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Abstract

In this paper, a coreless-multimode-coreless fiber structure with dual parameters of temperature
and refractive index measurement sensor was proposed, and the sensor was theoretically analyzed
and experimentally studied. This sensor splices multi-mode fiber (MMF) and coreless fiber (CLF)
coaxially to form a coreless-multimode-coreless fiber structure, and splices single-mode fiber (SMF)
at both ends of the connected structure as input and output fibers. When the light enters the core-
less fiber from the single-mode fiber, due to the limitation of the core, the beam undergoes diffrac-
tion diffusion to form a larger light field, and the expanded light field enters the multi-mode fiber
and is coupled with multiple propagation modes in the multi-mode fiber, when these modes prop-
agate in the multi-mode fiber, they will interfere with each other due to the difference in optical
path to form an interference spectrum, and the light field after the final mode interference in the
second section of the coreless fiber propagates and enters the output single-mode fiber. When the
external temperature changes, the interference troughs of the interference spectrum will be shifted,
and two different interference troughs will be selected as the characteristic wavelengths for exper-
imental analysis. The experimental results show that the interference troughs around 1554.6 nm
and 1567.9 nm are redshifted, and the corresponding temperature sensitivities are 75.9 pm/°C and
71.7 pm/°C, respectively, and the refractive index sensitivities are -3.23 nm/RIU and -4.66 nm/RIU,
respectively. The sensor is simple in structure and easy to manufacture and integrate.
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Figure 1. Diagram of the sensor structure
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Figure 2. Transmission spectrum of CMC type sensor
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Figure 3. Transmission spectra at different temperatures at dip1l
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Figure 4. Temperature fit plot at dip1
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Figure 5. Transmission spectra of different concentrations of NaCl solution at dip1
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Figure 8. dip2 temperature transmission spectra
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Figure 9. dip2 temperature fitting plot
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Figure 10. Transmission spectra of dip2 with different concentrations of NaCl

[ 10. dip2 NEIRE NaCl iEFTHiEE

DOI: 10.12677/jsta.2025.133055 567 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2025.133055

IrEih

I N Origin BAFHATLRER S, R THFE dip2 A28 F K SRt & 45 R an
11 FR. BRUEUSERER TR REMG T dip2 XM KBRS, 133 &
1.37 BT SR IX A A, dipl B3 53R R B A )-4.66 nm/RIU, HZMEILEE R2 N 0.99789. HE £ B,
WA B 5 4T 5 R 2 A AE R A 2 M A 1k

1576. 50 - \\ y=—4. 659+0. 09577
AN R*=0. 997
= 1576.45 | N
E y
- AN
=
an
= \
2 1576.40 |
()
=
8 \
=
1576. 35 AN
S
.
1576. 30 L L L L !
1.33 1.34 1.35 1.36 1.37 1.38

Refractive Index (RIU)

Figure 11. dip2 refractive index fitting plot
B 11. dip2 T ELEE

4. g

ASCHEH FFHIE T —FP IR 1 MZI AR RS, M N RBOGA - OO - ZHO6LF - ok
OF - RORLT . W SEIRIRUE M T VA AT AT, SIS A R, AR B IAHIE I K SR R R AT 2
KRFR, 1R PG [, AR RIS R 5 0N 75.71 pm/'CHI 71.7 pm/°C, 148 26 REUE 7331 9—3.23
pm/RIU H1-4.66 pm/RIU. ik, ASCHrBEH GRS HIERI R, REER . ZERLREERR, K
AT R O BB ST IR I &, AR AR IR SN T 5 =3 55t

SE

(11 HZ%E, &k, 5k, mEEh. RRpEAR -2 T O E LI, MA Y, 2021, 42(3): 494-498.

[2] Prerana, P., Varshney, R.K., Pal, B.P. and Nagaraju, B. (2010) High Sensitive Fiber Optic Temperature Sensor Based on
a Side-Polished Single-Mode Fiber Coupled to a Tapered Multimode Overlay Waveguide. Journal of the Optical Society
of Korea, 14, 337-341. https://doi.org/10.3807/josk.2010.14.4.337

[3] Cho,J.Y., Lim, J.H. and Lee, K.S. (2005) Optical Fiber Twist Sensor with Two Orthogonally Oriented Mechanically
Induced Long-Period Grating Sections. /EEE Photonics Technology Letters, 17, 453-455.
https://doi.org/10.1109/1pt.2004.840073

