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ABSTRACT

Microstrip in-line and offset gap discontinuities in both
laterally open and fully open environments are, for the
first time, analyzed using a deterministic spectral domain
method. The analysis includes the effects of space wave
and surface wave radiation and coupling in the case of fully
open environments and includes the effects of LSM and
LSE wave radiation and coupling in the case of laterally
open environments. In the case of laterally open environ-
ments, the effect of cover height is investigated. The analy-
sis includes the effects of two-dimensional, two-component
current flow on the conductors.

INTRODUCTION

Microstrip in-line gap discontinuities in fully open environ-
ments have been analyzed using fullwave methods such as
the spectral domain approach [1,2,3] and the space domain
integral equation approach [4,5]. On the other hand, lit-
tle information exists concerning the microstrip offset gap
discontinuity, the geometry of which is shown in Figure 1.
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Figure 1: Geometry of Offset Microstrip Gap
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Workers in the field have resorted to using an “effective”
gap width in combination with an in-line gap model to es-
timate the capacitive coupling of the offset gap [6]. Aside
from yielding only an approximate value for the coupling
capacitance, this method does not account for radiation
losses which are necessarily larger in the offset gap con-
figuration. Furthermore, no analyses have been reported
of gap discontinuities, whether in-line or offset, in later-
ally open environments. By laterally open it is meant that
only a ground plane and shielding cover are present; no
conducting sidewalls exist. The geometries of laterally and
fully open microstrip are shown in Figures 2 and 3, re-
spectively, for comparison. Here a deterministic spectral
domain method is used to analyze microstrip in-line and
offset gap discontinuities in both fully open and laterally
open environments. In fully open environments, both space
wave and surface wave radiation and coupling can occur,
resulting in losses and spurious coupling. In laterally open
environments, LSM (Longitudinal-Section Magnetic) and
LSE (Longitudinal-Section Electric) mode radiation and
coupling can occur. In the laterally open case, the height

" of the conducting cover has a significant effect on the LSE

and LSM radiation. This has been noted by Jansen [7]
in the analysis of radiation loss from microstrip open-end
discontinuities.
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Figure 2: Laterally Open Microstrip
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Figure 3: Fully Open Microstrip

SUMMARY OF METHOD

The method used to analyze microstrip offset gaps is de-
rived from that used to analyze in-line gaps which was pre-
sented in [3]. To briefly summarize, the analysis is based
on a moment method which is applied to solve the Elec-
tric Field Integral Equation (EFIE) in the spectral domain.
When transformed into the spectral domain the EFIE is
given by:

?zz(a: ﬂ){z(av IB) + ?zz(a, IB)J:E(Q’ ﬂ) = ?Z(Qa ﬂ)
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where Z..(a, B)...Zy(a,B) are components of the spec-
tral domain Green’s function, J,(a,B) and J;(a,B) are
the Fourier transforms of the current on the microstrips,
E.(a,8) and E,(a,p) are the Fourier transforms of the
electric field at the interface, and o and 8 are the spa-
tial Fourier transform variables. As can be seen, the EFIE
takes the form of two coupled algebraic equations in the
spectral domain with J;(a, 8) and J,(a, B) being unknown
functions. In order to apply the method of moments, J,
and J, are expanded in terms of known functions. In order
to do this efficiently, the problem is divided into three re-
gions: a perturbed region near the offset gap discontinuity
and two uniform regions on either side of the gap. In the
uniform regions, the current on the microstrip is assumed
to consist of only the fundamental microstrip mode of prop-
agation. The propagation constant and transverse current
distribution for the fundamental mode are determined us-
ing the conventional or eigenvalue spectral domain method.
The transverse dependence of the fundamental mode cur-
rent is modeled using entire domain Maxwellian functions
as defined in [8]. On the excitation side, the current con-
sists of an incident wave of known amplitude and phase and
the reflected wave of unknown amplitude and phase. On
the load side, the current consists of a transmitted wave of
unknown amplitude and phase. In the perturbed regions,
the longitudinal dependence of the current is modeled using
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localizced rooftop functions. The transverse dependence is
modeled using entire domain Maxwellian functions. How-
ever, because of the asymmetry of the discontinuity, both
even and odd functions are needed for both the transverse
and the longitudinal current. Therefore, in the space do-
main, current on the excitation side is given by
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and the current on the load side is given by
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where J,,(z)
given by:

and J,,(z) are the Maxwellian functions
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and An(z) are the localized rooftop functions given by
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In the above expression, 3, is the propagation constant for
the fundamental mode and ag,az...ap and bg,ba...0as
are the coefficients in the expansion of the transverse de-
pendence of the current as determined in the eigenvalue
formulation. The Fourier transforms of these expressions
are substituted into the EFIE and the resultant equations
are tested as in [3] to generate a square linear system
which is solved for the unknowns ¢y ...cpyn, diy ... dun,
€11...€MN, fll’ .o fMN7 I‘, and T.

