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Characteristics and Sensing Applications of Few-Mode Fiber with
Critical Wavelength
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Abstract This paper reviews a specially designed few-mode fiber and a single mode fiber-few mode fiber-single mode
fiber (SFS) sensing structure. Only the fundamental core mode LLP,, and the first symmetric high order core mode
LPy; are excited in the few-mode fiber under the axial to axial splicing condition, and there is a critical wavelength
existing in the transmission spectrum of the SFS structure at the operational wavelength. Near the critical
wavelength, the wavelength spacing between adjacent interference peaks reaches maximum, and the output intensity
of the interferometer is fixed while the wavelength changes. Therefore, the critical wavelength is exclusive and easy
to identify from the transmission spectrum. The sensing characteristics of the critical wavelength and the
interference fringes in the transmission spectrum under strain, temperature, bending, and liquid refractive index are
studied theoretically and experimentally, and the SFS sensor structure is applied to measure a wide range of sensing
parameters including strain, temperature, curvature, displacement, surrounding refractive index, and relative
humidity, with the advantages of large measurement ranges, high sensitivity, and multi-parameter measurement.
Thus, the current problems of limited measurement range and multi-value outputs existing in the traditional
interferometers can be solved.
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1 SFS
Table 1 Summary of the SFS sensing structure with critical wavelength and its applications in different sensing parameters
Measurement . . o . o
Measurement index Experimental sensitivity Sensing applications
parameter
. Temperature measurement
= Critical . i
Temperature 0.0401 nm « C ! in a large measurement
wavelength ) .
range (up to a maximum of 800 ‘C)
Sensitivity of the interference
peak is governed by the wavelength
spacing between the peak
wavelength and the critical wavelength; Temperature measurement
the sensitivities of the interference with a high sensitivity, simultaneous
Interference ) o )
Temperature K /di peaks increase significantly with the measurement of temperature
peak /dip . .
decreasing of wavelength and other environmental
spacing; the maximum temperature variables such as strain
sensitivity of the interference peaks
for an SFS structure employing
a 30-cm FMF is 0. 482 nm » °C !
) L Strain measurement in
Strain Critical wavelength —0.001 nm + pe !
a large measurement range
Similar as the temperature
sensitivity, the strain sensitivity of the
interference peak is governed
by the wavelength spacing between
the peak wavelength and the critical Strain measurement with
] Interference ) o ) o ]
Strain k/di wavelength, and increases significantly high sensitivity; simultaneous
peak/dip

with the decreasing of wavelength
spacing; the maximum strain sensitivity
of the interference peaks for an
SFS structure employing a 30-cm

FMF is —0. 027 nm « C

measurement of strain and temperature

Relative humidity

Interference dip

—0. 360 nm for per

relative humidity change

Relative humidity measurement

with a high sensitivity

Curvaturemeasurement in

a large measurement range; large

Curvature Critical wavelength 0.398 nm/m™' )
displacement measurement
with different measurement ranges
) L Maximum reflective Liquid reflective index measurement
Surrounding Critical . o i
o index sensitivity is with a large measurement
refractive index wavelength
2489.796 nm » RIU ! range up to 1. 454 under 532 nm
, SES
N N N N N
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