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Micro-force Sensor Based on Photonic Crystal Micro-cavity and
Fiber Loop Ring-Down
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Abstract; A high-sensitive micro-force measurement method based on photonic crystal micro-cavity
was proposed. Firstly, an M-typed beam was proposed as the sensing head, thus the resonance
wavelength drift of the micro-cavity will only be affected by holes refractive index of photonic
crystal micro-cavity when force was applied on this system, which could greatly improve the
linearity and measurement range of sensor. Then, the structure of photonic crystal micro-cavity with
micro-ring structure was optimized, and the quality factor of 7 100 was obtained. Finally, the
wavelength demodulation system based on fiber loop ring-down was built, with proper selection and
design of experimental apparatuses, and the wavelength demodulation sensitivity could reach to
90 ws/nm. Therefore, it was demonstrated that the measurement sensitivity of 194.616 ws/uN
could be obtained by using our proposed micro-force measurement system.
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Fig. 1  Structure schematic of micro-force
measurement system
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Fig. 2 Probe structure of micro-force sensor
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Fig. 3 Force model diagram of M-typed beam
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Fig. 4 Force analyses of slabs with different
thicknesses
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Fig. 5 Displacement variation with force change

for slab thickness of 310 nm
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Fig. 6 Basic structure of photonic crystal micro-cavity
with micro-ring structure

T e T IR A AR IE Y,
AR 2T VIR 4 S e A W el (9 K 2 A2, B, B2
A SANE MRS ATL. B 7 B R R AR
AGRESZE AL BHEE R MM 0.1 2 0.5 B,
HaF AR ORI IR I ry AR fl il 2k, Hirp B2 %8
SALEA B R, AR SCK I B2 25 <AL
VERAR AL, HAB iR I K A 1 X AR TR A K
B RN S, =0. 010 6 nm/nm.

3 BRAFASCER 5 AR

AR R A R GBI, e R P R 2 T 2T



14 Ao RFFHR( B ARAFIR)

% 39 A

1550.0
—— A2
—— B1
1549.5} —* B2
£
i 1549.0}
7
1% 1548.5}
#o
1548.0
1547.5 : : :
0.1 0.2 0.3 0.4 0.5
BERARESSILBTRE

E7 AREEEHNILMEIEREKESREE
Fig. 7 Shift sensitivity of resonant wavelength
corresponding to different insert holes
of silicon-pillar
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