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Fig. 1

Concept and classification of BIC. (a) Correspondence between BIC in one-dimensional quantum well and planar dielectric

waveguide™; (b) diagram for classification of BIC in photonics; (c) symmetry-protected BIC and accidental BIC in PCS"™"
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Table 1 Comparison of experimental characteristic indicators of
chiral BIC devices

Asymmetry CD/ . Wave
Material Q factor Ref.
type DOP band
Both 0.989 TiO, 1250 Vis  [19]
Both 0.93 TiO, 2663 Vis  [20]
Both 0.90  Perovskite - Vis  [67]
Both 0.986  Ceramic - GHz [16]
. 2080 ( Qo)
Out-of-plane - Si Q) (1R [52]
~450 (Q)
In-plane - Si,N, - Vis  [48]
In-plane 0.85 Copper GHz [69]
In-plane 0.93 Si 602 NIR [75]
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Fig. 7 Nonlinear CD effect. (a) Chiral BIC induced nonlinear third harmonic generation””, circular polarization transmission spectra and

linear CD near quasi-BIC (left), third harmonic CD signal induced by quasi-BIC (right); (b) third harmonic CD response of

asymmetric Si metasurface™,

structural schematic diagram and SEM image of unit structure (left), quasi-BIC and Mie

resonance generate strongest third harmonic under critical coupling conditions (center), third harmonic CD and its resonant peak

(right)
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Fig. 8 Generation of vortex beams by PCS. (a) Schematic diagrams of generating vortex beams using the polarization characteristics of
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electric field distribution of BIC in momentum space (upper right), schematic diagram of vortex

', principle diagram of dual beam pumping
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Fig. 9 Superchiral fields and spin Hall effect of light enhanced by BIC. (a) Experimental observation of vector BIC""", SEM images of

experimental sample and experimental testing optical path (upper), band diagrams of experimental sample, indicating overlap

between TE- and TM-like modes (lower); (b) BIC enhanced directional coupling”"”, sample transmittance and experimental

setup diagram, resonance at 541.4 nm as BIC (upper), normal incident light reorientation under BIC (lower)

1026010-11



£ 44 % F 10 H1/2024 &£ 5 B/ RFFER

BIC B 3 35 2 AR 61 09 T AR AH 2 A6 B2 0 IE 22 I 4R 3K 15
) 3% A A7 A6 B, e 228 M1 LA S B IR T A S ) 1T PN
AR VA AR S B e M R 1 SN N S il 2
T (ENZ) AR 2R ) %F BR g A L BB
Sl S 25 A b E B S B 5T BIC 51 A 5R [ ie
B IR SN A A A R A 3 ) R . D9 A,
& 9(b) JIF 7R , 7 KA Zito Z6 VR AE X AR I8 & 4 1F R
38 B SR M EE B T BIC B9 B 5 ] PR A, AR I b
U 7E L4 1 4 2 WL K, 25 FE PCS 1 X kil b A% 4%
R 76 T B A ST B S 9E F e S B . gkl WL,
PCS gy 25 [a] i BIC Fir X 1 A9 fi 1 # F it i€ o] Sy 3 5
H e #0E AH B AR B — BB g =

5 K4 JEs

i E A48 7 BIC i BIC LA K T BIC 4 HE &
Rk Bl S AR 4 G T 45 AL AR T i G ) A B TR 4K
HLIF FL 5 T F % BIC B AHSEAF 58 TAE . SN R Tt
BT M BIC SE4E 19 Hofl 4 Fp F 1L E B4 45 Ak
M CD R BE G ™= AR T 3 5 DL ORI B e
FEIRZENL . F 5T R W K 8= 209 4 #
T, 1 BIC A AN AL AT 3 58 A0 ¢ 19 F-HERLON | 18 BE 18
0T AT bR R S A B IS B BEAR SR

FEJGT A, BIC L 51 Y L4k Q i 3% 31 4K
PR ORTE, Ja SR Sk R B 1 3 2 4 0] i 4% R 2 18R A
5T . BIC A Q (B 4k AT LA 3 38 FHK 8 T 3
55 J5 AR LA G R 2 B 51 R AR SO B
P TH AR 2 VR A R B R O R IR AR 10 S B R
RGN S i BIC 8l 25 8] B J 4R 4R R A K
oy T H R A AR 51 S B PR A e TR
J S A AR A S T MO 5 ) A AR B AR
Fo AN EE AR R SRR RO T A IR R E R
BIC #9357 o7 BB Ll £ 52 26 e, i) i B 3= sh 4
RES2EL BIC /Y ) 25 98 #1 LF FRRs 1) X AR &R ge i
BIC R PE" B IR G A% o BIC A SE 8045 T X
BIC J6F 45 4, — J7 1l A &5 Q A 15 38 0% 5 P ot 1)
AF L AR R 2 T4 2% 4 4 B BE , 53 — O i o] A B sl s
[i4] (1% Z2 i 4 B S 0 22 6 FE AR BT 0K B A A
FHEFADLTE BB RS

