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ABSTRACT 

The cochlea in the inner car is an important organ for hearing. In this work, we develop a novel artificial cochlea using P(VDF-TrFE) 
to realize the fully implantable system for sensorincural hearing loss by microfabrication and thin films technologies. TI1e device 
consists of a piezoelectric membrane made of P(VDF-TrFE) fabricated on a silicon substrate and discrete electrodes on the surface. 
The membrane converts mechanical deformation induced by acoustic waves to electric signals due to the piezoelectric effect. The 
geometry or the membrane is des igned to realize the frequency selectivity at the range or 500 ~ 5,000 Hz. The experiment is carried 
out to investigate the vibrating characteristics of the membrane. To model the cochlear duct, the device is mounted on a substrate 
with a fluid channel filled with sil icone oil. The results show that the resonant frequency is changed along the posi.tion due to the 
varying local mechanical boundary condition governed by the geometrical configuration. Furthcnuore, based on the relatim1�hip 
between pos ition and the resonant frequency, it is found that the device can realize the frequency selectivity at the range of 1 .45 -
10.65 kHz. 

Keywords: 1\.rti1icial cochlea, Frequency selectivity, P (VDP-TrPE), Vibration, Fluid-stn,cturc interaction 

1 .  l ntroduclion 

Heari ng is  very important for human to communicate 
with others. In particul ar, children who have problem 
with thei r hearmg gel inlu trouble in  thei r growth and 
the qual ity of life. In normal hearing, sound waves are 
converted into vi brations of basilar membrane {BM) i n  
the inner ear. The hair cells on BM convert the sound 
wave inlo electric signals which are transferred to the 
brain via auditory nerve [ I ] (2] .  At present, there arc 
several prostheses, i .e. cochlear implant, to help human 
who have hearing impairment that caused by 
malfunction of the hair cells in the cochlea. Tiicsc 
cochlear implants consist of two parts; implantablc 
stimul ating electrodes (receiver and e lectrodes) and an 
cxtracorporeal device (bat teries, processor and 
microphone). In our research we develop a fully 
implantable and sel f contained artificial cochlea using 
the piezoelectric membrane made of P(VDF-TrFE). The 
basic vibrating characteristics of the mi;:mbranc arc 
analyzed by applying s inusoidal acoust it: waves to the 
di;:vice. 

2. Method

Figure I shows the artificial cochlea developed in
th is work. The artificial cochlea consists of a trapezoidal 
and piezoel ectric membrane and 24 discrete electrodes 
on it. The membrane, which is named as an artificial 
basilar membrane, is vibrated by applying acoustic wave. 
The vibration is converted into the electric signal due to 
the piezoelectric effect. Because the width of the 
membrane is varied along the longitudinal direction, the 
local resonant frequency of the membrane changes as 
lhc position . As the result, a certain electrode ha5 a 
specific frequency, where it gives the relati vely large 
electric signal . TI1us, the frequency of the acousti c wave 
can be detected based on the position of the resonance 
and the magnitude of the eb:lric signals. To detect the 

(a) (b) Electrodes 

� 

• t •
Artificial basilar membrane 

■ Electrode ■ Pt 

■ P(VDF-TrFE) □ Si

Fig. 1 Schematic of artificial cochka (a} three 
dimensional view and (b) cross sectional view 

frequency of acoustic wave range from 500 to 5 ,000 Hz 
by the device, the width of the membrane is linearly 
changed from 0.4 to 1 .2 mm along x, whereas the length 
is designed to be 30 mm. The art ificial cochlea is  
fabricated based on MEMS (Microelectromechanical 
Systems) and thin film technologies. The fabrication is 
started from the deposition of Pt fi lm with the th ickness 
of 460 nm on Si substrate. The piezoelectric material of 
P(VD F-TrFE) is formed on the Pt electrode with the 
thi ckness or  3 . 5  µm. The discrete electrodes are 
fabricated on the surface. To make the membrane 
flexible, the Si substrate is etched from the backside 
using Deep-RTE (Reactive lon Etching). 

The vibrating characteristics of the membrane are 
measured wi th mounting the device on a substrate with a 
fluid channel. 1l1c fluid channel is a model of cochlea 
duel and is filled with sil icone oil of a model of lymph 
liquid. The sinusoidal acoustic wave at 75 dBSPL is 
applied to the artificial cochlea. D istann: between 
speaker and artificial cochlea is 1 50 mm with tilt angle 
of 60 deg. 1l1e frequency is controlled from/= 1 .0 lo 1 5  
kHz, where the range i s  in the human hearing. The 
vibrat ing ampl itude is measured using Laser Doppkr 
Vibrometer (LDV). 
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Fig. 2 Contour maps of the vibrating amplituue of 
artificial basilar membrane at/= (a) I .45, (h) 3.95, (c) 

10.6 kHz. 

3. Results and discussion
Figure 2 shows the amplitude distribution at (a)

f .45, (b) 3.95 and (c) J0.6 kHz, respeclively. The results 
show different vibrating behavior at each frequency. ·11ie 
amplitude increases at a certain local place, where the 
resonance is occurring. The places of the maximum 
amplitude at each frequency arc different. The position x 
with the maximum amplitudes decreases as the 
frequency increases. Note that the local maximum 
amplitudes are considered as the results of the standing 
waves in x direction. 

Figure 3 shows the frequency dependence of the 
vibrating amplitude at x = (a) 28.5, (b) 13.9 and (c) 5.8 
mm, respectively. The amplitudes at different places 
show clc,ir peaks at different frequencies. The frequency 
at the peak is considered as the resonant frequency at the 
local area of the membrane. '111e value seems higher at 
smaller x, i.e. the narrower area. This is corresponding 
to the results in Fig. 2. This feature is owing to the local 
mechanical boundary condition which is determined hy 
the shape of the membrane. That is, the wavelength of 
the aeouslic wave is :dTected hy the width of the 
membrane. 

figure 4 shows the resonant frequency at various 
position x. The resonant frequency is ranged from 1.45

to 10.65 k1L: and decrease as x. Compared with the 
theoretically predicted values of the frequency of 0.5�5 
kHz, the measured ones are higher. The further 
discussion on the underestimation in the frequency 
should be canicd out by increasing the number of the 
experiments. 

4. Concluding remark.�
Frequency selectivity of the artificial basilar membrane 

is con finned at the range of 1.45 - I 0.65 'kHz. The 
resoJJaJJt frequency increases as the width of the 

membrane decreases. 'The theoretically predicted value 
of 1he frequency is lower than the experimental 
measurement. 
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hg. 3 Frequency dependence of vibrating amplitude 
of the artificial basilar membrane at x = (a)28.5, (b) 13.9, 
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