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Abstract

Bound States in the Continuum (BICs) are a special type of optical localized states, whose essence is
the existence of a confined mode in an open radiation environment without energy exchange with
the continuous radiation channel. Due to their theoretically infinite quality factor (Q), BICs break
the bottleneck of traditional optical resonant structures that are limited by radiation losses,
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providing a new physical mechanism for the realization of high-performance photonic devices. In
recent years, with the rapid development of metasurfaces, the use of artificial micro-nano struc-
tures to control the light field has become an important approach for constructing and studying BICs.
This article provides a review of the physical mechanism of BICs in metasurfaces, starting with the
basic concepts and formation conditions of continuum bound states, followed by a focus on the
physical origins of Friedrich-Wintgen interference-type BICs, symmetric protected-type BICs, and
accidental-type BICs. On this basis, it further introduces the generation of quasi-BICs through struc-
tural perturbations and the method of achieving dynamic control of BICs by applying external exci-
tation to functional materials. Finally, this article discusses the current practical limitations of BICs
research in metasurfaces and looks forward to its development prospects in dynamic control and
integrated photonics.
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FE S PSR BAE I AR b, ey SBT3 1D v 285 o RS B i 428 2 BRAO G S 1 — A S 2L AL T
o Bl G T SRR BB IRAS SE L GO IR EE I, 8 W O s M 2R SL B /. SRfT, BT
X LG gL AN T] e 5 A SRR SO AR R S, N 2 B RS B A PR . DRI, AT R T A
AP PAFCHFE L B TR, — BT 5 U B 2R )

1929 4, von Neumann Fl1 Wigner 15 X $&H 1 3% 448 H 1 SR 2525 (Bound States in the Continuum, BICs)
PORES 1] AT TR EARIERE, 7R3 2 FF T AR, B BOREEES W AAAE T [m) S S R 2 R i Ya L Y
{RLERF IR T LR T BR e e () SN ST o SAEGER 4 A IR, BICS FFEH T-RE & AR T IE S M ok
PRI, TR N RS SRS 2 M G LIl RE B R k. Bk, BICs fRIL T —MAE T4
(i) BEL ] ) R 2 SRy S L )

UTAESR, B R I (Metasurface) i) & &, BICs W AL3AR 7 ¥iitHEsh 11[2] [3]. #BF & — R K
FEERI N TIRgh s, sdid ks Otk 2 28, Hi5007 ORISR LS 63 BRoRs i i 4253
M TAEGOCE SR, RIS SR R HESERR N BRI/, 258 BICs DLAJT &
ORI T B2 & o Rl R EN PRI, FH B2 IR mRFEE S5 TW, AT I
AT L A0k B S BT & 5 R 711 BICs Atk BICs (quasi-BICS) .

G S RIEEE 7], BICs fEARZRMEN T AR BANGAL LR 55 22 AN 438 e I H 2 382 3 FHANE
FEAG RO EL, & Q A AR W35 1 = s At Ah SR AR AL (e 87 R BORE , gk T K MR $ T AR I PR e o b 4h,
SZEA HOCMRE AHARARLA Z4ER LR Y D Re AR, ZhAS T4 BICS A A ok I B EEAH 5T 7 1)

HHT, 5¢T BICs [ 5t C 4 IR W] i B IR BR 2 IE T K e Ik s ZERR A B . N 450 vt LA R34 o
FHAE XA e 40, SR1hT, BICS BITERLSRAT . ANFIZRAL BICs Z [A] B 2 DL S SEBRAs A Hh (1 M RE PR
FEAE— S, Bk, ASCESEBE T BICs WIEALEI TN 4H, B A0 ARFZEH BICs 1
TE R B DL R 3% 7 50, B AR AR X — Rk SRt 2 % .
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2. FEEERETSHERYIENF
2.1, FEEERBSHELRRZ

ARG IR R, WA EE PN T ZW S R E I T 2% 4F, EDBRe &4 2 n 4ha
9, PRk Ree g REIEEA R[N . Billn, EAPEE ST, G384 T4 (light cone) LA, H
TR A AL RIEIE, eI DLSEIARE AL . AT, UBCRE R N RS E SO S, e b
HEe 5 R U AER A, Rl ik B s Es . Bk, £, T IESLIEFR
B TE L KA PR SR 4k

