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Abstract

Modified grounded coplanar waveguide is the same
as conventional grounded coplanar waveguide except
that the side planes are not of infinite extent. This
structure is overmoded, but is still used in monolithic
circuits since it does not require via holes. In this pa-
per, conversion from the desired CPW mode to an un-
desirable microstrip—like mode is calculated using a full
wave analysis. Results indicate that this conversion can
be made small for reasonable structural dimensions.

Introduction

The recent use of grounded coplanar waveguide in
monolithic circuits [1] has renewed interest in this type
of circuit medium for monolithic millimeter wave appli-
cations. Grounded coplanar waveguide (GCPW) dif-
fers from conventional coplanar waveguide (CPW) by
the addition of a ground plane on the underside of the
substrate. This improves heat removal at some expense
to the range of impedance values which are possible [2].
Both GCPW and CPW have the advantages which re-
sult from having all RF circuitry and grounds on one
side; elimination of via holes, simplified construction,
and reduced parasitic inductance. Both also have low
dispersion and potentiaily low loss [3].

In ideal CPW and GCPW, the top side (and bot-
tom side for GCPW) ground planes extend to infinity.
For the GCPW this creates a region which supports a
parallel plate wave. Since this wave is slow compared
to the desired CPW mode, it serves as a vehicle for
energy leakage (3], [4], [5].

For practical MMIC’s, the ground planes do not
extend to infinity and this radically affects the GCPW
leakage. In this paper, we consider the “modified”
grounded coplanar waveguide illustrated in Figure 1.
The modified structure differs from the conventional
structure in that Sy is finite instead of infinite. For
small values of Sz, there are three modes which propa-
gate on this line; the CPW mode (Figure 1a), a para-
sitic microstrip-like mode (Figure 1b), and a mode with
odd symmetry (not shown). As S, increases, more and
more parasitic modes can propagate until, for infinite
S2, a continuum of parasitic (parallel plate) modes are
possible. In this paper, the side plane dimension, S,,

0149-645X/88/0000-0203$01.00 © 1988 IEEE

is limited such that only the three lowest order modes
can propagate. For many practical structures this is
still a fairly large dimension (~ Ao/(4,/€;)). Further-
more, only symmetric structures will be considered so
that the CPW mode can only excite the parasitic mi-
crostrip mode. This is a reasonable assumption since
air bridges are normally used to short out the mode
with odd symmetry.
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Figure 1. Modified grounded coplanar waveguide;
{a) CPW mode currents and fields, (b)
microstrip—like mode currents and fields.

For an infinitely long line on GCPW, there is al-
ways a parasitic parallel plate wave whose velocity can
match the velocity of the desired CPW mode. Cou-
pling and leakage will therefore occur. In the modified
GCPW considered here, the single parasitic mode, for
typical frequencies, does not travel at the CPW mode
velocity. Therefore, coupling does not occur on the
uniform line. It does, however, occur at discontinu-
ities just as coupling can occur at discontinuities in an
overmoded rectangular waveguide. One type of discon-
tinuity which will couple to the parasitic mode occurs
when the modified GCPW is fed at the substrate edge
[1]. Another type occurs when shorts or steps in the
modified GCPW take place on the substrate surface.
The latter will be studied herein.
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In this work, a rigorous numerical technique is
used to investigate the coupling between a CPW mode
and the microstrip-like mode at a short circuit discon-
tinuity in modified GCPW. The short circuit disconti-
nuity is illustrated in Figure 2. A CPW wave which
is incident on this type of discontinuity results in two
waves being reflected, the desired CPW mode and the
parasitic mode. In what follows, the numerical tech-
nique will first be described. Representative results
will then be presented.

[ 3

Figure 2. Modified coplanar waveguide short cir-
cuit supported by two dielectrics over a
ground plane.

Theory

A rigorous application of the method of moments is
used to analyze this problem. The procedure is similar
to methods developed in references [6], [7], [8], and
especially [9]. A Green’s function was developed for the
substrate configurations shown in Figure 2. The figure
shows a two—dielectric slab which extends to = infinity
in the x and y directions. A ground plane is present
on the underside. The incident transmission line is
modified GCPW if d; = 0. No top cover is assumed,
although adding one would be a minor modification.
The Green’s function relates the z and y components
of the electric field on the top surface to the surface

current, J, on the same surface,
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E(z,y) = Q(kzyky):
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where E(z,y) is the two component surface field,

J (kz,ky) is the Fourier transform of the surface cur-

rent, and Q (k;,ky) is the Fourier transform of the
Green’s function for a current element located at the

origin. The expression for @ has been published else-
where [10] and will not be repeated here. The current,

j, is expanded as follows,
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where J s and J are precomputed sinu-

soidal currents which have known forms {propagation
constants, y dependence, z and y current components)
and which correspond to the reflected microstrip-like
mode, the reflected CPW mode and the incident CPW

—fe

mode respectively. The J Jf are finite element rooftop
currents, some of which are z—directed and some y-
directed. NM is the total number of finite elements,
and A;, Ryms, Rep are complex coefficients which are
to be determined. Weighted averages of the tangen-
tial electric field on the CPW surface are set to zero
according to

— // VT’l(z,y) -E(:c,y)dxdy =0
—oo
i=1,2,3,..NM+2. (3)

where W, are the weighting functions which, except
for two, are the same as the finite element expansion
currents. The resulting matrix has the form,

where the Z matrix results from testing the first three
types of expansion functions in (2) and the vector

Z 1 results from testing the current Jj;cp. These
impedances are carefully evaluated in order to take into
account surface wave and space wave effects. Equation
(4) is then solved for the unknown coefficients.

