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Introduction

The finite-difference time-domain method (FDTD) has been successfully used to
analyze the electromagnetic behaviors of many infinite periodic structures (such
as EBG, FSS, metamaterial, etc.). To improve its computational efficiency, many
different implementations of periodic boundary condition (PBC) have been
proposed [1]. However, all of these proposed techniques are formulated based on
a plane wave incidence. Consequently, these methods are restricted to
applications where the plane-wave assumption is valid.

For problems involving finite-size source excitations (such as a dipole or line
source) in the frequency domain, they can be analyzed using the PBC in
combination with the spectral-domain transformation technique [2][3]. However,
in the time domain, usually a “brute-force” FDTD simulation, which includes a
large number of periodic elements in the simulation domain, has to be performed
and this requires extensive computer memory and CPU time.

The purpose of this paper is to discuss a novel time-domain technique, which is
based on the spectral-domain periodic FDTD method and the array scanning
method (ASM), to study the electromagnetic behaviors of a two-dimensional
EBG waveguide excited by an electric-current line source. This method requires
the analysis of only a singe unit cell.

Methodology

The geometry of a two-dimensional EBG waveguide and the line-source location
are shown in Fig. 1(a). The structure consists of an infinite periodic array of
metallic rods of radius 7y with a period a in the x direction, which is truncated
along the y direction with a finite number of rows on either side of the
propagation channel. A z-directed electric-current line source is placed at some
point inside the propagation channel, formed from a missing row of rod elements.
The same structure has been well discussed by using the frequency domain ASM
method in [3]. However, in this paper, we use the ASM method technique in the
time domain to re-examine this structure. The details of the procedure follow.
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Assuming there is no variation along the z axis, an impressed time-domain
electric current line source located at (x,,y,) in the Oth unit cell, ie.

Xy, Yy € [—a/2,a/2] in Fig. 1(a), can be written as

J;(x',y',t)zé'(x'—x0)5(y'—y0)J£(t). (1)
Following the ASM principle similar to [3], the original time-domain line source
is represented by the integration over all possible wavenumber & in the first
Brillouin zone as

rla

JH(xy0)= (r)% [ i (x k), )

-rla

where J° (x', y',kx) denotes an infinite array of sources with a linear phase delay

factore " along the x direction, so that
J (x',y',kx) = Z 5(x' — X, —ma)é‘(y' —yo)ef’k‘m” : (3)

Therefore, the electric field £ (x,y,t) (denoting the z component of the field) in
the Oth unit cell in Fig. 1(a) that is produced by the line source at (x,, y, ) can be

evaluated by first calculating the electric field E” (x, y,kx,t) excited by an
infinite phased array of line sources as shown in Fig. 1(b), and then using

rla
E(x,y,t):% .[ Em(x,y,kx,t)dkx, 4)
—-rla

where E7 (x, y,k_,t)is the solution obtained by modeling one unit cell as shown

in Fig. 1(b), where for each value of k. a simple periodic boundary condition is
enforced, namely

E™ (x+a,p,k,t)=E" (x,y,k t)e’ . (%)

This periodic boundary condition is readily implemented in the complex domain
by using the periodic spectral-FDTD method proposed in [4]. The electric field in
a unit cell that is m cells away form the Oth cell can then be obtained by using

rla
E(x+ma,y,t) = % J. E” (x,y,kx,t)ef"'k“m”dkx ) (6)

-rla

The corresponding frequency-domain electric field E(x,y,®) can easily be

obtained by applying an FFT operation on the known time domain solution.
Numerical Simulation Results

In the following example, the period a is chosen as a/ 4, =0.3. A sinusoidal 1A
current is located at the origin, (x,)=(0,0). The operating frequency of the

current source is 5 GHz. This structure satisfies the first complete stop band
condition of 0<a/A,<0.48 . Therefore, there is no leakage into the EBG
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structure (with a metallic rod radius7, = 0.2a) that surrounds the channel. Figure

2 shows the electric field E_ distribution sampled at the center of each periodic
cell along the x direction. Results from both the FDTD and ASM-FDTD methods
are given for comparison. For this particular simulation, the mesh size of
dx=dy=0.5 mm was used in all directions. In order to minimize boundary

reflections, 201 unit cells were included in the FDTD simulation domain and 200
spectral points were sampled in Eq. (5) for the ASM-FDTD computation. As
shown in the figure, very good agreement between these two methods is observed.
Both Figs. 2(a) and (b) clearly reveal a single dominant mode of propagation with
a guided wavelength 4, =8a in the channel, as predicted in [3].

Compared to the frequency-domain ASM technique, one distinct advantage of the
ASM-FDTD method is its capability to simulate time domain responses. A
Gaussian pulse, exp [_(t_to)/ 20-2] , 1s launched in the same structure to investigate
its time domain behavior, where ¢ =2.83x10""y/s and 7, =1.13x10™""s . All other
simulation parameters were kept unchanged. The electric field £, in the time
domain at locations (x,y)=(54,0)and (x,y)=(5a,1.5a) are shown in Fig. 3(a)
and Fig. 3(b), respectively. It is noticed that the ASM-FDTD results match closely
with those obtained form the FDTD method up to 9 ns. As expected, the electric
field strength in the EBG structure at(x, y)=(5a,1.5a) is only about 5% of that in

the channel at (x,y)=(54,0) . This further validates that the wave cannot

propagate into the EBG structure and mainly exists inside the channel.
Conclusion

A novel FDTD scheme, called ASM-FDTD, has been used to analyze 2D EBG
materials and waveguides with an electric current line-source excitation. It has
been shown that by choosing proper simulation parameters, this method can
obtain the same accuracy as that of the FDTD method but can dramatically reduce
the required computational needs in terms of both memory and CPU time.
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Figure 1(a). Geometry of the EBG
waveguide and its excitation.
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Figure. 2(a). Real and Imaginary parts of

the electric field distribution in the channel

the along x axis, by the FDTD method.
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Figure 3(a). Time-domain responses,

comparing the electric field at location (x,y)

= (5a,0), obtained from the FDTD and

ASM-FDTD methods.
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Figure 1(b). An infinite array of line sources
in the same waveguide.
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Figure 2(b). Real and Imaginary parts of the

electric field distribution in the channel

along x axis, by the ASM-FDTD method.
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Figure 3(b). Time-domain responses,

comparing the electric field at location (x,y)

= (5a,1.5a), obtained from the FDTD and

ASM-FDTD methods.

4460





