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Fig. 1. Schematic diagram of polarization beam splitter based on metal-polymer array structure (structure

parameter: P = 750 nm, h; = 200 nm, hz = 50 nm, w; = 300 nm, wz = 450 nm, wz = 35 nm).
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(a) Due to the lateral momentum caused by the un-

Schematic of polarization beam splitter:

even interface, most incident TM polarized light Iy
produces NR on the same side of the normal, and a
small part of the SPR produces SR; (b) due to the mo-
mentum conservation at the interface, TE polarization

Itg produces the ideal SR.
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Fig. 3. NR spectra of TM and TE incidence.
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B, HECE K N1 pm, AN 40° (9 TE
ATM &%, NRopy A NRepg B9 S 20CR 7358
88% A1 20%:; T SRre Al SRras F S5 80K 43 5N
78% F11%. B 6 (c) FE 7 () Fron ) 9 ik )t

[ 4T 36 2 LR AR e L I, T DL 32 O
SEHIRAR . #E0°—90° 4= A JEVEE N, NRry
KT NRrg, M7ERBIEE N SRrg KT SRy, H
AT 10°—60° ARG, ATEL™ A2 200 nm [
W9, FeSRrg / SR AR S V8 6 £ 26 5 K AT
IEFN 106, T F 3 Ffr 4 5 8 B H 4 0 <6 O it
SERI AR BE TR 5 55

100
g
<
NR e
& 50
o)
°
]
E
0
10 30 50 70 90
Incident angle/(°)
1.4
100
1.2
£
=
NR e
2 10 50
)
°
]
£ 0.8
0.6 o
1.4 10
1.2
£
=
NRum ‘ffﬂ
NRrp g 1.0 5
o)
z
= 0.8
0.6 0

10 30 50 70 90
Incident angle/(°)

e AR mIRIEA SN NRIGHE R (a) TM G A5
(b) TE JENHT; (c) L
Fig. 6. NR spectra of different polarized light: (a) TM
polarized light; (b) TE polarized light; (c¢) extinction ratio.
N T — 5 56 AE B 4 b E AR NR AT (41.84°,
—41.84°) BT /2 0 NR I SR 4, I35 b 3t 1
Pl 2 1 PBS 1 70 Je MOR, A A R ITik* 16
AN JE YR e M A A BEAT T U5 SRR, B8 O

094102-4


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

38 % 3k Acta Phys. Sin.

Vol. 67, No. 9 (2018) 094102

0o = 41.84° N 5B o-2 T T 136 3 X 38 43 A .
Hor, B8 (a) Bt A TM i 41 6 N 3 1y 75 17 )
Wiz sy A B, S (a) AT 1, NS FINR YA
0o = 41.84° J7 1] [P 3% 8 N3G 558, 170 65 T R 43 7 1)
Ose = 41.84° 137 98 BE R L3055, R Tf v 2208 AN
7. B8 (b) Fi7n A TE fwdlk SN S BT y 75 171 (1 Hi 3
A B, SRS NS I s A S, H kLR
XIRR. G2 AT SIS R IR, Bl A TM 6 S £ 3
K, NR5 NGS5 5% 5% o 38 f5 08, 11 SR
A 2224,

100

g
=
~
=
SR éﬂ - 1 50
Q
©
z
=
0
10 30 50 70 90
Incident angle/(°)
100
g
=
<
<
+
SR 2 - 150
5
E
]
E
06750 30 50 70 90 9
Incident angle/(°)
g
=
<
SRrg =
SRy &
5
E
3
E
10 30 50 70 90
Incident angle/(°)
7 AR NS SRIGIEE (a) TM G A

(b) TE JaAH; (c) WAt
Fig. 7. SR spectra of different polarized light: (a) TM
polarized light; (b) TE polarized light; (c) extinction ratio.

+max

—min

+max

—min

K8
(b) TE Yo NS (6o = 41.84°) sz By

Fig. 8. (a) Magnetic field pattern Hy of TM polarized
light (g = 41.84°); (b) electric field pattern Ey of TE
polarized light (6 = 41.84°).

