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Fig. 1. Structure of polarization transformation.
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Fig. 4. Calculated transmission contrast ratio.

4.0

3.0 f
w
P F (3.698 pm, mn)
< 20f
?
<
~
1.0
O " 1 " 1 " 1 " 1 " 1 "
3.4 3.6 3.8 4.0 4.2 4.4 4.6

Wavelength /pm

5  YOKBKH AL AN 5 B RARALE &
Fig. 5. Transmittance phase difference § between the

two field components.

= 1.00
o I

[P e 0.83

s T S

il et 0.64

R i I 0.45

— . e 0.25

0.5 0 0.5
Y/pm

K6 (MTIRE) (a) EEERAKI QR ERR B R R, (b) VRN BT PR IE BB I% K 0 i

Fig. 6. (color online) (a) Distribution of electric field vector on the surface of nanorod at the peak wavelength;

(b) distribution of electric field vector through the nanorod at the peak wavelength.

134201-3


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

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 13 (2017) 134201

B 7 A R B BE R i &, T ULk
AR FEIE N, VPRS2 N gK
Yo BEXGIN, R ARG ZE 0 = m AP BE & 1 K.
Pl 8 AN TR AR oK B 98 51 B I IE =R, ] WL Bt 35 40
KPG8 FEHG N, WEAE P A L0 A8, X 3R Wl i
0K P v B L w6 R A TT LA S i iR e e B B A
P 7 AN 8 T DA Y, R A 124 e 3 S 0 A )
A DR RENES. ZRFONR TR, 90K
BREEF AT AR RO — R RIS R IR, B8R0
R REU R N2 BN, i A O ME. R
A A IR S5 287 X B A B A T, AR AL N /4 7T
KGN B S IAA. i LU 45 9 AR K6 A2
ARBEERZ AR SE T N /2 BERE L.

1.0
— 2.0 pm
— 2.5 pm
0.8 — 3.0 pm
g
£ 06
g
12}
g
4
& 0
0.2

O 1 1 1 1 1
2.0 2.5 3.0 3.5 4.0 4.5 5.0

Wavelength /pm

7 (MTRE) ARG T R %
Fig. 7. (color online) Transmission at different heights

of silicon nanorod.

1.0

— 0.2 ym

0.8

o
=

Transmission
I
i~

O 1 1 1 1 1 1 1 1 1
2.0 2.5 3.0 3.5 4.0 4.5 5.0

Wavelength/pm

B8 (MTIRM) AFEEAK T T g 2
Fig. 8. (color online) Transmission at different widths

of silicon nanorod.

4 % @

FE e 5 U P9 A 3 18T 7 0] 0 TR 44 K R 51 R
W < @ e, iEGK B 5 & Jm el R A

45°. WRLKE K FDTD Bl it 5, 45 R %4
FSEBLT AR 90° iR e i, F HIX A &5 4 76
P LA DX IEAT i e A v B BT R LE R
L. A SCHT IR M e A TEREIL 7, il 4 Xk L
R, XDl A a4 1l A 5L 22 10 B

SE 3k

[1] Zhao H J, Yang S L, Zhang D 2009 Acta Phys. Sin. 58
6236 (in Chinese) [REHE, M TR, K&K 2009 YB R
58 6236]

[2] Chen J, Yan L S, Pan W, Luo B, Guo Z 2011 Acta Opt.
Sin. 31 1224001 (in Chinese) [F48, EE L, &4, T,
Pk 2011 Jg2EaAdR 31 1224001]

[3] Sundaram C M, Prabakaran K, Anbarasan P M, Rajesh
K B, Musthafa A M 2016 Chin. Phys. Lett. 33 64203

[4] Dong C, Li B, Li H X, Liu H, Chen M Q, Li D D, Yan
C C, Zhang D H 2016 Chin. Phys. Lett. 33 74201

[5] Wang P, Shang Y P, Li X, Xu X J 2015 Chin. J. Lasers
42 116002 (in Chinese) [T, MM, 458, VFEEZE 2015
HE oL 42 116002

[6] LiCZ, WuB J2010 Acta Opt. Sin. 30 3153 (in Chinese)
[F2=E, BRAES] 2010 H2E2E4R 30 3153)

[7] Han J F, Cao X Y, Gao J, Li S J, Zhang C 2016 Acta
Phys. Sin. 65 044201 (in Chinese) [#i{TH, BHEE, BE,
ZRUE, KR 2016 WELEAR 65 044201]

[8] Wang G D, Liu M H, Hu X W, Kong L H, Cheng L L,
Chen Z Q 2014 Chin. Phys. B 23 017802

[9] Fan Y N, Cheng Y Z, Nie Y, Wang X, Gong R Z 2013
Chin. Phys. B 22 067801

[10] Schurig D, Mock J J, Justice B J, Cummer S A, Pendry
J B, Starr A F, Smith D R 2006 Science 314 977

[11] Yang H H, Cao X Y, Gao J, Liu T, Li W Q 2013 Acta
Phys. Sin. 62 064103 (in Chinese) [MXX, BT, B ZE,
X W, 253055 2013 PIFELEEAR 62 064103)

