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Surface Plasmon Resonance Sensor Based on Dual-core Photonic Crystal
Fiber for Low Refractive Index Detection in Mid-infrared Spectrum

HAO Dan, WANG Jian-shuai, XIE Yu-heng, ZHU Ke, XUE Zhuang-zhuang
(Key Laboratory of All Optical Network and Advanced Telecommunication Network of Ministry of Education .
Institute of Lightwave Technology, Beijing Jiaotong University, Beijing 10044, China)

Abstract; In order to realize the refractive index detection of substances such as aerogels and sevoflurane
(an important component of anesthetic agents) in mid-infrared spectrum, and expand the detection range
of the refractive index , a surface plasmon resonance sensor based on a dual-core photonic crystal fiber for
low refractive index detection is proposed. The photonic crystal fiber is composed of two kinds of air holes
with different sizes around the central air hole. The outermost large air hole directly contacts the
substance to be measured by polishing the fiber, for real-time dectection of refractive index based on
metal external coating can be achieved. The theoretical model was analyzed by the full-vector finite
element method. The results demonstrate that in the refractive index range of 1.12~1.37, the operation
wavelengths of the sensor are in mid-infrared spectrum between 2 505 nm and 3 181 nm. The maximum
sensitivity is 12 000 nm/RIU, and the resolution is 8.33X107°. The proposed sensor can adopt the mid-

infrared band to achieve low refractive index detection , which has obtained a ultra wide detection range
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and a high sensitivity. It has a board application prospect in chemical detection, biomedical sensing, water
environment monitoring and other fields.

Key words: Optical fiber sensor; Surface plasmon resonance; Finite element method; Photonic crystal
fiber; Refractive index sensor
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Fig.1 Cross section of the double-core PCF-SPR sensor
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Fig.2 Dispersion relation and optical field distribution of core mode, SPP mode, and loss spectra of the sensor
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Table 1 Performance comparison of the proposed sensor with reported PCF-SPR sensors

Structure RlIrange Resonant wavelength range/nm S;/(nm « RIU™) Ref.
PCF with copper-graphene 1.33~1.37 600~680 2 000 [15]
All-solid D-shaped photonic fiber withsilver coating 1.33~1.38 7 300 [16]
Concave-shaped photonic crystal fiber 1.19~1.29 1270~1 692 10 700 [18]
PCF with nanowire 1.27~1.36 600~1 100 6 000 [17]
PCF with two microchannels 1.23~1.29 2 550~2 900 13 000 [26]
D-shaped photonic crystal fiber has=le 235072500 11 055 [27]
1.26~1.29 2 500~2 800
Double-core polished photonic crystal fiber 1.12~1.37 2 505~3 181 12 000 Proposed
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I R SPR S, ST 5 0 51 4 . R PRI A BRI 0 % AT IIE )7 500 36 R 17 537
WEIE T LR 4540 2 8 0 AR R ME R 52 e 45 SR R W] . 20648 SPR A% Jak & T A I % 5 D00 0 9 S 363 i Ry
1.12~1.37  fg i RAFSE A G5 12 000 nm/RIU, 73 BER AT 1K 8.33 X 10 °L Br s i 1 % 8 n] 58 B rp 21 AL IR
FUA BN T I 5B 5 7 TR 2690 A 0 5 0 B LA T34 .
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