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Abstract

Pohotonic Crystal Fibre, PCF serves as a novel type of optical fibre structure to show significant tech-
nical advantages in the field of optical communication. To its unique periodic structural design serves
to effectively control the propagation characteristics of light, thus achieving ultra-high efficiency in
light propagation and also possessing excellent nonlinear performance, which provide an ideal opti-
cal platform for key fields such as high-power laser fibre lasers, super-continuum light sources, etc.
The optical characteristics of PCFs are fundamentally due to their precise structural designs. This
periodic microstructure imparts PCFs with robust wave guiding effects and advanced dispersion
control capabilities. However, due to the complex structural characteristics of PCFs, their optical
performance is highly sensitive to specificstructural parameters. Achieving this through conven-
tional experimental methods is not efficient or universal. This approach is not only time-consuming
and resource-intensive, making it difficult to comprehensively investigate the intrinsic relationships
between PCF structural parameters and their optical performance, and it often leads to local optimi-
zations at the expense of overlooking broader global optimizations. Achieving this requires establish-
ing robust theoretical models and numerical simulation methodologies, supported by computer-
aided design and computational simulations, to systematically analyze the optical performance evo-
lution of PCFs under various key parameters such as background materials, air hole distribution char-
acteristics, air hole dimensions, and inter-pore spacing Based on the surface plasmon resonance (SPR)
effect, this article designs a high-sensitivity D-type pohotonic crystal fiber (PCF) sensor was designed,
which is composed of two large air holes on the top and bottom and two small air holes on the left and
right. Additional larger air holes were strategically placed on both sides of the fiber core to enhance
sensing performance. Firstly, a detailed analysis of the mode field in the sensor was conducted. This
analysis provided insights into the relationship between the base mode and surface plasmon reso-
nance (SPR) mode during resonance, while demonstrating the loss spectrum at the occurrence of the
SPR phenomenon. Subsequently, an extensive discussion on the impact of various structural parame-
ters on sensing performance was carried out. The primary focus was on how the thickness and mate-
rial choice of the metal layer affect the sensor’s sensitivity and resolution. Optimal parameters were
identified through this analysis. As a result, in the detection range spanning from 1.36 to 1.40 RIU
(Refractive Index Units), the D-type PCF-SPR sensor achieved an impressive sensitivity of 6110
nm/RIU with a resolution of 1.6367 x 10-5 RIU, showcasing its high performance and reliability in
sensing applications.
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Figure 1. Cross-sectional view of the D-type photonic crystal optical fiber sensor
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Figure 2. Electric field distribution mode: (a) Fundamental mode (b) Plasma mode; The arrows on the surface indicate the
direction of the electric field
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Figure 3. (a) The relationship between the real part of the effective refractive index of the fundamental mode and the plasma
mode and the wavelength (b) The relationship between loss spectra and wavelengths
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Figure 4. (a) The loss spectrum corresponding to the thickness of the gold film from 30 nm to 50 nm (b) The loss spectrum
corresponding to the gold film thickness from 30 nm to 50 nm when the refractive index is 1.40
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Table 1. The resonant wavelengths of different gold film thicknesses at different refractive indices
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Figure 5. (a) The relationship between the loss of gold films and wavelength under different refractive indices (b) The rela-
tionship between the loss of silver films and wavelength under different refractive indices (c) The relationship between the
loss of copper films and wavelength under different refractive indices
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Table 2. The resonant wavelengths of different metallic materials at different refractive indices

% 2. FEEBATREREHT SR TR K

it 2= p R 1.36 1.37 1.38 1.39 1.40 AR
& 620 nm 645 nm 680 nm 726 nm 798 nm 178 nm
i 554 nm 584 nm 622 nm 674 nm 750 nm 196 nm
S| 612 nm 625 nm 652 nm 690 nm 753 nm 141 nm
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Figure 6. The relationship between the loss of a 40 nm thick gold film and the wavelength under different refractive indices
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Figure 7. The relationship between the resonant wavelength and the refractive index of a gold film with a thickness of 30 nm
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Figure 8. (a) The fitting straight lines of resonance wavelengths and refractive indices of gold films of different thicknesses
(b) The fitting straight lines of resonance wavelengths and refractive indices of different metallic materials
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Table 3. Performance comparison of sensors with different structures

3. TRIZGHIR BRI REXTEL

PCF 4514 Far JUSE I (RTU) RIBE (nm/RIU) I3 HEEE(RIU) SCHR
E/NIATE A5 1.33~1.34 2400 N/A [10]
TS 1.33~1.34 5030 N/A [11]

T EXCGE R 1.33~1.37 1000 1 x107 [12]
L Evay i i) 1.33~1.37 4000 2.5%x1075 [13]
Ji TEHES 5% 1.38~1.42 7250 1.0638 x 1075 [14]
LA 1.36~1.40 6110 1.6367 x 1075 KRILE
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N T AT VAL AR ST E A RS I PR RE AR AE (- 2248 R U 5 70 38), it 2 4 B i M R Xt L 24
MEASSRBEARbRAT BT H A 3 5 HARAME RS 25 /AT T R PR, B HEX AT IIYEE . RI R &
FE VL Ry RS BN G55 VAN o A SCHT#TH0 D & 40 nm 42/l PCF-SPR fL &85 7 1.36~1.40 HIA NG
BBl LT 6110 nm/RIU [ RBBUE AN 1.6367 x 1075 RIU (A BiF iR, ik 5% 3 hgstxt b R, %
SER A — BRI

4. B4

AT T i R BUE R D BT AR RS, ol B NBA R SALRE AR S AL
Y REF S, FAELR A A P BRETE FAN BE R 2 S AL R IR AR @ e, Sl B I 8 S iiE, ARG
FIAK ) 2 PS5 88 AR MR A O 70, FOR S — & @A RME A SPR RN MR MR, Kl A
TR R R LS, SR AN R A S B R AN 2 X, IR FE AT DU K ik B AR AR, 16 AT LAY
NS Z TP, PRARKIIAERE . B e 05 AR B 34T 2 b, 28X T ZEAT SPP #E7E R AR
AR IOER, JERR T RAE SPR BLRH IHAER, HIXAHTIHE T AR L5 2 5oL L RE 1 s,
FEHE T 4 B JE R AN 4R B AR AR M RE R RS, B e T RIS . Bm i e R A
IR IS VIAG FE R A S5 P REREAT T XL, 33 TR 1.36~1.40 RIS N, REUEHN 6110
nm/RIU, 43 #5% 59 1.6367 x 1075 RIU (1) D % PCF-SPR 1% 884
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