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Fig. 1. (color online) Schematics of the designed metasurface: (a) unit cell; (b) metasurface.
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Table 1. Geometry parameters of a super cell.

HIrl  Mon2 o3 Htd IG5
lz/nm 152 242 267 297 352

ly/nm 152 242 267 297 352
w/nm 150 150 150 150 150
t1/nm 30 30 30 30 30
to/nm 90 90 90 90 90
t3/nm 130 130 130 130 130

ot 7L AR B RO AT, e 0 S 0
PSR S e (9

sin @, — sinf; =

A d
Ed{ (1)
Foop, A ASECIERIBEK, 0, R E, 6 9N
SERTE, my SRR TSR, 6 My T
RN E RN, dp/ da BIUSEE « 7 ) AR 6
MO S IEAS BRI BRSO E

237802-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 23 (2015) 237802

At — 2Bt
0, = arcsin(\/51"). (2)

SoFF TAE B K 1480 nm B 815 25 S 15N 5 5]
FER R, B (2) NERTHE AT 18 2 78 I 5 A
0, = 47.7°.

3 BREM

BRUNAT B — AR IR G 7T LAE AF 2 o- T 4 Y6 F0
y-TRIRIE I R B A, R AT 4 AR EL T IE NS
(1) 2 77 ) Ay J7 1) P 2 dm 4 D A S 6 (B 1 (b)
Fiow, B a4y BIEL90° AT 0°), BT T B R PR AN
AR sz ik X R T ) T 08 v 4 il 7 AR PR R AT T
Fi. RN D FFAIAT T RE, o, y I
BB A R, 7R 2 T R R E e R ILELE.
K2 BaRT —MNESBERN, K N1480 nm
(1) {415 6 A - 41 D6 1IE N 5 2108 3% 1 ),
WG AE 2 = 6000 nm Ab (AR AL AR I8 IS & « 5
] ()50 A #2852 (a) ARALZ A HT 28 7T LG
AN TR A7 BB 11 R 2R 0 TE N AR i ' A A () 194 A A3 1
I, AE T P A AR AR R BUR A, I B 2 7 12
d(z) =~ ¢o + Ex (FHr, ERAABIBERE). MEI2 (a)
PAVERT LLR I, s vt B R T X o-fR i G
FEF y- I 15 NSO B2 b BLAG AR ] P A A v 7
R, JF EARGI B2 e FEAR 4. thAbh, K2 (b)
WA DL H 6 - 4R D6 Ay~ % ' U5 — AL R I R
£ 0.8 [ [l 3 3y, F HL 35 AR 5] 1) 43 A7 15 L.
DR, AT DU H AT BT i T 0 485 4 L AT (i A~ UK
AR

B34 T -l 3R AN -1 3R 15N 59 % 18 5 R
(1) -2 P10 A B HL 3 o0 A B, 24 - RO IE N
SIS, HSPAT T NPT 0 RS f3% By w5 RN
Wi B, e E, o8&, B350 W 3 (a),
(b) FioR; M y-fmd IE NSO RGTR, R
E, oA 3 (c) B, WRE 3 FH &4 B
1 -z PN E, BATKIES E, M E, 5
B, (95 BT K SO [F), BRI 72 200l i 2
|E.| = |E,|cos(8,), |E.| = |E,|sin(6,) K&, Lk
AL, a-fm R IE NS B 10 R 5 3 B, 1R E S
y- R G IE NS I I 5 L3 By, BIPRIE AR S JIF
B 78 J5 T 3 18 2 R B 38 1A AL 43 A7 A A
). BRI, FRATT AT 12 T 1 7 2 T2 i R A B 119

Bl 3 T Sk 7 1R AR R kR 5 TR, T DU HE 6T
FobAS [F) A % 5 1 PR IE N 3 % L s i 37 ¥ LA e
LF (PR BRI, FF HURS M REL R 47.6°, SERTHE
EAAHYIA. HPUX RGO R F R — 7
F T3 b &5 49 1) 3R T O - R 5 A0 A0 - T R
AR RUF AL MERRALRS B, QifE 2 (a) B, 3B
—J5 i, XK Am = —1, 0 AT ZIR I E 52
S0 T, BUETA NI mie e A SR I e
4, F AR R R,

(2)

180
<
& 0
_— - :L-pollar.lze((ii ’.’.
y-polarize 7
—180 .
—1000 0 1000
z/nm
1.0
(b)
0.8 %
0.6
lg
=
0.4
0.2 — .’x-polar'ized
+ y-polarized
0 1 1 1
—1000 —500 0 500 1000
/nm

K2 (MTEG) o-WiRS y- iR IEASS G T HUSOL
FIARALIE R SIRIE S0 AT (a) ARGLIARE (b) JRIE 2> A

Fig. 2. (color online) Phase responses and amplitude
distributions under the illumination of normally x- and
y-polarized incident light: (a) Phase responses; (b)

amplitude distributions.
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Fig. 5. (color online) Characteristics of the metasurface under the illumination of a broad incident angle

at A = 1480 nm: (a) Schematic diagram of the reflection at various angles of incidence; (b) simulation

results of anomalous reflection under the illumination of z- and y-polarized light at different incident angles;

(c) normalized far-field intensity P(6:, A)/Py and (d) phase distributions for the designed metasurface

illuminated by an z-and y-polarized light at A = 1480 nm with different incident angles.
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Abstract

Polarization-insensitive metasurfaces are of great value in practical applications. In this paper, we present a
polarization-insensitive reflective phase-gradient metasurface operating in optical communication band which has almost
the same electromagnetic (EM) responses for both z- and y-polarized incident waves with high-efficiency anomalous
reflection.

The reflective metasurface employs a typical metal (Au)-insulator (SiO2)-metal (Au) structure, in which the top
metal layer consists of periodic arrays of isotropic cross-shaped gold antennas, i.e. unit cells. The supercell of the
metasurface is composed of five unit cells with their dimensions different from each other. The normally incident waves
are reflected by the metal-grounded plane, but the reflection phases of both z- and y-polarized waves are controlled
by changing the dimensions of their unit cells. Based on the finite-difference time-domain simulations, we investigate
the polarization-dependent EM responses of this metasurface under the illumination of linearly polarized incident plane
waves. Selecting carefully five cross-shaped gold antennas in different dimensions, we obtain polarization-insensitive
metasurface with high-performance anomalous reflection in optical communication band.

First, in order to investigate the polarization sensitivity of the proposed metasurface, we study the EM responses for
xz- and y- polarized incident waves, since arbitrary linearly-polarized EM waves can be separated into two orthogonally-
polarized components. We find that the two orthogonally-polarized incident EM waves have almost the same phase and
amplitude response with the phase nearly linearly changing from 0 to 2m within a supercell, hence a constant gradient
of phase discontinuity is introduced and anomalous reflection will occur. We further analyze the reflected electric-field
patterns and the far-field intensity distributions, from which we find that the reflected beams exhibit low-distortion wave-
fronts and the scattered light is predominantly reflected into the anomalous mode. As a consequence, high-efficiency
anomalous reflection is realized, with a 70% reflectivity at the operating wavelength of 1480 nm. Furthermore, we look
into the incident-angle dependence of the proposed metasurface, and find that the designed metasurface can exhibit
polarization insensitivity within a broad incident angle ranging from —30° to 0°.

In conclusion, we propose a broad-angle polarization-insensitive reflective gradient metasurface with high-efficiency
anomalous reflection, which has potential applications in optical communications, signal processing, displaying, imaging
and other fields.
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