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Electromagnetic Vibration Transducer Using Silicon Elastic Bady For
Implantable Middle Ear Hearing Aid Applictions
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(Ki-Chan Lee - Se-Kyu Lee - Sekwang Park -+ Jin-Ho Cho - Sang-Heun Lee)

Abstract - This paper presents the design and fabrication of micro electromagnetic vibration silicon elastic body
characterized with small size, high efficiency and selective frequency bandwidth for Bio-MEMS applications, such as
implantable middle ear hearing aid. The presented electromagnetic vibration transducer that composed of wounded coil,
permanent magnet and 4-beam cross type elastic body is fabricated by using of micromachining technology. The
fabricated transducer has experimental characteristics, that is 5 nm/mA of an energy transfer rate at the frequency

range of 100~2800 Hz. It has a size of 2X2X25 mm”.
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Fig. 1 Schematic diagram of electromagnetic vibration
transducer to be implanted in the middle ear.
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Fig. 2 Schematic view of components
composing the electromagnetic
transducer.
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Fig. 3 Simulation result of magnetic flux
distribution of permanent magnet In
2-dimensional space.
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Table 1 Conditions for electromagnetic force simulation
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Fig. 4 Simulation result of vibration force versus the
radius of magnet at the variance of air gap
between coil and magnet, at the condition of
optimized length of coil and magnet
preliminary.
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M: Mass of magnet
K: Spring constant of silicon beam
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n: Number of silicon beam

E! Young’s Modulus

W: Width of the silicon beam
T: Thickness of silicon beam
L: Length of silicon beam
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Fig. 5 FEA model for 4-beam cross type of
silicon elastic body,
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Fig. 6 Simulation results of natural resonance
frequencies of presented model of
transducer by us:ng ;of. theoretlcal formula
and FEA.

3. 1E EdAFA XAE

Add 4-9 ARy HIAZ SYAE figure 7NN B
9} Zo] 4z+8 Y BIY oz disus
ol ¥ At A TAA AT HHEFHE AH
el 80:“6‘% J%} Tl Azb Ao ol E A M
"o FHERE RIYsd 224 x4 90T,
25wt%Q] TMAH & 4zg s8fozA 4-9 4AY
HeE dA4AE sl

l I Preparation

Beam space
patterning
silicon etching
Back side
silicon etching

ad 7 4-¢
SHE,
Fig. 7 Fabrication diagram of the 4-beam cross
type silicon elastic body by using of unit
step processes.
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Fig. 8 Optical picture of tabricated electro—
magnetic vibration transducer.
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Fig. 9 Experimental test system to measure the

displacement of vibration mass of the fabricated
electromagnetic vibration transducer.
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Fig. 10 Experimental results of the fabricated
electromagnetic vibration transducer.
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Fig. 11 Experimental results of displacement at the
variance of coil current of the fabricated
electromagnetic vibration transducer.
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