) 32 Z 3R Acta Phys. Sin. Vol. 69, No. 1 (2020) 014211

B TR KRB M L5
KAESNREL G

FEHY HE?

S

s T RY

1) (FRMRFREWZBE, 73M 215006)
2) (FRMRZESCEZERE, 750 215104)
3) (IRHIRZE YRR HHEOARSBE, 730 215006)

(2019 4 7 A 26 HIF]; 2019 4F 10 A 3 AUEEIEHHR)

UTAF R, FL T A A DI Ay R 4 i ) A2 1 B L 1T B SR BRI A LR . AR SCB IR T — R A A A B EL
By S B A 58 R 4 SR AR AR DB, A O U P AL S P S5 R BT T e R A £ R T R AT S B0 G
HZL AN B 11 5 D RE . B AT SO UL T SR BT X T A BT [ S A B, 0% TR B A A AT A
9 [ 205 (> 98%); ik — A TS24 1, 52 Ry DI Ml ) o 300 2 A S5 BRLAS [) 9 52 4% [l S8 D R, OF ELAE R A
JE I AER PR 5 1 [ S 280 DR ke 12 < T i R YE AR LA s R0R DR A 2 0L 3 [ S A

KRB WA G, AR, i SO, KA

PACS: 42.79.Dj, 78.67.Pt, 84.90.+a

1 g

T A 4z OGRS L S | A 4E LA ST
& — HRGF OISR Z —. TR FLAE
B, Bl R AR T A R A e T A )
AN RN TG P 7 e 5 A w5 20 B AR
GASKAGL, HEMAEZ T 03I ABRAER k. AR
] J7 ) By E~FAE, SGTE S b & AR SR RIS B
JETT SCH RO AT S R kysin 6y, = Kisin6, + &
F Ky sin Oy, = kesin@, + w, ANTITAT DLSEEEXT G B9
SIS A ST AT A B0 R . SRl g S AR A A
BRGSO AERE, BT X M
R SUSURTFIAT S e, B R R AR T — &
G AR O SEEL T AR R AR e L P T A

il

DOI: 10.7498/aps.69.20191144

BHE O OLT A e KR 0 AF L i TR A R
AT A7 5 FHLATAN VT B B IR AL, ol 5 A sk R 52 31 PR
i, ACAF R AT 58— AR 4 A AL 2 1
KARFECHI AR 113, A SR, S
Wi R RS R L BA T, TR, 26
L TFAEGEREME; (RS RGO AN R Y2, X A
A R 2 i S I B i 2 SRAZARAL, Al LA
XA S UHEAT IR, FRAHE PR 1A
AL R T TRT A AR AL M. AR s Wi R A O
AEEL A R R 2 T R A 2% Rl S RIS R TR
AU A AR o, T EL A EL AT B A 2 T L
ABIRHOCE G, 28 58Py B L] 117, filhn
T TER OGS F AT G S BRGR 17

TEG S U B Wt 1) R — MR
HRAELGE, RIS 6 A ST I 607 16 S e ik [m] 081,

* ER A RBIAES (EES: 11974010) FIVLIRE ik A SRBHAR S L4 (EHES: 16KIB140013) ¥ B A RS

t fEVEE . E-mail: xjin@suda.edu.cn
T BIE1EE. E-mail: yycao@stu.suda.edu.cn
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

014211-1


http://doi.org/10.7498/aps.69.20191144
mailto:xjin@suda.edu.cn
mailto:xjin@suda.edu.cn
mailto:yycao@stu.suda.edu.cn
mailto:yycao@stu.suda.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 69, No. 1 (2020) 014211

T, BlEZ A T Z2Fh 24 H LA ) 5 ot
e 09=24filan, A Luneburg 7555 0] PASZ LK
A BE 0 B A 306 1) S S 1290, (H 25 M BT LA R
H& Z )RG5, Mz AR g, X
SRAGHE IS L7 2 X ESEG O, X4 SERRNY
FHA S — ek AR PRI A e ) 7 T 22 2 B0
T ) S S S A R . SR, AR R A
& ) FH PR S A S S B T 40336 ) S e A2 20
XFT 0—70.0°H) A S F1 45 RE S B3 1] B RO RCR.
BRI AT A7 B2, 390 1] Sz SR ARCRR AR (60.0°
NGB, BURRCRAE] 50%), F H 02 A EH
B AEFE RS WIG I T R & 4. 7,
Steven A. Cummer 84, ) HEAYEMHETT T
L 3E A T ) SO AR T, ZE KA B (60.0°)
ST RESZ AT 100% B35 ) Bl 350%. H 2%
BRI R B TAEE A — A A S AR R, i HH—A>
JIANAEL S 6 AR ZE TG, T E5H bR
= — N, BN IT RES FECE 2
HALREADUARE 281 AT RAAPR G 1) B 5 ORI

BT AR M b Y SR A SR 1T, AR S
THRMBESE T — S5 5 H 5 Tl & b 2000
TAB R A S8, S T RGeS 2 AR TS
B FBIBFE, — R RAS 2 o SR
FERW]: B AT LS LR 100% F sk
B0 ) S 33, ELAE R A BE TS 230 58 9 1 IR SR
R HA, H ) S G A £ RE T LAE i LA 4
FaETT, #ie LT LI 35 M 0 3 90°.

