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Abstract – In this paper, the generalized

TLM-based finite-difference time-domain

method (FD-TD) is presented for modeling

and simulation of frequency-dependent and

anisotropic media. The method is the

generalized FD-TD form of the TLM

symmetrical condensed node and therefore

retains the properties of both the FD-TD

and TLM methods. It allows the direct use

of electromagnetic field quantities in the

algorithm and direct treatments of

anisotropic media.

I. Introduction

Recently, time-domain solutions for

elect romagnet ic field problems have

received growing attention because of their

versatility and simplicity. Two widely

employed techniques so far are the finite-

difference time-domain (FD-TD) method

initially formulated by Yee and the

transmission-line-matrix (TLM) method

proposed by Johns. Although both the FD-

TD and TLM methods have been applied

widely to solve the similar types of

problems, they do possess their own

advantages and disadvantages. For

instance, the FD-TD method is easily

understood and implemented as it is the

direct approximation of the Maxwell’s

equations while TLM requires the

transforms between the field quantities and

circuit parameters. For most of the cases,

the transforms are not complicated but

sometimes they are not easily understood.

On the other hand, TLM enjoys the use of

impulse excitation, Johns matrix, and most

significantly, the definition of all the field

components at a node. The conventional

FD-TD, however, does not intrinsically

have these properties. One of the examples

is the simulation of an anisotropic medium

with non-zero off-diagonal elements. The

TLM can be directly applied to this kind of

problems [1] [2] while the conventional FD-

TD can be applied only after introduction

of additional averaging schemes in both

time and space at every node [3].

In this paper, we propose the

generalized TLM based finite-difference

time-domain method which is the FD-TD

formulation of the three-dimensional TLM
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symmetrical condensed node. It can

basically account for very general

elect romagnet ic problems while retaining

the properties of both FD-TD and TLM

method. As a result, the formulation allows

the direct uses of field quantities and direct

simulation of anisotropics.

II. The Generalized TLM Based FD-TD

Formulations

In contrast to Yee’s FD-TD scheme, in

a 3D cell, the field components are now

defined as shown in Fig. 1. The six field

components of E, H and their

corresponding flux densities, D and l?, are

defined at the center of the 3D cell, while at

the grid points on the boundary surface of

the 3D cell, only the field components

tangential to the surface are considered. As

a result, the E-field and H-field

components are not separated in space and

both the tangential E and H field

components are cent inuous across the

interface of two adj scent 3D cells. One of

the advantages then is that no special

treatments are required for dielectric

interfaces as long as the interfaces are

placed in between two neighboring nodes.

By finite-differencing Maxwell’s

equations in respect to the center of a 3D

cell, a finite difference formulation for

Maxwell’s equations can be obtained easily.

For example, we can have

D:(i, j, k) – w+,~,~)+
tit

E:(i, j, k) +J?@(z,j, ~) ~
~ex

1 2 1

The other components can be found in

the similar forms. Note here that 6$, 6.z,

and 6Z are not necessarily the same.

For a general media, the constitutive

relationships between the flux densities and

field intensities can be written as:

D = D(E, H) (2)

B = B(E, H) (3)

They can represent the anisotropics and

frequency-dependence of a medium. By

solving the constitutive relationship, E and

H can then be updated from D and B.

In order to update the field values at

the boundary surface of a 3D cell, a special

averaging process in both space and time is

performed. For example, one can obtain:

1 L0.5 [E:-~(i, j, k-~) + ZoH;--(Z,~,k-~)]+

1 ;“”0.5 [E;-Z(i, j, k+;) – zo~;--(t,~,k+;)]+

[E~(i, ~, k) + zJ&(i~,k)l +
[~!(i j, k+l) - zoH~(ij,k+l)] (4)
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The other components at the boundary

surfaces of a 3D cell can be found in a

similar way or by simply permutating the

indices in the above equations.

III. NUMERICAL RESULTS

The above described method is tested

in the two examples. One is to simulate a

plane wave incident on a linear dispersive

medium with a second-order (Lorentz)

dispersion. The second one is to find out the

cut off frequencies of a 3D rectangular

waveguide filled with an anisotropic

sapphire which has non-zero off-diagonal

elements in its permittivity tensor.

For the first case, Figure 2 shows

calculated magnitude and phase of

reflection coefficients as

frequency in comparisons

solution [4]. The deviation

solution over the complete

3 x 1016 Hz is not visible.

a function

the

the

of

with the exact

from the exact

range of DC to

For the second

case, the anisotropic sapphire filled in the

waveguide has the following permittivity

tensor

[6] =

o

1 0 0 ~z 1
with Cu = 9.34 and co = 11.49 [5]. The

comparisons between the exact and

calculated results are shown in Table I. A

good agreement is achieved.

IV. DISCUSSIONS AND CONCLUSIONS

In this paper, the generalized finite-

difference time-domain formulation for

Maxwell’s equations, which is different from

that of Yee’s scheme, has been proposed.

Although the finite-difference scheme

presented can be proven to be equivalent to

the TLM symmetrical condensed node

model, it does not need the transforms to

convert the field quantities to the circuit

parameters as done in the TLM simulation.

In comparison with Yee’s FD-TD scheme,

the presented method can be applied to

simulate anisotropic media directly without

introduction of the additional interpolation

schemes.
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Fig.2 Comparison of the FD-TD and exact results

from dc to 3000 THz f or the reflection coefficient

of a half-plane made of Lorentz medium

TableI
Comparisonof theFD-TDandanalyticalresults

for the sapphire example

Analytical Axial Angle Thepresent
Solution (Degree)

Error (%)
Method

6.22 (iHz o 6.23 GHz 0,13

6.54 @lz 45 6.55 G13z 0,22

6.90 GHz 90 6.92 @dz 0,04
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