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Fig. 1. (a) Schematic diagram of a metasurface with Cj,
symmetry; (b) structural schematic and (c) top view of the

metasurface unit, respectively.
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Fig. 2. (a) Band structure of the eigenmodes in the wavelength range of 1500-1600 nm; (b) quality factor distribution of the eigen-

modes near the BIC wavelength (1548 nm), with the quality factor approaching infinity at & = 0. The inset shows the electric field

distribution at the BIC frequency point.
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Fig. 3. (a) Impact of the perturbation factor on the high-quality factor in the excited mode of the metasurface, with the inset show-

ing a schematic diagram of the defined symmetry-breaking method; (b) wavelength distribution of the eigenmodes under different

perturbation facors.

F1 T U A 45 F Xt B, 2 1T A7 A BIC
e, T BIC A Ue— Bl A 35 I8 55 R il 5t ] 11
AL, B AN UK I R B AN A
DR LM X 2 R HEA T XS RBBEIR, {45 BIC 1742
#HE BIC WA 4R S5 18 . 3% Bl 1 T4 44 14 T
N Cy XFFRPE, € ST — PR X AR 7 30, R
BOCHMIRYZE 05 AR 7 REME R 1 A At I, 7
S 12 2 AR R RO BE S . T T RO 1) 1 g A 4
FHFI RS, A5 b J7 A BT P 794 S 24 S A ] F)
B LAk, IMEAE AR AR AR, BRI
W#H 6, & XAENHE TR a = 6/ay. TR A
UL T fh A T MIA R Y A2 4E. [ 3(a) 21 T
Q-factor 1 o HYPRETHYAE S, X T 58 23K
IR (B a = 0), SSURFRY(EIRE] 109, X
JE R AEAE AR A2 RIS BR3P BIC, I
A TCT5 K B 7. — B XS FRIEIR, BIC

WsAR 1 R BIC, o PR -t B 25 A PR B 114 3 i
IMEHE N, B SN il & i 3R 45 H4 1Y
AAEAR ) BB W G K. 18] 3(b) 25 T AR Y
Wk Bt AEXTRRE S R T AR e 3, X5 F 0—0.3
0 o BEUE, ASAERE HBLTE 1550—1580 nm (13
FIN, HFE o B3R, ARMER IS, Wi
R T,

BREEA BBIFTEE THES
P SRR JI0EE 2 1 TR AT AN [R] R JRE F) o
PREER, FEH B AL, il 4 Pos. fE58 4
XFRITEOL T, a5t A7 (e BIC, Briik S
SMERE G, WAL BEA EAEA A L. HAE 1548—
1560 nm B A, 2 A5 HA X T LA S 12
FROCAHH LT 1RSSR, — BXPREAT DU
I, BIC 2 5¢ e BIC Hyi AL, B 51 2t B

2.3

178102-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 73, No. 17 (2024) 178102

B T LR DR B AN, i 2
GHRLLAS, [ i S e py g B th 2 A8 i, X Hh T
T B A — A1 HLJH X S B B e o 4551 . iX HLi&
SIS 7 B ARG TSR ISR RN, T e T 0
PR U RO M B (A 2, YRR
T AR BERRAE 0.5 ZcAh, X2 th T fm ot T
LAG it R ZE S CAAT RS C R BN, 1T AR X AR
SIAT51 & HyiE BIC A TR AE ST, RITE

i BIC A b Hi kA g I s i G Tl ek, % 1 2 g
I ES NI N S GiEu
4.5 530
10foss V
¢ 327 0,20 \

a
230t \/
= 0.15

225 0.10 T
i

7
& 20F

1.5
0

1.0

1548 1550 1552 1554 1556 1558 1560
Wavelength /nm

B4 RIRRE T ) T 3 IS S
Fig. 4. Transmission of chiral metasurfaces under different

perturbation factors.
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Fig. 5. In the momentum space formed by &, and k,: (a) Topological charge of the unperturbed symmetry-breaking BIC; topological

charge distribution of the quasi-BIC when the perturbation factors are (b) 0.1 and (c) 0.2.
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Fig. 6. (a) Transmission spectra of Cj, metasurface under o = 0.1 symmetry breaking, excited by RCP and LCP light; (b) circular

dichroism values near the quasi-BIC; (c), (d) the electric field distribution of the metasurface at the quasi-BIC wavelength when ex-