2 e R AR A B IR 2

B 1 T 1 A RA G ) 45 A 7 2 TR R
WK 1(a) Fros, A CHE YK 6 X SRR 46 8
B, R R (8 X RS B TR A R A2
FEATT, HHX ST A 7 RHRGZE. K] 1(b)
R A — I 5, RIS p, A2
TSR RTT. WA RITTE RN w, RN
d, BTN I FEAS[A] () BHBT VT AL, ARk 5 2
53500 na Ml ng , ng Bl ng 5 7 no — g = A/(4d) Y
KFZ. HT zJym b A b i 2 U ) 3
SPPEL, DRI G A RIS S AR s 2 DA DG R P

ko sin(6;) = ko sin(6;) + nG, (1)
Hdrky = 2n/ XN RSP, VETAEK, 6
A, 0, —RRIA, G=2n/pREEIEK, nik

koA
(b) (c) ¢
w n=1
dl : \_eg/ Pl
n_l
P

Incident Reflection

Pl 1 A A 25 MR B (a) 30 1) S AR A G Y
INEE, H 2L A RN (8 Sk B SRR T B AR SRR
eSS () M G 45 4 BT R B () AR
SIS 5k 4 A6 0

Fig. 1. The structute of the metagrating: (a) The schemat-
ic of the retroreflection metagrating, wherein red and green
arrows indicate retroreflection and blue arrows indicate
specular reflection; (b) the diagram of metagrating with two
sub-cells; (c) the iso-frequency contours of the incident

wave and reflection wave for the metagrating.
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Fig. 2. The reflection efficiency of different orders and the total magnetic field pattern, while the designed retroreflection angle is

+30°: (a) The reflection efficiency of different orders vary with incident angle; (b) the total magnetic field pattern of the two-chan-

nel retroreflector.
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Fig. 3. The reflection efficiency of different orders and the total magnetic field pattern, while the designed retroreflection angle is

+60°: (a) The reflection efficiency of different orders vary with incident angle; (b) the total magnetic field pattern of the two-chan-

nel retroreflector.
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Abstract

How to effectively control the refraction, reflection, propagation and wavefront of dynamic waves or light
has become one of hot research points in the field of optics. In the past few years, the concept of phase gradient
metasurface has been proposed: it introduces a gradient of the phase discontinuity covering the entire angle 2z
along the interface to provide an effective wave vector k and completely control the direction of outing wave.
Therefore, the metasurface can possess many novel optical applications, such as holograms, metalenses, photonic
spin Hall effect, etc. In this work, we design a simplified reflection-type optical metagrating. The results
demonstrate that the metagrating can achive the function of two-channel retroreflection, that is, redirecting the
incident wave back toward the source, with a nearly perfect conversion efficiency.

The metagrating designed in this paper contains only two sub-cells with 7 reflection phase difference in
period. The working wavelength (\) of metagrating is fixed at 3 pm. The two sub-cells are filled with an
impedance matching material (their material relative refractive indexes are n; = 1 and ny = 1.5 respectively and
their thickness is d = 1.5 pm.).The period length range is 1.5 pm < p < 3 pm(considering reducing the
reflection order). When the incident angle is 6; = +arcsin[A/(2p)], the absolute values of the incident angle and
the reflected angle are equal, and then retroreflection occurs. When the wavelength is greater than the period
(A = p), the angle of retroreflection can be adjusted to any value (|6;] > 30°) by adjusting the period p. In this
work, COMSOL MULTIPHYSICS software is used to simulate the retroreflection reflectivity and field pattern
of the designed metagrating. The results verify the two-channel retroreflection property of the metagrating. In
addition,as the angle of incidence changes from 30° to 60°, the efficiency of retroreflection at any incident angle
can reach to more than 95%. When the incident angle is 75.4°, the metagrating still has an efficiency of 80%
retroreflection. Therefore, the metagrating also achieves the function of high-efficiency retroreflection at a large-
angle. Comparing with multiple sub-cells’ metasurface, the simplified metagrating with two sub-cells enables a
similar function of retroreflection, but has many potential advantages, and can play an important role in high-

efficiency sensing, imaging and communication.

Keywords: subwavelength metallic metagrating, metasurface, retroreflection, large-angle
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