4R b i) R 445 25 (Bound States in the Continuum, BICS)FTH 171X —f£ 480, B4R BICs SR AL T-fE
1 A AR I RE RGN, (H i TR B A RRIE, I SR EIE 2 W A e Ak, Btk
ISR REAE DR S 38R A [2] [4]

PSR, BICS (A% 0o HAN 2 a7 S b 7 ok i A 4 S SRR, 17 A2 368 3 o o P R 1) B5 S5 4 A
SN, R TE VR B R R )i . [, BICS 5 5E R4S T AL RIS, AL SR 45 54K
T Re PR, T BICS M TR AR A 10T k.

ek R, R R R e SO

@y
Q=2 ®

Hor, oy BRI, Ao NILIRESE . X TSEhra @i, oo 2 22 B S e . AR B
G R e 25 IR R R A [ 2]

1 1 1 1

—_—= + +

Q Qrad Qabs Qscat
HA, Qug ~ Quus M Quy 7 MIACGRAR I IAAE . WCHRFEAT B 5T B [ B Rl 1 24348 BICs 2K
I, T A S AR 58 4 K

O]

Qrad —> 0 (3)

TE SRR 5 S5 A B A PR R 26PN, R R EG LW SEFLE 95 R s R 7. 8T, EEAE BICs
HHICFEEANRCI EAR RO, RS B m AN R E e, Oy 7 SEBlSERRN A, BERA
SUEH I SN UNESE, i BICs ¥ A N HEE SR A &5 (quasi-BICs) . LI, HECHT I A IRIKAE SRR &
MEIE, AELRAF AL TR T AR, SR VRSN s FE AT O A . R, quasi-BICs 0N 2 iR
T 7C A 5 ML 3

2.2. Friedrich-Wintgen BICs

Friedrich-Wintgen BICs AR T & TR R ITFHI R, HILABARRE YA 82> BA AT
M FE A 5 [ — E SR S0, AR AR AT R R AR TS AT, R BB R AIRES
[5]. MMMl = A4t B N E, BRI RGER) SR S35 9

En. =E+E, (4)

YA B, = —E, I, E., =0. BMEFHRMERES B HARIEE ), H T mbait 2 8K 5 A1
T, BZ&IER BICs. Azzam 55 NFFH — 455 55 TGl SC Bl 73X 26 BICs, & 1 7R TR 254w
= RRE A5 HI[6]

TR CABEHRFRARSR BICs #HEL, Friedrich-Wintgen BICs ASZE SR A% ) 25 A 5 Rk, 3 B4R S
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T RV AR DL RS & 5% 2R o AR R IR 2R 7, IR BL 30 3 Je e e v 22 A LR & OV IR B s SE 8L
B, AFE RS R B GERTT ASCRE 2 Mie UREGE, BB SH, AU SR
B IFIE P ERGHRE A LB E S AR T, EUiE BICs JFAF— e ki T “ZRibdas ", mtarbl
RIET “HRAHEH .
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Figure 1. One-dimensional plasma grating structure for realizing Friedrich-Wintgen BICs and its band diagram
1. SCEY Friedrich-Wintgen BICs B—# 55 FAR Lt/ R Kt E

2.3. JIRIRIFE BICs

B 5 R AN () A SO T 2 ) AR 324k, RS R GR L ) e m BASR B R LR 5 BICS (sym-
metry-protected BICs), T il J5& P A FH AR 3 O0 AR 1 5 e S 8 T 2 1R) AR AN DL E[4] [ 7] 2 R 3D s o 1 25
Fep, U OB T AR E A A AR o B, s nT BRI L A O PR A X RRRAE T B
2% [ A S A LA 0 L B R P S o 2 P 2 RO AR IR AN IS 5] B A 0 AR A6 5 5 3 ) R P o S5 36
B AR R AL TARANESHE I BN, BICEA RS ES . IR BICs.

Bound

Figure 2. Schematic diagram of photonic crystal slab and
mechanism for realizing symmetry-protected BICs
2. SCHIXFRIRIFEL BICs UK F BRI RHFIRE

DOI: 10.12677/mp.2026.166024 229 A


https://doi.org/10.12677/mp.2026.166024

TR

MG A FERE, AR S 4 S 2 1A A LA AT PR
yrad :|C|2 (5)
Horb, CRREXSHRAIBE W MAE /B HRIEZR T
Cc=0
-
7rad =0
PO, RGUEEAE BICs. filtn, &l 2 s, —ANEART Z # CoMFRIERDE T fA-FR, BT iE
77 1) RSP TR T AR, BRI, EAT B DX rbe (0 A (o0 RRAR AR e ik m i, R I X AR O Y
BICs [2].

