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e F A TR GOK 5 /T A2 JiE B R (left-handed circular polarization, LCP)
54 iElAwiE (right-handed circular polarization, RCP) Y& 2 Akmi N[22, /5 A
BRI G2 A2 D B LR 2 —, e 7 9 B2 58 R F IRl — €5 (circular
dichroism, CD) H#EATEALRAEESL SR, RIMRHSG Gk &5 1 1 T~
JSE SRS, AR RO SR A 2 T BRI RIS, H CDE 5 T A IR
071 R T BT YRR, A0S NS R % 1) e PR R A RN G4 7 5, g
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ANl 41 ' FEL R 55 SIZ o N FH v 52 1) 22 R A
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SERG AR AL SRR B, (R % T2 B, ML S bR I T2 e DA S
PRI N . ARk, LR AS (bound state in the continuum, BIC) £k
—MAELE T S S o ) BEAR R S, RIS b TERR K B R (quality
factor, Q A7) STCIRAK M T 75 Anlto?0 FEGHK G727 Al fet B 3 B2 A FE
E5 NS, @ 5N P RR R R, BIC . A AEAE R BAT 7 BR 8 SR (1
#f: BIC (quasi-BIC, QBIC), QBIC #kzk T BIC [ Q Fitk, Refes s smzl)mi
TR R EE, IR 5506 5P SR BAE P2 36T QBIC SEILBRAE
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A T Ecos Q Mk QBIC B, J—Jrim, riiwt7iky], &F BIC
AR T A AR TR & 4 2 T DM — RAVFAOG LG S M. B, fFBhEs: —
AR ARLE QBIC B 8] B s Ak &, AT ASEILBCAR E HLAT 56 v 1 B4 e fd
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HIAAL CD, 52— DA RHR AR R I HE 7 (7.

BTk, ASCIRW A E D) BIC BRI oA & BN LI AR Q KT 5
RERAAL CD MBI . 1207 R g AR IR AT Ca XFRIE AT 5
TFIRGORILAE BT, ARSI B FIR SRR TM (1 BIC B 526 TE 1)
GMR (guided-mode resonance, GMR) #5X. 8 i R ZI 0l 4T 1 25 44 T A A RR A, FF:
FEHETIE A A FRSEL, MR QBIC 5 GMR BN & IR R, &L
T 5ESR A Q AL CD WL, WL RKM, fEEA& XA, QBIC#1 5 GMR
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Fig. 1. (a) Schematic of the Si metasurface; x-y plane (top-view) and x-z plane (side-view)

of the unit cell for the (b) achiral and (c) chiral Si metasurface.

K 1(a) 2E TR AR S RN SE B iy Q AE CD HRER: BIC R HI45 #4072 A
AR E N Py Ry h EEGRALEE SR i, B TR A = bk
(silica, SiOz) #FJEE L. B1XF A SCHF 7T A AR BB, Si A SiOp H 475 #7373/ X 3.48
1,47, B 1(b) AR TR R A O B, FERSIARBIN, Z 5%
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M5~ 77 SiO2 A M z 77 171 ¥ ¥ B 58 £ VLEL)E  (perfectly matched layers,

PML) BUBLULIE B SR IR TE PR F XI5

2.2 Remr s SRR ARk

N T IRFCHE R AL, B et 5 7RSI (a, B) = (0, 0) B
Reitraitt), Q 7 Kty drn. & 2(a) iz BRafAE N Si BRI RETT 4514, 1E
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Fig. 2 (a) Band structure, (b) Q-factor, and (c) mode field distribution in the x-y plane of the