NUMERICAL RESULTS AND CONCLUSIONS

In order to compare the method with existing analysis and
experimental data [5], an in-line gap in a fully open envi-
ronment was analyzed. The geometry of the gap is given
in Figure 4 along with the magnitude of the transmission
and reflection coefficients as a function of frequency. The
computed transmission and reflection coefficients agree well
in both magnitude and phase (not shown) with both the
theory and experiment in [5)].

o}, |7} 0Dota from [5]

1.0 + This analysis
W
™
]

0871 Gap Discontinuity
w = .635mm
0.6+ d = .635mm
h
0.4 9
s
&
R
0.2

5.0

Figure 4: Open In-Line Microstrip Gap Discontinuity

The transmission loss of the discontinuity can be de-
fined as [1]
Tioss =1 — |I\|2 + Ile (7)
The transmission loss gives a measure of how much power
is lost into surface and/or space wave radiation in the dis-
continuity. The transmission loss for the open in-line gap
discontinuity is also plotted in Figure 4. As can be seen, the
transmission loss is quite small for this structure indicating
that very little power is converted from the microstip mode
into space wave radiation or the T M, surface wave mode.
In order to analyze the effect of a shielding cover in
the laterally open case, an in-line gap discontinuity with
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the same geometry except for the addition of a conducting
cover was also analyzed. In Figure 5, the magnitudes of
the reflection and transmission coeflicients for this struc-
ture are plotted as well as the transmission loss. It can
be seen that that the transmission loss for the covered gap
can be much higher than that of the open gap despite the
absence of space wave radiation. It would seem logical to
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Figure 5: Covered In-Line Microstrip Gap Discontinuity

attribute this effect to the fact that the LSM, mode for
covered substrates is slower than the T'My surface wave
mode for open substrates, while the microstrip mode has
essentially the same velocity whether or not the cover is
present. This would cause the microstrip mode to be more
apt to be coverted to LSMy mode in a covered configu-
ration than into TM, surface wave mode in a fully open
configuration. In Figure 6, the slow-wave factors for the
fundamental microstrip mode in both open and covered
substrates, the T' M, surface wave mode in open substrates,
and the LSM, mode in covered substrates are plotted ver-
sus frequency.

SWF

2.75 M

2.50

2.25 X open microstrip

2.00 + covered microstrip
¥ LSM  waveguide mode

1.75 3
DTM surface wave

1.50 °

1.25

1.00 3 = f(GHz)
5.0 15.0 25.0 35.0

Figure 6: Slow-Wave Factors for Microstrip and Parasitic
T Mo and LSMy Modes



It can be seen that at higher frequencies the LS My mode
is highly trapped in the substrate and hence has nearly the
same velocity as the T'Mp surface wave mode. Since the
transmission losses of the open and covered gap disconti-
nuities differ the most at higher frequencies, the loss must
be due to a somewhat more complicated effect than that
described above.

In Figure 7, the transmission and reflection coefficients
and the transmission loss are given for an offset gap in an
open environment. We see that while the magnitude of the
transmission coefficient is much smaller than that of the in-
line gap, the transmission loss is still not very significant.
In Figure 8, the same gap geometry in a covered environ-
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Figure 7: Open Microstrip Offset Gap Discontinuity

ment is analyzed. We see that the cover greatly exacerbates
the losses incurred by the offset gap discontinuity.
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Figure 8: Covered Microstrip Offset Gap Discontinuity

In summary, in-line and offset gap discontinuities have
been analyzed using a deterministic spectral domain method.
It has been shown that the transmission loss is higher for
offset gaps as expected. More importantly, it has been
shown that a conducting cover can actually increase overall
transmission loss despite preventing space wave radiation.
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BRIEF NOTE ON NUMERICAL ASPECTS

The spectral domain approach is numerically intensive as
are other fullwave analyses of planar inhomogeneous struc-
tures. However, because the bulk of the numerical work
involves quadrature, the method is quite amenable to vec-
torization. This work was performed on a Convex C-220
computer. Typical run times are about 15 minutes per
data point with 64 subsectional basis functions. However,
due to a lack of development time, the vector capabilities
of the machine were not fully exploited.
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