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Abstract

Based on the surface plasmon resonance (SPR) effect, a D-shaped photonic crystal fiber (PCF) sen-
sor featuring a U-shaped groove is presented. To mitigate the low-sensitivity issues inherent in tra-
ditional single-metal-layer sensors, a TiOz-Au bilayer structure is incorporated into the groove to
optimize sensing stability and sensitivity. Numerical analysis reveals that the sensor yields a peak
wavelength sensitivity of 14,000 nm/RIU and a minimum resolution of 5.52 x 10-¢ RIU over an analyte
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refractive index (RI) range of 1.22~1.29. These results highlight the sensor’s superior performance
and competitiveness for low-RI detection applications.
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HTF AR EF R B RIS R RIIELR PO K vl VR I (R, R4 A, 2R
WA B DA B AN S5 M N S A3 B T 5K PRI RV (1] 3R THT 55 B8 T M SE R (spr) BRI P04 559 R A8 Ak L
A W ) R BRURE LSRR G b T ARG I T 8 A A T Ak PR 9 A

BT SPR UL T et A AR RS, FLR B2 R FDC AR 4R S B 5 4 o I 3R 1 7= AR R R T 55 1
AR (SPPYRE A Z [ (W R AR A (2] 4 R ML ICEL 2R AR, 4RO RE B K A8 2 &8 IR 5 A A i
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IEVRFERE BT, S AAEDUAR IR B 5 NAE LRt Wa I 25 4, i 3o S i W S0 453 K6 068 1) 457 B SR 3 285 R B8 U AR B 1]
T AME N T AR 22, B Aot 2R 045 )RS P 5 ik B4 B PRI 14,000 nm/RIU A1 5.52 x 10-6 RIU.
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Figure 1. Schematic diagram of the photonic crystal fiber (PCF) sensor
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Figure 2. Schematic diagram of the sensing layer in the photonic crystal fiber sensor
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Figure 3. Electric field distributions of various modes: (a) y-polarized fundamental mode; (b) surface plasmon polariton (SPP)
mode; (c) surface plasmon resonance (SPR) mode.
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Figure 4. Effective refractive indices and confinement losses of the fundamental mode and spp mode at n = 1.25.
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Figure 5. Confinement loss spectra for different air-hole radii: (a) 71; (b) 72
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Figure 6. Confinement loss spectra as a function of wavelength for various air-hole radii r,
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Figure 7. Confinement loss spectra as a function of layer thickness for analyte refractive indices of 1.25 and 1.26: (a)
4 (TiO,); (b) 1,(Au)
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Figure 8. (a) Confinement loss spectra for different analytes; (b) Linear fitting curve of the sensitivity for analyte RI
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Table 1. Comparison between the proposed sensor and other reported structures.
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