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Table 1 Propagation constants of metal-clad(Au or Al) polymeric waveguide for TM, mode.

d(pm) 0.05 0.1 0.2
Exact 1.33638 1.66628 1.80578
Au clad
&/ (10) Approximate 1.33736 1.66740 1.80693
0 Al dlad Exact 1.13366 1.36984 1.56919
(10) Approximate 1.13344 1.36882 1.56859
Exact 2.944E-2 3.906E-2 3.246E-2
Au clad
&/ (11) Approximate 2.963E-2 3.926E-2 3.266E-2
0 Al dlad Exact 2.298E-2 3.882E-2 2.990E-2
(11)Approximate 2.288E-2 3.810E-2 2.947E-2
%2 2BR(AT ABBARSWES ™, BEREH
Table 2 Propagation constants of metal-clad(Au or Al)polymeric waveguide for TM,; mode.
d(pm) 0.5 1.2 2.0
Exact 1.41667 1.56275 1.57942
Au clad
8/ (10) Approximate 1.41648 1.56272 1.57941
o Exact 1.37598 1.55734 1.57821
Al clad
(10) Approximate 1.37514 1.55702 1.57811
Exact 3.044E-3 2.829E-4 5.940E-5
Au clad
&/ (11) Approximate 3.025E-3 2.809E-4 5.956E-5
¢ Al clad Exact 8.732E-3 1.789E-3 4.499E-4
(11) Approximate 8.205E-3 1.607E-3 4.006E-4
%3 ER(AKANBARESWES TE, HEBREY
Table 3 Propagation constants of metal-clad(Au or Al) polymeric waveguide for TEy mode.
d(pm) 0.2 0.6 1.5
Exact 1.24940 1.52450 1.57579
Au clad
&/ (8) Approximate 1.24934 1.52449 1.57579
’ Exact 1.21890 1.52200 1.57559
Al clad
(8) Approximate 1.22031 1.52212 1.57560
Exact 2.503E-3 2.078E-4 1.735E-5
Au clad
&/ (9) Approximate 2.514E-3 2.087E-4 1.742E-5
° Exact 6.270E-3 5.044E-4 4.092E-5
Al clad
(9) Approximate 6.759E-3 5.445E-4 4.424E-5
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Table 4 Propagation constants of metal-clad(Au or Al)polymeric waveguied for TM; mode.
d (um) 0.5 1.2 2.0
Exact 1.22241 1.51299 1.55944
Au clad
1k (8) Approximate 1.22237 1.51298 1.55944
0 Exact 1.20476 1.51140 1.55907
Al clad
(8) Approximate 1.20557 1.51147 1.55909
Exact 1.484E-3 1.341E-4 3.118E-5
Au clad
&/k (9) Approximate 1.490E-3 1.347E-4 3.131E-5
0 Al clad Exact 3.544E-3 3.167E-4 7.300E-4
(9) Approximate 3.829E-3 3.424E-4 7.896E-4
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Fig.2 Propagation curves of Au-clad polymeric waveguide.
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Fig.4 Attenuation curves of Au-clad polymeric waveguide.
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Fig.3 Propagation curves of Al-clad polymeric waveguide.
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Fig.5 Attenuation curves of Al-clad polymeric waveguide.
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Perturbation Analysis of Metal-Clad Polymeric Slab Waveguide
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Abstract

Optical waveguide with asymmetric metal/polymer/air layer stuctures has been studied. The field dis-
tributions for TE and TM modes of the waveguide are given, and the corresponding eigenvalue functions are
deduced. The exact complex propagation constants can be achieved by solving the complex eigenvalue func-
tions, but this calculation needs to be performed in complex region.

A kind of perturbation method based on coupling mode theory has been considered. With this method,
the optical waveguide studied in this paper is assumed as perturbing waveguide. Ignoring the imaginary part
of dielectric constant of the perturbing waveguide metal layer, we get a theoretical model called realistic
waveguide. According to the coupling mode theory about realistic waveguide, the self-coupling coefficients
for TE and TM modes of the realistic waveguide are deduced from the field distributions of the realistic
waveguide. Then, the approximate complex propagation constants of the perturbing waveguide are got from
the self-coupling coefficient and the propagation constant of the realistic waveguide. After some algebra, the
formula of the real and the imaginary propagation constants are deduced. Compared with the exact method,
this perturbation method can be performed only in real region.

A set of typical waveguide parameters is selected. The complex propagation constants for TE and TM
modes of the waveguide are got by solving the complex eigenvalue functions, and the approximate ones are
got by calculating the formula deduced from the perturbation method. Those results are listed in data tables.
We can notice in the tables that the approximate propagation constants have a good agreement with the
exact ones.

At last, we use both methods to get the propagation constants, then plot the characteristic curves. In
the figures, the dash curves represent the approximate values, and the solid curves represent the exact val-
ues. We can see that most part of the dash curves are covered by the solid curves. That is to say, the approxi-
mate is good enough to replace the exact in getting the propagation constants, and can be used for corre-

sponding waveguide design or preparation, to some extent simplifying the work.
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