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Study on Surface Plasmon Properties of Au Nanocolumns in Liquid Crystal
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Abstract: Liquid crystals are widely used in the display field because of their anisotropic optical
properties. In order to study the modulation effect of the liquid crystal environment on the surface
plasmon of metal nanostructures, this paper based on the finite difference time domain method, the
extinction spectrum of gold nanocolumns in liquid crystal environment is analyzed, Computational space
termination is provided by a combination of the perfectly matched layer absorbing boundary condition and
periodic boundary conditions. Numerical simulation on the extinction spectrum characteristics of Au
nanocolumns by the effects of different parameters, such as inclination angle, grating distance and
periodic structure and so on. The results show that with the increase of the angle of the optical axis of the
liquid crystal, the resonant wavelength appears redshift, and the modulation range is 40nm. The larger
the grating distance, the weaker the interaction between the Au nanocolumns and the smaller of the
resonant wavelength. With the increase of the cycle length, the secondary effect is more obvious. The
surface plasmonics of the metal nanostructures can be adjusted by the optical properties of the liquid
crystal. The results provide a theoretical basis for the study of the surface plasmon structure in the new
photonic devices.

Key words; Optical properties; Surface plasmon; Finite difference time domain method; Au
nanocolumns; Liquid crystal; Extinction spectrum; Photonic devices

OCIS Codes: 240.6680; 160.3710; 230.3720; 160. 4236

H2W B  HEHRB#EIE4 (Nos. 61101064.51277001,61471001) HF B LI FH A A I 4 (No. NCET—12—0596) ("L BA AR
A3 4 (No. 1108085J01) Fl % 48 i AL I 75 75 4F A A 5 4 1 2 35 H (No. 2013SQRL065ZD) % Bl
FE—EHE WE K (1991 —), B W W58 A, FZEWFSE 7 1) R TH 5 E R 2 A R L R A B Email : 260719802@qq. com
SF GERAEE) B 979—) , 5, 082 W4, 055 07 100 O o R v BB TT B LB 8 e R A R AR B K 28 12 1. Email: zxhuang@
ahu. edu. cn
Wi A HE.2016-12-01; A HEHI.2017- 03— 14
http : // www . photon . ac. cn

0524002~ 1



0 3§

A B TR AN L RE 5 9OR S R AR R B B e A AR T AR T R AR A BB AR
6 1) LR D O ELAE T 7T 4 PR A B T A 75 1) L, R A S O A T B A O U 0% L A
P25 A A % 3 THT 444 iR R 2 O P K AL I 4 5R SF SURAR B T N R K S ey T
R B 2 THT 45 B T RO 2 R L BT AR R B 2 AT TR RIF S8 3 IR AR 24 Ak vh BAT )iz T o 2 s

G JB A R 5 K 1) SRy SR T A B T AR S R A BB AT U 0GR L AT DL A PR 0 S B
ATV AT E T W T 5 B 2 0 TR 43 o R T 0 VR A 14 2o PR DR 25 PR G LA % 1) S5 P 14 D' 2 P JB T )™
2 FAE SR U AT AR A AE 4 R N OK 5 R S AR AR A5 A IS L 2 B 2 AT )z 6. 2000 4F L 18
B 7 /N2 ¥ R AR T 6 T 0 0K 45 K 5 YR R R AR 2 A B S R AR Fi 3 145 B9 T (Surface Plasmon
Resonance, SPR) $¢ A WLEEH AR 199 J& A% DL 5 2007 45 3¢ [5] 3¢ jih £ I = BT A BA I U A8 52 56w o aod il )
e S0 4 T A K TR 1 Jed 2% T 45 B OG5 2009 4E , Kumar 28 ARGE TSR 4 I8 4 K 45 44l i A [
PRIt R G BE SR AR 52012 Ak S8 /NALHRGE TR FH VR R 4 94 0K JURE ) 2% T AT R 2R Y
FEAFEAARHAENY 2014 A5 SCHRLLS JHRIE T b WA 100 7 FEL iy 38 X0 46 T8 49 K 0 ) 14 Jd 3o 3 TG 56 B 38 oe 1) T
P e B VR Y B S B T AR G R U W 1 1R Y. 2016 4R SCRRL 16 s AN S 56 56 HIE SPR 5 )
sir il B A9 O 28+ o 9 I MO YRR B T S R DT 9 Y A B MR IR Y R D i B8 L xS T 5 B
S B R T VR R 4 T N 0K 5 R B RE EL AR R e A R AR TR R BT X 4 J 4 K [ 1 B SPR Y
S A I S AR SCAE AT 58 R Al E — 25 S TR B4 V5 B OG0 A A OGN R A5 XS SPR ORI 52 .