Si metasurface for (a,8) = (0,0).
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Hoh T RRIEH R, H Trep = Trr + Tir, Tece = Tow + Tru (Tij Fnfir IR i f1f
MNid j #4320, i =R, L; j = R, L; RAAK RCP, L {3 LCP). & 3(a)-(c) N E
B =028, HZEH 8 o BILE 4L, 7E TMy, TM2 il TE B84 43 706 B
] QBIC#1, QBIC#2 5 GMR B ILIRPACAL, Sk & Trr 5 Tu R I B
XS, M XA Tre 5 T W58 4 —30, B CD SRIFE T I mIRM 2 57, &
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i QBICH2 it A& F I, EHIEBANFASEEE N CD WAL 5T
(ICD| < 0.7), RIFF 5 [A i R E W58, RIIZMHAAE GMR B4 H 2L
WA S TER], RIFE 2800 Bl A 45 2 OR R AR ST B9 AK, BRI AR S 5 2 B i
WF5E QBIC#L 5 GMR B BTH s 1 A R 2 M. /& 3(d)y CD
W NLFE o ARG R, AT WBEE o FIBGIN, 78558 X QBIC#L HIFARAL
BEALARAE CD WE M, 4 a = 0.91 B 7E 1653.9 nm AIEF|IE 53 CD; Yo =
0.81 I £ GMR HIFLIRALE AL CD 775 [ e, fEA34R i1 /2, QBIC#L 5 GMR
SLIR AL L, CD MR B 22 58, HUR T 3 X EE AR A 1E /. %
TZAE W B IRIE Y S AR, B AE T — 1 R IT VR A At
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Fig. 3. (a) Co-polarized Ty, of transmitted LCP light and (b) co-polarized Trr of transmitted
RCP light as functions of a with g = 0.28; (c) Cross-polarized Tr. of transmitted LCP light
and cross-polarized T.r of transmitted RCP light as functions of « with # = 0.28; (d) CD

responses as functions of « with = 0.28.
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ULEE (yre = yrv) B, B X B ARG, RSB RN ELCHRS T



WS RTEREO). [ 4 JROR T 7R E 41 = 0.28 B, GMR (TM1) 5 QBIC#1 (TE)
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(Kb &R, #E—25, B 4C)E/RT QBIC#L 5 GMR B/ &L FEF CD
ML, B2 o 30, PIEsR CD Wik A 3 AN R AR fh: 7630 7 5 b
AHIXIR (o <0.5) B, QBICH#L #ixf¥) CD {EHAK, 740, M GMR B2 2
WLIER) CD; 4 o M9 K2 0.75 TR, MRS 2 AR & X35, CD FF46 8 24
th: 76 o = 0.81 HiE, GMR By CD KA S E:, HIEMA N7,
QBICHL #ix[¥] CD NI FFLLIE5R, ALE « = 0.91 ik 0.995 [l 5E3 CD. X
—ALIE AR R, SRR G AN GE R TR R, SRR S TR
P E Ry, Bt B 4(d)H iR Q BT BB o I BB AR KL
HaFh: Y8 BXFRORY AL BIC (¥ QBICHL #, H Q BAI-7 R It B o 14 K13
PN AR AR, JF L2 o= 0.91 I, #E3UR) CD E IR KR 1083 i Q X7 i
GMR #H) Q I FIAZ N A BRAA. ERERME, EEAGHRIEAN a =0.75 4L,
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Fig. 4. Variation of (a) resonant wavelength, (b) imaginary part of eigenfrequency, (c)-CD,

and (d) Q-factor with a for QBIC#1 and GMR modes with = 0.28.
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Horf, Eqeicss Rl Eovr 43179 QBICHL 5 GMR BLat 1 A A AT 1 M A
Topics A1 Tomr 3% BB IRSTIHE AL 1, o Sy Wi IR AL AR, R GEH0 A
2% B 1 2225 aqmicn AT aowr 275, # BE T PIAMBESR I 20 (A ER, 3633 219
M |apion| +|dowe| =15 E AAABER AL AR, REREH A E =
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5 (a) N[E 5 p = 0.28 B AN o fH R ) CD JEiEHERE. v WWTE QBICHL 5
GMR HJZLIRA B AL, —& 1 CD MRFE o KB EIEE Z T o = 0.63 B P
 CD 5 5858 A L5 25, a=0.75 1, QBIC#L 1) CD {H L %2 T+ % 0.8 LA
F;a=0.81 1 GMR K CD Wi 4a AT 5281k, o = 0.91 I, QBIC#1 7 1653.9
nm 4biE#] 0.995 K563 CD, 1l GMR BixUf) CD U584 i 2 MEIX H], 1%