cited with (c) RCP and (d) LCP light, respectively.
XL A PRI 18 — M 0 SCR B

CDy = (Ticp — Trer)/ (Tice + Trep), (2)
Hrr TRIRBEF A, N RCP il LCP 43 43R
NS G A 7 15 i A 22 e B i k. 1] 6(a) ST
MOAEXTFRBIE IR I 4 6 3 5 A 19 RCP Fi LCP
(R TiE, 7EME BIC MilsSi4b, MR EXTF RCP 1)
S A BRI ESHR, X LCP SeiBE 54/, i
/MEATIE 0.03. & 6(b) MRS E 4T LCP
FI RCP i 5145 19 CD -, i 8 % 1 78 #E BIC
T BEAL FAE R B i, CD ¢ fie/IMEL AT 35-0.93.
XE/R T BIC I O, 8 2 H w i ) F-k
PERERETT. Bl 6(c), (d) e AN RCP #1 LCP
FoF R 2 T A L3 0 A, IEI LCP AST T fiL 3% i
=T RCP A N A, aF I ik S 35 18 M ik
BB .

4.2 AREMBEFTHFHE
T A FEAS R FR P Bl 7 0 T R 2 T 3 —

OB S K7 RERT a N 0.05—0.3 LTI
BT, I 7(a), (b) AT 7ERTA X FRBEIR

THOLT, e BIC SBAL BRI T3 S LCP
GBS BN, Hi o = 0.1 (6 = 20 nm) A5 L%

S/, fe/ME AT 0.05. 4 F 3 B A S RCP
6, BRI TENE BIC S B HoA 5 AR & 1015 5 %,
HAPE o = 0.1 MIEN T ES R E, 5 KE
ik 0.95. Ff H Y X Rl SRR B 5 0.1 B Fﬁ%
o BIHER, 7EiE BIC S S BHE ) LCP JGiE i &
Wid K, 1 RCP G Y 8 5 2 Wik /) LWE@%T
CD M{E 2Bl Z FEAR, 8 3R X Har) F ke
B HREAR. X2 i T REE BIR R N, 2
SEUE B F RS, MR REAG R k. B’ 7(c)

R TARYE O 245 H iy 8 2 6T LCP Al RCP
E’Jmﬁu‘ﬂﬂz)%ﬁ’ﬁﬁ%;mﬂﬁ CD fH, WLIERFEE], CD
TESEF X FRIGIL o R3] 0.1 A fe /D, e/
H ] 35-0.93. e T 763X PP SR R B2 T 8 2 i %o
T TR RO R 3 AR I R 3
Mg B AR (53] 38 R 235 40 198 ot S5 PR 46 %o 2 1
TR RAE.

5 WMEMTE -_GMENTH

TESEBREg i, i T T2 BRI 4l 4
JEAT B, S B Boin T R SR A — R B RAE,
JIT LA SR T RF 5 A i 3 a2 T R

178102-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 73, No. 17 (2024) 178102

@ of Ry Evay () 100 3
*' 0.98 T
o 0.8 \ LCP . RCP
E g
£ el ‘ 5 0961
£ 0 : o pe — 0.05
g 0-05 E 094} o010
@ —0.10 g .
S 04t 3 — 0.15
g ‘ —0.15 £ 092} )
B ' 0.20 g v 0.20
02r 0.25 0.90 - 0.25
‘ 0.30 0.30
0 1 1 1 1 0.88 1 1 1 1
1547.0  1550.5  1554.0  1557.5 1547.0  1550.5  1554.0  1557.5
Wavelength/nm Wavelength /nm
(c) —0.7
—0.8}
.
a)
O
—0.9 ¢
—1.0kL " " " " "
0.05 010 015 020 0.25 0.30

e

B 7 BT o A 0.05 3K E] 0.30 i, (a) LCP F1 (b) RCP #UBIAE T (1935 8% (c) 82 i 76 v BIC M 5 Ak 1Y [ — (6 b
Fig. 7. When the perturbation factor a increases from 0.05 to 0.30: Transmission spectra under (a) LCP and (b) RCP excitation, re-
spectively; (¢) circular dichroism of the metasurface at the quasi-BIC frequency point.
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Fig. 8. (a) Consideration of losses, transmission, reflection, and absorption spectra of the metasurface after symmetry breaking;

(b) electric field distribution in the unit cell considering losses; (c¢) transmission spectra under LCP and RCP light, and (d) the cir-
cular dichroism curve of the chiral metasurface, respectively.
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Strong circular dichroism chiral metasurfaces generated by
quasi bound state in continuum domain”
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Abstract

