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Abstract: With the development of nano fabrication technology, metasurfaces have shown unprecedented
advantages over traditional optical designs in controlling electromagnetic waves at subwavelength scale. A dual-
wavelength metasurface operating in two orthogonal polarization states based on the dielectric silicon
nanopillars was proposed. The metasurface could realize anomalous reflective wavefront manipulation via the
geometric phase gradient resulting from the reflection anisotropy for different incident polarizations. The
proposed design also achieved positive and negative grayscale imaging arrays for dual-polarization and dual-
wavelength incidence. This approach paves the way for integrated multifunctional photonic technologies based on
metasurfaces.

Key words: metasurface;  polarization state;  dual-wavelength; — multifunction;

wavefront manipulation

ks HEA:2021-02-01;  1&iT BHB:2021-04-02

EEWH: FZH A &R (2016YFA0301102, 2017YFA0303800); [ A H HF 4ERF 2 L 4 (11925403); E K H RFL¥ 34 (11974193,
91856101)

EZ BN, 53, ARVE, FE NG TR e RS 30 7 T T

BIRES: WL, 3, 0%, B2 A TS5 e s B S RIS g6 45 5 10 M 7%

BIRE AL, o, 2%, i, T A TS C R B A S 45 05 T BT ST o

20211027-1



ISk A2

%54

www.irla.cn

o

# 50 %

2R T — R — R AN T 14 I 38 KA
SR e HEAT DT 5063 2 A B A B T Y
FmGAER RN, W I E R A R Y
ARFE S5 AN [ P9 R A ARk 2 17 44 D 2R B AN (W] Ay J LAy
S5, T LS IR [R] 9 R R A 2, G e 22 i
PP R AER AT AR ksl i R A7
FEEESE W T RS TE R Y | il | i X AN
JCIHYE B A AR . AR | 23 SR A A AR A A E R, R
S A P RTIAYE | T R A R AR
TR 2, [ R e g R RO AR L R
PR AL & RS T T R AT

TS S R s e b 0 SRR L RETIR . R T
PSS JLTIE SR . ASEI I AR . B K R4 44 0
et 5 RGOSR C R B ), B 5 ARt 4 4
AR HER, A C B AR RIREA 24 B
FE R PED T, SO R R TR R R R R AL &
B o 9N 1 i B AR A8 A BB R 4 AT LA S B
i 4 s B 1 4 B B R U, 0 IR i RORE 67 ) 26K 45 9
P AT LS BTG [ A M R A5 8Ot 1R e X 2 Bk
AU, Al 45 85OF FHAS R 9 e S IR 4 i, S
1 {5 B E B AR H mi i R s iz —.
SCHVFRI A 3T R A 0 B R S R B 25 R AN
B, ST USRI . U0 41 388 3 1) F 4 X0 2R
TR P 0205 40 %) B R E 2% 7= 2 1) T LA AR S T S
B AR, IR S M AN R R R . AN TR
NS 0 B S R TR 9 R S T 2 DI RR I IE 1
R FE G R T

Pl 1 kg USRS AR i FiL A I 1 2% 1T R B T
SERY R . 2 A T AP AR A RE AR A R BT,
R AL RE (Si0,), TTHEAWI N P P,o HEATT
FEL DS AT A v B L LA R [R] B RO A, T A K
FEIRLC 3% 2 0 7 T AR Ry A JC ML 548 A A il 7y [l ,
ASREREGE O M PO B e Mo 0 (KBl S y Jrn)
e ). BTt i N Po= P, =900 nm, %)
KR AR AN B 4350 D = 300 nm, H =600 nm. 3C
SR T A BRI 22 43 1 (FDTD) #E4T 5B H44, 15 2]
TR R Y R, A 2(a) TR o BT g
KAEHESN B A 0 =0, x, y 7 16 % R v 0 A 4%
PF, z J7 a8 Ry 5E S VE L2 (PML) LA A Hk 53 Ha
Weo Y x MR ASFTEE, w3 Kk 1373 nm; 17724 y J

