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Introduction
The finite-difference time-domain (FDTD) method is an advanced, rigorous solution to Maxwell's 
equations that does not have any approximations or theoretical restrictions. It is a full-vectorial 
method that yields all electric and magnetic field components and can account for omni-
directional propagation and scattering. Moreover, the FDTD method can include the effects of 
material dispersion, anisotropy and nonlinearities. Because of its generic nature, broadband 
aspects and massive parallelizability, the FDTD method is a widely used propagation solution 
for a variety of integrated photonics applications. A major limitation is that it can require a 
large amount of memory storage and extremely long computation times to obtain accurate, 
converged results. Moreover, standard FDTD introduces staircasing when mapping material 
interfaces onto a Cartesian grid that can degrade accuracy from second order to first order  
and lead to slower convergence, especially for curved interfaces.

Several techniques have been proposed in the literature for enhancing accuracy and improving 
convergence [1,2]. All RSoftTM simulation tools, including the FullWAVETM [3] tool, use a 
proprietary sub-cell meshing technology (also called conformal meshing) when the simulation 
grid does not conform to the actual shape of the geometry. The RSoft sub-cell meshing 
technology builds on the techniques from the literature and includes proprietary enhancements. 
The RSoft proprietary technology provides significantly higher accuracy and smoother 
convergence when compared to commonly used staircase approximations. In this white 





3

RSoft sub-cell

Staircase

A
m

pl
itu

de
 e

rr
o

r

Grid points per wavelength

0
0.tg2Tj
05ngth



©2017 Synopsys, Inc. All rights reserved. Synopsys is a trademark of Synopsys, Inc. in the United States and other countries. A list of Synopsys trademarks is available 
at synopsys.com/copyright ���J�V�O�N�`. All other names mentioned herein are trademarks or registered trademarks of their respective owners.

12/18/17.CS12021_RSoft_FDTD_WP. Pub: Oct. 2017

Case Study 4: Band Diagram for a Photonic Crystal
Photonic crystals can be seen as the optical analog of semiconductors; that is, photonic band gap (PBG) materials display gaps 
in their photon density of states. 2D and 3D photonic crystals at optical frequencies have been fabricated over the past decade. 
Several optical device applications have been proposed and demonstrated, including efficient waveguiding, transmitting light 
around sharp corners with relatively small losses and resonant microcavities that can be used to efficiently couple light into PBG-
based waveguides. These applications can potentially lead to the design of new compact integrated optoelectronic and photonic 
integrated circuits.
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Figure 5: (a) 2D photonic crystal with a radius of 0.2 µm and a period of 1 µm; (b) frequency error in the photonic band calculation

Figure 5(b) shows the convergence versus grid size of the frequency error in the photonic band calculation and compares three 
different numerical approaches. The blue line shows the results obtained with RSoft SCM; the green line shows the results obtained 
with a staircase meshing scheme; and the red line shows the frequency error calculated using the RSoft BandSolve™ tool based on 
the Plane Wave Expansion (PWE) technique, which is useful for analyzing PBG applications. As can be seen, the results obtained with 
RSoft SCM show a significantly smaller error compared to the staircase meshing scheme. In addition, RSoft SCM achieves similar 
accuracy to the PWE technique, but much quicker than the staircase meshing scheme. For example, to obtain a frequency error 
smaller than 0.015, the staircase meshing scheme would require 24 grid points per wavelength, whereas RSoft SCM requires 12 grid 
points per wavelength, which translates to a time savings of ~8x in 2D and ~16x in 3D with RSoft SCM.

Summary
Because of the computationally intensive nature of the FDTD method, improved accuracy and convergence are critical for its practical 
use as a design algorithm in applications where numerous design variants need to be explored. In this white paper, four case studies 
are presented that demonstrate significantly higher accuracy and smoother convergence obtained with the RSoft proprietary sub-cell 
meshing (SCM) technique, also called conformal meshing, when compared to the commonly used staircase meshing approach.  
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