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Investigation on Optical Property and Negative Refractive Index in
Double-Layer Chiral Structure of Optical Region
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Abstract A new four-fold symmetry double-layer chiral structure is designed, of which the operating wavelength
band is in optical region. The transmission and reflection coefficients are obtained by numerical simulation, then the
circular dichroism, polarization azimuth rotation angle, chiral parameter, refractive index of the structure are
calculated. The results show that giant optical activity is found at the resonance wavelength region., and when the
ellipticity is zero, the transmitted light becomes linearly polarized light completely, the polarization azimuth rotation
angle reaches 55°. It is found that the negative indexes of the left-handed circularly polarized (LCP) and right-handed
circularly polarized (RCP) waves can be realized without negative permittivity and permeability simultaneously. Most
importantly, the negative index of the LCP can be achieved in wide band, which is not limited at resonance
wavelength region. When the ellipticity is zero, the negative index also can be achieved. Taking into account the
experimental manufacture, the substrate is added in the chiral structure. The simulated results demonstrate that
resonance wavelength regions shift to long wavelength, and the polarization azimuth rotation angle still has 40° when
the transmitted light becomes linearly polarized light completely.

Key words materials; optical region; chiral parameter; negative refractive index

OCIS codes 160.3918; 160.1585; 160.4760

1 8 = 2RI E S B, FAE AT T A 5T AR
GO A TR 5 (5 B e, OIS ST A 2 4 A
00 e T ORI S S 2 A ) ZEAGXN R B AR e s B s &gt T

RS B HEE: 2013-07-30; Y ZIMERRE HHA: 2013-08-10

BEEWHE: EEARPARAE(61078060) 7 B BHE AUHT ATBA (2009B21007) L7 35 K 2 T 98 Ik 5 4 1k 4

EZ B v XI5 (1988, 55 W LA 5E Ak , RN FAL G4 b4 B 7 A BF 58 . E-mail: jin395669598@163. com

SR Ay WA (1964, 55 I b, B T AR S 0, 2 NS G T S SR R T AR A B 45 T T R BT
E-mail: dongjianfeng@nbu. edu. en GA{ZEE R D)

0116003-1



2 i

TEA T JG 72 A T e . R H FAE A T S B 4
5t 5 WhZIEA KA SCHE R TFAESH 1 B AR A
T FAE S ECERAR /N IR 77 2 i N A R F
TESEFAEAN . 5 06 R B, Fo Al 7 vk 7 6 0 B
75 30 G 1 5 23 LA DRl DR Ik S A8 B T A £
A AT 5T T AT SR X,

2001 4, Svirko % @ Yt W2 - 1 - 4E 42 s
A A RS A AT TFSE, 9F NS B R E T A
PSR BEE . 2009 4, Plum &85 1 X 22K 9 1)
ML) T e B RN+ T B G5 R i AT T RESR A T
HA RArheeremE — @k FAEsst, 3R e 1
AP, B 5 . Dong S DK X2 e 7 F
TS5 P 9 T R 31 ' Ik A B K0 {1455 401 485 SR 2% T
IREERIAE 1. 55 pm I 20500 M5 B Be B g 5 %
07 BT 5 R DL R W R B e . g T i T
BEF T 9K G 1) B2 T i L 30 7 i+ 7 TR 4544
15 30 KA BE 6 AT AE S50 I I R A E T
107 HES ., d5eiln » — B80T 0 78 6 i B 5 3 K ' 1%
B E G R TR AR L e LR g5
UGS T S GRS B S T — R R
Jrttt o

A SCRTT T — B AR AE S B % 3 8 DY = % AR
P 8 U2 FAE S5 48, 3 5 BOE AU 2 T 3% I R4
RS 280 O T T 45/ i 8 bk e A .
WO BEE L THAE 2 B0 B i S 3R 4 L & Bk — 3 A T AiE
S5 R AE AN B HL A A 5 1) T D' PR RN B 3T 5T L R )

)

L

W

SR 37 W AR 158 A R M D B D' B O AR 132 o 1)
WEG AR F] T 557, HL I 22 8 i B% O (LCP) 47 5
R, R ELR Y S50 AR 6 iR i AR
SERIHEAT T BB, R PSR K S S K kK
J7 = A AR

2 MR

BT 0 A2 - T8 T 1E 25 48 Sk J) 199 1 25 4, L v
JE 918 £ L =900 nm, & FRICEE A 1 iR, B
S HH 40 AT AR A 2 PR T Y 2F R 43 J8 2t 1, T2
4 A2 [0 45 Ja 4 A i BR DY B ) R 9 o RS
JIE 2= B2 B 4 T 4 2 AE X T T2 B 1807, M
BARZEANT 2R R B B & T8 w=160 nm, N B2
D, =360 nm,¥pFEE B4 D, =480 nm,/=740 nm, 4>
J& 25 R TN 52 B R BE R R 1 =40 nm, 75 2 UL Y
& LA SRR 2 0 K BB L AL S i 2
Horb G g 2 8 A B2 R ARG & AL BE (MgF, , 4
SP% n=1. 38, A % I8 A HD , >R F A BR ot T
R IR AT B T S A AR R A AR
Drude & #4 B #6835 8 (w, = 27 X 2175 THa,
w.=2nX4.35 THz,w, NA F & T HEIERE ., 0.
S REREARAD) o S SO Sy - TR i AR ') T
= By ) A B AR S5 A R 7R E TR
07 FoR AT R R R

()

1 OWUZ FAE 45 F 4 Y
Fig. 1 Model of the double-layer chiral structure
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Fig.2 (a) Transmission and reflection spectra, (b) circular dichroism spectrum. (c) polarization azimuth rotation angle

and (d) ellipticity of chiral structure
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Fig. 3 Refractive index and chiral parameter
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Fig.4 Relative permittivity and relative permeability
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Fig. 5 Model of the double-layer chiral structure

with substrate
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Fig. 6 (a) Transmission and reflection spectra and (b) polarization azimuth rotation angle of

the chiral structure without substrate
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Fig. 7 (a) Transmission and reflection spectra and (b) polarization azimuth rotation angle of

the chiral structure with substrate
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