FUE I 4546 v i) BIC WF 28 MBI 31 5236 #5815 2]
TP KR BT G G v 2Bk . TR SOk
Vi, B B E Th B 9 BIC, i H 2 70 4 45 3l & 23 )
FEMERT AR T R S B A B R
SR AN TR 68 0 1) 555 T B SE 8 BIC 1)
RE#% 1 I Pt i 31 17 X T RE L R & R U, LT
SIS T 1S 200 A o RS B R S Q A BIC A 1)
i A, G TP 7 55 A0 AT D S L R L
P 5 10 L T2k BIC v 95 K 9 0U)22 435 4 R TED A6 X B
PEBE B T, B A A O 58 Hh R R T AT A
PERIPEAL s 53 40 B B 3k AR M R A K il 4 T8

R, 2 R BIC Dh e s F p s e
Xof T il 2 AE R U, W e A R PR Q (B LA B T 2 Y &
S5 A 30 2 00 3 I AR B BIC 4R 068 B 3T A 47 PR 2 )
HOMEREDT S ROk JE, BSR40 8 1 I B B R Bk Ok
H PR H & S EEY N T EL RS & AR
B M 4SS, W HESh BIC Y6 T 2810 & & .

& £ x W

[1] Li A D, Wei H, Cotrufo M, et al. Exceptional points and
non-Hermitian  photonics  at  the
Nanotechnology, 2023, 18: 706-720.

[2] Chen H Z, Liu T, Luan H Y, et al. Revealing the missing
dimension at an exceptional point[J]. Nature Physics, 2020, 16:
571-578.

[3] Koshelev K, Bogdanov A, Kivshar Y. Engineering with bound

nanoscale[J].  Nature

states in the continuum[J]. Optics & Photonics News, 2020, 31
(1): 38.

[4] Marinica D C, Borisov A G, Shabanov S V. Bound states in the
continuum in photonics[J]. Physical Review Letters, 2008, 100
(18): 183902.

[5] Plotnik Y, Peleg O, Dreisow F, et al. Experimental
observation of optical bound states in the continuum[J]. Physical
Review Letters, 2011, 107(18): 183901.

[6] Hsu C W, Zhen B, Lee J, et al. Observation of trapped light
within the radiation continuum[J]. Nature, 2013, 499(7457):
188-191.

[7] Zhen B, Hsu C W, Lu L, et al. Topological nature of optical
bound states in the continuum[J]. Physical Review Letters,
2014, 113(25): 257401.

[8] Doeleman H M, Monticone F, den Hollander W, et al.
Experimental observation of a polarization vortex at an optical
bound state in the continuum[J]. Nature Photonics, 2018, 12:
397-401.

[9] Zhang Y W, Chen A, Liu W Z, et al. Observation of
polarization vortices in momentum space[J]. Physical Review
Letters, 2018, 120(18): 186103.

[10] Chen Y, Du W, Zhang Q, et al. Multidimensional nanoscopic
chiroptics[J]. Nature Reviews Physics, 2022, 4: 113-124.

[11] MunJ, Kim M, Yang Y, et al. Electromagnetic chirality: from
fundamentals to nontraditional chiroptical phenomenalJ]. Light:
Science & Applications, 2020, 9: 139.

[12] Fernandez-Corbaton I, Fruhnert M, Rockstuhl C. Objects of
maximum electromagnetic chirality[J]. Physical Review X,
2016, 6(3): 031013.

[13] Overvig A C, Malek S C, Yu N F. Multifunctional nonlocal
metasurfaces[J]. Physical Review Letters, 2020, 125(1):
017402.

[14] Overvig A C, Malek S C, Carter M J, et al. Selection rules for
quasibound states in the continuum[J]. Physical Review B,
2020, 102(3): 035434.

[15] Gorkunov M V, Antonov A A, Kivshar Y S. Metasurfaces with
maximum chirality empowered by bound states in the continuum
[J]. Physical Review Letters, 2020, 125(9): 093903.

[16] Gorkunov M V, Antonov A A, Tuz V R, et al. Bound states in
the continuum underpin near-lossless maximum chirality in
dielectric metasurfaces[J]. Advanced Optical Materials, 2021, 9
(19): 2100797.

