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Abstract—We introduce the dispersive contour-path (DCP)
algorithm to the FDTD method based on the trapezoidal recursive
convolution (TRC) technique. The scattering efficiency is evalu-
ated in the analysis of a metallic nanocylinder. It is found that the
DCP-FDTD method yields faster convergence in the calculation
of the scattering efficiency, when compared to the standard FDTD
method with a staircase approximation. The memory usage of
the TRC-DCP-FDTD method is reduced in comparison with that
of the Z-transform FDTD method.

I. INTRODUCTION

The finite-difference time-domain (FDTD) method has
widely been used for the numerical analysis of electromagnetic
problems [1]. The conventional FDTD method is based on
the Cartesian coordinate system. Therefore, it is difficult to
accurately handle curved interfaces. An improved method has
been studied for handling curved interfaces. For example,
Mohammadi er al. have extended a contour-path effective-
permittivity [2] to metal-dielectric interfaces of arbitrary
shape, which is named as a dispersive contour-path (DCP)
FDTD method. They have formulated the DCP-FDTD method
based on the Z-transform [3], [4]. It has been shown that
spurious surface plasmon resonances due to the staircase ap-
proximation can be eliminated using the DCP-FDTD method.

In this article, we introduce the DCP algorithm to the
FDTD method based on the trapezoidal recursive convolution
(TRC) technique [5]-[7], which is much simpler than the Z-
transform. The scattering efficiency is evaluated in the analysis
of a metallic nanocylinder. The results of the TRC-DCP-
FDTD method are in excellent agreement with those of the
Z-transform DCP-FDTD method, with reduced computational
requirements.

II. DISCUSSION

We formulate the two-dimensional DCP-FDTD method
based on the TRC technique. The frequency-dependent nature
of the metal permittivity is often expressed by the Drude model
as
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where ¢, is the dielectric constant of the material at infinite
frequency, w is the angular frequency, w, is the electron
plasma frequency and v. is the effective electron collision
frequency.
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Fig. 1. Computation model.

With the TRC technique, we obtain the following equation
of the DCP-FDTD method for the TM wave (the normalized
expression of field components is used):
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where c is the speed of light in a vacuum, and
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For the H field, the standard FDTD equation is utilized. The
coefficients C,,Cy,C,Cy and D, are determined with the
ratio of metal to dielectric in the cell in the DCP algorithm
[4]. Inside the metal, the coefficiencts are
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and the term of 7 is not required for updating the E field of
Eq. (2).

A metallic nanocylinder is shown in Fig. 1. The metal is
chosen to be Au, the relative permittivity of which is deter-
mined by Eq. (1), i.e., £5c = 9.0685, wy,/2m = 2155.6 THz
and v./27 = 18.36 THz are used [8]. The diameter of the
metallic nanocylinder is d = 50 nm and the refractive index
of the background is n, = 1.7. The spatial sampling widths
are determined by the number of sampling points N in the
cylinder, ie., Az = Az = d/N. The TM wave is launched
from the incidence plane (see Fig.1), which consists of the
super-Gaussian profile in the z direction.

Fig. 2 shows the scattering efficiency as a function of the
number of sampling points in the cylinder at A = 500 nm.
Here, the scattering efficiency is evaluated using the total-
field/scattered-field (TF/SF) technique [1] shown in Fig. 1. The
total scattered power is obtained by summing the scattered
power collected along the broken line in the SF region. As
found in Fig. 2, the results of the TRC-DCP-FDTD method
agree perfectly with those of the Z-transform FDTD method.
The results of the DCP-FDTD method converge around N =
50, whereas the staircase FDTD method does not yield a
converged solution even at N = 200.

The wavelength response of the scattering efficiency is
depicted in Fig. 3. It is found that the results of the DCP-
FDTD method for N = 20 are almost the same as those of
the staircase FDTD method for N = 200. The staircase FDTD
method results in an accuracy degradation for N = 20.

Here, we mention the calculation time and memory usage,
where a PC with Core 17-7700k processor (4.2 GHz) is used.
The TRC-DCP-FDTD method can reduce the memory usage
by 10 % in comparison with the Z-transform FDTD method,
with the same calculation time.

ITI. CONCLUSION

We have introduced the DCP algorithm to the FDTD method
based on the TRC technique, the formulation of which is
much simpler than the method with the Z-transform. To show
the effectiveness of the method, we evaluate the scattering
efficiency in the analysis of the metallic nanocylinder. It is
shown that the DCP-FDTD method yields faster convergence
in the calculation of the scattering efficiency, compared to the
FDTD method with a staircase approximation. The memory
usage is reduced to 90% of the DCP-FDTD method based on
the Z-transform, while maintaining the same accuracy.
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Fig. 2. Scattering efficieny versus the number of sampling points.
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Fig. 3. Scattering efficiency versus wavelength.
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