P A ST, mi 7 9% KR 1630 nm, BIFT B3 A4 1345 #)
FEAS [F) i I A G T ELA B S %) USSR 4 .
TGN AR T R 0 22 508 BUR P, - R
W63 5 s AE TR BILEE, Xob m 07 30 K A A B 5 1%
SERE I G 0 A R G 220 o0 A 1HE AT T AL,
WA 2(b) A1 2(c) Fras o & 2(c) g A i 7 9% K Ff 3
300 nm [ 5 553 (z Bl i) b oA DE D5 1)) oA 4 LA
¥ (ED). BEEH T (MD). HL P T (EQ) FIE MUk
T (MQ) A XT3 B, 78 A [ i H A S 568 17 79 5 55 e
Yy, UM (EQ) ¥ H A B Mo o 18l 2(b) /2
KR 5 300 nm #FAL 19 HL 37 (5 B2 IR Fifg
(i 3k) 204 (x Mm%, 1373 nm), 5 & 2(c) 22K H Y LA
FL DO Ay 2 ) 7 0 £ 235 SR AR G L o S, X
y I7 IR A ST (DL 2(c) A5 ), B3 DU T (EQ) [RIAE
o S gy Herh ez VT P K R R O
FIVE IR G i BE TR RTER 37 (55 3k ) AT 2(b) A5 P& Bir
IR o FH T BN 0 M 25 R RS TRl 9% A A B e =R T
N Ti) A L D 7, AL TR S BT R i UM Y ) 2
W, DB 2(b) i AT LA Y, LGS S5 TS 1 A BAE
F14) FEL O 0 T AR TP TR R A P, AR AR T B = [ £
FLEAE B LT AT DA 208, 3 2 R TR R AL
RPRPE A S mt o R B AR B, SRS T A Fi g e
FLA G S5 R BT LA A

r _[ Vi Tuy ]
Lp = Lavn Iy

e ws v FoRTUIE A AR HE S B4 A B 3 Al
ry 7N J IR i DR R RO R SO g
FGE R R = e 223 I i 41 5 2 i 9 14 4k <
X ECEU AN AN 6

20

1 .
E [ruu +7r,+ l(ruv - rvu)] 7 [ruu

_rvv_i(ruv"'rvu)]

Fep= ;
e—129

. 1 .
T[ruu_rvv-f_l(ruv"—rvu)] z [ruu+rvv_l(ruv_rvu)]

AT LA RSO0 0 O B 5 A o i (B0 S
gyi) AHECF AGHEar i 2 T BHInAEAL, FR /N i
B 0 2 6% (VLM G ). FEZETEE A S 55 14
T, 38 AT AR ST N AR AEECE] £f 0, 7E 1373 nm
1630 nm P15 41 5 4 Ak S 35 S 31 A 41 ' B9 AH 67
FIR I B 5 2240 18] 2(d) PIrzm o v 5 ' 1 4 67 Bl
SR ] AR BE L MR o = 20, [ ORAIE T 45% LA
IR I A, 3 3R B T R T I s A T LR R S

202110272



st Hg kAR
%58 www.irla.cn % 50 %

P 1 LA TR O S IR P A A ST A 2 R

Fig.1 Schematic of the dielectric dual-wavelength dual-polarization metasurface and the unit cell of the structure
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Fig.2 Simulated results of the periodic unit cells. (a) Reflectivity for x- and y-polarized incident unit structure (6=0); (b) Electric and magnetic

distributions at two resonant wavelengths for x- and y-polarized incident light (1373 nm and 1630 nm); (c) Electromagnetic multi-pole

decomposition for x- and y- polarized incident light; (d) Reflective anomalous intensity and phase for different orientation angles 6 at two resonant

wavelengths (with left-handed circularly polarized incidence)
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Fig.3 Simulated grayscale imaging and anomalous reflection wavefront manipulation. (a), (b) Anomalous reflection at two resonant wavelengths with a

phase gradient array; (c)-(f) Grayscale imaging for dual-wavelength and dual-polarization incidence for the same metasurface sample. The

operating wavelength is 1373 nm in (a), (¢), (¢) and 1630 nm in (b), (d), (f)
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