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those conditions. Since they contribute to the frequency selectiv-
ity oppositely, it is difficult to discuss separately. The development
of theoretical analysis using full Navier-Stokes equation should be
made in future research.

4. Concluding remarks

[ngis paper, we reported anovel piezoelectric artificial cochlea
which worked as a sensor with the acoustic/electric conversion
and with the frequency selectivity based on MEMS technology.
The basic performances of prototype device both in the air and
in the liquid environments were investigated experimentally and
theoretically.

The vibrating characteristics of trapezoidal ABM were measured
by applying acoustic waves at a certain frequency. The location
with the maximum amplitude was shifted toward narrower area
of trapezoidal ABM as the frequency increased. This phenomenon
indicated that the developed device successfully realized the fre-
quency selectivity.

The fref§flency dependences of vibration and piezoelectric out-
put were investigated both in the air and in the silicone oil of
1.75 x 10~3 Pas. The resonant frequencies were determined to be
over the ranges of 6.6-19.8 kHz in the air and 1.4-4.9 ltHz in the sil-
icone oil, respectively. The decrease in the resonant frequency due
to the silicone oil must be the effect of fluid-structure interaction,
that is, the interaction between the acoustic wave in the fluid and
the membrane vibration. The interaction contributed to increase
the effective mass for the vibration. This consideration was con-
firmed by the reasonable agreement between the experiment and
the theory in terms of local resonant frequency.

The viscous effect of surrounding fluid on the vibration was
explored using the higher viscous silicone oil of 1.75 x 1072 Pas.
The effect on the resonating place seemed to be small between
1.75 % 10-3 and 1.75 x 102 Pas. However, it was found that the
higher viscous liquid suppressed the standing wave and improved
the frequency selectivity.

To develop the fully implantable device in our future worlg, the
amplification of voltage may be required to effectively stimulate
nerve cells. Furthermore, the present device is relatively large for
the implantation into a cochlea. These problems can be solved by
the use of microfabrication and thin films technologies. The minia-
turization is accomplished by the technology straightforward. And
the larger electric signals can be generated using the thinner ABM,
since the voltage is expected to be inversed proportional to the
thickness. As a matter of course, these further developments must
be conducted considering the frequency dependence. Thus, the the-
oretical approach which is described here is useful to design it in
our future work.
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