(a) TM NG (b0 = 41.84°) [l B Hy;

4 #  ®

ARSCEA T Bl T 48 A R 51 i) PBS.
T TM OB A S R B i, Hie KNR R KT
0.9, 4 NS R3ET 45° I, NR U B8, HAE
KR 0L AT IA B FE AR NR U8, 1 TE Y6 i NR AR
55, o B o I R S I SR R B, AR SOV 4
J& A J53 B A (1 A L RN 22 B 1E TE 6 I3 5,
W25 TECRIfTSHE K. M2 T, TM J6hE iR
B ROk, BB A BN A B AT S R e 4% 11
AT ARBR. BT X — ISR, ik 100 i ik 7 Ot b
o HeaAE A 13 A=A TR 1 22 vk (1) M e RRAE
13 UARR FLANRL . eAb, Sk 21 S bR it 7 35 44 B R
FAMEBE, 7575 FE TE Yol 1k 208 (1 R, B4 2
T BB 0 4 T P RIS 1 o e A PR R &
Bk R, A BT — D G IR AR AR 17
o, Z B BT A R R, I RS AT SR
ST ROTRNY, BT BDG R 5r B Re B 1 #AE
PR, 754 B RRAGR K BH B FEth H B A e 1 B

= hH B
Al 5%

S

[1] Ebbesen T W, Lezec H J, Ghaemi H F, Thio T, Wolff P

A 1998 Nature 391 667

[2] Pala R A, Liu J S, Barnard E S, Askarov D, Garnett E
C, Fan S, Brongersma M L 2013 Nat. Commun. 4 2095
3] XuT, WuY K, Luo X G, Guo L J 2010 Nat. Commun.

159

094102-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
https://www.nature.com/articles/35570
https://www.nature.com/articles/ncomms3095
https://www.nature.com/articles/ncomms1058
https://www.nature.com/articles/ncomms1058

) I % R Acta Phys. Sin.

Vol. 67, No. 9 (2018) 094102

[12]

[13]

Monticone F, Estakhri N M, Alu A 2013 Phys. Rev. Lett.
110 203903

Valentine J, Zhang S, Zentgraf T, Ulin A E, Genov D
A, Bartal G, Zhang X 2008 Nature 455 376

Yu N F, Genevet P, Kats M A, Aieta F, Tetienne J P,
Capasso F, Gaburro Z 2011 Science 334 333

Yin X B, Ye Z L, Rho J, Wang Y, Zhang X 2013 Science
339 1405

Zhang W G, Zhang Y X, Geng P C, Wang B, Li X L,
Wang S, Yan T Y 2017 Acta Phys. Sin. 66 070704 (in
Chinese) [FKFANI, ™07, MR, Ths, e, T, ™
BE 2017 YH AR 66 070704]

Jofre M, Anzolin G, Steinlechner F, Oliverio N, Torres J
P, Pruneri V, Mitchell M W 2012 Opt. Express 20 12247
Assemat E, Picozzi A, Jauslin H R, Sugny D 2012 J.
Opt. Soc. Am. B 29 559

Zhang X, Liao Q H, Chen S W, Hu P, Yu T, Liu N H
2011 Acta Phys. Sin. 60 104205 (in Chinese) [3KJig, B
WA, BRI, I, TRE, XI&% 2011 MR 60
104205]

Luo D, Sun X W, Dai H T, Demir H V 2011 Appl. Opt.
50 2316

Wang Y P, Wang M P, Huang X Q 2011 Opt. Ezpress
19 25535

(14]

[15]

[16]

(17]

18]

(19]

[20]

21]

094102-6

Nguyen H N, Lo Y L, Chen Y B, Yang T Y 2011 Appl.
Opt. 50 415

Wu Y R, Hollowell A E, Zhang C, Guo L J 2013 Sci.
Rep. 3 1194

Chen X, Yang F, Zhang C, Zhou J, Guo L J 2016 ACS
Nano 10 4039

Zheng J, Ye Z C, Sheng Z M, Zhang J 2015 11th Con-
ference onLasers and Electro-Optics Pacific Rim Busan,
South Korea, August 24-28, 2015 pl

Ye Z C, Zheng J, Sun S, Guo L D, Shieh H P D 2013
IEEE J. Sel. Top. Quant. 19 4800205

Ni X J, Emani N K, Kildishev A V, Boltasseva A, Sha-
laev V M 2012 Science 335 427

Ordal M A, Long L L, Bell R J, Bell S E, Bell R R,
Alexander R W J, Ward C A 1983 Appl. Opt. 22 1099
Liu M L, Liu R J, Deng X B, Wang Y W, Lei H N 2010
Acta Phys. Sin. 59 4030 (in Chinese) [XI#H4L, XI1Z7,
Xwext, TIAH, HiEPE 2010 #3254 59 4030