[17] Overvig A, Yu N F, Alu A. Chiral quasi-bound states in the
continuum[J]. Physical Review Letters, 2021, 126(7): 073001.

[18] Dixon J, Pan F, Moradifar P, et al. Through thick and thin:
how optical cavities control spin[J]. Nanophotonics, 2023, 12
(14): 2779-2788.

[19] Zhang X D, Liu Y L, Han J C, et al. Chiral emission from
resonant metasurfaces[J]. Science, 2022, 377(6611): 1215-1218.

1026010-12



£ 44 % F 10 H1/2024 &£ 5 B/ RFFR

[20]

[21]

[22]

(23]

[24]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

(39]

[40]

Chen Y, Deng H C, Sha X B, et al. Observation of intrinsic
chiral bound states in the continuum[J]. Nature, 2023, 613
(7944): 474-478.

Hsu C W, Zhen B, Stone A D, et al. Bound states in the
continuum[J]. Nature Reviews Materials, 2016, 1(9): 16048.
Sadreev A F. Interference traps waves in an open system: bound
states in the continuum[J]. Reports on Progress in Physics,
2021, 84(5): 055901.

W, ARk, IR, AE L RIS R G b Y i S R ol
AL b EDEA:, 2023, 16(1): 1-23.

YaoJQ, LiJ T, Zhang Y T, et al. Bound states in continuum
in periodic optical systems[J]. Chinese Optics, 2023, 16(1): 1-23.
Kang M, Liu T, Chan C T, et al. Applications of bound states
in the continuum in photonics[J]. Nature Reviews Physics,
2023, 5: 659-678.

Xu G Z, Xing HY, Xue Z Q, et al. Recent advances and
perspective of photonic bound states in the continuum[J].
Ultrafast Science, 2023, 3: 33.

Joseph S, Pandey S, Sarkar S, et al. Bound states in the
continuum in resonant nanostructures: an overview of engineered
materials for tailored applications[J]. Nanophotonics, 2021, 10
(17): 4175-4207.

Koshelev K 1., Sadrieva Z F, Shcherbakov A A, et al. Bound
states in the continuum in photonic structures[J]. Physics-
Uspekhi, 2021, 66(5): 494-517.

BT, T, BRI, A5 O T T S R A 3 1 L KR
R 6224k, 2023, 43(16): 1623008.

Bi Q H, Peng Y J, Chen R, et al. Theory and application of
bound states in the continuum in photonics[J]. Acta Optica
Sinica, 2023, 43(16): 1623008.

Hu P, Wang J J, Jiang Q, et al. Global phase diagram of bound
states in the continuum[J]. Optica, 2022, 9(12): 1353-1361.

Hsu C W, Zhen B, Chua S L., et al. Bloch surface eigenstates
within  the radiation continuum[J]. Science &
Applications, 2013, 2(7): e84.

Sadrieva Z, Frizyuk K, Petrov M, et al. Multipolar origin of
bound states in the continuum[J]. Physical Review B, 2019, 100
(11): 115303.

Azzam S I, Shalaev V M, Boltasseva A, et al. Formation of

Light:

bound states in the continuum in hybrid plasmonic-photonic
systems[J]. Physical Review Letters, 2018, 121(25): 253901.
Rybin M V, Koshelev K L, Sadrieva Z F, et al. High-Q
supercavity modes in subwavelength dielectric resonators[J].
Physical Review Letters, 2017, 119(24): 243901.

Monticone F, Doeleman H M, Den Hollander W, et al.
Trapping light in plain sight: embedded photonic eigenstates in
zero-index metamaterials[J]. Laser & Photonics Reviews, 2018,
12(5): 1700220.

Bogdanov A A, Koshelev K L, Kapitanova P V, et al. Bound
states in the continuum and Fano resonances in the strong mode
coupling regime[J]. Advanced Photonics, 2019, 1(1): 016001.
Huang L. J, Xu L., Powell D A, et al. Resonant leaky modes in
all-dielectric metasystems: fundamentals and applications[J].
Physics Reports, 2023, 1008: 1-66.

Dong 7Z G, Mahfoud Z, Paniagua-Dominguez R,
Nanoscale mapping of optically inaccessible bound-states-in-the-
continuum[J]. Light: Science & Applications, 2022, 11(1): 20.
Overvig A, Alu A. Wavefront-selective Fano resonant
metasurfaces[J]. Advanced Photonics, 2021, 3(2): 026002.
Koshelev K, Lepeshov S, Liu M K, et al. Asymmetric
metasurfaces with high-Q resonances governed by bound states
in the continuum[J]. Physical Review Letters, 2018, 121(19):
193903.

