Basic Properties of a Surface Plasmon Polariton

1. Propagation and Absorption Indices:

complex _ £ . _
effective Nsp =Kgp /K, = =Ny, + 1K,
index 1+gmetal 7 '\

propagation index  absorption index

2. Propagation length: L, = A/27x, (A: wavelength)

3. Effective number of oscillations (ohmic Q-factor):

Qsp = Lsp /X'SP = Ngp Lgp (Asp = A1 Ng;)

<< 1 for a good resonance mode
4. Mode size (range of evanescent field tail ):
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Overview of Surface plasmon-polaritons
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Silver is the best both at visible and telecom wavelengths.
Aluminum looks good for plasmonics in visible range, much better than goid !



Effective Number of Oscillations
(only ohmic damping is considered here)
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Aluminum has the lowest effective index at visible. (i.e. mode size is large)
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Optical Constants of the Noble Metals

P. B, Johnson and R, W, Christy
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TABLE I. Optical constants for copper, silver, an gold as well as the approximate errors in» and &,

Copper Silver Gold Error
eV n * n k n & An Ak D d d I
0,64 1,09 13,43 0.24 14.08 0.92 13.78 £0.18 £0.65 ru e I I |O e
0.77 0.76 .12 0.15 11.85 0.56 11,21 £0.08 £0.30
0,89 0.60 9,439 0.13 10,10 0,43 9.519 £0.06 £0.17
1.02 0,48 8,245 0.08 8,828 0.35 8.145 £0.04 £0.10
114 0.36 7.217 0.04 7.795 0.27 7.150 £0.03 £0,07 2
1.26 0.32 6.421 0.04 6,992 0.22 6.350 £0,02 £0,05
1.39 0.30 5.768 0.04 6,312 0.17 5.663 £0.02 +£0.03 w
1.51 0.26 5.180 0.04 5.727 0.16 5,083 £0,02 £0,025 )2
1.64 0.24 4.665 0.03 5.242 0.14 4,542 £0.02 +0,015 _
1,76 0.21 4,205 0, 04 4,838 0,13 4.103 40,02 +0,010 8 (w) — 8 I
1.88 0.22 3.747 0.05 4,483 0.14 3.607 +0,02 £0,007 0 o0 2 °
2.01 0.30 3.205 0.06 4.152 0.21 3,272 +0.02 £0.007
2.18 0.70 2.704 0.05 3.858 0.20 2,863 0,02 £0,007 w _I_ lwy
2.26 1.02 2.577 0. 06 3.586 0.43 2.455 0,02 £0.007
2.38 1.18 2.608 0.05 3.324 0.62 2.081 0,02 £0,007
2.50 1.22 2.564 0.05 3.088 1.04 1.533 £0,02 0,007
2.63 1.25 2,483 0.05 2,868 1.51 1.849 £0,02 +0,007 2
2.75 1.24 2,397 0,04 2.657 1.38 1.914 £0,02 £0,007 ne
2.88 1.25 2.305 0.04 2,462 1.45 1.948 £0,02 £0,007 2
3.00 1.28 2.207 0.05 2.275 1.46 1.958 £0,02 +£0,007 — .
3.12 1.32 2.116 0,05 2,070 1.47 1.952 £0,02 £0,007 a)p : Plasma frequency
3.25 1.33 2,045 0.05 1. 564 1.46 1.933 £0,02 £0,007 E m
3.37 1.36 1975 0.07 1.657 1.48 1.895 £0,02 £0,007 o'le
3.50 1.37 1.916 0.10 1,419 1.50 1.866 £0,02 £0,007
3.62 1.36 1.864 0.14 1,142 1.48 1.871 +£0,02 £0,007
3.74 1.34 1.821 0.17 0,820 1.48 1.883 £0.02 +0,007
3.87 1.38 1.783 0.81 0.392 1.54 1.808 £0.02 £0,007
3.99 1,38 1.729 1.13 0.616 1.53 1. 893 +0.02 £0,007 — . : :
412 1.40 1679 1.34 0.964 1.53 1.889 £0.02 £0,007 T = 1/ }' : Relaxation time
4.24 1.42 1.633 1,39 1.161 1.48 1,878 £0,02 £0,007
4.36 1.45 1,633 1,41 1.264 1.47 1. 869 £0,02 £0,007
4.49 1.46 1.646 1.41 1.331 1.43 1,847 40,02 +0,007
4.61 1.45 1.668 1.38 1.372 1.38 1,803 £0,02 £0,007
474 1.41 1.691 1.35 1,387 1.3 1.749 <002 +0,007 TABLE II, Optical masses and the relaxation times for
4,56 1.41 1.741 1,33 1,398 1.33 1.688 £0.02 £0.007
.98 1.87 1.783 1.31 1.380 1.33 1.631 £0,02 0,007 copper, silver, and 801d-
5.11 1.94 1.799 1,30 1.878 1.32 1.577 £0.02 £0,007
5.28 1.28 1.802 1.28 1.367 1,82 1.536 £0,02 £0.007
5.36 1.23 1.792 1.28 1,357 1.30 1.497 40,02 £0,007 .
5.48 1.18 1.768 1.26 1,344 131 1. 460 +0.02 0,007 my (electron masses) T (sec)
5.60 113 1.737 1.25 132 1.30 1.427 £0,02 0,007 4620, 06 6.940 7))(10_“
5.73 .08 1.699 1.22 1.8 1.30 1.387 40,02 £0,007
5.85 1.04 1.651 1.20 1.325 1.30 1.350 20,02 0,007 Copper 1.49+0, oWk Vs
5.98 1.01 1.599 1.18 1,912 1.30 1.304 40,02 +0,007 .
6.10 0.99 1.550 1.15 1,296 1.33 1.277 £0,02 +0,007 Silver 0,96+0,04 (31 £12) x1071%
6.22 0.98 1.493 114 1.277 1.33 1.251 £0,02 £0,007
6.35 0.97 1.440 112 1,255 1.34 1.226 £0,02 +0,007 5
6,47 0.95 1.388 1.10 1232 1.32 1,208 £0.02 £0.007 ‘Gold 0,99+0,04 (9.3+0,9) %10
6.60 0.94 1.837 1,07 1.212 1.28 1.188 0,02 +0.007




