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The spectral domain technique is used
to analyze multiconductor printed trans-
mission-line structures containing layered
dielectric substrate. Starting from gene-
ral analytical formulation a useful modi-
fication of the procedure is suggesteti
for accurate description of multiconductor
interdigitated microstrip circuit with
equally dimensioned conductors. Frequency
dependent numerical results for some new
microstrip and CO@SllS2 structures with
more than two coupled lines are shown and
discussed with respect to high-directivity
multiconductor coupler applications.

INTRODUCTION

In recent years, an increasing interest
has been observed in the field of accurate
description of the behaviour of multicon-
ducto:r printed transmission-line systems
(1-5). This problem takes important place

not only in microwave engineering but also
in high-speed computer units using micro-
strip or coplanar strip-lines as a trans-
mission paths Yor logic information signal
(5). For microwave circuitry the knowledge
of the transmission behaviour of various
multiconductor printed lines is needed to
indicate theoretical limitations in the
designing of topology of MIC and MMIC lay-
outs /with respect to the prediction of
the possibility of the greatest density
packaging/ as well as to determine trans-
mission property of novel composed wavegu-
iding structures.

The effect of coupling between nonadja-
cent lines and propagation characteristics
of various multimode systems of edge-coup-
led conductors with single-layer substra’lie
have already been reported in literature
(l-5). The transmission behaviour of laye-
red lines, however, is generally not exa-
ctly explained to date. Recently, it was
shown that frequency characteristics of
three-line microstrip directional coupler
can be remarkably improved for both inter-

digitel (6) and thee-mode (7) operation.
In this paper, therefore, some new alter-
native microstrip and coplanar structures
filled with combined double-layer dielec-
tric substrate exe considered for possi-
ble application in high-directivity mul-
ticonductor coupler design.

In the calculations, the spectral do-
main technique /SDT/ is used to provide
phase constant characteristics of various
multiconductor-line structures. This me-
thod, comparing with other realisations,
has not necessarily lead to unacceptable
increase of analytical complexity in case
of multimode systems even with multilaye-
red substrates and always results in the
well-known. set of coupled algebraic equa-
tions easily and efficiently solved by
numerical techniques.

REMARKS ON ANALYTICAL PROCEDURE

Comparing various realisations of the
SDT one can conclude that the most impor-
tant and sensitive stage of this method
lies in the proper choice of the analyti-
cal description of unknown field-quanti -
ties at the nonuniform boundary-condition
cross-sectional interfaces interrelated
by the spectral domain Green’s function
components involving the associated hyb-
rid-mode boumdmy-value problem. The lat-
ter, in case of layered dielectric media,
can be directly and simply obtained by
inspection of equivalent transverse trsn-
smission-line circuits for TE- and TM-wa-
ves (8). Although$ from the theoretical
point of view we have always two possible
descriptions of the transmission-line, in
terms of impedance or admittance matrices
of spectral Green’s function components ,
in practice the manner of analytical. des-
cription is determined by variables defi-
ned over finite intervals in space-domain
&#,$~~o;;.avoid unnecessary computation -

In order to analyze general nonsymmet-
ri.cal structiuxes the unknown field–qua.n-
t~ties are expanded in double-closed ser-
ies-type representation in terms o:f assu-
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med set of kuown expension functions(l ),
(9). This procedure, however, may be too
complicated in many practical. cases when
the symmetry with respect to vertical. mid
plane exist or the knowledge of only some
chosen modes of the structwre is required
as the resulting dimensions of a uniform
system of homogeneous equations to solve
are increased linearly with both the num-
ber of lines and of expansion functions
used in the calculations. ih this case ,
the method can be significantly imprrg;d
allowing more efficient numerical
lations of various multiconductor printed
line structures like, for example, inter-
digitel microstrip circuit with two fun-
damental modes corresponding to magnetic
wall & the plane of symmetry in s tru-
ctures with odd number of strips and to
magnetic and electric wall in these with
even (10), respectively. Assuming equally
dimensioned strip and spacing slot widths
relatively simple for numerical implemen-
tation functional factors appe~ing in
the spectral representation of bhe expan-
sion functions are obtained:
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N- odd

with subscripts q-e and q-o corresponding
to quasi--ven and quasi-odd mode, respec-
tively, - being the Fourier transform
vaziable and N the number of strip con-
ductors. Thus, arbitrary system of N equ-
ally dimensioned interdigital microstrip
1 ines can be exactly analyzed even with
matrices 2X2 if expansion functions are
correctly chosen.

NUMERICAL RESULTS

In this section exemplary obtained re-
sults of normalized to the free-space wave
number phase constants of various micro-
strip and coplamuc structures with double
layer dielectric substrate are shown and
briefly discussed. ‘These structures, due
to the possibility of the compensation of
phase velocities of propagating fundamen-
tal modes are especially intended for
high-directivity coupler application. !l!he
presentation, therefore, is oriented on
phase-velocity equalization effect and
the methods to achieve this. In numerical
calculation the series of sine and cosine
functions with Maxwell term have been

used as the expansion functions which are
proved to be very efficient in many simi-
lar field-theory problems.

In Figs. 1, 2 and 3 characteristics of
three-line microstrip and coplanar struc-
tures resulting from general analytical
formulation are shown versus relative
dielectric permittivity of lower substrate
layer. The first structure - coupled cop-
lana? strip-lines /G-CPS/, can be treated
as two edge-coupled slot lines with finite
ground planes and designed as typicel four
port device. The remaining two structures
illustrated in Figs. 2 and 5 may be used
both as four- and six-port devices. Micro-
strip version should provide better frequ-
ency behaviour due to the smaller differe-
nces between permittivities required for
the equalization of auy two model phase
velocities.

Fig. 4 presents characteristics of in-
terdigital microstrip structure which are
obtained in terms of suggested modification
of SDT. The plotted curves show that single
layer network does not provide the decrease
of phase velocity ratio with increasing N.
The use of layered substrate results in the
equalization of two modal phase velocities.
This technique is especially suited for the
interdigital structure as the use of cross-
overs does not allow the efficient use of
an overlay techniques commonly employed in
conventional two-line microstrip couplers.
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Fig.1 - Characteristics of two modal phase
constants of double-layer C-CPS versus the
permit%i.vi.ky of lowee eube~tia~d layer wikh
the thickness of lower layer /a/ and spa-
cing slot width /b/ as a parameter

1 I

to 20 39 &

Fig. 2 - Behavlour of the modsl phase cons-
tants of three coupled slot lines with
double–layer substra+e vbrsus permLW3vi-
ty of lower layer with the thickness of
the lower layer /a/ and center slot width
/b/ as a parameter

217



2.9bP“

t,? -

25 -

23-

2{ -

i9-

/

f.7
6*1 1 ,

2 4 6 8 K1

2a0tud04a2

aw

f .5642

I 1 (Z
2 4 6 8 m

Fig.3 - Phase constant cnsxacteristics of
three-line coupled microstrip structuce in
double-layer configuration versus permitti-
vi.’ty of lower layer with the thickness of
the lower layer /a/ and center strip width
/b/ as a parameter
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Fig.4 - Characteristics of’ the quasi-even
and quasi-odd mode of interdigital micro-
strip structure versus the number of cou-
pled strip conductors for single /a/, do-
uble /b/ and suspended /c/ substrate
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