[4] Kim, D.W., Shen, F., Chen, X. and Wang, A. (2005) Simultaneous Measurement of Refractive Index and Temperature
Based on a Reflection-Mode Long-Period Grating and an Intrinsic Fabry-Perot Interferometer Sensor. Optics Letters, 30,
3000-3002. https://doi.org/10.1364/01.30.003000

[S1 Lee, B.H., Kim, Y.H., Park, K.S., Eom, J.B., Kim, M.J., Rho, B.S., et al. (2012) Interferometric Fiber Optic Sensors.
Sensors, 12, 2467-2486. https://doi.org/10.3390/s120302467

[6] Yurtsever, G., Povazay, B., Alex, A., Zabihian, B., Drexler, W. and Baets, R. (2014) Photonic Integrated Mach-Zehnder
Interferometer with an On-Chip Reference Arm for Optical Coherence Tomography. Biomedical Optics Express, 5,
1050-1061. https://doi.org/10.1364/boe.5.001050

[7] Singh, L., Singh, R., Kumar, S., Zhang, B. and Kaushik, B.K. (2020) Development of Collagen-Iv Sensor Using Optical

DOI: 10.12677/jsta.2025.133055 568 IR AR S R


https://doi.org/10.12677/jsta.2025.133055
https://doi.org/10.3807/josk.2010.14.4.337
https://doi.org/10.1109/lpt.2004.840073
https://doi.org/10.1364/ol.30.003000
https://doi.org/10.3390/s120302467
https://doi.org/10.1364/boe.5.001050

IrZi#h

[10]

(1]

[12]

[13]

[14]
[15]

[16]

Fiber-Based Mach-Zehnder Interferometer Structure. IEEE Journal of Quantum Electronics, 56, 1-8.
https://doi.org/10.1109/jge.2020.3003022

Wang, R., Zhao, J., Sun, Y., Yu, H., Zhou, N., Zhang, H., ef al. (2020) Wearable Respiration Monitoring Using an In-
Line Few-Mode Fiber Mach-Zehnder Interferometric Sensor. Biomedical Optics Express, 11, 316-329.
https://doi.org/10.1364/boe.376782

MEF, 2o, B, BB BRI, T 285 Sagnac & T W RRSNMEEAS[I]. W< MM T, 2024,
43(10): 75-80.

EFIF, IR, FHhilE, BRT, BET, . BT 2GR BURT R ARBD]. RESRE MRS,
2023, 42(8): 88-91.

X, Bk, kA, BB RGN, BE. — PR T E - R RIS e NI R = AR AR ).
6 HL IO, 2023, 34(8): 785-791.

Ji, Y., Chung, Y., Sprinzak, D., Heiblum, M., Mahalu, D. and Shtrikman, H. (2003) An electronic Mach-Zehnder Inter-
ferometer. Nature, 422, 415-418. https://doi.org/10.1038/nature01503

Yu, X., Bu, D., Chen, X., Zhang, J. and Liu, S. (2016) Lateral Stress Sensor Based on an In-Fiber Mach-Zehnder Inter-
ferometer and Fourier Analysis. I[EEE Photonics Journal, 8, 1-10. https://doi.org/10.1109/jphot.2016.2538958

T8, . — M T XTI RO EF 3T B R AL BB [T]. 2 S06 8, 2020, 41(4): 476-479.

Coviello, G., Finazzi, V., Villatoro, J. and Pruneri, V. (2009) Thermally Stabilized PCF-Based Sensor for Temperature
Measurements up to 1000°c. Optics Express, 17,21551-21559. https://doi.org/10.1364/0e.17.021551

SR, HrOCLT MZI TR RS R SRR AT 2 [D]: [ t22 4018 50). Rt MTT R, 2014,

DOI: 10.12677/jsta.2025.133055 569 IR AR S R


https://doi.org/10.12677/jsta.2025.133055
https://doi.org/10.1109/jqe.2020.3003022
https://doi.org/10.1364/boe.376782
https://doi.org/10.1038/nature01503
https://doi.org/10.1109/jphot.2016.2538958
https://doi.org/10.1364/oe.17.021551

	基于无芯–多模–无芯光纤的温度和折射率传感特性研究
	摘  要
	关键词
	Research on Temperature and Refractive Index Sensing Characteristics Based on Coreless-Multimode-Coreless Optical Fibers
	Abstract
	Keywords
	1. 引言
	2. 传感器的制作及工作原理
	3. 实验结果及分析
	3.1. 传感器温度特性研究
	3.2. 传感器折射率特性研究
	3.3. 双参量传感特性研究

	4. 结论
	参考文献

