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Introduction 
Since Yee defined the basic cell for the finite difference time domain 

(FDTD) technique in 1966 [l], applications of FDTD have been adopted widely, 
which provide not only insights of the wave behavior in time domain but also 
wide band frequency domain information using Fourier transforms. The FDTD 
technique is based on the finite difference approximations of Maxwell’s 
differential equations in both spatial field arrangements and time difference. Since 
the storage space available for computed fields in computers is finite, there is a 
need to truncate the problem space using absorbing boundary conditions (ABCs) 
that simulate continuous wave propagation on the truncation interfaces. Many 
ABCs have been introduced in the last few years; however, there is no 
reflectionless absorbing boundary [2]. In this paper, two and three dimensional 
numerical absorbers, matched layers (ML) similar to those presented in [3-41 and 
Yee’s tapered damping function ABC [5] are briefly presented and critically 
evaluated. 

Formulation for Matched Layers and Yee’s ABC 
Matched layers techniques have been successfully used in [3-51. The 

general electric and magnetic field updating equations used for the 3 dimensional 
Cartesian grid truncated by matched layers can be expressed as follows 

where Ci = At/2~, , Ki = Atl2p,, , and U is used to represent the component in x, y, 
or z direction. If the computational domain is extended several layers with 
gradually increasing electric (G) and magnetic (D*) conductivies, then the 
outgoing wave will be absorbed in these extended layers. The electric and 
magnetic conductivities in these region are assigned as a parabolic, linear, or 
geometric increasing function [6]. In matched layers technique, the electric and 
magnetic conductivities are related to each other in each layer according to the 
impedance matching condition (G/E,) = (G*/&) [3]. Additionally, the material 
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type (E", ou, p,,, ou*) for each field component in a cell of matched layers is 
determined by averaging material types of cells around that field component. 

Yee's absorbing boundary condition [6-71 is based on the following 
updating field equations in which the losses represent a damping factor to the 
lossless updating expressions, that is 
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This damping factor in absorbing layers is determined by the tapered damping 
function, defined by Yee [5] as cos[ 6 3  x (N+I-I)/N ] where I = N, ...., 2, 1, 0 
represents the layer number. 

Numerical Results 
Numerical examples are computed to evaluate the effectiveness of these 

absorbing boundary conditions. Three different absorbing boundaries are 
compared in this section, which are Mur, matched layers, and Yee's tapered 
damping absorbing boundary conditions. Both 2-D and 3-D numerical examples 
are presented. In both 2-D and 3-D cases, the cell size As is chosen as 15 mm, and 
time step At is chosen as 25 ps. The testing procedure for 2-D example is the same 
as in [7]. A two 
dimensional Cartesian 
test grid (15 x 30 cells ) 
is truncated by 3 
different numerical 
absorbers. The z- 
directed current source, 
with the waveform 
similar to the derivative 
of a Gaussian pulse [7], 
is applied in the center 
of the test domain. A 
testing point near to the 
grid border is chosen as 
5 cells apart in the -x 
direction and 10 cells 
apart in y direction from 
the source point. The 
referenced time domain Fig. 1 Normalized errors of Mur, Yee, and ML ABCs. 
response at the same test point is computed by using a much larger computational 
domain (300 x 300 cells). The time domain response at the testing point vanished 
at about 200 time steps. Local errors are measured by taking the difference 
between the reference data and the results obtained in the test grid, and the local 
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errors are normalized by the maximum response of the reference data as shown in 
Fig. 1. To evaluate the effectiveness of various absorbing boundary conditions, the 
reduction of maximum normalized error and the reduction of accumulated 
normalized errors over 200 time step relative to 2nd-order Mur ABC are shown in 
Table 1 for this 2-D 
example. For 3-D 
numerical example, a 
z-directed current 
source with the same 
waveform used in 2- 
D example has been 
located in the center 
of a 30 x 30 x 30 test 
grid. Testing points 
along a line parallel 
to the x axis located 
one cell away from 
the intersection of the 
constant y and 
constant z planes at 
the top left edge of 
the grid domain. The 
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Fig. 2 Rh4S errors of Mur, Yee, and ML ABCs. 

RMs errors at all testing points are shown in Fig. 2. The reduction of maximum 
RMS error and accumulated (over 200 time steps) RMS errors of matched layers 
and Yee ABC over Mur 2"* order ABC are shown in Table 2. 

Table 1 Error analysis of the 2-D test case relative to 2"d Mur ABC. 

I I Reduction in Maximum Value I Reduction in Accumulated I 

Conclusions 
In this paper, three different ABCs are compared. Although matched layers 

and Yee's ABC are more memory intensive than Mur ABC, the reflections in 
matched layers and Yee's ABC are reduced when the number of layers is within 8 
to 12. The implementations of matched layers and Yee's ABC are much easier 
than all other absorbing boundary conditions, and can be adapted to conform to 
the non-rectangular grids [3,8]. This investigation indicates that 8 matched layers 
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for the 2-D test case and 4 matched layers for 3-D test case are sufficient to yield 
less reflection relative to the 2nd order Mur ABC. 

Table 2 Error analysis of the 3-D test case relative to 2nd Mur ABC. 
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