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Abstract

Nowadays, implantable hearing aids have been developed to solve the problems of conventional hearing aids. In case of fully implantable
hearing aids, an implantable microphone is necessary to receive sound signal beneath the skin. Normally, an implantable microphone has
poor frequency response characteristics in high frequency bands of acoustic signal due to the high frequency attenuation effect of skin after
implantation to human body. In this paper, the implantable microphone is designed to reduce the high frequency attenuation effect of a skin
by putting its resonance frequency at the attenuated range through a finite element analysis (FEA) simulation. The designed implantable
microphone through the simulated results has been fabricated by manufacturing process using bio-compatible materials. By the several
in-vitro experiments with pig skin, it has been verified that the designed implantable microphone has a resonance frequency around the
starting part of the attenuated range and reduces the attenuation effect.
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Fig. 1. Structure of implantable microphone for fully implantable middle ear
system.
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Fig. 2. Frequency response characteristics of previous implantable
microphone before and after implantation.
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Table 1, The thickness and mechanical properties of the vibration membrane.

Material Titanium

Thickness 10 ym

Young's modulus 116 GPa
Density 4500 kg/m®
Poisson’s ratio 0.34
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Fig. 3, The vibration displacement of 10 1;m titanium membrane according to
94 dB SPL input with a function of diameter.
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Table. 2. The thickness and mechanical properties of the skin.
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Fig. 4. The modeling of frequency response characteristics with 2 mm
thickness skin, normal vibration membrane.
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b

Epidermis 0.134 Mpa 0.48
Dermis 0.08 Mpa 0.48
Fat 0.034 Mpa 0.48

1200 kg/m® 0.1 mm
1200 kg/m® 0.9 mm
1000 kg/m® 1 mm
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Fig. 5. The simulation result of frequency response characteristics with 2 mm
thickness skin, normal vibration membrane.
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Fig. 7. The simulation results of frequency response characteristics of normal Fig. 8. The modeling of frequency response characteristics with 2 mm

and silicone coated vibration membrane. thickness skin, silicone coated vibration membrane.
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Fg. 9. The simulation result of frequency response characteristics with 2 mm
thickness skin, silicone coated vibration membrane.
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Fig. 10, Fabricated implantable microphone.
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Fig. 13. The frequency response characteristics of fabricated implantable
microphone with pig skin.
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