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Fig. 1

Schematic diagram of SRR all-dielectric metamaterial structure. (a) Schematic of proposed structure; (b) periodic unit cell;

(¢) top view (x-y plane) of unit cell

Pe 2 B 48L T 12 4 A1 Bt SRR 45 48 78 AS [6] A X Bk 2 50
TR B REL . Ma=0pm N, ZIEREEAIERL
Ye, QM T IE55 K, XUEW] T BIC BB Ak . B G
T 3R 2 W o 32 W7 3G K BIC 5% 4 4 BLA Fano i ik
1 QBIC 5238, Hrh QBIC 75 1 38 P A7 23 AR 95 #1855 A
XFRREEAT K o

T O ZE B Y 1 PR AR 2 v, il A 5K
T=‘a+ib+c/(w*wOJriy)’Q(/ﬁ\EPa\b\c%ﬁ%ﬁ
B, w, 22 Fano IR 0405, y &7 Fano i 9 (19 2. 45
FE AL T ST A0URE 5 I R T A 43 ) B AR L 45 SR
£ B LR (Y Fano ALY o AR 4R Q = wy/2y WT AR AR
AFAXTFREE N Fano iE IR 19 QI . WA 3R, A
XFFR S HOH KR, QBIC 1Y QIH W F K . QIE AR X
PR 2 502 18] 38 0% 36— R R EL B 6 R, 2 O S Bk R

5

a=0 pm
4
& a=3 um
L 3
[}
é a=6 um R
52
= [ a=9 um W
1
a=12 pm \’
0 I L

0.62 0.63 0.64 0.65 0.66
Frequency /THz

B2 SRR MM ALY 5% 2%

Fig. 2 Transmission spectra of SRR metamaterial structure

a=12 pm i}, LB QIE 2K 2420,

2316002-2



» simulation data
3.0- — fitting curve

Q factor /10*
Do
o

=
=3
T

0.5

0 2 4 6 8 10 12 14 16
a/pm

3 RRIAXFRET QI
Fig. 3 Relationship between Q and asymmetric degree

3 mtr5itie

il i b ST T, 25 4 BT SRR OB R I S5 4
X BRVE BT W, A X BRI @ 2 BIC 25 3 QBIC 25 4
e . AT BE— 2B M 2 BT AR TE R IR I Y

(@)10-2
2 "
g T
g M
> I / S
2 102f Q,
[=})
<
(9]
g Q
= m
Q
wn

102 y .

0.640 0.645 0.650 0.655
Frequency /THz

43 % % 23 #1/2023 &£ 12 B/XFHR

PE S RILAEAR R T, AR5 SRR M Bk = 4 25 1]
AN TR AT B 2 T E B TR A5 A 2 A X R
2R TR i HIC BB S B R = TR Y 06 B A E A
FE Y LA O B A 3 A 22 W R AR B 5 B 1Y)
3 A R LG ASE B AT F T R A Rk 5 A e R A 2 R 1 22 A
TR 5 S A, DA B X i R A LA BTk R
R AR AT LR 45 B 2 A B sk, DT T LR
SRR A, F4AB T a= 12 pm i}
FEIS R IR 0. 6467 THz L iy 5 F R AR LW £
e T BT BE A, L3 HL A T P LOREMR AL T M AR
F T R U F Q. FHE UM F Qo Hovh, i B i +
PULEVAN SN VAN & R 7 VAN S D O B: € Nk § -4 0B AL
WA, L AR, Fd(a)BRT a=0pum(BIC)
I 2 A% 5 B RE B o0 A, 181 4 (D) JE7R T a=12 pm
(QBIC) B Z M FHl ST et A o i AT LUE
TEWE PR AR 0. 6467 THz BT , B3 DU T B 14 £ | Jf
e 378 37 B0 RE B A R R S A X UESE TR IR
Yy o DU A R R AR X