LGB S 1 5l 50 AN RS B (0 22 AL 1. 18] B5(b) 9 —4E CD



WP AT R, EEEM LT QBIC#L 5 GMR BRI KTE
o = 0.75 Fffir 2 RAZ X, Hhitb 28R et th 2 e W&, ko240
WHERE CD i B E B R BR K — MR B, QBIC#1 5 GMR HiZU [A] s ik 5 /2
LI Q MRCRAAE CD KB, W& 5(b)Frw, £ a = 0.75 I, sRFAE Y
LKA T 1642.5 nm, XA 3.16 meV fHz L HEERE. 24 o fWE 0.75 I,
15520 5 1 FE |Eemr-Eqicut| 5 1 omr-Tosic |34 1, 73 L AEMSH LI+, SHithr 6
AXIESFHIY BRI — B RS RERY, A o BUET, SR RE KRB

ZAEALIT 7 meV.
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Fig. 5. Under 5 = 0.28: (a) Stacked CD spectra at different a values; (b) CD spectra and

Rabi splitting fitting results (top) and variation of Rabi splitting energy with « (bottom).



3.3 fRiRE REIH IR
N T T Y R S ML) A T (e IR A AR B R A (A R AR AN AL, SINT
x-y P b E e R % B d(k)=d, (k)X+d, (k)Y , 5 E fR IR A5 R (vortex

polarization singularity, V #5) 5% C s AT q 8 o4l
1
q= E¢Ldk” 'vku¢(k||) (5)

Horp, L2 k7S AR 3558 BIC ) — 250 B £ 1 45 01 2%, (k)2 fmdR o B (1 A B2, HL
(k) :Earg[sl(k”)nsz(k“)] , o Sa(ky) 2 d(k) I iS4

6(a)-(c)/Ern 1 BT TR S AL o R B, TMa REAT ) C A 2l B 2 ] ) AL
AR 6@ TR, X T ARSI EERED (o, ) = (0,0) B, BICET M%
BA—M AT g = +1 1V AL SINEAIE) o 5, 1%V 152X
L A7 33 D +1/2 ) A5 Jig  (right-handed, RH) 5 % Jig (left-handed, LH) C i,
i 2 AR IR N AT S AEE A, W 6(b)Fos. B4k, IR I G N KT SRS
B NVAEEZ C AR TSN A . @ FEINIEY o 5 4, o UASHRE T
EFES AR E. EEFEENE, WE 6N, X4 (a f) = (0.91, 0.28) B,
LH C s EIEE T fl, IXAREEARMLTE QBIC HYSEIL. SRM S A AM
MR 1SR T RAR A AN AL, 24 QBICHL 5 GMR AR /& 5tk & 26 AR,
PR IR R AR FE BN, iR s B 1) 23 R) ) A g A, b7 2R51R e &
IR LH C Mg ik B2 & m gt T N 7 B R RIRES 1A,
K 6(d)-(NEt— D4t TAR (a, f) FAMF TERAIMEEZ A ¢ 046, B A
x 7€ Uy =arctan (n/m), et m A1 04350 A R I 2K Al 5 2 A Al g R,
AR 2R A o AOHUE 5 B -45° 22 +45°: y = 0° X MR IMARAS, ¥ = +45° (-45°) XfM
RH (LH) BIfRIRER, HA&  EIARE RH 8 LH HiEHIRS. W 6d)fix, 1



