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Abstract— This paper describes new multilayer aperture-
coupled broadside microstrip lines suitable for miniaturized
microwave and millimeter-wave integrated circuits. Spectral-
domain method is used for detailed investigations of these
structures, and both quasi-static and dynamic results are
presented to illustrate the need of a full-wave analysis
for accurate circuit designs at high frequencies. The new
transmission lines possess many desirable features, such as
flexibility in circuit design and ability to optimize various
transmission lines’ characteristics, as well as miniaturization
by using thin dielectric layers. Besides having the inherent
properties of large ratios for the mode characteristic impedances
and effective dielectric constants found in broadside-coupled
structures, we also found that the studied coupled transmission
lines can have equal mode effective dielectric constants for
certain values of the structural parameters.

I. INTRODUCTION

N THE PAST TWO DECADES, we have witnessed a rapid

advancement of microwave and millimeter-wave hybrid
(MIC) and monolithic (MMIC) integrated circuits for both
civilian and military applications. Toward this end, many
planar transmission lines have been proposed and used. Recent
efforts have concentrated on reducing the sizes of current
MMIC’s through the use of thin-film microstrip lines fabri-
cated on thin dielectric substrates over a GaAs semi-insulating
substrate [1]-[4]. The thin-film microstrip lines have narrow
line widths because of the use of very thin dielectric layers,
thus making high-density circuit integration feasible. However,
these structures are single transmission lines and, therefore, are
not applicable for MMIC’s using parallel coupled lines, such as
filters and couplers. Multilayer thin-film coupled transmission
lines can be employed to solve this problem while achieving
very compact, high-density circuit integration.

In this paper we propose and study new multilayer aperture-
coupled microstrip lines (Fig. 1) suitable for miniaturized
MIC’s and MMIC’s. They consist of two dielectric layers
(e.g., silicon oxynitride), isolated by a common ground plane,
over a grounded dielectric substrate (e.g., GaAs). The bottom
ground plane is used to increase the mechanical strength
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Fig. 1. Cross section of the new multilayer asymmetric aperture-coupled
broadside microstrip lines.

as well as to facilitate the heat dissipation and packaging
needed for practical applications. The two coupled strips
have unequal widths and are asymmetrically located on two
different layers. These strips are coupled to each other through
an arbitrarily located coupling aperture on the common ground
plane. Arbitrary locations for the strips and coupling slot are
attractive as they allow the transmission lines’ parameters,
such as couplings, characteristic impedances and velocities, to
be optimized for a particular application. Through the use of
thin dielectric layers, narrow line-widths can also be obtained,
resulting in compact circuits. The proposed structures can have
significantly less distortion via appropriate selection of the
dielectric layers, as discovered for multilayer microstrip lines
[5]. A similar structure, referred to as “double-sided substrate
microstrip lines” consisting of two dielectric substrates and
two microstrip lines coupled through a rectangular slot, was
analyzed [6], [7]. However, the reported structure is not
suitable for MMIC’s, and to some extent MIC’s, since the
substrates are assumed to be identical and suspended in the
air. It is basically a stripline-type transmission line and clearly
not applicable to MMIC’s. In addition, its upper and lower
strips are of equal width and symmetrically located on top of
each other, thereby limiting the transmission line’s flexibility
in circuit design and the ability to optimize the transmission
line’s characteristics.
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Fig. 2. Dynamic characteristic impedances and effective dielectric constants for double-sided substrate microstrip lines versus 2 Wh. a = 125 mils,

hi = hy =2 mm, hog = hs = h = 0254 mm, €¢,1 = €rq4 = l,6r90 = €73 = &7, f = 10 GHz.

II. ANALYSIS

Fig. 1 shows the cross section of the multilayer asymmet-
ric aperture-coupled microstrip lines. The enclosure, ground
planes, and strips are assumed to be perfect conductors.
Additionally, the dielectric substrates and the metallization are
assumed to be lossless and infinitesimally thin, respectively.
This structure supports two quasi-TEM modes designated as c-
and m-modes. Both the quasi-static and dynamic analyses are
carried out based on the spectral-domain approach (SDA) [8],
[9] and are performed for the shielded structure, as shown in
Fig. 1. Results can be applied to the open version by setting
appropriate values to the structural parameters. The SDA is
well documented, and hence, only brief formulations are given
here.

A. Quasi-Static Analysis

By using the quasi-static SDA, which utilizes Galerkin’s
method described in [8], we obtain the following set of coupled
linear algebraic equations
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G’s represent the spectral domain Green’s functions; ¢, dr
and f,, are unknown coefficients associated with known basis
functions psy, psr and p, that describe the charge distribu-
tions on the upper, lower strips and the common ground plane,
respectively. The tilde (~) indicates the Fourier-transformed
quantity.

Constants ¢, dx, and f,, can now be determined from the
above equations, from which the charge distributions on the
strips can be obtained. We then follow the procedure described
in [10] to determine the mode characteristic impedances and
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Fig. 3. Characteristic impedances and effective dielectric constants for an asymmetrical aperture-coupled structure versus 2 W/h. @ = 125 mils, by =

100 mils, hg = hy = h = 5 pm, hy = 25 mils, S; = 30 mils, G; = 35 mils, S» = 70 mls, 2G

gr2 = &r3 = 3.3 (polyimide), €,4 = 12.9 (GaAs).

effective dielectric constants. We first determine the per-
unit-length capacitances corresponding to equal and opposite
potential excitations on the two strips. We then evaluate
the c- and w-mode capacitances per unit length and the
corresponding mode characteristic impedances and effective
dielectric constants.