Pors A, Albrektsen O, Radko I P, Bozhevolnyi S I 2013
Sci. Rep. 3 2155

Deng Z L, Zhang S, Wang G P 2016 Nanoscale 8 1588
Deng Z L, Li X, Wang G P 2017 arXiv:170510171
[physics.optics]


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRevLett.110.203903
http://dx.doi.org/10.1103/PhysRevLett.110.203903
http://dx.doi.org/10.1038/nature07247
http://dx.doi.org/10.1126/science.1210713
http://dx.doi.org/10.1126/science.1231758
http://dx.doi.org/10.1126/science.1231758
http://dx.doi.org/10.7498/aps.66.070704
http://dx.doi.org/10.1364/OE.20.012247
WOS:000302560200006
WOS:000302560200006
http://wulixb.iphy.ac.cn/CN/abstract/abstract17649.shtml
http://dx.doi.org/10.1364/AO.50.002316
http://dx.doi.org/10.1364/AO.50.002316
http://dx.doi.org/10.1364/OE.19.025535
http://dx.doi.org/10.1364/OE.19.025535
http://dx.doi.org/10.1364/AO.50.000415
http://dx.doi.org/10.1364/AO.50.000415
http://dx.doi.org/10.1038/srep01194
http://dx.doi.org/10.1038/srep01194
http://dx.doi.org/10.1021/acsnano.5b06137
http://dx.doi.org/10.1021/acsnano.5b06137
http://ieeexplore.ieee.org/abstract/document/7375850/
http://ieeexplore.ieee.org/abstract/document/7375850/
http://ieeexplore.ieee.org/abstract/document/7375850/
http://dx.doi.org/10.1109/JSTQE.2012.2227247
http://dx.doi.org/10.1109/JSTQE.2012.2227247
http://dx.doi.org/10.1126/science.1214686
http://dx.doi.org/10.1364/AO.22.001099
http://dx.doi.org/10.7498/aps.59.4030
http://dx.doi.org/10.7498/aps.59.4030
http://dx.doi.org/10.1038/srep02155
http://dx.doi.org/10.1038/srep02155
http://dx.doi.org/10.1039/C5NR07181J
https://arxiv.org/abs/1705.10171
https://arxiv.org/abs/1705.10171

32 % R  Acta Phys. Sin. Vol. 67, No. 9 (2018) 094102

Anisotropic polarization beam splitter based on
metal slit array”

Ma Jing! Liu Dong-Dong? Wang Ji-Cheng?®! Feng Yan"

1) (Department of Opto-electronical Information Science and Engineering, School of Science, Jiangnan University,
Wuxi 214122, China)
2) (School of Mathematics and Physics Science, Xuzhou University of Technology, Xuzhou 221018, China)
3) (State Key Laboratory of Millimeter Waves, Southeast University, Nanjing 210096, China)

( Received 24 October 2017; revised manuscript received 5 January 2018 )

Abstract

Polarizing beam splitter (PBS) can separate the propagating directions of two incident orthogonally polarized light
beams. However, conventional PBS and multi-layered metamaterial structures are complicated and neither of them can
meet the requirements for broadband characteristics due to their resonant characters. In this paper, an anisotropic beam
splitter based on metal slit array of the metal-dielectric structure is proposed in order to simplify the structure and
improve the beam splitting efficiency. Because of the transverse momentum generated by the inhomogeneous interface,
the transverse magnetic (TM) wave is negatively reflected from the surface of the gold film after it has entered into
the slit with the waveguide mode of the plasma. When the free electrons on the metal surface oscillate, the transverse
electric (TE) wave parallel to the grating direction can cause electrons to oscillate along the grating direction, so that
the TE light cannot enter into the slit, resulting in specular reflection. The finite element method is used to study the
effects of TM and TE polarized light such as negative reflection (NR) and specular reflection (SR). The results show that
when the incident angle of the polarized light is set to be in a range from 20° to 70°, the incident TM light has a strong
NR of about 0.9, but the TE light is weakly reflected and decreases sharply with the increase of the wavelength. The
ideal NR points of the beam splitter and the perfect symmetrical response of the reflection surface are calculated, and
the ideal NR point satisfies P = A\/(2sinfy). When the incident light angle changes, the variations of the wavelength of
the negative and zero order reflection peak are different from those of TM and TE wave, which is more conducive to the
tuning of the interaction between light and grating structure. The NR and SR spectral reflectance of different polarized
light beams are calculated by rigorous coupled-wave analysis, and the extinction ratios in the two cases are both 10°.
In addition, those designs of plasmonic splitters will pave the way for the practical applications of plasmonic devices in

data storages and optical holography.
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