3T HSH TSR 2554 (SRR 1O Vol. 37 No. 5
2024 %10 H Journal of Liaocheng University(Nat. Sci. Ed. ) Oct. 2024

XS 1672-6634(2024)05-0068-08 DOI 10. 19728/j. issn1672-6634. 2024020004

KL T 4 ST JOUB RE 2 OR DY SR A A 45 B i
i RECE I S R AR R A

PR IS g E R A R

(1. WSR2 MrBRlas 545 BT RSB, 2R W 252059;2. v E RN B2 SARBFSE T, L 5T 100083
3. IRECHEER A SRR TE SSIE, INZR WK, 25205954, W3 Ty FHE AT 5T 5 107 FH B b S0 i 2
WA W 25205935, AR K (5 BRMAS TR0 IR F15,266237)

W KRBT — A AR &R &N MR RARARLEH, Mo T SO, 4k £
S L IR A2 B S0 T ) AR o A, AR BB B £ 4 (FDTD) 5 s a8 3k s AR A A J A8 25 0 4 5 4 A 0 ik
Gy RHATT HAAS AT, R TEGAR PO RAESBIORZ I, B INT F @ A B 42 S5 k4783,
AR LI H BT % F Fano A3k, kK Q BT 2] 1 277, iAH AL 10000, 256 0 mE oW dF ik,
ST ZA Fano 3% 69 2R X, 58 4 TDABBRT) MQUEM T ) . MD(#4%4F) . MDs 4
TD. 45 A 25 RA W, % 4 A B RAF 694 BB A, RAUE 826 nm/RIU, & fit B £ (FOM) i% %] 898
RIU ', Prighey bt TASRMEAS Q BF . BT 2 2 A TR A A D EF RS
FAHB

K] ARG H R R TESR T RA S
ks s TN256

kbR A

Highly Sensitive Refractive Index Sensor Based on
All-Dielectric Defective Nanotetramer Metastructure

SUN Qinghe' ,FAN Xinye"***, FANG Wenjing"**, CAO Shuangshuang',
WANG Dandan', NIU Huijuan'*"*, TAO Jifang’

(1. School of Physics Science and Information Engineering, Liaocheng University, Liaocheng 252059, China; 2. Institute of
Semiconductors, Chinese Academy of Sciences, Beijing 100083, China;3. Shandong Provincial Key Laboratory of
Optical Communication Science and Technology, Liaocheng 252059, Chinas4. Liaocheng Key Laboratory of
Industrial-Internet Research and Application, Liaocheng 252059, China;5. School of Information
Science and Engineering (ISE). Shandong University, Qingdao 266237, China )

Abstract In this paper, an all-dielectric nanotetramer metastructure with high sensitivity is proposed and

i BHA:2024-02-17

E&WMB: B K E U &I (2023YFB3210700); L 7R 44 B 2R B 2% & £ 5 B (ZR2021MF053, ZR2021MF070,
ZR2022MF305); 11 7R & 2021 4F i KB & 51 ¥ 5 8 F it % 1POC JF i % 4 (TIPOC2019A009,
IPOC2021B07) 5 WK 2= T LB 3 45 (318052168) BE B

BIES u e 5 DU% L B L F  W H— 1 B4R, E-mail : fanxinye@yeah. net,



555 PR 85 He T A TR 0 K DU R (AR S5 A 1) e R BEURE BT S5 R AL SRR 69

investigated. The structure consists of a periodic array of defective cylinders located on a SiO, substrate.
The transmission spectrum and electromagnetic field distribution of the asymmetric all-dielectric meta-
structure are numerically analyzed by using the finite-difference time-domain (FDTD) method. Based on
the bound states in continuum (BIC) theory, the symmetry is broken by introducing in-plane cylindrical
defects, and multiple Fano resonances are excited in the near-infrared range with a maximum Q-factor of
1 277 and a modulation depth close to 100%. Combined with the electromagnetic field distribution charac-
teristics, the resonance modes of the five Fano resonance peaks are analyzed, which are TD (toroidal di-
pole), MQ (magnetic quadrupole) s, MD (magnetic dipole), MDs, and TD. Simulation results show that
the structure has good sensing performance with a sensitivity of 826 nm/RIU and the Figure of merit
(FOM) of 898 RIU™'. The proposed structure can be widely used in environmental sensing, biological
sensing and nonlinear optics due to its high sensitivity and high Q-factor.

Key words all-dielectric; metastructure; high sensitivity; bound states in the continuum
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Fig. 1 (a) The unit cell diagram and top view of the all-dielectric symmetric nanotetramer metastructure; (b) The unit cell

diagram and top view of the all-dielectric defective nanotetramer metastructure
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Fig. 2 (a) Transmission spectrum of symmetric structure; (b) Transmission spectrum of asymmetric structure (A =80 nm)
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Fig. 3 Transmission spectra at different polarization angles
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Fig. 5 Transmission spectra under different extinction coefficients
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