2.4. {BARE BICs

SRR AR BICs AN, 148 %Y BICs (Accidental BICS) i LU HLAE T 2 AN A TR B . (B2
HIL ML S FFEALE T A H LR Friedrich-Wintgen BICs A AT A A . Friedrich-Wintgen BICs /& ™
AN FEILIREIE T SRS IR & T S8 A T B ARS8 BICs WJ2 i Friedrich-Wintgen £
A FBILIRFE G T BT FP BN Q IFRAK, WM A =, Bk, A% BIC HHH%k
RERILIRIES . FrlHh, IR BICs Ao A5 SHIN SCR T &, H R 22 Bl 450 2 8E 5l 8 75 6]
thiEAG[8]. Kl 3 AR T HIOG T R AR SEEL K 4B R 1Y BICs Fzh &7 (Al i Q {H EI[4]
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Figure 3. Photonic crystal slab for realizing accidental BICs and its Q factor
3. LIERE BICs KL FRIARE Q &

3. BREFEELIERMBS(Quasi-BICS) LIS BIER &

SUEFRAE BICs H T 5 4R E AT I ¢ A AN, RIS b RENS SCE T PR (¥ 88 5 K7, (BRI B BR 1 T
HE NGtz maeEsc#e. Fitl, BAH BICs MW TEm ) IR, 18 SRR 65 3840 ot DL B %
S o AT fEROX — A, BTN GO R S NRUNRE), A BICs L A A B AR S BURE, AT T K
HA 15 i o1 DR () S B2 R 4 25 (quaasi-BICs) [8]

quasi-BICs TR T BICs HL ARSI HFERUAF £, [FRS RVFAMES 6 5 R AR &, IR B A
T 2T 1o ot o 2 82 1) R B 7 o ARYE AL AR, quasi-BICs 3= 2 w] LU ) Ll 45 /4 41  Akg
BESHOR R,

DOI: 10.12677/mp.2026.166024 230 A


https://doi.org/10.12677/mp.2026.166024

TSR

3.1. JLAIARFRIFSE Quasi-BICs

FTRUATANKEFR 2 H BB R 1 52 quasi-BICs By FIITTVE L — . HIEA B AR AL AT BRAR R
PERIZE R BEAt b SINGN LIRSS, (RS2 SRR ORI 1 BICs AR 1547 FRAR SHE 8 [9] [10].

BN, RN FREIIRE R, P SRR X A AR S 7 7T LLSE 24, AT A BICs. 2445
FZ BN LI, IR — AR R s BN (i B8 BRE DR BRI AR, AN X I3 8] f
SRR, R imaitEk, f BICs #4274 quasi-BICs.

HHAHOLT, SRR FRRE EE AT BUB A AR 138 -

a=2"% 6)
& +a,
Horr, a, Ml a, LRGP A R B LTS H. 2 o =0 I, S5 ORFRTE 20 AR, el Rgiab T 21
18 BICs IRZs; BEH o 8900, FESTIRFCEHNG 55 X T VF 2 X ARB R AL R I 4544, quasi-BICs [ i it [A]
T EHAKIFRA 5777 B FER & -

Qu - @
(04

ZRARY, AEMZBH GRS, 55 A 7] DB = [9] [10]. AR AERT FEN P4 RE % 1l
T AKIRRA T, £ Q BRI & RR Z IR S BT

HAT, 2T L3N0 quasi-BICs CLZAE 2 F A BOB R T 45 H) - SEBL,  BARREGRFERES] . A Jian
KA AR PRI UL XU RE & G5 A S [11] o AH B <5 S5 4, RARFEA DAL RLRE S 1t — 2D BRI O AE
fif quasi-BICs 53U I HY B e 4 it [X] 1 A1 SE 9 (4037 SRy 3RE 70 o 8T, LT R % D B AAAE — e PR
1T+ BICS MM T K5 B RO 45 4 5% 2%, BB R T S B I e R AN T e 4 R RS 22 7T - S S0 i % A2
TR B, SREEHTEREN ISR Z R DL, AKX quasi-BICs #HF K eI E Z 5 A .

