water interface of a shear transducerlens system. Buffer: fused quartz.

the longitudinal transducer lens. The result is shown in Fig. 5 for a
shear transducer-lens system with defocusing of -1.8 mm operating at a .
center frequency of 50 MHz • The diameter and F-number of the lens
are 2 mm and 1.65 , respectively. The sample is still hot pressed
Si3N4•
Figure 5 shows clearly that the specularly-reflected signal is
negligible compared to the surface wave component in ~his case. This
allows us to obtain a clean surface wave with little defocusing, which
is very important for materials characterization with high spatial resolution as we will see in the next session.
In practice, it is easier to construct a linearly-polarized shear
transducer. Figure 6 shows the theoretical result of the acoustic field
distribution in the aperture plane for a linearly-polarized shear transducer-lens system. It can be seen that the acoustic field is anisotropic in this case.
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Fig. 5.

The theoretical time domain response of a radially-polarized
shear transducer-lens system. fo = 50 MHz , Z = -1.8 mm , lens
diameter = 2 mm , F-number = 1.65 , Sample: Si3N4.
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Fig. 6.

Theoretical result of acoustic fields distribution in an aperture plane of a linearly-polarized shear transducer-lens
system.
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Fig. 7.

Schematic diagram of the configuration of a lens for the
surface wave velocity perturbation measurement by a shear
transducer-lens system.

APPLICATIONS
To take advantage of the "clean" surface wave excitation and the
anisotropic property of the shear transducer-lens system, many novel applications can be expected, such as measuring the surface wave velocity,
residual stress, and anisotropy of materials as well as film thickness,
and subsurface crack depth with good spatial resolution. Here we will
give some examples of the potential applications of the shear transducer-lens system.
In order to measure the surface wave velocity of materials, a reference signal is needed. Figure 7 shows the schematic diagram of the
configuration of the lens for surface wave velocity perturbation measurement. In this configuration, we introduced a cylindrical lens with
weak focusing to provide a reference signal. It is designed to focus at
the surface of the sample when the main lens is defocused by -1.5 mm •
The F-number of this cylindrical lens is 2.5 • The corresponding focal
depth is 0.67 mm at 50 MHz • The maximum half-angle of t~e lens is
below the Rayleigh angle of the samples we will work with. Therefore,
the received signal by this lens has no surface wave component.
By using this configuration, we measure the phase change of the
signal received by the main lens with respect to the signal received by
the cylindrical lens. The phase variation caused by the syfface wave
velocity perturbation along the sample can be expressed by
(2)

where VR is the surface wave velocity and 6
is the Rayleigh angle
of the sample. Therefore, if we measure the p*ase change, we will be
able to determine the surface wave velocity perturbation.
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Fig. 8.

(a) Measured slowness curve of Z-cut sapphire by a shear transducer-lens system with a defocus of .1 mm • (b) Theoretical
prediction of the surface wave velocity slowness curve of Z-cut
sapphire.

Figure 8a shows the preliminary results of the surface wave velocity slowness curve measurement of a Z-cut sapphire sample by the shear
transducer lens, as described above. The operating frequency is 50
MHz • The defocusing distance is -.1 mm • Figure 8b is the theoretical prediction. The experimental result shows the six-fold crystal
symmetry which is in agreement with theory.
Figure 9 shows the measured phase change across a gold film step
with a thickness of 2000 A deposited on a glass substrate by the same
transducer-lens system at 50 MHz with a -.2 mm defocusing distance.
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Fig. 9.

Measured phase change along a film step ~ a shear transducerlens system with a defocus of .2 mm. Sample: glass substrate
with deposited 2000 A Au film.

The theoretical phase change due to the existence of the film is 43' ,
which agrees with the experimental result of 39' very well. The spatial resolution is .1 mm in this case, which is 3.3 X in water.
CONCLUSION
We have developed both a longitudinal transducer-lens system and a
shear transducer-lens system for providing high efficiency of surface
wave excitation. The novel configuration of the shear transducer-lens
system makes us able to measure surface wave velocity in different directions with good resolution, which is very useful for materials characterization. The work presented here is still preliminary. There is
much work to be done for improvement. Many applications are expected.
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