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The FDTD method based on the Crank-Nicolson (CN) scheme [1] is known to be one of the most accurate implicit
FDTD methods, since no operator splitting technique is applied [2]-[4]. Note, however, that the CN-FDTD method
requires solving a large sparse matrix, resulting in a long computational time. To circumvent this problem, we
have proposed an explicit FDTD method [5] based on the iterated CN (ICN) scheme [6]. Although the Courant-
Friedrichs-Lewy (CFL) stability condition has been shown to be the same as that of the traditional explicit FDTD
method, the numerical results tend to blow up with the time step close to the CFL condition. To improve the
numerical stability of the ICN scheme, the θ -scheme has been proposed in [7]. In this work, we introduce the
θ -scheme for improving the numerical stability of the ICN-FDTD method.

We apply the θ -scheme to the ICN-FDTD method with the two-iteration procedure as
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where φφφ is the field component and AAA is the matrix including spatial derivatives [5]. Eq. (1) corresponds to a
first-order accurate differencing scheme. Using the result of (1), the intermediate field is estimated as
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Using the field of (2), the second iteration is carried out as
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The improved intermediate field is
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Finally, using the result of (4), the solution is obtained as
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For θ = 0.5, the formulation corresponds to the original ICN-FDTD method [5]. At the presentation, we will
discuss the improved numerical stability for the analysis of optical waveguide devices.
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