Bound states in the continuum (BIC) were initially observed in quantum mechanics as a phenomenon

capable of maintaining localized wave behavior. This effect has been extensively studied across various material

systems, including piezoelectric materials, graphene, and photonic crystals. Recently, the BIC mode has
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employed to achieve strong optical chirality in metamaterials with symmetry breaking. In this work, we propose
a silicon metasurface with an interrupted ring groove, which has a fourfold rotationally symmetry. By breaking
the in-plane inversion symmetry of the unit cell, we achieve quasi-BICs with the high quality factor and
conspicuous chirality. Moreover, by analyzing topological charges in momentum space, we reveal that the
unique topological characteristics of quasi-BIC are generated by the internal resonance of metasurface. When
the symmetry breaking reaches a certain level, our proposed symmetry-broken metasurface shows a strong
circular dichroism and its value is —0.93, which indicates that the quasi-BIC mode can has a strong chiral
selectivity. For chiral sensing applications, the chiral metasurface exhibits a spectral resolution of approximately
0.003. The findings presented in this work have great potential applications in chiral sensing, nonlinear chiral

optics, low-threshold lasers, and other related fields.
Keywords: bound state in the continuum, metasurface, chirality, quality factor

PACS: 81.05.Xj, 78.20.Bh, 78.67.Pt, 78.47.dc DOI: 10.7498 /aps.73.20240834

178102-9


http://doi.org/10.7498/aps.73.20240834
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

T HESHRASHRRE G ERE

kA WNFHF @E EmWE X IR EHE EER HEHE

Strong circular dichroism chiral metasurfaces generated by quasi bound state in continuum domain

Xia Zhao-Sheng  Liu Yu-Hang Bao Zheng WangLi-Hua WuBo WangGang WangHui  Ren Xin-
Gang Huang Zhi-Xiang

5] Fi{i5 &, Citation: Acta Physica Sinica, 73, 178102 (2024) DOI: 10.7498/aps.73.20240834

TELR I TE View online: https://doi.org/10.7498/aps.73.20240834
A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

XSGR B3 o s 2 T 14 2 SR 2 2
Bound states in continuum domain of double resonant ring metal metasurfaces

PPz, 2024, 73(5): 057801  https://doi.org/10.7498/aps.73.20231556

PRI DU SR AR T v 22 W SR A S R B
Exploring the tuning mechanism of multipolar quasi—continuous domain bound states in tetramer metasurface

YrE2E 4. 2024, 73(10): 107801  https://doi.org/10.7498/aps.73.20240272

BT SR A A 2 BUBEAL R TS HUL 1A%

All-dielectric metasurface two—parameter sensor based on quasi—bound states in continuum

YrH2E . 2024, 73(4): 047802  https://doi.org/10.7498/aps.73.20231514

TR T A H M S A AT S 1 B (LA RO s I B 5T

Numerical study of the low— threshold nanolaser based on quasi—bound states in the continuum supported by resonant waveguide

grating structures

WAL 2023, T2(4): 044202 hitps://doi.org/10.7498/aps.72.20221894

BB RN B LA WR A5 18] — ( MEIF 5
Circular dichroism of honeycomb—shaped elliptical hole absorber

YIER2EAH. 2020, 69(20): 207101 https://doi.org/10.7498/aps.69.20200843

TEAKIBORLIG 5] Pl 1 S R A 25 = = U S 80,
Enhancing third—harmonic generation by quasi bound states in continuum in silicon nanoparticle arrays

PFEEEAR. 2021, 70(15): 154206 hitps:/doi.ore/10.7498/aps.70.20210332


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240834
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20231556
https://doi.org/10.7498/aps.73.20240272
https://doi.org/10.7498/aps.73.20231514
https://doi.org/10.7498/aps.72.20221894
https://doi.org/10.7498/aps.69.20200843
https://doi.org/10.7498/aps.70.20210332

	1 引　言
	2 结构和模型
	2.1 超表面结构图
	2.2 能带结构和品质因子
	2.3 超表面在不同破坏程度下的透射

	3 BIC的拓扑荷偏振态
	4 对称破坏下的手性选择
	4.1 手性选择
	4.2 不同扰动因子下的手性

	5 损耗对于圆二色性的影响
	6 结　论
	参考文献