(a, p) = (0, 0) I, mIiptESSfES A 23 y = 0 MIR MRS, SITH A AT
PRIE (0 =0.91) Ja, ZmIRAS2 2PN, 74 7 RH 5 LH [ W4R S AR i IR A,
i 6. Kua, mE 6(f)r W, #— B oI NI FRE (6= 0.28) J&,
I SALTERCT LH BImIRES (¢ = -45°). LIRGIREN], fEBRfE& WK LH C &

FHERE R T, B seIlHeR m Q N 15 e AL CD.
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Fig. 6. Evolution of C points and ellipticity angle distribution.of the TM; band. Distribution
maps of C points of the TM1 band in momentum space for (a) (o, 8) = (0, 0), (b) (a, B) =
(0.91, 0) and (c) (a, B) = (0.91, 0.28); Distribution maps of the ellipticity angle y of the

metasurface for (d) (o, ) = (0, 0), (e) (a, B) = (0.91, 0) and (f) (o, p) = (0.91, 0.28).
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& w AR R SR THE ST CD s (5o m. 45 53R, Rx se S H0 7E 5 5 Yu
RABR, HRIEIREFE (REF R Q MiAR CD MR, 2 BELT-SRAR A LI A
EFHERA RIFMOSHEHNE. FEAE 7()-(c)h T LAEH, & P h il d
FI3ER, FE QBIC ARG KA B, XM T 458 R IG In{E15 &
T AR R B 3 BT, 2R S BT HIRAR RS, A, B w R, JRR
e 2 ILIE R TS, X E TR T 5 eI s BT A o Le sk, A A
WHERp 2 TR, W 7(d)FTR. RSN, TERANSECEIE R, CD W E IR A YERE
fEfEKF (CD>0.92) HILHRZA T A H I W% (Q >1000). XK U1Z T
R HERERS f 4 L2 WIS ) A BRiE Rty H bRl 4 5 1
FRAL RS At T B TR,
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Fig. 7. Influences of structural parameters of (a) P, (b) h, (c) d and (d) w on CD responses.



4 g5t

AWTFE IS BIC & i) TR, My 1A TRl & RN I AAE CD
WeRik &R, Wit T HA Co RPRIE RIS IR UK SLIES S5 1, 124540 A 3
FRBE B BEEE A BIZE TM 1) BIC BixU538 TE #Y GMR #5230, H I R 2117 %
SR PRI, FRESE TN AN RS ER R GITE, BT B LI R R
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Abstract

Bound states in the continuum (BICs) can significantly enhance spin-selective
light-matter interactions. However, current BIC metasurfaces generally rely on single
or multiple chiral BIC modes to enhance circular dichroism (CD), which limits their
application in functional integrated devices. This paper proposes a method that utilizes
the strong coupling effect in BIC metasurfaces to achieve intrinsic CD with both high
quality factor (Q-factor) and high efficiency. The metasurface is designed with a
silicon-based cross-shaped nanohole array, which can simultaneously support a TM-
like BIC mode and a TE-like guided-mode resonance (GMR) mode. By introducing
under-etching to break the out-of-plane symmetry and tuning in-plane asymmetry
parameter, strong coupling between the quasi-BIC (QBIC) mode and the GMR mode
can be induced, thereby realizing near-perfect intrinsic CD with high Q-factor. In the
strong-coupling region, the resonant wavelengths of the QBIC and GMR modes exhibit
an anti-crossing behavior, while their imaginary parts of the eigenfrequency cross; the
corresponding Rabi splitting energy reaches a minimum of 3.16 meV, and the induced
intrinsic CD achieves a maximum of 0.995 at the wavelength of 1653.9 nm with a high
Q-factor of 1083. Evolution of far-field polarization singularities shows that under
strong coupling, the I'" point corresponds to a left-handed circular polarization
singularity (C-point). Furthermore, the strong-coupling-induced CD exhibits good
robustness—even under considerable variations in structural parameters, the high-Q

and high-efficiency CD response is maintained. This method offers a novel design



strategy for integrated chiral photonic devices and holds promise for applications in

areas such as chiral sensing, chiral lasers, and nonlinear chiral optics.
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