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Abstract

This article proposes an MZI + LPFG sensor based on tapered fibers for simultaneous measure-
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ment of temperature and refractive index. The structure consists of a tapered optical fiber fused
with a segment of no-core fiber (NCF) at each end, forming a Mach-Zehnder interference (MZI)
structure for measuring external temperature and refractive index. The no-core fibers at both ends
serve as beam splitters and couplers, and temperature compensation is achieved using long-period
fiber gratings (LPFG). A sensitivity matrix is established based on the measurement results of MZI
and LPFG to simultaneously measure changes in temperature and refractive index. The overall
structure is “single-mode fiber - no-core fiber - tapered fiber - no-core fiber - single-mode fiber -
long-period fiber grating fiber - single-mode fiber”. The temperature sensitivity of the MZI struc-
ture is 51.4 pm/°C, and the refractive index sensitivity is -140.7 nm/RIU; the temperature sensi-
tivity of the long-period fiber grating fiber is 254 pm/°C.
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Figure 1. Schematic diagram of MZI structure composed of tapered optical fibers
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Figure 2. Transmission spectra of MZI with different tapers
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Figure 3. Experimental setup diagram
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Figure 4. Physical image
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Figure 5. Transmission spectrum of the sensor
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Figure 6. Transmission spectra and fitting curves at different temperatures at the center wavelength of LPFG
[E 6. LPFG AR KA EIR B B S ik E R Hl & thzk
20C 30C 40°C 50C 191
—~—— 60C —— 70C —— 80°C —— 90°C 1590 [ V70 0514x+1581. 67
—— 100C—— 110C—— 120C—— 130C R=0.9911 .
\—— 140°C 1589
1588 | -
o g
= = 1587 F
2 B0
Z " g 1586 |
Qo | )
£ ,"‘ Z 1585
lan )
NS 2 o
IR '
> 1583 |
- /’\‘A& 2‘{\‘.&9‘ [
1582 F
L L L 1 1581 1 L 'l 1 1 1 1
1580 1582 1584 1586 1588 1590 20 40 60 80 100 120 140 160
Wavelength/nm Temperature/°C

Figure 7. Transmission spectra and fitting curves at different temperatures at MZI characteristic wavelengths
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Figure 8. Refractive index measurement device
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Table 1. Refractive index of NaCl solutions with different concentrations
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Figure 9. Transmission spectra and fitting curves of different refractive indices at MZI characteristic wavelengths
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