Han S, Pitchappa P, Wang W H, et al. Extended bound states
in the continuum with symmetry-broken terahertz dielectric
Advanced 2021, 9(7):

et al.

metasurfaces[J]. Materials,

2002001.

Optical

[41]

[42]

[43]

(44]

[45]

[46]

(47]

(48]

[49]

[51]

[52]

(53]

[60]

[61]

[62]

1026010-13

LiuZJ, XuY, Lin Y, et al. High-Q quasibound states in the
continuum for nonlinear metasurfaces[J].
Letters, 2019, 123(25): 253901.

Ndao A, Hsu L, Cai W, et al. Differentiating and quantifying

Physical Review

exosome secretion from a single cell using quasi-bound states in
the continuum[J]. Nanophotonics, 2020, 9(5): 1081-1086.

Kang M, Mao L, Zhang S P, et al. Merging bound states in the
continuum by harnessing higher-order topological charges[J].
Light: Science &. Applications, 2022, 11(1): 228.

ChenZ H, Yin X F, JinJ C, et al. Observation of miniaturized
bound states in the continuum with ultra-high quality factors[J].

Science Bulletin, 2022, 67(4): 359-366.
JnJC, YinXF, NiL F, etal. Topologically enabled ultrahigh-
Q guided resonances robust to out-of-plane scattering[J].

Nature, 2019, 574(7779): 501-504.

Bulgakov E N, Maksimov D N. Topological bound states in the
continuum in arrays of dielectric spheres[J]. Physical Review
Letters, 2017, 118(26): 267401.

Kang M, Zhang S P, Xiao M, et al. Merging bound states in the
continuum at off-high symmetry points[J].
Letters, 2021, 126(11): 117402.

Liu W Z, Wang B, Zhang Y W, et al. Circularly polarized
states spawning from bound states in the continuum[J]. Physical
Review Letters, 2019, 123(11): 116104.

Ye W M, Gao Y, LiuJ L. Singular points of polarizations in the
momentum space of photonic crystal slabs[J]. Physical Review
Letters, 2020, 124(15): 153904.

Yoda T, Notomi M. Generation and annihilation of topologically

Physical Review

protected bound states in the continuum and circularly polarized
states by symmetry breaking[J]. Physical Review Letters, 2020,
125(5): 053902.

Zeng Y X, Hu G W, Liu K P, et al. Dynamics of topological
polarization singularity in momentum space[J]. Physical Review
Letters, 2021, 127(17): 176101.

Yin X F, JinJ C, Soljaci¢ M, et al. Observation of topologically
enabled unidirectional guided resonances[J]. Nature, 2020, 580
(7804): 467-471.

Barron L D. True and false chirality and absolute
enantioselection[J]. Rendiconti Lincei, 2013, 24(3): 179-189.
Gansel J K, Thiel M, Rill M S, et al. Gold helix photonic
metamaterial as broadband circular polarizer[J]. Science, 2009,
325(5947): 1513-1515.

Hentschel M, Wu L, Schiferling M, et al. Optical properties of
chiral three-dimensional plasmonic oligomers at the onset of
charge-transfer plasmons[J]. ACS Nano, 2012, 6(11): 10355-
10365.

Zhang S, Zhou J F, Park Y S, et al. Photoinduced handedness
switching in terahertz chiral metamolecules[J]. Nature
Communications, 2012, 3: 942.

Cui Y H, Kang L., Lan S F, et al. Giant chiral optical response
from a twisted-arc metamaterial[J]. Nano Letters, 2014, 14(2):
1021-1025.

Wu Z L, Chen X D, Wang M S, et al. High-performance
ultrathin active chiral metamaterials[J]. ACS Nano, 2018, 12(5):
5030-5041.

JiCY, ChenS S, Han Y, et al. Artificial propeller chirality and
counterintuitive reversal of circular dichroism in twisted meta-
molecules[J]. Nano Letters, 2021, 21(16): 6828-6834.

Shen Z L, Fan S T, Yin W, et al. Chiral metasurfaces with
maximum circular dichroism enabled by out-of-plane plasmonic
system[J]. Laser & Photonics Reviews, 2022, 16(12):
2200370.

Kuwata-Gonokami M, Saito N, Ino Y, et al. Giant optical
activity in  quasi-two-dimensional ~planar nanostructures[J].
Physical Review Letters, 2005, 95(22): 227401.

Plum E, Fedotov V A, Zheludev N I. Optical activity in

extrinsically chiral metamaterial[J]. Applied Physics Letters,



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

(83]

2008, 93(19): 191911.

