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Abstract— Efficient computation is one of the key
considerations in computational electromagnetics, especially
for complex VLSI structures that comtain thin dielectric
layers or electrically small objects. Due to the CFL stability
condition, it is very inefficient to apply the conventional
FDTD method to thin-layer structures because fine mesh (and
therefore small time step) is required. In this paper, the
unconditionally stable ADI-FDTD method ks employed to
circumvent the difficulty. With the exemplary applications in
computing  effective  diclectric  constant( € ,) and
characteristic impedance (Zo) of cylindrical microstrip lines,
it is shown that the computation time with ADI-FDTD
method is much shorter than that of conventional FDTD
method without scarifying modeling accuracy.

I INTRODUCTION

The FDTD method has been proved to be a well-
suited tool for solving a variety of electromagnetic
problems [1]. In theory, it can be applied to compute the
structures with arbitrary medium parameters and shapes. In
practice, however, due to the CFL stability condition and
numerical dispersion, the FDTD can only be applied to
structures that do not require very fine mesh for good
accuracy. For a structure with fine mesh, the time step can
be so small the total number of iterations and the total
simulation time become prohibitively large. As well, a
large number of iterations will result in worse or even
unacceptable modeling inaccuracy due to the computer-
generated errors [2].

On the other hand, with the advancement in
MIC/MMIC design and technology, thin film and
multilayer structures appear more and more in place of
conventional RF and microwave structures. However,
modeling of these structures remains difficult with the
conventional FDTD method, in particular when a thin film
layer or a small object is located in a relatively large
structure. Therefore, development of an efficient FDTD
simulation scheme without }losing modeling accuracy
becomes a  great challenge in  computational
electromagnetics.
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The recently developed 3-D ADI-FDTD method
[3][4] presents a potential candidate for simulating the
thin-layer structures where fine mesh has to be applied to
parts of the structures. The ADI-FDTD method is
unconditionally stable. Therefore, time step can be
selected independently from space step [5]. A few ADI-
FDTD applications utilizing this property were reported in
[61[71[8]. In this paper, the ADI-FDTD is further extended
and applied to thin layer structures. Because of our on-
going proprietary research projects, cylindrical microstrip
structures are chosen as the case of our studies. By
demonstrating the effectiveness and efficiency in
computing £ .5 and Zo of the cylindrical microstrip lines
that have large width o thickness ratios, the ADI-FDTD is
validated in solving thin-layer structures. With it, a general
cylindrical ADI-FDTD formulation for simulating
cylindrical open structures is also presented.

This paper is organized in the following manner:
Section I gives the newly developed formulation of the
cylindrical ADI-FDTD capable of modeling general open
cylindrical structures with materials of arbitrary
conductivity and permittivity. Section III presents the
numerical results and analysis. Section IV is the summary
and conclusions.

II. NEWLY DEVELOPED FORMULATION OF ADI-
FDTD FOR MODELING GENERAL CYLINDRICAL
OPEN STRUCTURES

In [9], the authors have presented the formulation of
cylindrical ADI-FDTD for solving closed structures. For
open structures and scattering problems, a suitable
absorbing boundary condition (ABC) has to be
incorporated to truncate an open solution domain, Here,
the nonsplit uniaxial perfectly matched layers absorbing
boundary condition (UPML-ABC) [10] is adapted. Based
on [10], Maxwell’s equations in UPML medivm in the
cylindrical coordinates can be found as:
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The expressions for other field components can also
be obtained in the similar way.

The above formulation can solve the general media
with arbitrary background conductivity and permittivity.
The numerical grid can be nonuniform in all the three
orthogonal directions.

111. NUMERICAL VERIFICATIONS

In this section, the cylindrical microstrip lines backed
by a perfect conductor, as shown in Figure 1, are
simulated. The £ . and Zo are computed with different
W/H ratio. The large W/H ratio represents the thin-layer
structure scenario. The outer radius b is 30.4mm, and the
mner radius a 27.36mm {0.9b).

Substrate
X

Air

PEC

Fig. 1. Cylindrical Microstrip Line

(A) Gridding and Parameter Settings

Due to the removal of CFL condition, the ADI-FDTD
time step can be selected independently from spatial steps.
Consequently, a nonuniform mesh can be used without
stability concerns, In our case, a grid nonuniform in both
the radial and azimuthal diretions is applied. In the
azimuthal direction, there are total 34 cells with 8 of them
covering the microstrip line. In the radial direction, there
are 5 cells within the substrate between the microstrip line
and the perfect conductor. The thickness of the substrate
varies from 0.304mm to 3.04mm, while the width of the
microstrip line remaing 3.04mm.

The UPML layers are added at both ends of the
structure. The directional conductivity of ¢ in the UPML
section is determined by [10]:

= z 3

Gz(z)—am(ﬁ) ()

Crax 15 the maximum conductivity of the UPML layer

which, for the optimal performance, is recommended to be
[107:

o m+l “
150 7 Je, Az

In order to enhance the absorbing quality, parameter
K is chosen from 1 to Kp,y from the interface [10]. x; for
each layer is: -

22 =G =

max apt

K, =1+« _, (:;;Jm 3

The source is the Gaussian function added under the
microsttip line. To eliminate the possible influence from
higher order mode, the bandwidth of the Gaussian source
is set to be 10 GHz, which is wide enough for quantitative
analysis.

(B) Simulation Results

Table I shows the time-step applied. Ateoro(ps) is the CFL
limit that comes with the conventional FDTD. It is
constrained by the spatial step. As H decreases, the cell
size decreases. So does the Ateprp(ps). However, the time-
step with the ADI-FDTD is not limited by the condition.
Therefore, it can be very large as long as the accuracy is
maintained.

As can be seen in Table I, ADI-FDTD method is more
efficient than conventional FDTD method, especially
when W/H ratio is large or when the thin-layer structures
are considered. The ADI-FDTD time step is hundreds to
thousands times larger than the conventional FDTD time
steps. Our numerical experience show that they amount to
more than twenty times saving in CPU times.

Figure 2 and Figure 3 show the computed € .yand Zo -
in comparison to the results presented in [12]. They all
agree well.

TABLE 1 Time step applied
with changin H and fixed W=3.04mm
W/H A tanLepTo(PS) A teoro(ps) A taprror! A tegn
1 1.32 8.59x10° 153.6
3 1.35 4.37x107 308.9
7 1.36 1.83x107 7425
10 1.37 1.24x10 1103.5
100 1.37 1.27%10* 10797.8
Finally, Fig. 4 shows the computed effective

permittivities with different W/H ratios at 4.7 GHz. Again,
the results computed with ADI-FDTD agree well with
those presented in [12].

Due to the limit of space, the time-domain signatures
of the waveforms are not presented. However they will be
shown during the presentation.
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Figure 2 The effective permittivities with W/H=1
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Figure 3 The characteristic impedances with W/H=1
Effective Permittivity as a Function of W/H
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Figure 4 The effective permittivities with =4.7 GHz

111. CONCLUSIONS

A cylindrical ADI-FDTD algorithm incorporated with
the UPML absorbing boundary is presented for efficiently
simulating thin-layer and open structures. The proposed
unconditional stable method is found to be efficient and
effective in computing the effective permittivities as well

as characteristic impedances of cylindrical microstrip line
with large W/H ratios.

‘The unconditional stable ADI-FDTD principle in this
paper can be further extended to computing the non-
cylindrical guided wave structures with very thin substrate
or very narrow microstrip lines. It can be utilized for
simulating thin multi-layer structures.
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