3.2. FRHBIESEELENTS BICS

/ External Motivation \
o | =il H I
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Figure 4. By applying external stimuli to functional materials to achieve quasi-BICs
4. 1B X ThEEMRLEE AN SN R RIBLASEER quasi-BICs
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B 7 E I [ ST S5 S BICS 41, T Th BEA R SRR e 2 VR o R 47 SR B2 7 7 1« A 5t
JURTR 2 77 9508 A BE SE IR A& BICs: #1458 e VEREAE A nl i, 78— e e IR 7 HM . 1
SINEA TR AT R BORCREE RO RRE, RGBS SR AN A S BICs #5230, BICS JLHRASEIE 7 i 45
BEEEVCI

oy = T (ny ) (8)

PRI 2R R A AR AT, SRR B RN R Bl 2 O . H T T BICs 1% ARE 3 2GR A
B AR 4EAPRRIZR AR R . dnlE] 4 R, @ ShEEA RN R A J0. JeHR. RS
AN, JRASSZIE AR BICS BE % A A Al AR I quasi-BICs [12].

R, BE B0 G RERRL R 0% I8 I it n A 7 SRS AT S 2R, 7EB)AS BICs R4
HABRBENHE . Flan, PR (LiINDOs) FIEKER Bl (BaTiOs) % i kL FL A Bk 1) OB RS, nf LAIE I 1 in
HH PR AR A 5%, AT PR I 5 BICs AR B RIS, BRI g, Bk oh, Mkl aets i
BICs HARL M A, KItm Q Ml i Riin it R L MR, AR {5 Bh BICs [ AT #2 1ff
¥, SEILARZR M R RS HI[13] [14].

3.3. BICs E{Z R AY4IFEPRFY

JUE AR AN SLIR BT 7 2 B BICS BEs SEIAG iy it 51 D] 5, (HL S R A v B PR e 475 52 31 22 M R 3R BRI [2]
[4]. B, MORHRFE S BRGISEER M R 1. RIS IFEEIE T, MBI 2 S5
Qtotal < Qideal (9)

REAREAE T LG B, ORISR R T ey ] 2 PRI T e L0, A PR RS G5 th > iR AR
JAIIR R s AT IR S A, K BICs B A Wil . BAh, BLA RIS T2 2 AN AT R Gt 5N
BEHLRZE, (E a0 VERe i B UM . RIE, BICS AT 7T B — AN F 2 o] U ANl AE BRI & Q R PEAI S bR
SAE AT SEUE Z RIS T . ARR AR BT AL SR — PR m s i R 1, R R A S %
RE I ARG 2 TEIK) BICS R I 4544 -

4. BESARRE

RS T A R AAS M X TAE GG R aE R R MBI 5, HAZ O AE Tl S AR DR
HES T DL R AR M T S I A R R R RE R R . ARk, HERTHIA K R BICS A FTHR AL T i FE Pl ik
P&, (ERFF N R AR N T4/ H i i einii=, seul B m i B o 4k .

FESERRI I A, T BEAR BICs Joik HE 5 AMBOCA &, W70 B fUB W # 7] quasi-BICs it il
AR 2R G DT ReA R AT,  AT DULE CRRF IR S B FE R RN, SEEIR ' 27 e &2 ) A7
RpEtl .

A v i O DS RS Ry 4l S AR, BICS MR I DA TE 2 /Mt R LR 7). lin, fEdEZe:
624, BICS 395 1) Jy 4k 3% mT DA iy — VS U RN s U 7 AR 80R s TEAR IR, = Q SRR A Bh T
PE T R I R WU s TERIF AR O T 220Uk,  BICs A58 UMK BB MOE A i PR RE e 2 - HR 44 1o
T g [14]-[16].

SRTMT, BICs MHRAR AR AYE [r) S Br B A TS DG — @ Pk — 7T, AORHIUS. 0 iR 22 AR IRR T
RO > PEAR S Br aeAF B i B R 1 53— 7T, e Q MEUI e AR B A B B0 AR 58, BRI 1 LA HE 7 B
M rpdE . B, ARRBEFREHE— PIR R S IR R S PN DAL SE AR & 1) 45 445
it
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