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Abstract  Surface-mode resonance coupling effect and high-temperature sensing characteristics of hollow-core
photonic bandgap fibers are proposed and studied herein. The surface-mode coupling effect in the photonic bandgap
fibers was observed experimentally, and the generation principle of the effect was theoretically explained. Multiple
resonance peaks were formed in the fiber transmission spectrum, were subjected to temperature- and strain-sensing
experiments, and unique temperature and strain sensing characteristics were observed. The resonance peak was
insensitive to low temperatures between 20 ‘C and 150 °C, whereas it was sensitive to high temperature between
150 °C and 260 °C. This temperature sensitivity observed between 150 °C and 260 ‘C reached — 0.26 dB/°C.
Simultaneously, the wavelength of each part was insensitive to temperature, and the intensity and wavelength of the
resonance peak were insensitive to strain. The hollow-core photonic bandgap fiber sensor addressed the temperature-
strain cross-sensitivity problem, effectively can realize real-time intensity detection in a high-temperature
environment, and has many advantages, including a simple structure and ease of use.
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Fig. 1 HC-PBF structure. (a) Electron micrograph of cross-sectional structure; (b) transmission spectrum

and mode field diagrams of surface modes

R T R AR L T G R R S A Y 5 )
P 1 R AT B L 43 A . HC-PBF 194
Bt 30 L 5 s T A A DG, 2 T Y B 5 A N RE R
YA C AR 5 2 8007 DAl Y 25 455 AL AT B 42
EESOGE . Bl 2 (a) & 2 A5 Y i) 5% (AR 4K 1 45
M AELF S L BR 7T A RAL BT T-cell 25055
T BROBER . B 2(b) J& £ 0t DX I8 1 25 4, 1% G AT AR

RN IV (8 454 Z 8053 00 R - s JEl 9] A = 4. 05 pm,
LR NBEIRE T =218 nm, )2 BEJRE t =81 nm, )2 il
WMEA d=3.97 pm WEESILEAMAER d. =
0.3A BB R D.=0. 1A, {5 E gl 1k
AR I8 A COMSOL Multiphysies 5 /i, J6 2F 7Y
P W TR = R = 7 N [ /3 2 Sl K /0 e
Sellmeier 7 f2#i7E .

®

2 B T-cell =BG T BG4 . () BEERI 2544 5 (b) £ 785 R 30 45 4 R 4540 5 8

Fig. 2 Simulated 7-cell HC-PBF structure. (a) Cross-section structure; (b) core surrounding

structure and structural parameters
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Fig. 3 Theoretical simulation results of the photonic bandgap fiber. (a) Effective refractive index dispersion curves of the fundamental

mode and surface modes; (b) relationship between loss and wavelength; (c) fiber mode field at several typical wavelengths
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Fig. 4 Relationship between surface scattering loss,

confinement loss and temperature by theoretical calculation
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