(b) 10-1¢

its

— —_ — =
=] =] [=) (=)
g & & 3

o

Scattered power /arb.
=
&
g

10-*# 4 .
0.640 0.645 0.650 0.655
Frequency /THz

K4 28 RO RE A o () W IR A RL s (b) X FREEIR R 41k
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Fig. 5 Electric and magnetic field distributions and cross sectional distribution of electric field in BIC and QBIC modes. (a) Electric

field and (b) magnetic field distributions in BIC mode; (c¢) electric field and (d) magnetic field distributions in QBIC mode;

(e) cross-sectional distribution of electric field in BIC mode; (f) cross-sectional distribution of electric field in QBIC mode
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Table 1 Sensitivity and FOM of THz sensors based on different metamaterials

Reference Type of. Material of Sensitivityi/ FOM
metamaterial structured layer ~ (GHz-RIU ')
Ref. [2] Time domain resonance Aluminum 27.3 —
Ref. [30] Fano resonance-BIC Silicon 77 11.1
Ref. [31] Fano resonance Gold 105 7.51
Ref. [32] Perfect absorber Aluminum 139.2 —
Ref. [33] Electromagnetically induced transparency (EIT) resonance Graphene 177.7 59.3
Ref. [22] EIT resonance Silicon 231 64.7
This work Fano resonance-BIC Silicon 254.8 509. 6
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Abstract

Objective Bound state in the continuum (BIC) has been widely employed in designing metamaterials with high quality
factor (Q-factor) resonances. BIC is a state that can still maintain localization in the continuum and can be explained by
phase-canceling interference. When the system parameters are continuously adjusted, the coupling of the BIC resonance
mode to all radiated waves disappears, which leads to an infinitely long lifetime and an infinitely high Q-factor. If the
vanishing of the coupling constants is due to symmetry, the BIC is also called symmetry-protected BIC. Ideal BICs exist
only in lossless and infinite structures, exhibiting infinite Q-factors and vanishing resonance linewidths, or transmission
spectra with zero linewidths. In practice, the BIC can be changed to quasi-BIC by breaking the symmetry and generating a
leakage resonance. Although the Q-factor and resonance linewidth will be limited at this point, the metamaterial can still

have an ultra-high Q-factor with promising applications in sensors.

Methods By setting up two pairs of split ring resonators (SRRs) with high refractive index in a periodic cell, we design a
terahertz all-dielectric metamaterial (Fig. 1). Based on the symmetry-preserving principle of superlattice modes, we obtain
observable quasi-BIC (QBIC) modes by varying the distance between the two SRRs. Meanwhile, the variation rule of the
Q-factor is obtained by calculating the energy distribution of the multipole to determine its resonance mode as shown in
Fig. 4 and by changing the different structural parameters as shown in Fig. 6. Additionally, the transmission spectra with

different background refractive indices are simulated to evaluate the sensing performance of the proposed metamaterial.

Results and Discussions We simulate the transmission spectra of this all-dielectric SRR structure with different
asymmetry parameters, and the Q-factor of QBIC decreases significantly under the increasing asymmetry parameter. The
relationship between the Q-factor and the asymmetry parameter follows an inverse quadratic ratio. Fig. 4(a) shows the
multipole scattering energy distribution at a=0 pm (BIC) and Fig. 4(b) shows the multipole scattering energy distribution
at a=12 pm (QBIC). Near the resonant frequency of 0.6467 THz, the electric quadrupole increases significantly and

dominates the far-field scattering energy distribution.

Conclusions We design a terahertz sensor based on an all-dielectric metamaterial structure, with the Q-factor of the
sensor as high as 2420. By simulating and analyzing the sensing performance of the designed metamaterial, the sensor
achieves a sensitivity and an FOM of 254. 8 GHz/RIU and 509. 6 when the refractive index of the material to be measured
varies from 1. 00 to 1. 04 respectively, and the sensor performance can be further improved by optimizing the structure.
The sensor features a simple structure, low fabrication cost, and high sensitivity and FOM, and can be adopted as one

with a high-sensitivity refractive index.

Key words materials; bound states in continuum; terahertz; all-dielectric metamaterial; electric quadrupole; refractive

index sensing
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