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Abstract  Deflecting light waves is an important capability in the manipulation of optical fields and serves as a
fundamental aspect in numerous optical applications. With the vigorous development of optical technology, there is an
urgent need for optical devices that balance miniaturization and beam deflection ability. Metasurfaces, which are planar
devices constructed by arranging sub-wavelength nano-structures with specific order, can redirect light waves towards non-
specular directions due to the ability to modulate electromagnetic waves with arbitrary customization, offering the potential
to play a significant role in practical applications. In this paper, we first introduce the physical mechanisms underlying the
high-efficiency anomalous deflection metasurfaces, then provide a review and discussion of the applications of anomalous
deflection metasurfaces and finally summarize potential challenges, offer a glimpse into the future development of
anomalous deflection metasurfaces and their applications.

Key words metasurfaces; subwavelength structure; anomalous deflection; application research

KRB 2023-09-28; fEEIBHE: 2023-10-26; FABH. 2023-11-20; MEE A% BHI: 2023-12-04

BELWHE: HE AR E4E (62305252, 61925504, 62192770, 61621001, 62205246, 62020106009, 6201101335, 62192772,
62192771) . LT BF2 4% R 2 B2 RHE R 300 H (17JC1400800, 20JC1414600, 21JC1406100) | G TH & Z& 5L 2 “ BB 6" iR 5i B
(17SG22) | i 1 g Bl 3 8 K £ W0 (2021SHZDZX0100) =¥ 7 5K V1 E R A 32008 78 3 X & 300 & R %8 4 8 K Wi H (2J2021-ZD-
008) . H o g A FEAS BTl 55 2 L T 5% 4 b [ 1 5 Bk 2 2 4 B Bh 3 H (2022M712401)

BIS1E#& . hetao@tongji.edu.cn; “chengxb@tongji.edu.cn

ARSI ED TR ERS A . FIPE R T IR SIS BRI S, 1R T —4E L RIS & Al 5 1 v — 27
FOBr st , B ORSEI T R T 9998 (OGH T4 AT, AHSC AR AL T 2022 h DG+ Kb . PRSI “dhEDEEHRER” B,

1000001-1


https://dx.doi.org/10.3788/LOP232217
mailto:E-mail:hetao@tongji.edu.cn
mailto:E-mail:chengxb@tongji.edu.cn

PEXF+RAR - HEAXE

1 5 5

FBOEW A A iR R AR LOR BB 5K, B
AEERE L LG ITIRBET [ AR R B
P BT, 38 5 ' R T B0 5 4 R TR A R AR 07 28 3R AR
FBUN L E D 4R L RE BN T — , HOL2 R 4
4 RS AR o A BB BT T X — PR
18 g f = A R N T T A T U A HE L T
LA A R 18 A FiL o BRI T 38 HEAT E 1) e,
S BAL G065 U ME L S I A A R E R ) 7 7] G 67
P50 R R B B AR o RV A B R TE SR D B IR
T E R ), (H p T = 2 AL BB TE DE B A A
MR WA AR A 2 56 o i JRE R, DI A A B R 1) 552 B i
3] T PR

M 3 TR D = 4 A b A 4 T AL RE 62
ARGy Mo fifp phe L 38 IR T A 3 T — oo TR BN T i
TR 7 WUHE ) 7 A T Y A T
A WAL o 5 G A e s AL, — &
RS B T RS R T R ET IR
FF e S i o AR DR
A BR T OB R O R B AR T 4
o R OGRS R i R R R A T PO D R AR
77 2 — R VF L2 BRI i B Al A AT 42, P
LM R 2 T 11 5 O AT B HG I R T 3 AR R D o
U RIF ST

A S S TR B BT A S D AT A 2 T
JEEME DL, A0 45 ol 2 A A5 8 A R ToD R W A 62 713 1)
R R R T O TR O T A A 2
HL o 4500 M, A AT T R R SR T S O 3T Y
JeT N o d i, X R AR T S O 3 BCHC I
77 HEHG A5 SRR R,

2 SR I Al 2

IS H A T 1R 22 S PR B B AL 2 BR
F AL Gt F ook 0 G M e ) g e R R 3T &
Gt N HN AR R R K (TR — . R R A R T
ST SR O AT, AT RLAE A IE A5 R[] I S PO R S
B /N Ak I HE 1 A G R A 4R mi k2 T RE AL, R ik
XS RPN R AT R A R L it
RS ARIT A SO R AT — R SR
TEEARFUR T R Tz k. BFgE B & BRI B
A 2 T 4455 FA E T o A J5 22 R A T Ak 5 | A 28 A ) e
AR, AT LK AR S0 47 BT 2848 1 /9 07 1), o st 2
ST E B S H R AT o (HBE B IE TR AT A AR
SEERRCR AT 10096 19 58 35 58 IR AT, A A 1T
FET 1) AR A R AN 1, A [ 2 IR e A 7
BB R R 4 A A B S 5 5 R I AT
2.1 MEHMNEBEMRENEERT

I ) 2% T S B S 5 O AT B T 2011 4F R

£ 61EFE 10 H/2024 5 5 A/ B S RBFEHE
SEIF R RN TS R A S T N 5 A
BLGRAR I 4 Tl As A e RECRR 22 19 O CHE 2 20 6 LR B2
AHAL , AT LS B o 0 5 1) f A7, B AT/ S S fa e 2 T
SCHT N R A, AL L TR S8 S AR R 2 Y
FEm T A R OF T A RAS M AL, HAZAE 62—
55 FUA A O pR B, IR A YO AE & A SR T
AH AR AL B A, 2300 0l 7 A o il + de BARES .
fEeie A F B W A5 Z 18 A 45 5 S BROG #% J BR 58 T A9
DU D I S T S R O i Vi 5 [
A
[ kyn; sin (6;)dx + ¢ + de 1—[ An, sin(6,)dx + ¢ ]=0,
(1)
0 0 0, A A AN S AR dae P SR S A
P 3E 1 22 (8] Y B B 5 oy R o 40 90l 0 A S A 5 R B A
T AT A . () AT AR, AT AR T SO R
FETE:

Ao d
sin (0, )n, — sin(ﬁi)nizifgp
2n dx
, (2)
. . Ao d§0
sind, — sin g, = —
2mn. dx

WHRRWITAER FHRRERMER. B X
ﬁﬁl*]ﬁ?ﬁiﬁt%ﬂ%ﬂ,iﬁ.ﬁi&friﬁ%’m@ﬁ%fﬁm{ﬁ%ﬂu
B A B 1 5 TS o 0 3 4
RAET 1 ,%ﬁfﬁ*ﬁfﬁ%zow,ﬁﬁﬁfﬂﬁﬁ%ﬂﬂ@

fege it MR 3 T SO R BT TR D 2 i
1 7 2R T M 2 i S O B A B AL AR B T
T ) 2 I AR OC ST 4 AT 5 B A

A

Bl T SO R e B R B

Fig. 1 Diagram of generalized Snell’s law"™
kT ST — B £ 0 B 2 A

T —Fh i VIE 4 JE KBS 4R Y R 3w,
[ 2(a) TR o VB RS 3 XFFR 7R 6 Bk A T

1000001-2



PEXF+RAR - HEAXE

PR X, T 2o e 2 < i 2 A e 19 I B Ak A, T LA
FHIE LA 8 O~2m (9 58 B AR L, JF 3l i S 50 AL 3] 1
SR AT B A SR T BRI A e R AR
G USRI T S N R E

LT JEE AR E YA A S BHIIE N LR IT TR
AT 20124, 2 B R MRS SR 4
J& A -4 e B B OCZE R, I 2() B, 78 R UG I
Bt 850 nm B i 3R A5 B 4 AL 05 8040 Y e AL S KL
frPF BRI IR D B A R I, 254> B s 254
F1%3 A {52 1) SO 2 4 i 5 5 M, L O 5 7t 45 AN A I
S EOZ AT R AR SEAL N 150 nme T S8 B A

(@
¥
;é—»x
*——
30! |
e e
E e — —— —
(©

F 61EFE 10 H/2024 5 5 A/ B S XBFEHE
S H R AT, 2015 4% 9% [ P At K 2 1 5T A AR
T MR &R A R, E 2(e) s, Ko
S5 1 BRIE B8 BE 2 A Ak, T LUAE AT DL O R 21 Ah
P B LR GO B R BE R A7, B 2 AT D) S B 1 AR
R A 98 O 400 nm. A 4 JE A 3% 1 ST
S5 ) 1 AH LR 95 8 0 B0 L (B T 4 R A ORHZE T I
U B i DI 40 AR 42 R R A R T AE AR R AR A
2014 4F 37 E AR K 2 IF 9 AT B %6 e i D v 47 S S A
JOTRA AR A 20 DK AT A ) Sl Ao R A AV R g R T, (EL 32 PR
A 5T B TT 25 48 0 AH 7 R e 0, R AE TT DL I B
ST AR AT RCRAL N 702 .
(b)

(@

ity

Pl 2 B8 2 AR O B R 21T o (a) B T VT 43 B K 2 040 66 T3 RS 8 A 3R 1T 5 () 463 A - J5 - 62 Jo g TR 14 iy 2809 A J3E AL (08 A 3R i
(o) F T BB T 42 J 45 A4 11 5221 o 4000 BEAR O ARG R AT ™5 () 3 T4 ST bA Ak 14 A o7 8 A 2 7

Fig.2 Gradient phase metasurfaces. (a) Gradient phase metasurfaces based on V-shaped metal antennas™”; (b) high-efficiency gradient

phase metasurfaces with metal-dielectric-metal configuration™; (¢) broadband high-efficiency gradient phase metasurfaces based

on trapezoidal metal structures”; (d) gradient phase metasurfaces based on dielectric materials""’
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Fig.3 Physics requirement for perfect anomalous reflection”™. (a) Schematic of perfect anomalous deflection, arbitrary beam steering
can be achieved by the modulation of metasurface; (b) phase requirement of metasurface at different spatial positions under the
condition of different deflection angles; (c¢) amplitude requirement of metasurface at different spatial positions under the condition

of different deflection angles
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Fig.4 Phase-amplitude coordinated anomalous reflection metasurfaces. (a) Non-local metasurfaces based on rectangular metal
patches”; (b) dielectric non-local metasufaces based on topology optimization™; (¢) multi-functional non-local metasurfaces
based on q-BIC™
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Fig.5 Perfect anomalous reflector based on the Q3D-SWS'™. (a) Schematic of Q3D-SWS; (b) comparison with published works;

(c) SEM side-view image and cross-section image of the sample; (d) broadband spectra measured in the experiment and

calculated in the design
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Fig.6 Schematic of beam steering systems based on anomalous deflection metasurfaces. (a)(b) Anomalous deflection metasurfaces

beam steering systems based on TCO materials”""; (c) (d) anomalous deflection metasurfaces beam steering systems based on

liquid crystals”™™; (e) anomalous deflection metasurfaces beam steering system based on MQWs™; (f) anomalous deflection

metasurfaces beam steering systems based on MEMS™; (g) anomalous deflection metasurfaces beam steering systems based on

phase-change materials™”’
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emission based on anomalous deflection metasurfaces™
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