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Abstract

In high-temperature sensing applications, sapphire fiber Bragg gratings have the ability to stably
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transmit temperature variation information, and thus have received significant attention and fa-
vor. However, the sapphire fiber Bragg gratings are multimode fiber grating, and its spectrum is
relatively disorderly. When monitoring the reflected peaks in the reflection spectrum for sensing,
there are issues of difficult identification and low reflectivity, which is disadvantageous for effective
recognition and high-precision detection in temperature sensing applications. This paper takes mul-
timode fiber gratings as the research object and proposes a new scheme for sensing by monitoring
the turning point in the spectrum of the multimode fiber grating. Starting from coupled mode theory,
the variations of the coupling coefficients with the mode order and the radius of the cylindrical
modified region are studied, and the turning point of the coupling coefficient is discovered and its
occurrence is explained. It is found that this turning point is only related to the fiber structure and
independent of the grating structure. Temperature sensing is realized by tracking the turning
point in the spectrum of the multimode fiber grating, with a sensitivity of 0.0137 nm/°C. In the
sensing detection scheme proposed in this paper, the turning point in the spectrum has high iden-
tifiability, which is conducive to high-precision temperature sensing. This provides a new detec-
tion scheme for temperature sensing based on multimode fiber gratings and is expected to offer a
promising candidate for fiber grating sensing applications.
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R AR BRARAE T A= BEVRATR . IRERAT ML MUK BT 40k 2 b F b+ ok, il
DU TR BRI AR R A 7= rh R B, WD PH BB B AU R LIRS, I 3R A8 b . IR b 3 4%
IR R S ANHAS IR, WK 28 R0 K & A AL, M 0 6 PR A AN S Py T 7 18 % 1 B
2, I, SRR AL S — B SR A M E . JELT e R HT R S . SO Ak TR
PRRUING RS WS ORI SRR A 1] [2] [3], 7E A2 il T P I v Bt T o

1989 4, EEBEA AR T 0K Meltz 28 NIGAIE T 64T MR B AL IR RS )15 4], J62FeiE TR
FE AR BATIB I 45 KRR o A TECEF M FBG)REAE ARSI 1000°C LA R FOHR AR (K[5], {HTE 1000°C LA 2>
KA, TR AM BT B4 BRI S 2072°C), FrUEEE ST 1200CHINHZRE T, BE
FHLF M (SFBG) B H AT ¥ 71,2004 4, N Ki@ (5 *H -0 Grobnic 25 AR T SFBG L& B RE[6],
SFBG fEfS7E I E] 1500°CHE TAE. 7EmBNRIEREF, B %3 R ILEE 5 A M AFTE 5 R AR il
iR, WFtk, 2022 4, RIIRZER) FSCFE R S A8 5S4 SFBG T 133, @k 1
WR A iR E AL B, SFBG RETE Rl IE oL FA2sE TAE 20 h [7], 2024 4, ZBIBRHE X SFBG %
HAE, JFRAKS50h, FEEIERAT, SFBG i fe /@ astaE LIE 1000 h [8]. 1H H AL m ik il o A7 S8 47
TEMATER MR R, SFBG JEikAll. RATHAL, HIEH 525 M ma . KBt EHE %
BAWEM, FrllZS SFBG 2 RMUL /74 [9], H CRPHEOE sk X380 15 5 A 4P X Fh 2 B 4F (MMF)
SREME T AR, SIS KM Z2REE, 5444EL[10]. HRTAOGIH &M EmN S, i
S E SRR T E EEA IR FBG (R M i 2 E S SFBG SBULIX A F B . 2022
B, EMRORF RPN FIATE I A AR 2 T 2 R e g b, R EREES R SFBG &4t
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Figure 1. Variation of the coupling coefficients between the
HE,, and HE, ,/EH, ,, modes in MMF with the radius r; of
the circular modified region
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Figure 2. (a) Mode field distribution of HE, ,,(m = 1, 2, 3, 8, 9, 10), (b) Power confinement factor for different modes in the
fibercore region, (c) Maximum values of the coupling coefficients between HE; ; and each modes for different radius of the
circular modified region structure
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Figure 3. Variation of the coupling coefficient with the
radius (r.;) of the circular localized modified structure
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The pink markers indicate the turning points
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