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Abstract
This paper presents the design and fabrication a Mach-Zehnder Interferometer (MZI) refractive
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index sensor based on the cascaded structure of tapered single-mode fiber (SMF) and no-core fiber
(NCF). The sensor adopts a cascaded structure of SMF-NCF-Taper SMF-NCF-SMF. By introducing a
tapered region in the SMF segment, the enhanced evanescent field effect in the tapered area is uti-
lized to improve the interaction strength between the optical field and the surrounding external
medium. Simulation analysis based on the beam propagation method shows that the tapered struc-
ture can effectively enhance the mode coupling efficiency. A test system composed of a broadband
light source and an optical spectrum analyzer is built experimentally, and the sensor performance
is tested in the refractive index range of 1.34~1.38. The results demonstrate that when the waist
diameter of the tapered region is 60 um, the refractive index sensitivity of the sensor reaches 174.4
nm/RIU, with a linear fitting coefficient R2 of 0.9964, indicating an excellent linear response. The
sensor has the advantages of compact structure, simple fabrication process and high sensitivity, and
presents promising application prospects in biomedical detection, environmental monitoring and
other fields.
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Figure 1. Schematic diagram of the sensor structure
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Figure 2. Optical field distribution of untapered and tapered fiber structures (Left: Un-
tapered; Right: Tapered)
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Figure 3. Fabrication process of the sensor
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Figure 4. (a) Fusion Splicer & Taper Machine GPX-3400; (b) Parameters of the tapered region; (c) Sche-
matic diagram of the optical fiber under a microscope
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Figure 5. Refractive index experimental system
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Figure 6. Spectra and fitting curve of refractive index sensing characteristics
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