[12] Li S J, Gao J, Cao X Y, Zhang Z, Zheng Y J, Zhang C
2015 Opt. Express 23 3523

[13] Huang Ch P 2015 Opt. Express 23 251150

[14] Genet C, Ebbesen T W 2007 Nature 445 39

[15] Cong L, Cao W, Zhang X, Tian Z, Han J, Zhang W 2013
Appl. Phys. Lett. 103 171107

[16] Huang C P, Wang Q J, Yin X G, Zhang Y, Li J Q, Zhu
Y Y 2014 Adv. Opt. Mater. 2 723

[17] Cheng H, Chen S Q, Yu P, Li J X, Xie B'Y, Li Z C,
Tian J G 2013 Appl. Phys. Lett. 103 223102

[18] Dong G X, Shi H'Y, Xia S, Li W, Zhang A X, Xu Z,
Wei X Y 2016 Chin. Phys. B 25 084202

[19] Wu J L, Lin B Q, Da XY 2016 Chin. Phys. B 25 088101

[20] Zhu Z H, Liu K, Xu W, Luo Z, Guo C C, Yang B, Ma
T, Yuan X D, Ye W M 2012 Opt. Lett. 37 4008

(21] Liao Y L, Zhao Y 2014 Opt. Quant. Electron. 46 641

134201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn//CN/abstract/abstract16036.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract16036.shtml
http://dx.doi.org/10.1088/0256-307X/33/6/064203
http://dx.doi.org/10.1088/0256-307X/33/7/074201
http://dx.doi.org/10.1088/1674-1056/23/1/017802
http://dx.doi.org/10.1126/science.1133628
http://dx.doi.org/10.7498/aps.62.064103
http://dx.doi.org/10.7498/aps.62.064103
http://dx.doi.org/10.1364/OE.23.003523
http://dx.doi.org/10.1038/nature05350
http://dx.doi.org/10.1063/1.4826536
http://dx.doi.org/10.1063/1.4826536
http://dx.doi.org/10.1002/adom.v2.8
http://dx.doi.org/10.1063/1.4833757
http://dx.doi.org/10.1088/1674-1056/25/8/084202
http://dx.doi.org/10.1088/1674-1056/25/8/088101
http://dx.doi.org/10.1364/OL.37.004008
http://dx.doi.org/10.1007/s11082-013-9768-z

) I8 % 48 Acta Phys. Sin. Vol. 66, No. 13 (2017) 134201

Middle-wave infrared and broadband polarization
conversion based on metamaterial

Jin Ke! Liu Yong-Qiang Han Jun Yang Chong-Min Wang Ying-Hui Wang Hui-Na

(Xi’an Institute of Applied Optics, Xi’an 710065, China)

( Received 18 January 2017; revised manuscript received 1 May 2017 )

Abstract

The polarization state is one of the most important basic properties of the electromagnetic wave. Researchers
have made great efforts to manipulate it. Control of the polarization state of an electromagnetic wave is a promising
promotion for figuring out many practical engineering problems in infrared remote sensing, optical communication and
infrared target recognition. In this paper, we propose a wide-band and high-efficient linear-polarization converter on the
basis of the metamaterial, which is comprised of silicon nanorod array and subwavelength metal grating that can realize
a 90° polarization converter of linearly polarized light and is composed of silicon nanorod array cascade subwavelength
metal grating: on one side of design located is the cuboid silicon nanorod array, on the other side of the design the
subwavelength metallic grating on the silicon substrate, and the angle between silicon nanorod array and subwavelength
metal grating is 45°. Because of the deference in geometrical dimension between the long axis and the short axis of the
nanorod, results of the equivalent refractive index of the long axis direction and the short axis direction are different,
and the anisotropic birefrigent effect is formed. Based on the Jones matrix, the feasibility of polarization converter
is described. The polarization converter efficiency and polarization state of the structure are simulated and analyzed
by the finite-difference time-domain method. And the variation characteristics of polarization converter transmittance
are simulated under several nanorod with different heights and widths. In order to improve the contrast ratio and the
transmission, the effective medium theory is used to design the metal grating for improving the transmission. According
to the theory of optical thin film, we design the subwavelength metal grating with suitable duty cycle as the anti-
reflection coating. The simulation results show that the structure can realize 90° rotation of linearly polarized light, the
polarization converter efficiency is greater than 60% in a spectral range of 3.4-4.5 um and the contrast ratio is greater
than 10 in a spectral range of 3-5 pm. This structure can effectively realize the 90° polarization conversion in the
spectral range of medium wave infrared and has the advantages of high conversion efficiency and high contrast ratio.
In addition, the range of spectral of polarization conversion can be changed by adjusting the height and width of the
nanorod. It can be applied to optical transmission control of optical network and optical information system, because
of its excellent optical performance with the advantages of high polarization conversion efficiency and wide band in the

mid-infrared waveband and low preparation difficulty.

Keywords: polarization converter, subwavelength metal grating, metamaterial, nanorod
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