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Abstract; The dispersion relations of surface plasmon polaritons which are p-polarized and exist
at the interface between a semrinnite left-handed medium and dielectric are studied. Using the
prism coupling mechanism, we obtain the attenuated total reflection spectra, which demon-
strates the possibility of SPPs in experimental observation; Then, we focus on the analysis of
various parameters on experimental observation of p-polarization SPPs. It is found that different
parameter has different effect on resonance frequency and strength between SPPs and evanes-
cent wave.

Key words: surface plasmon polaritons (SPPs) , attenuated total reflection (ATR) , left—-handed

meterial sevanescent wave

Veselago"” o o
,EXH p.s SPPs™, s
’ H SPPS [10] o
el (3 A , p .
- S (ATR) p
S SPPs ATR .
’ 1
. 1.1
(SPPs)!# P
SPPSv 1 . P4 > O
) (61:19/11:1);Z<O
:2011-10-31
[5] [6]
(1986-),
* (51161003,50661001,50061001)
(0832029,0991026,0639004) o 3)
elw) =1 — ——, )
* % : P s o w(w+ z)/)

Email : gaoyj@gxu. edu. cn,

2012 2 19 1 53



Fw'®

(W) =1——F——2——— (2) 10GHZ,22 =4GHZ,2> =4 GHZ,F =0.56,y =0,
pA @ o —w; +ilw 2 2r 7
HEOP) GHZ s Wo r=o0, ° [8] 2
GHZ o ¥ I F (a) (o SPPs
z 2.2 ATR
>0, £,44 x 3 (D) , 2
z<0, @), (@) ‘ ,
1 2
Fig. 1 Geometric structure of single interface on semi- SPPs > ’ ’
infinite left-handed medium - (2 N
1.2
p s s . . (3 45°
2> 0,HY Z;Aekl"’e”'“‘, (3) ATR [8] 4 o
2 << 0, H® =3Be "2’ , (4) ATR . (D)
9»1Z(ILZ—k(Z)el/zl)]"z9122:(/12—%52#2)1"2; 40°.45°.,50° ,SPPs
B =w/csh Y . [8] 2(a)
(C) ’
, SPPs , SPPs
kl ks,
R i_o—o, (5) E
e elw) L0
1.3 0.8
(ATR) 1 . . & 0.6¢
EIREI ETR 04k
2 ART , 02F
0 1 1 1 1 1
0 (NI o s 4 s e 5 s
, Cerapns ), @ (21 GHZ)
0 Vensin0> /e, 3 ATR
, [14] Fig. 3 Influence of incident angle on ATR spectra
SPPs —:40°%,--:45%,++++++:50%; ¥ = 0. 03w, »I" = 0. 03w »d
ATR ’ =3cm.
(s . ’ 2.3 ATR
4(21) (b) : (1) ’
,ATR SPPs
‘5;,,,/{,, % b b b
&, id
SPPs . (2)
£@),4(@)
, SPPs
2 ATR
Fig. 2 Geometry of ATR experiment - (3) 4
(a) (b,
2 ATR o
2.1 2.4 ATR
= wp __ ’
5 2 SPPs : ATR

54

Guangxi Sciencess Vol 19 No. 1;February 2012



45°, 0.03m
ATR s

@ (21 GHZ)
4 ATR
Fig. 4 Effect of layer thickness on ATR reflection spec-
trum
(a) 0 =40°,——:d =0.02m,—-: d =0.03m, -+
d =0.04m;(b) § =45°,——. d =0. 02m,----: d =0. 03m,
s+:d =0.04m.

ATR
Fig. 5 Effect of damping on ATR

(2]

—: 7= 0.0lw,,.I' = 0.0lwys ——:7y = 0.03w,,.[" =
0. 03wy s**+**:¥ = 0. 05w, ,I" = 0. 05w, 30 = 45°,d =0. 03m.

2.5 F ATR

6 , N
, F ATR
F .
o b F
o . D
SPPs s F
2012 2 19 1

A
0 N
2 3 4 5 6 7 8
(21 GHZ)
6 F ATR
Fig. 6 Influence of F on ATR
— 0 F=0.2, —-: F=0.4, ——— F = 0.56,

F=0.9;0= 45",y = 0. 03w, -I" = 0. 03w, »d =0.03m.

