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ABSTRACT

An extended spectral-domain immittance approach is
used to analyze multiconductor systems on layered bi-anisotro-
pic substrates. Apart from the losses of the bi-anisotropic lay-
ers, the method takes into account the metallization thickness
and losses of both the ground metallization and the multi-con-
ductor system which can consist of conventional or high-Tc
superconductors. It is demonstrated that due to the order, per-
mittivity and anisotropy of substrate layers, the. propagation
characteristics of a multi-conductor system can be influenced to
obtain a frequency range of almost identical complex propaga-
tion constants for all fundamental modes involved. Such a
behavior can be advantageously utilized in future applications
of high-speed interconnects and high-directivity couplers. Since
the algorithm is CPU-time efficient and operational on modern
wotkstations, the developed model offers an attractive solution
for modern MMIC design purposes. At the example of a cou-
pled pair of microstrip lines on anisotropic substrate, results are
compared with previously published data and are found to be in
excellent agreement.

I. INTRODUCTION

Multi-conductor microstrip lines have become increas-
ingly important in high-speed digital integrated circuits applica-
tions [1, 2]. The design of such components, however, suffers
from problems associated with a significant anisotropic behav-
ior of the substrates when operated at high frequencies [3]. The
design task is even more complicated by the introduction of
low-loss, low-dispersion high-Tc superconductors which will
offer attractive solutions to current problems. Investigations
considering the influences of some of the material parameters
related to the above applications have been carried out in recent
years, particularly on the characteristics of multiple coupled
microstrip lines on either single or multilayered substrates with
lossy and anisotropic medium. Although some of the analysis
techniques used for multiple conductor structures are based on
full-wave methods, mostly isotropic media are considered [1, 2,
4]. Coupled microstrip lines on anisotropic substrate have been
investigated in [3, 5-7], but no attention has been paid to multi-
ple lossy conductors as well as to the calculation of the charac-
teristic impedance.

Therefore, the purpose of this work is to present a tech-
nique for the analysis of multiple lossy microstrip lines on com-
plex, multilayered substrates of diclectric and/or magnetic
anisotropy. Due to the flexibility of the analysis, efforts are not
only focused on propagation constant and characteristic imped-
ance calculations but also on the computation of losses caused
by conventional or high-Tc superconductors, anisotropic sub-
strates and imperfect ground metallization.
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II. THEORY

The geometry of muitiple lossy microstrip lines on multi-
layered bi-anisotripic media and imperfect ground metallization
is shown in Fig.1. The concept of the extended spectral-domain
immittance approach (SDIA) as proposed in [8-10] is applied,
which is very suitable for the analysis of muliilayered anisotro-
pic structures. The substrates shown in Fig. 1 are modelled by
utilizing bi-anisotropic tensor properties, which are expressed
as
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where g, €y, €, Uy, Uy, 1, are complex quantities to account for
the losses in the materials.

In order to find the dyadic Green’s function of the struc-
ture, the process commences with the decomposition of the
electromagnetic field into TM-to-y and TE-to-y waves by intro-
ducing coordinate transforms [10]. The transverse propagation
constants in y direction can be obtained from Maxwell’s equa-
tions
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Fig. 1 Geometry of lossy multiconductor transmission lines on
bi-anisotropic substrates and imperfect ground metalli-
zation.
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where o and [ are the propagation constants in x and z direc-
tion, respectively. The wave admittances associated with (2), (3)
can be obtained as 5 5
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After obtaining the impedance dyadic Green’s function
by applying SDIA, the function is modified by considering a
complex boundary condition to incorporate the finite thickness
of conductors as well as the lossy ground metallization, which
can be either conventional conductors or surperconductors [9].
The tangential current density is expressed in terms of appropri-
ate basis functions
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where w; is the width of strip i, and b; is the center coordinator
of the strip. Different mode configurations can be selected by
specifying -1 or +1 for P;. The characteristic impedance is cal-
culated using the power-current definition.
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Fig. 2 Comparison between this theory and [5] at the example
of the effective dielectric constants of coupled micros-
trip lines; w=0.6mm, $=0.4mm, h=0.635mm, &,=¢€,=9.4,
g,=11.6.
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III. NUMERICAL RESULTS
To verify this theory, a coupled pair of microstrip lines
on dielectrically anisotropic sapphire substrate (g,=¢,=9.4,
=11.6) is analyzed and compared with data presented in [5]
where ideal and infinitely thin conductors and ground metalliza-
tions are assumed. As is demonstrated in Fig. 2, excellent agree-
ment for both fundamental modes is obtained. The structure
shows the typical characteristic known in MIC’s: gg(even) >
€.¢r(0dd), and both curves increase steadily with frequency.

