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Abstract

A *pectral domain analysis of planar

transmission lines on anisotropic layers is p e~

formed. The dielectric layers are assumed to be
uniaxial anisotropic. The Hertz potentials and the

Galerkin method are used to obtain the propagation

characteristics for single and coupled microstrip
lines on single and double layers and for bilateral
fin–lines.

Introduction

The analysis of planar transmission lines is
fundamental to the development of microwave inte

grated circuits. It has been observed that fox

better designs, the characterization of these lines

should be performed taking into account that the

propagating modes are hybrid modes [11 - [5] .

The effect of dielectric anisotropy on the

characteristics of transmission lines has been

investigated [1] - [61. Quasi-static models [1],[61

(especially for strip transmission lines such as

microstrips) and dynamic models [1] - [5] have been

considered. This has been done because some dielec

tric materials used in MIC circuits show a;

anisotropic behavior, which may be natural or a

result of the manufacturing process, and because

the effect of dielectric anisotropy cannot be ne~

lected at higher microwave frequencies.
A combination of Hertz potentials and the

Galerkin method was used by Lee and Tripathi [2] in

order to determine the impedance matrix functions

for single microstrip lines on a uniaxial

anisotropic layer, with three different orientations

of the optical. axis. No numerical results were

obtained. In [3] this method was used in the

analysis of microstrip lines on an arbitrary

anisotropic layer (the optical axis was allowed to

assume any orientation in the cross section of the
microstrip line). The impedance matrix was deter

mined and numerical results for the effective pe~
mittivities versus frequency for single and =@
metric parallel-coupled microstrip lines on an

anisotropic layer (optical axis normal to the

ground plane) were obtained.

Agreement with the results from [4] was observed.

Theory

In this paper, the Hertz potentials and the

Galerkin method are used in the analysis of several
planar structures on anisotropic layers, such as

single and coupled microstrip lines on single and
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double anisotropic layers and bilateral fin–lines.

The fields are assumed to have a harmonic time
dependence of the type exp(jwt) and are obtained

from the Hertz potentials oriented along the opti
cal axis, ~. Thus, at each dielectric anisotropi~
layer they are given by

iih=nh~

fie.ne;
and should satisfy
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The expressions for the fields ; and ~ in

anisotropic layer are

ii=VxVxEh+jWoVx fie

In (l)-(6) Eo, PO, and k. are parameters of

(1)

(2)

(3)

(4)

the

(5)

(6)

free

space, u is the angular frequency and, referring to

the crystal coordinate system (rl, ~, C), =E
% 1

Using a Fourier transformation and imposing

the appropriate boundary conditions the immitance

functions were obtained for microstrip lines and

bilateral fin-lines. For microstrip lines, single

and coupled (symmetric/asymmetric) cases on single

and double layers were studied.

Results and Conclusion

Curves of effective permittivities versus

frequency are presented for all structures consi

dered. Results obtained assuming the dielectri;

layers to be isotropic are also included for cog

parison purposes, in some cases.
As an example, curves for the even- and odd-

mode effective permittivity versus frequency, ob

tained in this work for parallel coupled microstri~

lines on double anisotropic layers (Fig. 1), are
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presented in Fig. 2. The quasi–static values pub

Iished in [61 are in agreement with the lowe~

frequency values of this work. Nevertheless, as

shown in Fig. 2, the strong dependence on frequen-

cy has to be considered if an equalization of

phase velocities is desired. It should be observed

that for frequencies above 5 GHz H /H = 1.0 gives
the 2 1

a better equalization than quasi-static

‘O1utiOn ‘2fH1
= 1.777. The results of this work

for suspended microstrip lines are in agreement

with the dynamic results presented in [4].
Fig. 4 shows the effective permittivity ver

sus frequency for the dominant mode in bilateray
fin-lines (Fig. 3). Three different orientations

for the optical axis, ~, are considered. The fin-
line system (x, y, z) is shown in Fig. 3. Observe

that E = El/so and fr2 = C2/Eo. The results of
rl

this work are in close agreement with the results

of Figs. 3 of [5].
The numerical results for the characteristic

impedance obtained for single microstrip lines on

anisotropic substrate are in good agreement with

the results presented in [4} .
The method used in this work is general and

accurate. Changes in the boundary conditions would

allow the investigation of other planar structures.
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Fig. 1. Cross section of parallel-coupled

microstrips on double layers.
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Fig.2. Frequency dependence of the even- and
odd- m~de ef<ective uer~ittivity “of

microstrips on double layers. Medium 1

is boron nitride and medium 2 is

sapphire. 2s
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Fig. 3. Cross section of bilateral fin-lines.
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Fig. 4. Dispersive characteristic of bilateral
fin-lines for three different OKient~

tions for the optical axis.
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