Plum E, Liu X X, Fedotov V A, et al. Metamaterials: optical
activity without chirality[J]. Physical Review Letters, 2009, 102
(11): 113902.

Plum E, Fedotov V A, Zheludev N 1. Extrinsic electromagnetic
chirality in metamaterials[J]. Journal of Optics A: Pure and
Applied Optics, 2009, 11(7): 074009.

Zhu A 'Y, Chen W T, Zaidi A, et al. Giant intrinsic chiro-
optical activity in planar dielectric nanostructures[J]. Light:
Science &. Applications, 2018, 7: 17158.

Dixon J, Lawrence M, Barton D R, et al. Self-isolated Raman
lasing with a chiral dielectric metasurface[J]. Physical Review
Letters, 2021, 126(12): 123201.

Lim Y, Seo I C, An S, et al. Maximally chiral emission via
chiral quasi bound states in the continuum[J]. Laser &. Photonics
Reviews, 2023, 17(2): 2200611.

Tang Y H, Liang Y, Yao J, et al. Chiral bound states in the
continuum in plasmonic metasurfaces[J]. Laser & Photonics
Reviews, 2023, 17(4): 2200597.

WullJ, XuX T, SuX Q, et al. Observation of giant extrinsic
chirality empowered by quasi-bound states in the continuum/[J].
Physical Review Applied, 2021, 16(6): 064018.

Shen Z 1., Fang X D, Li S N, et al. Terahertz spin-selective
perfect absorption enabled by quasi-bound states in the continuum
[J]. Optics Letters, 2022, 47(3): 505-508.

Kim K H, Kim J R. High-Q chiroptical resonances by quasi-
bound states in the continuum in dielectric metasurfaces with
simultaneously broken in-plane inversion and mirror symmetries
[J]. Advanced Optical Materials, 2021, 9(22): 2101162.
Semnani B, Flannery J, Al Maruf R, et al. Spin-preserving
chiral photonic crystal mirror[J]. Light: Science & Applications,
2020, 9: 23.

Khanikaev A B, Arju N, Fan Z, et al
demonstration of the microscopic origin of circular dichroism in

Experimental

two-dimensional metamaterials[J]. Nature Communications,
2016, 7: 12045.

Wu C, Arju N, Kelp G, et al. Spectrally selective chiral silicon
metasurfaces based on infrared Fano resonances[J]. Nature
Communications, 2014, 5: 3892.

Shi T, Deng Z L, Geng G Z, et al. Planar chiral metasurfaces
with maximal and tunable chiroptical response driven by bound
states in the continuum[J]. Nature Communications, 2022, 13:
4111.

Chen W J, Yang Q D, Chen Y T, et al. Extremize optical
chiralities through polarization singularities[J]. Physical Review
Letters, 2021, 126(25): 253901.

Kithner L, Wendisch F J, Antonov A A, et al. Unlocking the
bound
continuum to achieve maximum optical chirality[J]. Light:
Science & Applications, 2023, 12(1): 250.

Koshelev K, Kruk S,
Subwavelength dielectric resonators for nonlinear nanophotonics
[J]. Science, 2020, 367(6475): 288-292.

Koshelev K, Tang Y T, Li K, et al. Nonlinear metasurfaces

out-of-plane dimension for photonic states in the

Melik-Gaykazyan E, et al.

governed by bound states in the continuum[J]. ACS Photonics,
2019, 6(7): 1639-1644.

Zogral G, Koshelev K, Zalogina A, et al. High-harmonic
generation from resonant dielectric metasurfaces empowered by
bound states in the continuum[J]. ACS Photonics, 2022, 9(2):
567-574.

Camacho-Morales R, Xu L., Zhang H Z, et al. Sum-frequency
generation in high-Q GaP metasurfaces driven by leaky-wave
guided modes[J]. Nano Letters, 2022, 22(15): 6141-6148.
Koshelev K, Tonkaev P, Kivshar

metaphotonics: a perspective[J]. Advanced Photonics, 2023, 5
(6): 064001.

Gandolfi M, Tognazzi A, Rocco D, et al. Near-unity third-

Y. Nonlinear chiral

[84]

(85]

[86]

(87]

(88]

(89]

[90]

(91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

1026010-14

£ 44 % F 10 H1/2024 &£ 5 B/ RFFER

harmonic circular dichroism driven by a quasibound state in the
continuum in asymmetric silicon metasurfaces[J]. Physical
Review A, 2021, 104(2): 023524.

