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Scanning Tomographic Acoustic Microscope System by Using Transverse waves

*Daesik Ko

Abstract

We propose to use transverse waves instead of longitudinal waves in a scanning tomographic acoustic microscope 
(STAM) and new type of multiple-transducer scheme with the functions of mulitple-angle and multiple-frequency tomogr- 
aphy. Proposed multiple-transducer scheme has three insonification angles and three resonance frequencies in order to op
erate in the transverse wave mode and multiple-angle and multiple frequency tomography for the STAM.

In order to evaluate the performance of proposed transducer scheme we have simulated tomographic reconstruction with 
back-and-forth propagation (BFP) algorithm. Simulation results showed that proposed multiple-transducer scheme is cap
able of obtaining good resolution with transverse wave mode and multiple-frequency tomography. It is also showed that 
proposed scheme is an efficient rotation scheme by proportion to the number of projections.

I. Introduction

The STAM(scanning tomographic acoustic microscope) 
has been proposed as a method to overcome the limitations 
of the SLAM(scanning laser acoustic microscope). The 
SLAM operates in the transmission mode and is desi흥ned 
for high resolution, re서 time imaging of thin specimens 
close to the coverslip. However, the SLAM produces only 
shadowgraphs and therefore has no axial resolution. For 
tomographic reconstruction of planar objects, an algor
ithm based on BFP(back-and-forth propagation) is used. 
The BFP is an efficient method for tomographic recon
struction when the layers of interest in the specimen are 
planar. The data for the STAM can be obtained by 
changing the angular direction of the insonifying acoustic 
waves. In order to accomplish this, transducer rotation 
and specimen rotation methods were proposed [1, 2, 3].

The STAM can be operated in the multiple-angle or 
multiple-frequency tomography. Mulitple-angle tomography 
is achieved by changing the insonification angle to obtain 
the tomographic projections, while the insonification fre
quency is changed for multiple-frequency tomography |4).

On the other hand, if the specimen is solid, as the in
sonifying acoustic wave travels from the water tank of the 
STAM into the solid specimen there will be mode conver
sion from longitudinal to transverse waves. Typically, the 
wavelength of transverse waves is shorter than that of the 
longitudinal waves. The resolution of the STAM depends
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on the available angular view and the acoustic waveleng
th. By using transverse waves, since the wavelength of 
acoustic wave could be decreased, we are able to achieve 
the high res이ulion with transverse-wave mode [5, 6].

In this paper, we designed an m니tiple-transducer 
scheme for generation of the transverse wave within the 
solid specimen and multiple-angle and multiple-frequency 
tomography. In order to investigate the characteristics of 
proposed multiple-transducer scheme, we studied the 
principles of the multiple-angle and multiple-frequency 
tomography and simulated the tomographic reconstruct
ions using BFP algorithm with aluminum specimen and 
compared the quality of tomograms.

II. Multi이e-angle and Multiple-Frequency 
Tomography

1. The STAM using transverse waves

Fig. 1 shows the data acquisition system of the STAM. 
The sum frequency of fi and f2 is bandpass filtered and 
fed into the acoustic transducer which generates the plane 

waves w(%, z). The transmitted wavefield v(x, y, z) pro
pagates to the coverslip at z — Zi, where the acoustic wave
field is detected by a scanned laser. A photodetector placed 
after the knife-edge converts the laser light signal into an 
electrical signal, which is then fed into the quadrature re
ceiver. The output of the quadrature receiver is digit
ized for computer processing [2, 4].

The insonifying acoustic wave can be written as

奸(％, 乂 2)=Woexp(/27r(A：x +&" +/方 z)) (2.1)
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Figure 1. Data acqusition system of the STAM.

where u0 is the amplitude of the plane wave, A is the 
acoustic wavelength, and fZi = A2 - fli - /J,, fyi 
are the spatial frequencies of the plane wave. At the ob
ject plane, z = z(), the wavefield is modulated by the object 
transmittance, /(%, and the transmitted wavefield is 
given by Eq. (2.2)

v(x,北 20) =ut(x^ 乂 z0)t(x, y, z0) (2.2)

By reference ⑷，the back-propagation operator is constr
ucted by ignoring the evanescent waves, thus the reconstr
ucted transmittance is a low-pass version of the actual 
transmittance

transverse wave mode for insonification angle between 
longitudinal-and transverse-wave critical angle. Typically, 
the wavelength of the transverse wave is shorter than that 
of the longitudinal wave at the same incidental frequency, 
and the available angular view of the transverse waves is 
lager than that of the longitudinal waves.

