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A terahertz waveguide polarizer has been efficiently analyzed using the semi-implicit finite-difference time-
domain (FDTD) method [1]. However, the analysis has been limited only to two-dimensional problems. Therefore,
we here extend the semi-implicit FDTD method to three-dimensional (3-D) problems and analyze a TE-pass
terahertz waveguide polarizer [2].

First, we formulate the 3-D frequency-dependent semi-implicit FDTD method based on the trapezoidal recursive
convolution (TRC) technique [3]. We introduce the implicit scheme only to a specific direction for which small
spatial meshes are required.

Next, we analyze a TE-pass terahertz waveguide polarizer shown in Fig. 1, in which the core is buried and an
InSb layer is placed on the waveguide. The core and cladding are made of Si and SiO», respectively. The structural
parameters are as follow: dw = d = 50 pum, #, = 7.0 um, t; = 50 gm, w = 200 gum. The length of the polarizer is
defined as /. The refractive indices of Si and SiO> are 3.40 and 1.94, respectively. The dispersion characteristic of
InSb is expressed by the Drude model [4]. The spatial sampling meshes are Ax = 2.5 ym, Ay = 0.125 pm, and Az
= 2.5 um, so that the implicit scheme is adopted only in the z direction. We define the time step size as Courant-
Friedrichs-Lewy number (CFLN) = At /Atcrr, in which Afcrr is the upper time step size of the explicit FDTD
method. The maximum CFLN is calculated to be 14 for the present analysis.

We compare the field distribution, guided mode power, and extinction ratio with those of the explicit FDTD
method for 7=300 K at 1.4 THz. As one example, the extinction ratio is shown in Fig. 2. It is found that the result
of the present method with CFLN = 14 agrees well with that of the explicit FDTD method. It is worth mentioning
that the calculation time is reduced to 25% of the explicit FDTD method.
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Figure 1. TE-pass terahertz waveguide polarizer Figure 2. Extinction ratio
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