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Study of Transmission Method for 100 MHz Range
Ultrasonic Wave using Thin Acoustic Wave Guide
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1. Introduction

The tissue diagnosis in the current pathological
examination takes time because it requires a tissue
sample obtained by the biopsy and the observation
using an optical microscope, and gives burden on
the patient. The purpose of the study is to enable an
operator to observe directly microscopic images of
the tissue without taking out the tissue sample from
patient. To achieve the purpose, we are developing
a needle-type ultrasonic probe that uses a thin fiber
[1]. Previously, it was reported that a fused quartz
fiber was used as the guided line using the L(0,1)
and L(0,3) mode of the Pocchammer-Chree Wave in
the 20 MHz range [2]. And we also reported that the
ultrasonic pulse wave generated by a 50 MHz
transducer was transmitted in the transmission line
and reflected at the end face [3]. However, to obtain
a high resolution of the order of 100 pum, it is
necessary to use an ultrasonic wave with a
frequency higher than 100 MHz. In this paper, we
describe experimental results of the propagation in
the 100 MHz range using sapphire fibers.

2. Experimental system and measurements

Figure 1 shows a block diagram of the
experimental system. Burst waves generated by the
function generator are amplified by the power
amplifier (40 dB) and applied to the transmitting
(Tx) transducer (PZT on the sapphire board). The
frequency-band width and the diameter of the
transducer are approximately 100 ~ 200 MHz and
Imm in diameter, respectively. The burst waves
transmitted from the transducer propagate through
the sapphire fiber and are sent to the receiving (Ry)
transducer with the frequency-band width of
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approximately 100 ~ 280 MHz. The ultrasonic
waves received by the transducer are amplified
in the pre-amplifier (30dB), and sent to the
oscilloscope (Tektronix TDS5104B). The
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Fig.1 Block diagram of the experimental system

4

Fﬁbe(\\\ ] ,jx

]
- I — i \
ek i
e - |
=1 1
\ |/
=3 ’
e 1
\

V.

Ra trTnsducer

——
I tran sgiu\ce?>
/ N\
\

o

I\\L/
N

sap hirg: board

Fig.2 Overview of the transducers and fiber
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amplitude of the signal as a function of frequency
is measured using the oscilloscope. By changing the
frequency of the burst waves from 100 MHz to 200
MHz continuously, the measurements are
performed repeatedly. As the results, the frequency
characteristics of the fibers can be obtained.

3. Results and discussions

The results of the measurements are shown
in Fig. 3 and 4.
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Fig.4 Frequency characteristics of transmitted
waves in sapphire fibers

Figure 3 shows a transmitted wave through the fiber
with 0.1 mm in diameter. Figure 4 (a), (b), and (c)
show the frequency characteristics of the fibers with
each different diameter of 0.1, 0.2 and 0.1 ~ 0.45
mm. The results of the measurements for the
frequency characteristics of the fibers with 30 and
60 mm in length are shown in Fig. 4(a). In the
measurement of the fiber with 0.2 mm in diameter,
the measurements for three types of length of 60, 80
and 100 mm were performed for the fibers, the
results are shown in Fig. 4(b). Figure 4(c) shows the
results for the measurement of the frequency
characteristics of the fiber with the diameter of 0.3
and 0.45 mm together with the above two results.

As the results of the measurements, it was found that
the high frequency ultrasonic waves over 100 MHz
propagated through the thin sappier fiber. However, it
seems that the frequency bandwidth of the propagated
ultrasonic wave is not so wide as to propagate a short
pulse. It is considered that the frequency in which the
amplitude of the propagated ultrasonic wave becomes
the maximum does not depend on the length of the
fiber with the same diameter.

4. Conclusions

As the results of the measurements in this study,
we found that the high frequency ultrasonic waves
over 100 MHz propagated through the thin sapphire
fiber. The maximum frequency of the obtained
wave is approximately 155 MHz. The wavelength
of the 155 MHz is approximately 10 pm. If the
ultrasonic image with the resolution higher than the
half of the wavelength could be obtained, it will be
expected that the microscopic image of the tissue
can be seen directly. Increasing the sensitivity of the
system and improving the efficiency of the
transmission are the future work.
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