Liu Q S, Chao M H, Zhang W J, et al. Dual-band chiral
nonlinear metasurface supported by quasibound states in the
continuum[J]. Annalen Der Physik, 2022, 534(12): 2200263.
Koshelev K, Tang Y T, Hu Z X, et al. Resonant chiral effects
in nonlinear dielectric metasurfaces[J]. ACS Photonics, 2023, 10
(1): 298-306.

Yao A M, Padgett M J. Orbital angular momentum: origins,
behavior and applications[J]. Advances in Optics and Photonics,
2011, 3(2): 161.

Shen Y J, Wang X J, Xie Z W, et al. Optical vortices 30 years
on: OAM manipulation from topological charge to multiple
singularities[J]. Light: Science &. Applications, 2019, 8: 90.

Ni J C, Huang C, Zhou L. M, et al. Multidimensional phase
singularities in nanophotonics[J]. Science, 2021, 374(6566):
eabj0039.

Iwahashi S, Kurosaka Y, Sakai K, et al. Higher-order vector
beams produced by photonic-crystal lasers[J]. Optics Express,
2011, 19(13): 11963-11968.

Wang B, Liu W Z, Zhao M X, et al. Generating optical vortex
beams by momentum-space polarization vortices centred at
bound states in the continuum[J]. Nature Photonics, 2020, 14:
623-628.

Notomi M. Topology in momentum space becomes reallJ].
Nature Photonics, 2020, 14: 595-596.

Huang C, Zhang C, Xiao S M, et al. Ultrafast control of vortex
microlasers[J]. Science, 2020, 367(6481): 1018-1021.

Wang J, Clementi M, Minkov M, et al. Doubly resonant
second-harmonic generation of a vortex beam from a bound state
in the continuum[J]. Optica, 2020, 7(9): 1126-1132.

Kang L, Wu'Y H, Ma X Z, et al. High-harmonic optical vortex
generation from photonic bound states in the continuum[J].
Advanced Optical Materials, 2022, 10(1): 2101497.

Liu W Z, Shi L, ZiJ, et al. Ways to achieve efficient non-local
vortex beam generation[J]. Nanophotonics, 2021, 10(17): 4297-
4304.

Li TY, Wang J J, Zhang W J, et al. High-efficiency nonlocal
reflection-type vortex beam generation based on bound states
in the continuum[J]. National Science Review, 2022, 10(5):
nwac234.

Mohammadi E, Tavakoli A, Dehkhoda P, et al. Accessible
superchiral near-fields driven by tailored electric and magnetic
resonances in all-dielectric nanostructures[J]. ACS Photonics,
2019, 6(8): 1939-1946.

Hu J, Lawrence M, Dionne J A. High quality factor dielectric
metasurfaces for ultraviolet circular dichroism spectroscopy[J].
ACS Photonics, 2020, 7(1): 36-42.

Du K, Li P, Wang H, et al. Optical chirality enhancement in
hollow silicon disk by dipolar interference[J]. Advanced Optical
Materials, 2021, 9(5): 2001771.

Chen Y, Zhao C, Zhang Y Z, et al. Integrated molar chiral
sensing based on high-Q metasurface[J]. Nano Letters, 2020, 20
(12): 8696-8703.

Wu T, Zhang W X, Zhang H Z, et al. Vector exceptional points
with strong superchiral fields[J]. Physical Review Letters, 2020,
124(8): 083901.

Barkaoui H, Du K, Chen Y M, et al. Merged bound states in
the continuum for giant superchiral field and chiral mode splitting
[J]. Physical Review B, 2023, 107(4): 045305.

LiJ H, Ren J, Zhang X D. Three-dimensional vector wave
bound states in a continuum([J]. Journal of the Optical Society of
America B, 2017, 34(3): 559-565.

Zhang H Z, Zhang W X, Chen S H, et al. Experimental
observation of vector bound states in the continuum[J].
Advanced Optical Materials, 2023, 11(12): 2203118.



£ 44 % F 10 H1/2024 &£ 5 B/ RFFR

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

Ling X H, Zhou X X, Huang K, et al. Recent advances in the polarized directive coupling of light at bound states in the
spin Hall effect of light[J]. Reports on Progress in Physics, continuum[J]. Optica, 2019, 6(10): 1305-1312.
2017, 80(6): 066401. [114] Kodigala A, Lepetit T, Gu Q, et al. Lasing action from
Kim M, Yang Y, Lee D, et al. Spin hall effect of light: from photonic bound states in continuum[J]. Nature, 2017, 541
fundamentals to recent advancements[J]. Laser & Photonics (7636): 196-199.
Reviews, 2023, 17(1): 2200046. [115] Yesilkoy F, Arvelo E R, Jahani Y, et al. Ultrasensitive
IR, F, BRI . a6 o i 7 B e R R0 T, O hyperspectral imaging and biodetection enabled by dielectric
AR, 2023, 43(16): 1623003. metasurfaces[J]. Nature Photonics, 2019, 13: 390-396.
Feng J, Wang B, Chen X F. Photonic spin Hall effect in [116] Guo Y, Xiao M, Fan S H. Topologically protected complete
micro- and nano-optics[J]. Acta Optica Sinica, 2023, 43(16): polarization conversion[J]. Physical Review Letters, 2017, 119
1623003. (16): 167401.

