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Abstract : Michelson interferometer sensor based on cylindrical vector modes (CVMs) in a vortex fiber
(VF) has been proposed and demonstrated. The sensing characteristics of axial strain, temperature,and
refractive index have been studied using theoretical and experimental methods. By applying a microbend
long period grating (MLPG) to the VF,the first-order CVMs of TE,, , HE,, and TM,, modes are excit-
ed. The end of the VF is equipped with a mirror,which interferes with the fundamental mode HE,; in the
fiber core and the CVMs in the ring core after reflection, constructing an in-fiber Michelson interferome-
ter sensor. The sensor exhibits the strain sensitivity of —1. 01 nm/me, —1.61 nm/me, —2. 31 nm/me
and the temperature sensitivity of 9.3 pm /°C, 3.4 pm /C, —2.4 pm /°C for the CVMs of TM,, ,
HE, and TE, respectively. But it is insensitive to refractive index. The sensor has a simple structure.
The TE,, mode has the highest strain sensitivity and the lowest temperature sensitivity. It can be used as
an ideal uncompensated strain sensor with insensitive refractive index and low temperature cross sensi-
tivity. It has potential application of the next-generation sensors in smart engineering structures.

Key words: cylindrical vector modes (CVMs) ; Michelson interferometer; vortex fiber (VE); fiber sens-
ing
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(b) An optical microscope image of
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Fig.2 Numerically calculated properties of the vortex fiber: (a) Effective refractive index n. of the vortex fiber;

(b) Effective refractive index difference between difference first-order-CVMs and HE,,
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Fig. 8 Experimental results of the in-fiber Michelson interference strain sensing: the interference spectral

response to the strain for (a) the TMy, mode, (b) the HE;, mode and (c¢) the TE,, mode;

(d) The interference spectral dip shifts for the CVMs of TM,, ,HE,, ,

and TE,, ,where the straight lines are the linear fitting
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Fig. 10 Experimental results of the in-fiber Michelson interference refractive index sensing:

(a) The interference spectral response to the refractive index for the CVMs of HE,, ;

(b) Refractive index sensing responses of the interference dips for HE,,
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