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Electromagnetic simulation has been recognized as an essential tool for designing various electromagnetic devices.
Computational methods based on the finite-difference scheme have become immensely popular, since their
formulations are relatively simple, computational modelling is easy, and efficient performance can be achieved
using recent high-speed computers. The finite-difference scheme in time-domain (FDTD) and that in frequency-
domain (FDFD) are the most common methods and they are very effective for designing some specific
components of such as thin films [1], guided wave structures [2], [3], nano antennas [4], [5]. Recently, the authors
extended the FDFD formula into the complex frequency domain and proposed a novel combination technique to
obtain time-frequency responses of electromagnetic waves efficiently [6].

In this presentation, the authors discuss computational efficiency and accuracy of those finite-difference schemes
and introduce their applications for electromagnetic devices. Acceleration of computation will be proposed in
terms of parallel algorithm.

1. W. E. I. Sha, W. C. H. Choy, and W. C. Chew, “A comprehensive study for the plasmonic thin-film solar cell
with periodic structure,” Opt. Express, vol. 18, 6, 2010, pp. 5993-6007, doi: 10.1364/OE.18.005993.

2.F. Xu, Y. Zhang, W. Hong, K. Wu, and T. J. Cui, “Finite-difference frequency-domain algorithm for modeling
guided-wave properties of substrate integrated waveguide,” IEEE Trans. Microw. Theory Tech., 51, 11, 2003, pp.
2221-2227, doi:10.1109/TMTT.2003.818935.

3. K. Nagasawa, T. Takeuchi, and S. Ohnuki, “Nonlocal Effects Occurred in the Metallic Nano Chain Driven by
Longitudinal or Transverse Modes,” I[EICE Electronics Express 13, 8, pp.1-7, 2016, doi:
10.1587/elex.13.20160216.

4. K. Nakagawa, Y. Ashizawa, S. Ohnuki, A. Itoh, and A. Tsukamoto, “Confined Circularly Polarized Light
Generated by Nano-Size Aperture for High Density All-Optical Magnetic Recording,” Journal of Applied Physics,
109, 07B735, 2011, doi: 10.1063/1.3556924

5. S. Ohnuki, T. Kato, Y. Takano, Y. Ashizawa, and K. Nakagawa “Design and Numerical Verification of
Plasmonic Cross Antennas to Generate Localized Circularly Polarized Light for All-Optical Magnetic Recording,”
Radio Science, 50, 2015, pp. 29-40, doi:10.1002/2014RS005563.

6. D. Wu, R. Ohnshi, R. Uemura, T. Yamaguchi, and S. Ohnuki, “Finite-Difference Complex-Frequency-Domain
Method for Optical and Plasmonic Analyses,”, IEEE Photonics Technology Letters, 30, 11, 2018, pp.1024-1027,
doi:10.1109/LPT.2018.2828167.



