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Abstract The operating bandwidth and transmission loss of optical fiber are wide and low. Micro-electro mechanical
system (MEMS) manufacturing process can achieve miniaturization, mass production, and high consistency. By
combining the above two advantages, MEMS optical acoustic sensors exhibit excellent acoustic detection performance
with high sensitivity, wide frequency band, large dynamic range, and high signal-to-noise ratio, which has attracted
widespread attention and in-depth research by researchers. According to the different structures of acoustic sensing units,
MEMS optical acoustic sensors are divided into micro-structured fiber grating types, fiber interferometer types, and micro-
resonator types. The sound detection principle of different MEMS optical acoustic sensors are introduced, respectively.
Then their research status in the field of different sound detections and the most mature application fields of them are
discussed. Finally, the future development trend of MEMS optical acoustic sensors, which can be combined with silicon-
based optoelectronic integration technology to realize system on-chip integration, is prospected.
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Fig. 1 Schematic diagram. (a)MEMS optical and acoustic sensor based on microstructured fiber grating; (b) fiber Bragg grating"™”
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Fig. 2 Schematic diagram of optical fiber interferometer acoustic sensitivity principle. (a) MI; (b) SI; (¢) MZI; (d) FPI
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(c) scanning electron microscopy image of the crossed Co* -doped micro-FBG™
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Fig. 4 Micro all fiber suspension core sensor. (a) Schematic diagram of FPI acoustic sensor with microfiber Bragg grating™;

(b) schematic diagram of suspension core sensor; (c) image of suspension core sensor
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Perot acoustic sensor based on a multilayer graphene

film approximately 100 nm thick™”
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Fig. 8 Acoustic sensor based on metal film. (a) Image of fiber-
optic Fabry-Perot interference acoustic sensor based on
large area silver film"”; (b) image of fiber-optic

microphone based on corrugated silver diaphragm™"’
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assembling the bionic directional microphone; (b) cross-
section view of the microphone head; (c) photograph of

the as-prepared bionic directional microphone™”
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Fig. 10 Physical diagram of coupled single-channel and double-channel semi-buried optical waveguide cavities”'

2) TRk i s 7Y

2014 4F Chistiakova %' $#2 H — Fh v F T #8 75 k&
TN %) R 1 LA 1 R e ot o DR S A ek e
IR AR o 5 200 TR i 0 75 L IR AR AR L, LS
FRURR 2 g JUART TR R RRE R 1 7 Ak, DL R it J5T PR B =
AN BCREG HE I A5 7R AL A 1Y R 3 ST TR
I Mg 75 45 2500 e ) R A e O A A B Bl L i e A 32 R
ST BE 7 12 W b i A AR ST . 2019 4F AR LR
SR AE AR T RO RE A Il B RE A R i
PRI, I B s 1) 8 2 ORI B e e o 1 LR B 5 %
Tk £ RIS i 0 AR b T R ) DA A5 3 AE I 0 2 R
J¥ 4 20.49 nm/RIU.7.38 pm/°C,— 1.9 pm/dB. %
1 g B R BU/AN |t o TR B e iR B R R AR AN A
AR A, AT T T MRS I . 2019 4 P8 % A2 3 K AF

]

Han %57 8 ) —Fp 3% T B3RO Sl Y627 3 R T 500 B
RIS AR A o FLHIAE D7 v 02— B PR B G £F 4 A Bk
T B R T A TRIRE tr OBk, 75 &
AR AR P AT S R DT AR B G 7 UER R A
WP 11 FTR . %A IR AE 20 Hz~20 kHz B9 7] W73 Fl
PN L P R i 0L RSP S A A SR e B - 38 R R
25 % 3 mV/mPa, *F 2 B 7 BR ) & b w] SR K
(MDP) X & 10 pPa/Hz"*, [i] i} 8 HAT R 45 1) 4 )
SR TN 3 A% SR ST 2 vh T ] A6 2R & il B, 25 H AR
5000, 1L RS WA R R R AR
AR LM R T REfE A B e I T R AEAEIE .
2022 4F , db 5 K 2% Sun S5 7R] FH G FRAS [ s A A4 Ak
BEMERIEIRER T & T AL 48 . M S5 80UR I 78
20 MHz B} ik & 160 Pa, /5 2= 01 b 75 — 6 dB B} & 35

0312017-9



Optical fiber

- 7-_‘- Microsphere

M

|
~ = = » Sound wave

% 605EIH/2023F2 A/HMAERBFEHRE

Front surface /
Rear surface

Bl 3T RAWERIE MR LR 2R T AR BDE R (e R A
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Fig. 12 Optical fiber acoustic sensor based on planar concave polymer micro-resonant cavity. (a) Schematic diagram; (b) optical fiber

micro-resonator sensor structure
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Fig. 13 FPE type filmless optical microphone. (a) Sensing schematic diagram; (b) sound pressure sensitivity curve
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Fig. 14 Experiment on sound pressure sensitive mechanism. (a) Profile of FPE on plane A-A; (b) mechanical structure drawing of

FPE; (¢c) detection principle of acoustic detection structure’™
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Fig. 15 Micro-fiber-optic acoustic sensor based on high quality factor FPR. (a) Physical picture; (b) sensor head size diagram™”
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Fig. 18 Fiber F-P cavity based on silica glass direct bonding. (a) Bath "sandwich" F-P cavity; (b) image of fiber-optic acoustic sensor
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Fig. 20 Photographs of physical models. (a) Ridge-like bulk; (b) misplaced rectangular bulk'”
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Fig. 21 Images of two physical models. (a) Ridge-like bulk; (b) misplaced rectangular bulk™
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