2. Multiple-angle and mulitple-frequency tomography

The STAM can be operated for the multiple-angle or 
multiple-frequency tomography. In multiple-frequency to
mography, projections acquired using different acoustic 
frequencies are combined to form the tomographic recon- 
stuction. The spatial frequencies for the insonification 
plane wave are given by

yo (2.4)

严=cos(£))
기 *

where 0 is as shown in Fig. 2. Given a set of N pro
jections Vk(x,又 Zo), " = 1, 2, ... N、the object plane t(x, >) 
can be reconstructed using the BFP algorithm. If we use 
the insonification angle for generation of the transverse 
wave, we have to replace the wavelength in Eq. (2.4) by 

that of a transverse wave. The reconstruction equation 
for 나re BFP algorithm is given by [2, 3],

N
E 以认％, y. %)以(％,又 标)

Hx, ---- ------------------------------- . (2.5)N
E \uk(x^ So)12
k = \

= /Jexp(顶2兀儿祁)，(九+為)2 +(兀+扁)2

(2.3)

Since the conventional STAM system operates at ob
lique incidence mode, mode conversion of the insonifying 
acoustic waves takes place at the interface of water-solid 
specimen and solid specimen-water. Therefore, we must 
consider the mode conversion of insonifying acoustic 
waves if in a solid specimen. Fig. 2 shows mode conver
sion of the acoustic waves in STAM and the critical 
angles of the longitudinal and transverse waves of the 
solid specimen are obtained by Snell's law [5, 6, 7], If the 
insonification angle is lower than longitudinal-wave criti
cal angle of the solid specimen, we can operate at the 
longitudinal wave mode, whereas we can operate at the

Figure 2- Mode conversion of the acoustic waves in STAM. (L： 

Longitudinal wave, T - Transverse wave)
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The transmitted wavefield at the object plane, v(x, y, z 
o), can be obtained by back propagating the received 
wavefield to the object plane. We use the plane wave 
model and substitute Eq. (2.1) into Eq. (2.5) to obtain

, I n

/(x, y) = —— V 乂 而)exp( ~j2n(fxiX +J据卩 + 扃z))
Nu0 k-\

■一 E y) (2.6)
NMo k = I

By ignoring the evanesent waves, we have

t (x, — E 也(x,矿), (2.7)
Nu0 4i

where the Fourier transform of t% is given by

T(fx , f,), (A 廿勢 + (fy +/g)2 < 吉 

矗
0, otherwise

(2.8)

Figure 3. Fourier aperture for multiple-frequency tomography 
tomography using our multiple-transducer scheme 
(a)Top view (b)Side view

欢皿A)= j

As shown in Eq. (2. 8), the circular passband is cen

tered at (一爲 -fyi) with radius 1/치,.

In multiple-angle tomography, the frequency of the ac
oustic wave is kept constant while the insonification angle 
is varied for the different projections. Thus, the spatial 
frequencies for the insonification plane wave are given by

sin(仇)cos(击)

人

3. Design of the multiple-transducer scheme

In order to operate STAM in the transverse wave and 

the multiple-frequency tomography mode, the m니liple- 
transducer scheme was designed as shown in Fig. 4.

_ sin(仇)sin渺D
一 A (2.9)

舟=
cos(仇i)

X

(a) Top viewwhere 0 and ' are the spherical angles of the insonifying 
acoustic wave. Two schemes of obtaining multiple-angle 
projections have been studied. One method is the trans
ducer rotation scheme in which。is held constant and 0 is 
varied. The other method is the specimen rotation scheme 
in which 0 is held constant while。is varid. Both methods 
have their respective advantages in terms of the resolution 
in the recostructed tomogram, however, only the specimen 
rotation scheme can be practically implemented [3].

Fig. 3 shows the example of the Fourier aperture for 
multi미e-freq가ency tomography using proposed system. In 
Figure 3, A and Ms are wavelengths of the longitudinal 
and transverse wave, respectively,户(九，f) and T(fx, fy) 
are defined in Eq. (2.8).

Fig니re 4. Multiple-transducer scheme.
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Proposed multiple-transducer scheme has a m니lliplicity 
of fixed three transducers and different resonance frequ
encies. The different insonification angles of three fixed 
transducer arc designed for operating the STAM in longi
tudinal and transverse wave mode, respectively. Since pro
posed scheme also has the rotation axis, we can obtain 
the effect of the linear and rotational scan for projections. 
As an example, if proposed m니liplc-lransduccr scheme is 
rotated three times, we can obtain nine projections by 
combining of three transducer rotaion and three specimen 
rotaion. The different resonance frequencies of each trans
ducer can be used to extend the range of the ITcq나cncy 
variation for multiple-frequency tomography. Typically, 
the range of frequency variation of the STAM is limited 
to approximately 10 percent of the resonance frequcncy 
of the transducer [8|. For example, if the lowest reson
ance frequency of proposed transducer is I OOM Hz. the 
insonification frequencies can be used 95MHz, I OOM Hz, 
105MHz, respectively, for three projections. Then reson
ance frequencies of the second and third transducer arc 

and 130MHz, respectively. Thus the insonif
ication frequencies of the second and third transducer can 
be used 110MHz, 115MHz, 120MHz, 125MHz, 130MHz, 
and 135MHz, respectively. Fig. 5 sliows multiple-transdu
cer scheme which is implemented in Ibis study.