Drude model

Silver(Ag)

€. .=3.7
w, = 1.39 x 10%6 Hz
t=3.1x101sec

Gold(Au)

€.:9.1
w, : 1.38E16
t:9.3E-15 (t=1/y)

Copper(Cu)

€.:4.5
w, : 1.34E16
T:6.9E-15 (t=1/y)
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Improved analytical fit of gold dispersion: Application to the modeling of extinction spectra
with a finite-difference time-domain method

Alexandre Vial.* Anne-Sophie Grimault, Demetrio Macias, Dominique Barchiesi. and Marc Lamy de la Chapelle
Laboratoire de Nanotechnologie et d’Instrumentation Optique - CNRS FRE 2671, Université de Technologie de Troyes,
12 rue Marie Curie, BP-2060 F-10010 Troyes Cedex, France
(Received 13 July 2004; revised manuscript received 14 October 2004: published 23 February 2005)

A. The Drude model
wp

o) = € ot irp)

TABLE I. Values of the parameters used for the optimization of the Drude and the Drude-Lorentz models.
The value of the fitness function is given in the last column.

€  wp/2m (THz) yp/2m (THz) Q2w (THz) T;/2w (THz) Ae @

Drude 9.0685 2155.6 18.36 431.46
Drude-Lorentz 5.9673 2113.6 15.92 650.07 104.86 1.09 14.521




Gold(Au)

Re Permittivity

But, didn’t correct in other range

Re Permittivity
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