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ABSTRACT: In this article, a new CAD model for the coplanar waveguide (CPW) cross-over
air-bridge is proposed. The model takes into account the CPW open-end capacitance and the
vertical strips of the bridge. The section directly underneath the bridge is modeled as a small
section of a microstrip line. Our results are in good agreement with the published full-wave
results. © 2005 Wiley Periodicals, Inc. Int J RF and Microwave CAE 15: 251–254, 2005.
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I. INTRODUCTION

Uniplanar circuits for MMICs, in which only one side
of the substrate is used, have been proposed in [1].
These circuits use a combination of coplanar wave-
guide (CPW) and slotline. One of the key components
for the uniplanar structure is the air-bridge, which is
used to connect the CPW to slotlines or coupled-
slotlines. Air-bridges may have parasitic problems
when the sizes involved are large or if their number is
large [1].

In this article, the CPW cross-over air-bridge is
studied, as shown in Figure 1 where W is the slot
width, S is the center conductor width, h is the sub-
strate thickness with a dielectric constant �r, d is the
length of the air-bridge, ha is the height of the air-
bridge, and g is the open-end gap width. In this article,
the metallization is assumed to be a perfect conductor
with zero thickness.

In [1], this CPW bridge was modeled as an air-
filled microstrip line along with fringing capacitances,
and it was shown that there is no discontinuity prob-

lem if the size of the bridge is small. Full-wave TLM
and FDFD methods were used to study this bridge in
[2–4], where it was found that such a bridge could
behave as an inductive or capacitive element, depend-
ing on the bridge height and length [2]. Moreover, the
same bridge has been experimentally studied in [5].

In this article, a new equivalent-circuit model for
the CPW cross-over air-bridge is introduced and in-
vestigated. The results are compared to published
full-wave results and a good agreement is obtained.

II. EQUIVALENT-CIRCUIT MODEL

Referring to Figure 1, it can be seen that the cross
section in the crossing region may be regarded as an
air-filled microstip line of substrate height ha, and
strip width S. In the open-end gap region, the cross
section may be regarded as an elevated strip CPW
with center conductor width S, and gap width W.

Figure 2 shows a cross section of the elevated strip
CPW (ESCPW). Recently, the ESCPW has been the
subject of many papers in the literature [6–12]. The
ESCPW has some advantages over the conventional
CPW. It has fewer losses and covers a broader range
of characteristic impedances. The ESCPW has been
mainly analyzed using the full-wave FDTD method
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[6, 7], the quasi-static finite-difference technique [8],
and the finite-element method [9]. To our knowledge,
no closed-form expressions for the effective dielectric
constant and the characteristic impedance of the ES-
CPW are available. Based on conformal-mapping
analysis of the recessed strip CPW in [13], we tried to
use conformal mapping to obtain such expressions,
but found out that this could be tedious and not really
necessary for our air-bridge study, as will be shown
below.

Given the above discussion, Figure 3 shows the
proposed equivalent-circuit model for the air-bridge.
The transmission line of length d is the air-filled
microstrip line, while those of lengths g are the ES-
CPW sections. The capacitance Coe is the CPW open-
end capacitance, which was evaluated using expres-
sions from [14, 15]. The inductance Lvs is the series
inductance due to the vertical strip of the air bridge
connecting the center strips of the CPW and the
ESCPW. This inductance can be approximated using
the following expression [16]:

Lvs �
�0ha

2� � ln�1 � �1 � p2

p � � p � �1 � p2�,

where p � S/(4ha).

As mentioned above, a closed-form expression for
the impedance and effective dielectric constant of the
ESCPW are not currently available; thus, it was de-
cided to replace the very short ESCPW sections with
equivalent lumped inductances. Figure 4 shows the
resultant equivalent-circuit model, in which La is the
total inductance. After extensive numerical experi-
ments and comparing the obtained results to those
from [2, 3], the following expression was used to
evaluate La:

La � L1 � L2,

L1 �
�0�ha � g�

2� � ln�1 � �1 � p2

p � � p � �1 � p2�,

L2 � � g��LESCPW�,

LESCPW � LCPW � ��0�0�effCPWZ0CPW,

where p � S/4(ha � g). In the above equations, L1 is
the inductance of a flat wire of length ha � g and
width S, while L2 is the inductance of the ESCPW
sections. It should be noted that the inductance per
unit length of the ESCPW is assumed to be equal to
that of the conventional CPW, as found in [6, 7].
Finally, from this equivalent circuit, one can easily
find the scattering parameters.

III. RESULTS

The CPW air-bridge under consideration has the fol-
lowing dimensions: h � 100 �m, �r � 12.9, S � 15
�m, W � 10 �m, ha � 3 �m, d � 30 �m, and g �

Figure 1. CPW cross-over air-bridge.

Figure 3. Equivalent-circuit model for the CPW air-
bridge.

Figure 4. Final equivalent-circuit model for the CPW
air-bridge.

Figure 2. Cross section of an elevated strip coplanar
waveguide (ESCPW).
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7.5 �m. These dimensions correspond to the air-
bridge analyzed in [2, 3]. Using the equivalent circuit
presented in the previous section, the obtained results
are shown in Figures 5 and 6, along with full-wave
results from [2, 3]. It can be seen that our results are
in good agreement with the full-wave FDFD and
TLM results. From Figure 6, it can be concluded that
the bridge under consideration behaves as an induc-
tive element.

As mentioned in the Introduction, the CPW cross-
over bridge can behave as an inductive or capacitive
element, depending on the bridge height ha and length
d. Figure 7 shows our results for the phase of S11 for
a bridge height ha � 2 �m and two different lengths
d � 23 �m and d � 24 �m. It can be seen that for

lengths less than 24 �m, the bridge behaves as an
inductive element, while it behaves as a capacitive
element for lengths larger or equal to 24 �m. This
agrees well with an observation in [2], where it was
found that for ha � 2 �m, the bridge under consid-
eration behaves as an inductive element for lengths
d � 20 �m, and as a capacitive element for lengths
d � 20 �m (at 50 GHz). One can refer to [2] for an
explanation of such a behavior.

IV. CONCLUSION

From the above results, it should be noted that the
studied CPW bridge problem is by no means a trivial
one for any full-wave method, since the bridge size is
very small, compared to a wavelength. All full-wave
techniques have method-related parameters (for ex-
ample, mesh size) that certainly give some inherent
errors in each technique, especially when the magni-
tude of S11 is in the order of �40 to �60 dB. Thus, it
is not really justified to use computationally and/or
analytically intensive full-wave methods to obtain the
small parasitic effects of a single air-bridge. Instead,
for all practical purposes, the simple circuit model
presented in this article can be used to model the CPW
cross-over air-bridge. This circuit model consists of a
small section of an air-filled microstrip line along with
a shunt capacitance and series inductor. The results
from such a model were compared to published full-
wave analysis results and were found to be acceptable
in a wide frequency range. It is rather difficult to
obtain a range of validity for the presented expres-

Figure 5. Magnitude of S11 for the CPW air-bridge with
the following dimensions: h � 100 �m, �r � 12.9, S � 15
�m, W � 10 �m, ha � 3 �m, d � 30 �m and g � 7.5 �m.

Figure 6. Phase of S11 for the CPW air-bridge.

Figure 7. Phase of S11 for the CPW air-bridge with ha �
2 �m and two different lengths. h � 100 �m, �r � 12.9,
S � 15 �m, W � 10 �m, and g � 7.5 �m.
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sions; however, since the circuit model is based on
physical modeling of the bridge, it is believed that the
model is valid for typical CPW cross-over air-bridges
used in MMICs.
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