(b)

Figure 5- Implemented multiple-transducer scheme (a)geometry
(b) photo

Since multiple-transducer scheme is able to operate at 
multiple frequency and multiple angle tomography, the 
spatial fcquencies for the proposed m니liplc-transducer 
scheme arc given by Eq. (2.10).

sin(仇)cos0Q
以'=

sin（仇）sin（击） 

元 (2.10)

cos(仇)

*

In transverse wave mode, we have to change the wave
lengths of the longi【니din시 waves into the wavelengths of

(b)
Figure 6. Various projection methods using our scheme, (a) Nine 

projections using specimen rotation for each trans
ducer, respectively, (b) Nine projections using three 
rotations of our scheme.
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the transverse wave in Eq. (2.10). Since proposed scheme 
has the different insonification angles and resonance frequ
encies and rotation axis, we a re able to achieve various 
projection m이hods as shown in Fig. 6.

Eig. 6-(a) shows nine projections by rotating proposed 
scheme or specimen three times. Fig. 6-(b) shows also 
three case of nine projections by rotating specimen with 
each transducer, respectively. We have shown that multi
ple-angle and multiple-frequency is used for projections in 
Fig. 6 and if we need a number of projections, we can 
combine various projection methods of the Fig. 6.

ID. Experimented Simulation Results

In order lo investigate the performance of transverse- 
waves imaging and proposed multiple-transducer scheme, 

a planar aluminum is used as specimen in this simulation. 
The object is assumed to be attenuation-free with respect 
to the acoustic waves except for two horizontal thin layers 
four wavelengths apart. Different patterns involving a 
structure that is assumed lo be 50 percents transparent to 
the acoustic waves arc contained in the two layers. For 
our simulations we assumed perfect detection, that is that 
the data were noise-free and that the evanescent waves 
were neglected.

In order to see the effect of multiple-transducer scheme, 
we simulated nine projections of Fig. 6-(a) and Fig. 6-(b), 
respectively. If the insonification angles of T|, T2 and T3 
transducer in proposed 睡heme arc 20°, 10Dand - 15°, re- 
spectively. Since the longitudinal critical angle of the 
aluminum is 12.9'1, transducer T| and T3 will be operated 
in transverse wave mode and transducer T2 awill be oper
ated in longitudinal wave mode, respectively.

Fig. 7-(a) shows the results using T2 transducer of Fig. 
6-(a), which is conventional STAM. Fig. 7-(b) 아i()ws the 
results using projection mothod of the Fig. 6-(b). In this 
case, since we rotate only three times the transducer or 
specimen for nine projections, the random error cause of 
the movement of the specimen or transducer can be 
reduced. We also can achive both the effect of the linear 
and rotational scan methods.

Finally, in order to show the usefulness of the transverse 
wave mode in solid speciemen, we compared the transverse 
wave mode with the longit니dinal wave mode. Fig. 8-(a) 
and 8-(b) show tomograms obtained by specimen rotation 
with the longitudinal and transverse waves, respectively. 
Both Fig. 8-(a) and 8-(b) were reconstructed from nine 
projections with the insonification angle of 47°. That is, 
when the incident angles are 10°for the longitudinal wave

興^最農!^蓑렀륵^디^^^^^^■

(a) (b)

Fig니re 7. Simulated tomograms obtained from nine projections 
with our scheme, (a) Nine rotations of Fig. 6-(a). fb) 
Three rotations of Fig. 6-(b).

(a) (b)

Figure 8- Simulated tomograms obtain from nine projections 
with our scheme (a) Longitudinal wave mode (b) 
Transverse wave mode

and 21° for transverse wave in water, both the refracted 
angles of the longitudinal and transverse wave in alumi
num are 47°. As shown in Fig 8, the resolution of the 
transverse-wave tomograms is better than that of the 
longitudinal-wave tomograms.
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IV. Conclusions

In this paper, we used transverse waves instead of long
itudinal waves for resolution enhancement and proposed 
a new type of the multiple-transducer scheme for STAM. 
For nondestructive testing applications of the STAM, we 
have to consider the mode conversion of the insonifying 
acoustic waves, and we showed that transverse wave 
mode have advantages to longitudinal wave mode. Our 
multiple-transducer scheme was designed for transverse- 
wave imaging and efficient multiple-frequency and multi
ple-angle tomography with three fixed-transducer.

Experiment showed that proposed multiple-transducer 
scheme is useful for resolution enhancement of the 
STAM by using multiple-angle and multiple-frequency 
tomography of new type. And results also showed that 
proposed scheme is powerful for the transverse-wave 

imaging in solid specimen.
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