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Abstract. Plasmonics plays a vital role in realizing nanophotonic devices for integrated optics due to its strong

light localization into subwavelength dimensions beyond the diffraction limit. Therefore, plasmonics has a
wide range of applications such as sensing, solar cells, microscopy, etc. Plasmonics modelling techniques
are necessary for understanding the underlying physics of plasmonic devices. However, correct modelling of
these devices is still an obstacle facing some of existing modeling techniques. In this paper, we discuss the
shortcomings of the existing tools for analysing plasmonic devices, highlight their main features and suggest
some powerful remedies.

1 Introduction
Nowadays, plasmonics is playing a vital role in the realizing nanophotonic devices for integrated optics, where
light can be confined into subwavelength dimensions beyond the diffraction limit [1]. This featured plasmoincs in
a wide range of applications such as sensing, solar cells,
etc [1–3]. To understand the underlying physics of plasmonics and for design purposes, correct modelling techniques are essential tools. Unfortunately, many of the
conventional techniques either fail [4], or show incurable
instabilities [5, 6] due to strong discontinuities at metaldielectric interfaces and the inherent difficulties in imposing the interface boundary conditions. Many trials have
been made to overcome such problem by developing efficient and accurate tools specifically for plasmonics [6–9].
In this paper, we introduce an efficient method based
on the pseudo-spectral method [10–12], for plasmonic
modelling with a proper application of physical boundary conditions at interfaces of discontinuity. The pseudospectral method can incorporate maps which redefine the
basis functions over a desired domain.

2 Mathematical Formulation
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Figure 1. Schematic for a typical
multi-layered plasmonic structure.
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3 Multi-domain pseudo-spectra method
The eigenvalue problems (1) for TE and (2) for TM polarization can be solved numerically using the Chebyshev
pseudo-spectral method [10, 19]. By referring to Fig. 1,
we can assume that the points of discontinuity of ε(y) are
located at 0 = y0 < y1 < y2 < · · · < yN = b, where
b > 0. For s = 1, 2, · · · , N, the sth-subdomain is defined
by y s−1 < y < y s . The Chebyshev collocation points discretize y on each subdomain using N s + 1 points as
ξ s,k = y s−1 +

For multi-layered structures invariant along both x and z
directions as shown in figure 1, the 1D Helmholtz equation
for TE polarization is given by
∂2 u
+ k0 2 ε(y) u = β2 u,
∂y2

where E x = u(y)eiβz for the TE case, and H x = u(y)eiβz for
the TM case, k0 is the freespace wavenumber and β is the
propagation constant.

y s − y s−1
[1 − cos (kπ/N s )] ,
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0 ≤ k ≤ Ns .

Over each subdomain s, the method approximates the first
derivative of u(y) by a differentiation matrix D(s) [10] such
that
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where u s is a column vector of length N s − 1 whose entries
are u at the interior discretization points, i.e.,


u s = u(ξ s,1 ), u(ξ s,2 ), · · · , u(ξ s,Ns −1 ) T ,

(4)
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the prime denotes the derivative with respect to y. The
matrix D(s) can be partitioned as
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This leads to the approximations [19]
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for the derivatives at the points of discontinuity, and
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for the derivative at the interior points. The above expressions can be used to impose the boundary conditions efficiently at discontinuities. In addition, it is straight forward
to use basis function composed with maps to handle semiinfinite domains [11].

4 Conclusion
The paper addresses an efficient pseudo-spectral method
for modelling plasmonic devices. Appropriate conformal
maps are used to redefine the basis functions over finite or
semi-infinite subdomains, eliminating the need for PMLs.
Besides, a precise application of the interface boundary
condition is presented. This work can be extended to
structures with 2D cross-section or 3D structures having a
discontinuity along the z axis.
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