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Fabrication of Biomimetic MEMS Acoustic Sensor and Analysis
of Its Frequency Characteristics
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Abstract  Artificial basilar membranes made of PVDF(polyvinylidene fluoride) are manufactured using
microfabrication processes. The mechanical behavior of PVDF artificial basilar membrane was measured to
evaluate its performance as a mechanical frequency analyzer using scanning LDV(laser Doppler vibrometer). The
experimental setup consists of the microfabricated artificial basilar membrane, a loud speaker connected to an
amplifier for generating acoustic pressure of specific spectral pattern, and a scanning LDV with controlling unit
for measuring the displacement of the membrane on the incoming acoustic stimulation. The microfabricated
artificial basilar membrane was attached tightly upon a package containing a chamber which can be filled with
silicone oil before placed on the experimental setup stage. The experiment results showed that the microfabricated
artificial basilar membrane has a property as a mechanical frequency analyzer.

Keywords: Biomimetic, Acoustic Sensor, Piezoelectric, PVDF, Resonant Frequency, Laser Doppler Vibrometer
(LDV), Artificial Basilar Membrane(ABM)
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Table 1 Mechanical and piezoelectric properties of

PVDF
Density P kg/m? 1,800
Elastic Modulus GN/m? 3.0
dyy pC/N 15~20
Piezoelectric dag pC/N 20~25
constant a1 Vm/N 0.20~0.25
o Vm/N 0.21-0.26
Dielectric Constant E3/Ey = 10
Operating
Temperature Limit T 80~100
Top electrode
Piezoelectric layer
)

Bottom electrode
Supporting membrane (Si)

Fig. 2 Conceptual view of artificial basilar membrane
using PVDF piezoelectric membrane

Top electrode:
Piezoelectric layer: Au(200nm)

PVDF-trFE(10um) Bottom electrode:

Pt(200nm)

/

Si0,

~N @
Si. Wafer - 200nm

Fig. 3 Side view of artificial basilar membrane using
piezoelectric membrane

Patteming & Au/Ti etching

Si02 wafer cleaning

Pt/Ti deposition

PVDF

Backside Si, Si02 etching

PZT, PVDF coating
PUDF

PR remove

Au/Tideposition

PVDF PVDF

Fig. 4 Fabrication process of piezoelectric artificial
basilar membrane
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Fig. 5 Mask design of artificial basilar membrane
electrode
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Sound level meter(TES Electrical ElectronicAl,
TES-53H)= 30~130 dBS] WHlolA &9t &F
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International A},

Fig. 6 Fabricated artificial basilar membrane sample
prepared for the measurement

Laser vibrometer

Speaker

Sound level meter

Microphone

(b) Instrument setup

Fig. 7 Instrument setup for the measurement of
frequency  analysis  of  artificial  basilar
membrane using LDV
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Fig. 9 Displacement and phase behaviors on artificial
basilar membrane upon 5 kHz sound signal
(in silicon oil)
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Fig. 10 Displacement and phase behaviors on artificial
basilar membrane upon 15 kHz sound signal
(in silicon oil)
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Fig. 12 Lateral displacement pattern on second
electrode of artificial basilar membrane upon
15 kHz sound signal (in silicon oil)
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