Sh T AT SECRIE R A5 0T 46 N oK 5 K 2 THT A% B M6 R T A T L A SO T I A BR 22 43 U7 ¥ (Finite-
Difference Frequency Domain, FDTD)!™ X & FREE T 4 GOK A S5 M E 4T 7 A28 bR 30 R 58 2 ik
LSS VU O JE S B A ABR S AU 1R R R O A AT L G R LA R S U 5 R o G G Y
SR A KRl AL TR PR T ) R T A5 B AR 5 R TR 4 0 1A AR R R SR A W A SRR A 5 THT £ S 6 R
FEAE T ISR

1 BREHIEFRE

VAR PR T ) 4 B AR AR RSN A& 1 TR BV S ECNR c BAUOKEE AR D=100 nm, & A=50 nm,
PIAE Z 8] A BE B O gap=50 nm, B¢ B % JI§ 2Z 6] S W » = 5 10 9 EE L =300 nm. .y 85 1 A KB L =
L, =400 nm Yy A WILEH. T 320 5 R F 56 4 W2 S 2% I ) SR U] 301 7 2% AR

16 §1) B8 1 A F o A S 3R S 3T B A A ) e e 1 R 2t n A n vl 3 I R ) 32 AT
[V R A S S PR o B RN i el R o £ | TN 05 O AR T e B oS 1 RS B [ D R AP =
NAR I HA AL T 3 AT THRE MR AR T A B e MR E TR M KT H AR H & e
Ae=e/, —e, MfAR 0.4l AR @, oA LRI & o
e TAecos’fcos’p  Aecos’fsingcosg  Aesinfcosfcosg
D

e= Aecos’Osingcosg € | T Aecos’sin’ @ Aesinfcosfsing

Aesinfcosfcosg Ae sinfcosfsing e | tAesin®0
MOCHIAE oz PN K I =07 B9 = Bip e Mo 0 W 70 2 1) A2 & 18] 2 Fiv 7, DU ot 1)

RO S IR E )

nicos’@+nisin®@ 0  (n:—n’)sinfcosd

0 n’ 0 (2)

(n2—n?)sinfcosd 0  nisin*O+n’cos’d
Ko e VAT TOCH R AR T8 P18 58 o n, S BT OGN 9 T8 I S5 L2 IR B RO Y 5 . Y IR R Y
T me 2R WA /I WUATT S 28 22 (A Bl 22 /) o TR o 45 T Sk B R R A A8 /0N, 2 I B 3K B e — [ i s XTS5
PRI Wt 18 BN IR 2 A S PTG I U 5 A AR 2 M, b me B8, 60938 00 0 2 B O WY IR L 4% 1)
S PERRAE O B R AR S BR 07 L rb 25 A e 37 4 IR YR 4T f A il f kAR AR AL A RO 2 AR A

0524002- 2



TR A L A5 YRR BRI T B A R R A R AT A B T ACRR A BT Y

R A 1) 45 1) S PR R

N
Ny
o
§§
\
Q

Bl hxettwsmE

Fig.1 Structure of Au Nanocolumn
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Fig. 2 Spatial Position of liquid crystal molecule
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Fig. 3 Extinction spectra with different thickness L

of the optical axis in the xz plane
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Fig.4 Extinction spectra with different angles of
inclination of the optical axis in the xz plane
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