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We present a semi-analytical method for computing the electromagnetic field in and around 3D nanoparticles (NP)
of complex shape and demonstrate its power via concrete examples of plasmonic NPs that have nonsymmetrical
shapes and surface areas with very small radii of curvature. In particular, we show the three axial resonances of a 3D
cashew-nut and the broadband response of peanut-shell NPs. The method employs the source-model
technique along with a newly developed intricate source distributing algorithm based on the surface curvature.
The method is simple and can outperform finite-difference time domain and finite-element-based software tools
in both its efficiency and accuracy. © 2014 Optical Society of America
OCIS codes: (000.4430) Numerical approximation and analysis; (260.5740) Resonance; (290.5850) Scattering,

particles.
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The investigation of light scattering and enhancement
by nanoparticles (NPs) is of great importance both for
fundamental science and for technological applications
in optical communications [1], biomedical sensing [2],
cancer imaging and therapy [3,4], metamaterials [5,6],
enhancement of radiation efficiency [7,8], plasmonic
lasers and SPASERs [9,10], and enhancement of surface-
enhanced Raman spectroscopy [11,12].
The response of the NP to the applied field strongly

depends on its geometry; while metallic particles with
convex geometries (e.g., ellipsoid) usually exhibit local-
ized plasmon resonances (LSPs) in the visible and near-
infrared (NIR) region �< 1 μm�, nonconvex (NC) NPs
can possess a larger field enhancement and increased
resonance tunability owing to their complex shape—
even to frequencies far beyond the NIR region [13]. While
only a limited number of NPs can be solved analytically,
their majority, including this important class of NPs,
require numerical methods for analysis.
Modeling 3D electromagnetic (E-M) scattering from

NC-NPs is a challenging task. Conventional commercial
software based on finite-difference time domain (FDTD)
or finite element (FEM) methods usually suffer difficul-
ties when large field gradients or small radii of curvature
are involved. The presence of small radii of curvature in-
creases the computational effort, as it requires ultrafine
mesh and vast memory resources. Therefore, simulating
complex geometry, with reliable results, is computation-
ally expensive.
Several numerical methods have been proposed to over-

come this problem, such as the T-matrix method [14],
Green’s dyadic method with FEM [15], and discrete dipole
approximation [16]. However, most of the commonly used
techniques are either applicable to one type of geometrical
configuration, require some sort of symmetry (e.g., appli-
cable to bodies of revolution), or their extension to com-
plex 3D geometry is not trivial. Other methods, such as
the boundary charge method [17] and the surface integral
eigenvalue based technique [18,19], have achieved good
results for small particles in the quasi-static regime [20].

Here, we present a fast, accurate, and robust calcula-
tion method for complex 3D NPs based on the source-
model technique (SMT). The SMT [21,22] is a frequency
domain, fully vectorial integral-equation-based method, in
which the E-M fields are expanded by elementary sources
located some distance away from the boundary surface.
The SMT features simplicity and speed compared to con-
ventional methods-of-moments (MoM) solutions {also
referred to as boundary element methods (BEMs) [23]}
in which the problem is formulated in terms of source
distributions defined on the boundary surface. This is
because the sources that are located some distance away
from the surface are in essence entire domain MoM basis
functions that not only can span the fields more com-
pactly but also allow doing so analytically. Moreover,
since the fields due to these sources are smooth on the
boundary surface, the simplest of the testing procedures,
the point matching technique, can very suitably be
applied to enforce the continuity conditions across the
boundary surface [24].

SMT is based on the assumption that the solution to a
given scattering problem (or modal problem [25]) in a
linear piecewise homogeneous medium can be approxi-
mated by finding a solution to an equivalent problem.
Specifically, the E-M field in each homogeneous region
of the problem is approximated by the fields of impul-
sive current sources (of yet to be determined complex
amplitudes) that are placed outside the region’s boun-
dary and radiate fields as if they were in a homogeneous
medium with the same material parameters of the region
[26]. The choice of the 3D source surfaces (the math-
ematical surface on which the sources lie) and the lay-
out of the sources over these surfaces can greatly affect
the solution accuracy and, therefore, should be deter-
mined adequately [27]. Figure 1 exemplifies how the lay-
out of the fictitious sources is chosen for the two 3D NPs
studied in this Letter (the surface parameterization is in
Ref. [27]). The red and green stars are fictitious sources
that approximate the E-M fields inside and outside the
surface, respectively. Areas with small radii of curvature
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