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Abstract

This article proposes a femtosecond laser direct writing waveguide temperature sensor based on the
vernier effect. Two Mach Zehnder interferometers (MZIs) with similar free spectral range (FSR) were
fabricated in a single-mode fiber (SMF) using femtosecond laser direct writing waveguide technology.
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Light propagating in the fiber core is coupled out partially to the waveguide and traveling along a path
in the fiber cladding region before being coupled back into the fiber core, thus forming an MZI. And
temperature sensitivity amplification was achieved by cascading two MZIs to generate a vernier effect.
Temperature experiments were conducted on both MZI and cascaded sensors, and the temperature
sensitivity of the sensors was amplified from -17.9 pm/°C to —-94.6 pm/°C, with an amplification factor
of 5.2. Such a sensor has a compact structure, good robustness, and broad application prospects.
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Figure 1. Working mechanism of the vernier effect (a) Transmission spectrum of the reference interferometer; (b) Transmis-
sion spectrum of the sensing interferometer; (c) Superimposed spectrum of the cascaded sensor
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Figure 2. Schematic diagram of the sensing MZI and the reference MZI
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Figure 3. Spatial frequency spectrum and superimposed spectrum of two cascaded MZIs
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Figure 4. Spatial frequency spectrum and transmission spectrum of two MZIs
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Figure 5. Superimposed spectrum and envelope curve diagram
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Figure 6. Diagram of the sensor temperature measurement apparatus
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Figure 7. Transmission spectra of the sensing MZI at different temperatures
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Figure 8. Temperature sensitivity fitting curve of the sensing MZI
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Figure 9. Envelope variation diagram extracted from the superimposed spectrum at different temperatures
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Figure 10. Temperature sensitivity fitting curve of the envelope
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Table 1. Comparison of different types of temperature sensors based on the Vernier effect
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MZI and MZI, the MZI is fabricated using femtosecond 0.0946 2555 This work

laser direct writing of waveguides.
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