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Cochleae are one of the important organs for hearing in the human and animals.
There is a series of hair cells in the cochlea, which are keys for the people hear. A
human has 3,500 - 4,000 inner hair cells and about 12,000 outer hair cells. The
damage of some these hair cells results in the decreased hearing sensitivity or the
deafness. To solve this problem, many researchers and companies make and develop
the hearing aid and cochlear implant. In our research, we are interested in cochlear
implant. Cochlear implant is a small electronic device that can be surgically implanted
into cochlear to help a person hear. The present commercial cochlear implant device
consists of two parts, the extracorporeal device and the implantable parts. The
extracorporeal device consists of batteries, processor and microphone and the
implantable stimulating electrode consists of receiver and electrode. The power
consumption of the cochlear implant is also relative high. These situation motivates us
to create a fully self contain implantable artificial cochlea.

In this thesis, we develop a prototype of the bionic auditory membrane (BAM)
which is part of the fully self implantable artificial cochlea. The shape of the BAM

imitate to the unrolled basilar membrane in the cochlea. Principle work in our BAM is

not only converts the acoustic wave into electric signal but also the frequency
selectivity. We have experimentally and theoretically studied the characteristic of the
BAM in detail.

We develop a novel piezoelectric prototype BAM for clinical applications, which is
made of Polyvinylidene fluoride (PVDF). The shape of the BAM is made trapezoidal to
realize the frequency selectivity. Length of the BAM is 30 mm along x direction with
the varying width from 2.0 to 4.0 mm. The 24 detecting electrodes are fabricated on
the upper side of the BAM with thickness of 500 nm. All of the detecting electrode
arrays are made of aluminum, which are fabricated using standard photolithography
and etching process. These electrodes are used to measure the electric signal
generated by the piezoelectric effect of PVDF. The acoustic waves are produced by a
speaker (FOSTEX, JAPAN) with the magnitude of 75 dBSPL and applied through the
atmosphere to the upper side of the prototype BAM. The frequency of acoustic waves
is controlled from 1 to 20 kHz which are in the range of human auditory.

We carried out the experiments in air and in liquid to clarify the vibrating
characteristics and piezoelectric effect of the membrane. In the liquid experiment, as a
model of scala tympani, the fluid channel is designed. The fluid channel is filled with
silicone oil with the viscosity and density of 1.75 x 103 Pa s and 873 kg/m3,
respectively. Loc:ition of the fluid channel is under the membrane with the dimension
of 17 and 4 mm in width and depth, respectively.

Both of these experimental results in air and silicone oil have the same trend
where the location of the local maximum amplitude changes to the smaller width as
the frequency increases. This phenomenon indicates that the device successfully
realize the frequency selectivity. The differences between them are found in the
resonant frequencies and the magnitude of the vibrating amplitudes. Results in the air
have higher resonant frequency and larger vibrating amplitude than those in the
liquid. These differences are considered as the result of the fluid-structure interaction.
These phenomena of the frequency dependence have similarities with those of the
biological basilar membranes. The local resonant frequency is investigated in the
range of 6.6 ~ 19.8 kHz in the air and 1.4 ~ 4.9 kHz in the silicone oil, respectively.
This phenomenon is confirmed with the reasonable agreement between the

experiment and theory in terms of the local resonant frequency.
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Biocompatibility of the implantable BAM made of P(VDF-TrFE) is also investigated
before implanted to the cochlea. The fibronectin of human plasma and the collagen of
the calf skin are used as the cell adhesion factors. The results show the neurons can be
cultured on the P(VDF-TrFE) film and Pt electrodes which modified by the fibronectin

and the collagen.
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ANTHEE IESESERRICHA SN ATHBETH 2, BRCASNT, BIQ0EUEIBBLTHD. &b
R L - DA BRERBIRO—DEER D, LOALEAS, TOEBREEBIOFEERERECRSNTSED,
B, BR4EOKEICIDERBHAOILAIKD 5hTW3, £, BEAROZ BN THRALBARAIRTSH
0. QOL(Quality of Life) DB AN 5. TLMEMHALHDF LNWATHNEORESBREL SN TN,

PUEDEEN S, ARFE TIZ. MEMS(Microelectromechanical systems)Beffi 2 F T, AV KB - BRZ -2 WES
HOABRMATHEOAIMZBIEL TS, ZL T, EROBEERZEMLZFLVAROEBREFZMREL. A
TITHEELTOEDEIZ DV THMICRFAL TS,

PASEL - B Y O X B/ R EHRIZ. BAM(Bionic auditory membrane) & W5 EBHERBIN TH 2. BAMIT.
HFICBIDREREZEML TRIFESN TS, TORED, FOAHITHLU TR L., £AREBLOHRTHEROH
A, TbbEAEKRNEEER TS, 2. BAMECREROBNEREMIEEL TH0. FEBICBNTHFIET
DOEBEEEBH SN ETBRUEBICERI NS,

BAMIZ Y DN Tl 7= SN-MFBITHA TS ZEMBEINTVS 2D, A3 KBS IOCEEEHICH
F 5 EBREOEBIIONTERBIOCERAOTEL, SRFL TV, 9. EZLPBIURETICHITSBAMOH
VeSS 2 EBRAICHIE L. AP IC BV TBAMO BER I BEME T 92 Z L 25 NIILTWS, RiZ. BAMOR
WIS % WA RGEE R R & U THR A, Wentzel-Kramers-BrillouinlZ 2D < @i FEIC X D o #HBIRR 2 EH L T 5,
ZLT. EBREHABOLEN S, HBERRORZUEERLTNS, 51T, BRWERNS, @EPIIBVLTERE
SN WEREE#HOETIE. BAMORIICHT 2 H N 2ERMMDORRERTH S Z L EHASNTL &,

UEDESiIc. KRXIFLVWATHNEORBB IOREFICFET 50O TH . 4HOERILICBIT 2 HERELN
ELTERTHS. £o T ARIMERILELTHESLZ2 DD ERD S,