Wang J J, Shi L., Zi J. Spin Hall effect of light via momentum- [117] Overvig A, Alu A. Diffractive nonlocal metasurfaces[J].
space topological vortices around bound states in the continuum Laser & Photonics Reviews, 2022, 16(8): 2100633.

[J]. Physical Review Letters, 2022, 129(23): 236101. [118] Zhao C, Chen W J, Wei J X, et al. Electrically tunable and
Wang J J, Zhao M X, Liu W Z, et al. Shifting beams at normal robust bound states in the continuum enabled by 2D transition
incidence via controlling momentum-space geometric phases[J]. metal dichalcogenide[J]. Advanced Optical Materials, 2022, 10
Nature Communications, 2021, 12: 6046. (24): 2201634.
Jiang X, Tang J, Li Z F, et al. Enhancement of photonic spin [119] Song QJ, HulJ S, Dai S W, et al. Coexistence of a new type of
Hall effect via bound states in the continuum[J]. Journal of bound state in the continuum and a lasing threshold mode
Physics D: Applied Physics, 2019, 52(4): 045401. induced by PT symmetry[J]. Science Advances, 2020, 6(34):
Song Y F, ShuY T, Jiang T, et al. Enhanced spin Hall effect eabc1160.
of light in the PT-symmetric trilayer structure containing epsilon- [120] Huang L., Zhang W X, Zhang X D. Moiré quasibound states in
near-zero materials[J]. Journal of Physics D: Applied Physics, the continuum[J]. Physical Review Letters, 2022, 128(25):
2023, 56(17): 175102. 253901.
WuF, Liu T T, Long Y, et al. Giant photonic spin Hall effect [121] Ma W, Liu Z C, Kudyshev Z A, et al. Deep learning for the
empowered by polarization-dependent quasibound states in the design of photonic structures[J]. Nature Photonics, 2021, 15:
continuum in compound grating waveguide structures[J]. 77-90.
Physical Review B, 2023, 107(16): 165428. [122] Deng R H, Liu W Z, Shi L. Inverse design in photonic
Zito G, Romano S, Cabrini S, et al. Observation of spin- crystals[J]. Nanophotonics, 2024, 13(8): 1219-1237.
Chiral Phenomena Related to Bound States in Continuum in Photonics
(Invited)
Du Kang', Zeng Yixuan', Ouyang Xu', Zhang Xudong', Xiao Shumin'?, Song Qinghai'’
'Ministry of Industry and Information Technology Key Laboratory of Micro-Nano Optoelectronic Information
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Abstract
Significance The light-matter interaction at the nanoscale is crucial for the development of miniaturized optoelectronic

devices. These devices often encounter energy leakage and loss, stimulating researchers to explore non-Hermitian
photonics. An exceptional point, a specific optical degenerate state with identical momentum and energy has emerged as a
research hotspot in this field. In recent years, the research on physical mechanisms of phenomena like parity-time
symmetry, geometric phase, asymmetric scattering, and bound states in the continuum (BICs) has all revolved around
exceptional points. These unique physical mechanisms are expected to inject new energy into the advancement of fields
such as quantum computing, advanced materials, and low-power optoelectronic devices. We primarily focus on the chiral
phenomena associated with the BIC mode, a concept originating from quantum mechanics and first proposed by von
Neumann and Wigner in 1929. They identified a unique solution to the Schrodinger equation: a spatially localized electronic
state with zero linewidth and positive energy, despite existing within the continuum spectrum of the radiation.
Theoretically, BICs are non-radiating solutions to the wave equation and can manifest in various systems such as acoustics
and fluids. However, it was not until 2008 that this concept was introduced into optics by Borisov et al. Subsequently,
Plotnik et al. utilized a single-mode optical waveguide array to achieve an initial experimental observation of BICs. In
2013, researchers from MIT detected optical BICs in periodic photonic crystal slabs, boosting further exploration of BIC
modes in planar artificial nanostructures. Optical BICs not only squeeze light fields and enhance resonance Q-factors in real

space but also exhibit diverse polarization topological properties in momentum space. By adjusting the interaction between