3

ATR
@D
SPPs . SPPs
. (2)
F . SPPs
SPPs o

[1] Veselago V G. The electrodynamics of substances with
simultaneously negative values of ¢ and p[]]. Soviet
Physics Uspekhi,1968,10(4) :509.

[2] Shelby R A,Smith D R, Schultz S. Experimental verifi-
cation of a negative index of refraction [ J]. Science,
2001,292. 77-79.

[3] Chen J.Wang Y.Jia Bset al. Observation of the inverse
Doppler effect in negative-index materials at optical fre-
quencies[ ]]. Nature Photonics»2011,5:239-245.

[4] Pendry J B. Negative refraction makes a perfect lens[]].
Physical Review Letterss2000,85(18): 3966-3969.

[5] JBPE A.Low frequency plasmons in thin-wire struc-
tures[ J]. Journal of Physics: Condensed Matter, 1998,
10(22): 4785.

[6] Pendry ] B,Holden A J,Robbins D J,et al. Magnetism
from conductors and enhanced nonlinear phenomenal J].
Microwave Theory and Techniques, IEEE Transactions
on,1999,47(11): 2075-2084.

[7] Smith D R.Padilla W J. Vier D C.et al. Composite medi-
um with simultaneously negative permeability and per-
mittivity[ ] ]. Phys Rev Lett,2000.84(18) :4184-4187.

[8] Ruppin R. Surface polaritons of a left-handed medium
[J]. Physics Letters A,2000,277(1): 61-64.

[9] Maier S A. Plasmonics-fundamentals and applications
[G]. New York: Springer,2007.

[10] YanBR,Lu] H.Kong L H.et al. Numerical studies of

55



surface and bulk modes in attenuated total reflection [13] s s s - /
spectral J]. Chinese Physics B,2011,20(1);: 15101. [Jl. ,2007(Z1) : 414-419.
[11] Otto A. Excitation by light of w- and w-surface plasma [14] [G]. 3 . : s
waves in thin metal layers [J]. Zeitschrift fiir Physik A 2008 401.
Hadrons and Nuclei, 1969,219(3) . 227-233. [15] [D].
[12] Otto A. Excitation of nonradiative surface plasma ,2007.
waves in silver by the method of frustrated total reflec-
tion[ J]. Zeitschrift fiir Physik A Hadrons and Nuclei, ( )
1968,216(4) : 398-410.
( 52  Continue from page 52)
[7] (M. : ,
1998.
[1] , . [M]. [8] , ) -
12005, [yl 22009, 45(10) : 1190~
[2] , ; [M]. 1198.
,2006. [9] Fan D,Chen L Q. Diffusion-controlled grain growth in
[3] Hu S Y.Chen L Q. Spinodal decomposition in a film two-phase solids[J]. Acta Materialia, 1997, 45: 3297~
with periodically distributed interfacial dislocations[]]. 3310.
Acta Materialia,2004,52:3069-3074. [10] Oono Y,Puri S. Computationally efficient modeling of
[4] Leonard F.Desai R C. Spinodal decomposition and dislo- ordering of quenched phases[J]. Phys Rev Lett, 1987,
cation lines in thin films and bulk materials[]]. Physical 58(8) :836-8309.
Review B,1998,58(13) :8277-8288. [11] s s ..
[5] Seol DJ,Hu S Y.Li Y L. Computer simulation of spi- (1] ,2010,17(4);
nodal decomposition in constrained films[ J]. Acta Mate- 332-336.
rialia,2003.,51:5173-5185. [12] Caginalp Gunduz,Fife Paul. Phase-field methods for in-
[6] HuS Y.Chen L Q. Diffuse-interface modeling of com- terfacial boundaries [J]. Physical Review B, 1986, 33

56

position evolution in the presence of structural defects
[J]. Computational Materials Science, 2002, 23: 270~
282.

(11):7792-7794.

Guangxi Sciencess Vol 19 No. 1;February 2012