B. Dynamic Analysis

Applying the SDA [9] produces the following coupled linear
algebraic equations
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Juz, Juz and Ji., Ji, are the x, z, current distributions of the
upper and lower strips, respectively; c’s, d’s, and f’s are un-
known coefficients associated with these current components;
G’s are the Green’s functions in the spectral domain; 3 is the
propagation constant; and ., is the Fourier-transform variable.
We now set the determinant of the coefficient matrix of the
above equations to zero to obtain the propagation constants of
both the ¢- and 7m-modes, from which the effective dielectric
constants can be calculated. The ¢- and m-mode characteristic
impedances of the upper and lower strips are calculated using
the formula Zy = 21;3“, where P,,, represents the average
power transmitted across the transmission line’s cross section,
and I is the strip current.

III. NUMERICAL RESULTS

To verify the analysis, we computed the c- and w-mode
quasi-static and dynamic characteristic impedances and ef-
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fective dielectric constants for a “double-sided substrate mi-
crostriplines” structure consisting of two identical substrates
suspended in the air and compared with the results in [7].
Fig. 2 shows our results for the dynamic characteristic imped-
ances and those in [7, Fig. 9] versus the normalized strip width.
The discrepancy is less than 2.5%, which can be attributed
to the fact that [7] employed both the current and electric
field distributions whereas our results are based only on the
current distributions. Similar agreement is also obtained for
all of the other cases. It should be noted here that our c- and
w-mode parameters are identical to those of the even- and odd-
modes, respectively, used in [7], since the considered structure
is symmetrical.

Fig. 3 shows variations of the characteristic impedances
and effective dielectric constants for an asymmetric aperture-
coupled structure as a function of the upper strip’s normalized
width at a frequency of 20 GHz. It is seen that as the upper-
strip width is increased, the m-mode charactetistic impedances
and c-mode effective dielectric constant reduce, whereas the
c-mode characteristic impedances and w-mode effective di-
electric constant remain virtually the same. The data suggest
that large ratios for the mode characteristic impedances and
effective dielectric constants can be obtained by increasing
the upper- or lower-strip width. This is an inherent property of
broadside-coupled structures [10]. Quasi-static results for the
¢- and w-mode characteristic impedances of the upper strip are
also included and, as can be seen, the difference between these
.and the dynamic values at 20 GHz is around 11%, indicating
the need of a full-wave analysis for accurate circuits designs.

Results of the characteristic impedances and effective di-
electric constants for an asymmetric structure at 20 GHz as the
relative dielectric constant of the grounded bottom substrate
changes are shown in Fig. 4. It is noticed that the c¢- and 7-
mode characteristic impedances are almost the same for both
strips in this case. This phenomenon is expected as the two

layers between the strips are identical and relatively very thin
as compared to the grounded bottom substrate, resulting in a
strong confinement of the fields within these layers. It is seen
that the bottom substrate’s dielectric constant has no significant
effect on the mode characteristic impedances. However, while
the 7-mode effective dielectric constant only varies less than
7%, that for the c-mode changes substantially. Furthermore, it
is interesting to observe that the effective dielectric constants
for the ¢- and w-modes are equal when the dielectric constant
of the bottom substrate is 12.8. This result can be exploited to
design directional couplers with maximum isolation.

Fig. 5 shows effects of the coupling aperture’s normalized
width on the characteristic impedances and effective dielectric
constants for an asymmetric structure. It is seen that increasing
this width slightly increases the c-mode characteristic imped-
ances, while keeping the w-mode counterparts almost constant,
It is also clear that both the c- and w-mode effective dielectric
constants decrease as the width is increased. Again, we notice
that the ¢- and w-mode effective dielectric constants coincide
at certain values of the aperture width.

Values of the mode characteristic impedances and effective
dielectric constants for an asymmetric structure are plotted as a
function of the ratio of the dielectric constants of the substrates
above and below the common ground plane in Fig, 6. As can
be seen, all the characteristic impedances decrease while the
effective dielectric constants increase as the ratio is increased.

A remark that needs to be made at this point is that all
of the presented data are applicable to open versions of the
considered transmission lines, as the upper layer was assumed
to be air and the enclosure width as well as the upper layer
thickness were relatively large.

IV. CONCLUSION

We have proposed and studied new multilayer asymmetric
aperture-coupled microstrip lines for possible uses in MIC’s
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and MMIC’s. These transmission lines are completely general,
in which the strips and coupling aperture can be arbitrarily
located. They, besides having all of the inherent character-
istics of broadside-coupled structures, can have equal mode
effective dielectric with appropriate structural parameters’
values. Miniaturized MIC’s and MMIC’s are also feasible by
using thin dielectric layers. Numerical results also indicate
that a full-wave analysis should be used for accurate circuit
designs. The proposed transmission lines and their analyses
should be useful for possible applications in MIC’s and
MMIC’s.
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