1026010-15
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BIC modes, individuals can precisely manipulate the distribution, polarization, and emission of the light fields. Over the

past decade, owing to the easily fabricated metasurface platform with numerous degrees of freedom, optical BICs have
rapidly evolved as a novel approach for controlling light fields in nanophotonics. Additionally, artificial nanostructures can
offer chiroptical responses surpassing those of natural materials, with the involved intricate physical mechanisms catching
significant attention. The momentum space characteristics of optical BICs provide fresh theoretical insights and design
strategies for enhancing the chiroptical response of chiral metasurfaces. The ideal BIC mode is completely decoupled from
the free space. By breaking the symmetry of the system, the topology charge of the ideal BIC in momentum space splits
into two circularly polarized states, which enables precise control of the radiation process to maximize the chiroptical
response. In approximately 2020, research teams from the Russian Academy of Science and the City University of New
York independently verified that high-Q quasi-BIC resonances can manipulate the wavefront of circularly polarized light
and optimize the chiroptical response of metasurfaces. Both studies utilized periodic chiral metasurfaces with dual tuning
parameters, and it was easy to break the symmetry within and out of the structural plane by simultaneously controlling the
two parameters. This transformation converted the ideal BIC (with an infinite Q-factor) into chiral quasi-BIC. This
highlights that the often-disregarded longitudinal dimension of metasurfaces, particularly symmetry, plays a crucial role in
their interaction with circularly polarized light. However, the experimental validation was hindered until 2022 due to
constraints in fabricating multi-layer metasurfaces. Our team overcame this obstacle by employing a tilted etching scheme
to break the out-of-plane symmetry and observe chiral quasi-BIC in the visible spectrum. Over the last decade, BICs have
been identified in different photonic structures, particularly in the metasurfaces platform, which leads to numerous
fascinating phenomena. By thoroughly investigating the properties of BICs in both real and momentum spaces, it is

possible to reveal clearer physical mechanisms behind various intricate chiroptical phenomena.

Progress The concept of BIC has been around for almost a century, with well-established basic theories and various
property studies. We begin by briefly outlining the concept and characteristics of BIC (Fig. 1), and then discuss the topic of
chiral quasi-BIC (Fig. 2). Subsequently, we explore the applications of chiral BIC and other chiroptical phenomena related
to BIC. In Fig. 3, we summarize the methods for creating chiral BIC by breaking the structural symmetry. Figure. 4
illustrates instances of chiral BIC resulting from the disruption of the individual dimension symmetry of nanostructures
(including the breaking of in-plane or out-of-plane symmetry), while Fig. 5 presents research on intrinsic chirality induced
by slant-perturbation metasurfaces that completely break both in-plane and out-of-plane symmetries. In addition to the
tilted etching method, out-of-plane symmetry can also be disrupted by grayscale electron beam lithography and multi-step
nanofabrication methods (Fig. 6). We have included Table 1 to compare the specific features of chiral BIC nanodevices
currently yielded in the laboratory. Furthermore, we present examples of other chiroptical phenomena related to BICs in
Figs. 7-9, corresponding to nonlinear circular dichroism, vortex beam generation, superchiral field enhancement, and the

optical spin Hall effect, respectively. Finally, we address the current challenges and potential applications in this field.

Conclusions and Prospects In photonics, BIC initially caught attention for its exceptional high-Q resonance and later
was extensively studied due to its unique momentum space polarization characteristics. The high-Q BIC can significantly
enhance the performance of applications that rely on strong light-matter interaction, with lowered laser thresholds and
improved nonlinear conversion efficiency. Meanwhile, the polarization characteristics of BICs in momentum space have
greatly expanded the application fields, thus achieving polarization conversion and enhancing chiral light-matter interaction.
Furthermore, more attention is paid to exploring new applications and mechanisms of BIC in combination with novel
materials or special photonic structural systems. Although research on BICs in nanostructures has rapidly developed from
theory to experimental stages, it still faces many challenges. In terms of sample design, there is an urgent need to explore
rapid design schemes using artificial intelligence or inverse design methods. In sample fabrication, tasks such as improving
the fabrication precision, implementing double-layer metasurfaces, and incorporating active semiconductor materials are
very difficult. In terms of sample characterization, the extreme high-Q resonances make it difficult to measure the physical
properties of BICs. Generally, although the biggest challenge in this field is from sample fabrication, combining
sophisticated fabrication steps with reasonable sample design can accelerate the development of BIC-assisted photonic

devices.
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