As soon as (conventional or high-Tc super-) conductor
losses as well as dielectric losses are included, however, the
behavior changes to display the negative slope at lower frequen-
cies (Fig. 3a) which is known from slow-wave applications, e.g.
[1]. Note that the general tendency of g g{even) > gq¢(0dd) is
preserved and that the atienuation constant of the even mode is
higher than that of the odd mode as expected from the even- and
odd-mode field distributions.

This behavior is maintained as long as the bottom sub-
strate has the generally higher dielectric constant of the two lay-
ers (Fig. 3a). However, if the upper layer has higher permittivity
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Yig. 3 Effective dielectric constant, attenuation constant and
characteristic impedance of coupled high-Tc supercon-
ducting microstrip lines;

a) & =€,1=¢, =94, 8x2=e)6 =€,,=2.4, ©7=0.35/m,
6,=0.58/m, w=0.6mm, s=0.5mm, h;=0.6mm,
hy=0.3mm; superconductor: t;=0.2um, 6,=2005/
mm, T/T=0.5, A;=3000A;  ground plane:
t,=0.5mm, 6,=408/um;

b) €, =6, 76,224,  £,0=€,,=94,  h;=0.3mm,
h,=0.6mm, other parameters according to a);

c) characteristic impedance for the structure of b).

than the lower one (as in MMIC applications where the upper
layer acts as a buffer), then the effective permittivities do no
longer follow the pattern known from MIC’s as is demonstrated
in Fig. 3b. While the even mode still shows higher losses, even
if different anisotropic ratios are considered, this mode now is
lower in effective dielectric constant. When the two cases of
Fig. 3a and Fig. 3b (curve 2) are compared, both effective per-
mittivities are increased by the exchange of layeres, but with
considerably more emphasis on the odd mode due to the high
permittivity of the now upper layer. Note that in this investiga-
tion, the tensor elements of the two anisotropic dielectrics have
been chosen to be clearly distinguishable. Combinations of the
above effects are likely to occur if higher anisotropic ratios are
introduced. Fig. 3c shows the characteristic impedance for the
structure of Fig. 3b. It is demonstrated that in spite of the
change in effective permittivity, the even-mode characteristic
impedance is still higher than that of the odd mode as required
for contra-directional coupler applications.

The effective permittivities of a three-line structure on
double-layered anisotropic substrate are shown in Fig. 4. The
symbols +1 and -1 illustrate the direction of the current J, (c.f
(6)), 0 denotes ground potential. Since the upper substrate layer
is of higher permittivity, the mode with the highest effective
dielectric constant is associated with the lowest losses, and vice
versa (c.f. Fig. 3b). Note that there is an equal effective dielec-
tric constant point near 47 GHz for all different modes.
Although fairly high in frequency, this effect can be used in
high-speed interconnect applications where equal phase veloci-
ties are required.
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Fig. 4 Effective dielectric constant and attenuation constant of
three conductors on double-layered anisotropic sub-
strate; wi=w3=1.0mm, w,=0.8mm, s$;=5;=1.0mm,
h1=h2=1.0mm, 8)(1:2‘4’ €y1=2.6, Ezl=2.8, 0'1:0.2S/m,
£,9=€,7,=94, 2=11.6," 06,=0.38/m, t;=0.3mm,
t,=0.5mm, cs=cg=40$/u.m.

At the example of a four-conductor configuration on
double-layered bi-anisotropic substrate, Fig.5 demonstrates that
the point of equal phase velocities can be, first, reduced in fre-
quency and, second, made to coincide with the point of almost
identical losses. This effect of equal complex propagation con-
stants of all fundamental modes involved seems to be extremely
attractive for future high-speed interconnects and high-directiv-
ity contra-directional coupler applications.
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Fig. 5 Effective dielectric constant and attenuation constant of
four conductors on double-layered bi-anisotropic sub-
strate; w;=w,=1.0mm, wy=w;=0.9mm, $;=$3=1.0mm,

$,=0.9mm, h;=1.0mm, hy,=0.8mm, &,;=2.6, &,;=L6,
Ez1=2.5, px1=2.8, H. 1=5.6, }Lzl=1, o= 38/m,
0=t =94 £,=118, ©,=0.38/m, ;=0.3mm,

t=0.5mm, 6;=6,=405/um.
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IV. CONCLUSION

An extended spectral-domain immittance approach for
the analysis of multiconductor systems on layered bi-anisotro-
pic substrates is presented. The method takes into account all
losses of conventional or high-Tc superconductors, of multilay-
ered bi-anisotropic substrates and of imperfect ground metalli-
zations. The algorithm is CPU-time efficient and, therefore,
offers an attractive solution in CAD procedures for modern
MMIC applications. It is demonstrated that by properly select-
ing substrate materials, a frequency of almost identical complex
propagation constants for all fundamental modes in a multi-con-
ductor system can be obtained. This effect has a high potential
for future applications in high-speed interconnects and high-
directivity contra-directional couplers.
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