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Fig. 2. Silicon MEMS bionic diaphragm: (a) Schematic dia-
gram; (b) simulation results of the rocking and bending

modes.
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Fig. 3. (a) Simulation model of the silicon MEMS bionic diaphragm based fiber-optic microphone with a closed back cavity; (b) sim-

ulation results of frequency response of the bionic fiber-optic microphone. Amplitude refers to the displacement amplitude at the

farthest end of the diaphragm as shown in panel (a).
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Fig. 4. Simulation results of the “8” shaped directional re-
sponse in two-dimensional space for the monitoring points
of bionic fiber-optic microphone at rocking-mode resonant
frequency: (a) The sound source azimuth angle in the z-y
plane; (b) the sound source incidence angle in the -z

planes.
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Fig. 5. Simulation results of the spindle-shaped directional
response in 3-dimensional space for the bionic fiber-optic

microphone at rocking-mode resonance frequency.
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optic microphone.
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Fig. 8. (a) Schematic diagram of the structure of bionic fiber-optic microphone (I, intensity of the beam); (b) photograph of the

bionic fiber-optic microphone; (c) experimental setup used for precisely adjusting the FPI cavity length in the process of assembling

the bionic fiber-optic microphone.
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Fig. 9. Spectral interference patterns measured from the
two fiber-optic FPI channels of the bionic microphone.
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Fig. 10. Schematic of the acoustic test system for characterizing bionic fiber-optic microphones.
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Fig. 11. Measured frequency response curves for the two
fiber-optic FPI channels of the bionic microphone.
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Fig. 12. Frequency-domain response curves measured with
the two fiber-optic FPI channels of the bionic microphone,
and the insets show the corresponding time-domain re-
sponse curves: (a) sound frequency of 688 Hz; (b) sound fre-
quency of 693 Hz.
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measured at 700 Hz for the two FPI channels of the bionic

microphone.
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Abstract

The bionic sound detector based on the principle of the Ormia ochracea fly’s coupled ears is a miniature
directional microphone that is sensitive to the sound pressure gradient. In this work, a silicon micro-electro-
mechanical system bionic diaphragm consisting of two interconnected wings is designed and prepared, and a
fiber-optic Fabry-Pérot interferometric microphone is constructed using the bionic diaphragm, and the
characteristics of this microphone are studied theoretically and experimentally. According to the simulation
results, the bionic diaphragm has two vibration modes of rocking and bending, and the rocking-mode
displacement amplitude at a given sound pressure depends on the frequency and the propagation direction of
the incident sound wave, and the closer to the eigenfrequency of the rocking mode the sound frequency, the
greater the amplitude is; the rocking-mode displacement amplitude changes with the propagation direction in
the three-dimensional space, resulting in a spindle-shaped distribution, and the long axis of the spindle is
parallel to the long axis of the diaphragm, implying that the microphone is most sensitive to the sound wave
propagating along the long axis of the diaphragm. The rocking-mode resonance frequency of the fiber-optic
bionic microphone is measured to be slightly smaller than the simulated value. The output signal amplitude of
the microphone changes with the horizontal azimuth angle of the sound source, producing a figure-8 polar
pattern. A linear relationship between the microphone response and the azimuth angle is obtained in a range of

0° — +£60°, and in this angle range the directional sensitivity of the microphone is 39.98 mV/(°).

Keywords: bionic silicon-based micro-electro-mechanical system diaphragm, fiber-optic microphone, rocking

mode, sound source localization
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