There are two types of expansion functions and
two types of weighting functions used in this analysis.
Rooftop functions [6], 7] are used for expansion and
weighting in the junction area while precomputed si-
nusoids are used to model the incident and reflected
waves which extend away from the junction [9]. Two
additional weighting functions are used at the edge of
the finite element region. These additional functions
are z—directed and extend across the width of the CPW
and both have triangular z dependence. One has a y
variation consistent with the microstrip—like mode and
the other has a y variation consistent with the CPW
mode (see g$'F, gM5 below).



The incident and reflected precomputed sinusoids
have the form,

P
J =[Pz +1aST ()g] -

- [cos(8°F z) — jsin(8°F 1)) (5a)
—RCP
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- [cos(8°F z) + jsin(8°F z))] (56)
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where the propagation constants 8MS,8°F and

the functions, g%, g5’F, g5, g1 are computed from
a full wave analysis of the infinite line. Pulse functions
are used in modeling ¢, while triangular functions
are used to model g,. The sizes of these pulses and
triangle functions are commensurate with the rooftop
functions used in the junction area. In the discontinuity
calculation, the z dependence of (5) is truncated as
described in [9].

Once the coefficients Rars and Rgp in (3) are
determined, they are adjusted to represent ratios of
the total center strip currents for the different modes.
The power/current impedance of each mode is defined
with respect to those currents. Using this impedance
(calculated in a separate routine) the ratio of reflected
microstrip—like mode power to incident CPW mode
power is finally computed.

Results

In the results that follow, the short circuit dis-
continuity is modeled as shown in the inset to Figure
3, except that the element density is usually roughly
double what is shown. For z—directed currents, the el-
ements have a triangular z dependence which extends
over a distance, Ws/2 and a pulse y dependence of ex-
tend, S, /4. For y—directed currents, the elements have
a pulse = dependence extending over a distance Wg/4
and a triangular y dependence which spans a distance
of S1/2. The finite element region extends back from
the short (z < 0) by over a slot width. At the lowest
frequencies, the number of y divisions was halved. By
varying the number and size of the elements, it is esti-
mated that the results are converged to within 10% of
the exact value.

As stated previously, a CPW wave which is inci-
dent on this junction reflects into a CPW mode and a
microstrip—like mode (Figure 1a and b). The CPW-to-
CPW reflection coefficient (RCT), as expected, is con-
sistent with an inductive short circuit. If a microstrip—
like mode is launched at the discontinuity, the M S—to—
MS reflection coefficient (not RM¥) is, as expected,
consistent with a capacitive open circuit. Plots of
the current on the short circuit show that the current
bunches along the z = 0 edge, as it should.
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Figure 3. Fraction of incident CPW power con-
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verted to MS-like reflected power plotted
versus frequency.

Figure 3 shows a plot of the fraction of incident
CPW power which is reflected into the microstrip—
like mode as a function of frequency for two differ-.
ent impedance modified GCPW lines. The converted
power is less than 1.2 percent of the incident power.
Increasing frequency results in decreasing mode con-
version.

Figure 4 shows a plot of the fractional power con-
verted as a function of the CPW size for a fixed fre-
quency and substrate thickness. Larger sizes increase
the fraction of power converted up to the point where
the center strip width is about equal to the substrate
thickness.

An open-—circuited modified GCPW was also ex-
amined. Referring to Figure 2, the open circuit was
formed by extending the slots all the way to the end of
the line. Mode conversion in this case was so small that
it is beyond the capability of the analysis to accurately
calculate it.

Conclusions

The analysis presented in this work is concerned
with a particular type of discontinuity over a limited
range of parameters.

The results so far indicate that mode conversion in
modified grounded coplanar waveguide occurs at dis-
continuities, but that it is a small effect. Still, in very
high @ circuits, resonances may occur due to this cou-
pling. A more complete study of this configuration (in-
creasing W, for example) may show increased coupling
as a result of tuning effects.

Coupling to the parasitic microstrip—like mode at
the transition on to a chip may be the most significant
source of parasitic modes. This problem has not yet
been investigated.
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Figure 4. Fraction of incident CPW power con-
verted at 60 GHz for a fixed substirate
thickness plotted versus modified GCPW
size.
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