
IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 10, NO. 12, DECEMBER 2000 511

Circuit Model for a Coplanar-Slotline Cross
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Abstract—A new 6-port “circuit-model” for Coplanar-Slotline
Crosses is presented. The model is based on the separation of the
two fundamental Coplanar Waveguide (CPW) modes (even and
odd) into different ports. It generalizes previous models since it ex-
plains the Cross’ behavior even if air-bridges are not used and Slot-
lines are loaded asymmetrically. The new model is applied to the
analysis of the -parameters of an asymmetric slotline resonator,
and validated through comparison with experimental results up to
40 GHz.

Index Terms—Circuit model, coplanar waveguide, cross, res-
onator, slotline, transition.

I. INTRODUCTION

T RANSITIONS between Coplanar Waveguide (CPW) and
Slotline are required to perform most circuit functions in

planar technologies. A particular kind of transition is the CPW-
Slotline Cross shown in Fig. 1(a), in which a CPW is connected
to two Slotlines. This transition is used in a number of circuits,
such as baluns [1], slot antenna arrays [2], mixers [3], resonators
[4] and slotline-coplanar series transitions [5].

In a general situation, both CPW fundamental modes, the
Coplanar Even-Mode (CEM), or coplanar-mode, and the
Coplanar Odd-Mode (COM), or slotline-mode, can be present
at the Cross. The COM can be carried by the CPW sections from
other parts of the circuit, or can be generated by asymmetries
at the slotline ports. Thus, a detailed study of the CPW-Slotline
Cross behavior requires a circuit-model in which both modes
are considered. The Cross’ models available in the literature
[1]–[5] are not complete since they do not include the COM
effect; to prevent its excitation either air-bridges connecting the
CPW ground-planes (at the transition plane) are used [3], [5],
or the Slotline ports are loaded symmetrically [2], [4].

In this letter, a new 6-port circuit-model for a CPW-Slotline
Cross [Fig. 1(a)] is presented; it extends a four-port model pro-
posed in [6] to a more general case in which slotline ports are re-
quired. In contrast to previous works [1]–[5], the model studies
a general case in which the COM propagates along the CPW
sections. Since it is based on the separation of modes (Slotline,
CEM, and COM) into different ports, it provides a quantitative
analysis of mode-conversion from Slotline mode to CEM and
COM and vice versa, and allows the analysis of circuits in which
the CPW section is loaded with structures that present different
responses to each mode. Transitions with air-bridges at the CPW
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sections or symmetric loads at the Slotline ports [2]–[5], can
also be analyzed as a particular case. Validation of the model is
achieved through its application to the prediction of thepa-
rameters (from 45 Mhz to 40 GHz) of an asymmetric slotline
resonator.

II. M ODEL DERIVATION

Consider the CPW-Slotline Cross shown in Fig. 1(a), in
which both modes (CEM and COM) are present at the CPW
sections. To derive a model, either CPW slot is seen as a trans-
mission line propagating both, CEM and COM [see Fig. 1(b)].
The voltages and currents at the transition (, , , ,

, , , , , , and ) are related by

(1)

(2)

where
“ ” CEM;
“ ” COM;
“ ” Slotline A;
“ ” Slotline B.

From (1) and (2), the following -parameters matrix is obtained
for the normalized CEM, COM and Slotline incident and re-
flected waves at the transition, , , , , , , and

, , , , , , respectively

(3)

where
;
( );

real arbitrary impedance to which the normalized
waves and the -parameter matrix are referred.

Equation (3) leads to the circuit-model proposed in Fig. 2. The
four-port transition (two Slotline ports and two multi-mode
CPW ports) is modeled as a 6-port device that separates
the Slotline, CEM, and COM contributions into different
single-mode ports: two Slotline ports (with characteristic
impedances and ), two CPW ports propagating only
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the COM (with characteristic impedance ), and two CPW
ports propagating only the CEM (with characteristic impedance

).
Since the -parameters matrix in (3) does not depend on

frequency, the new model is frequency-independent (provided
that the exciting frequency is below the cutoff frequency of any
higher-order mode excited at the transition). The model, which
is easily implementable in microwave CAD, allows a quantita-
tive analysis of the energy transfer from one mode to the others.
In particular, whenever the Slotline ports (ports 5 and 6 in Fig. 2)
excite the Cross symmetrically ( ), the COM mode is
not generated, as seen from (3); conversely, whenever the Slot-
line ports excite the Cross antisymmetrically ( ),
the CEM mode is not generated. Thus, by controlling the slot-
line excitations, the mode generated in the coplanar ports can
be controlled as well. Whenever the Slotline ports are loaded
symmetrically ( ), there is no mode conversion from
CEM to COM, confirming the known fact that symmetry avoids
the COM. Planar structures that present different responses to
each CPW mode (such as other Slotline-to-CPW transitions and
air-bridges) can be easily connected by loading the ports 1–4 in
Fig. 2 with appropriate impedances.

III. EXPERIMENTAL VALIDATION

The proposed model has been applied to the analysis of
the –parameters of the asymmetric slotline resonator shown
in Fig. 3(a), fabricated on Alumina ( and thickness
0.635 mm). Slotline and Coplanar slot widths are 50m and 25

m, respectively. Coplanar central conductor width is 50m.
The circuit consists of a CPW-Slotline Cross loaded with two
short-circuited Slotline stubs of length mm, one of
them short-circuited at mm by an air-bridge in order
to create an asymmetry). The Cross is excited by two CPW
sections ( mm) propagating the CEM. Due to the asym-
metry in the Slotline stubs, the COM mode is generated at the
Cross and propagates along the CPW sections a distance
mm, until it is short-circuited by air-bridges. Fig. 3(a) and (b)
compare its simulated parameters (obtained using the model
shown in Fig. 2) with its measured ones. In the simulation, the
Slotline short-circuits are modeled as small value inductors, and
the air-bridges as inductors whose inductance is estimated as
a function of their length and diameter. Small parasitic effects
are added at the transition ports in Fig. 2 in order to take into
account the reactive effect of the cut-off higher order modes
generated at the transition. These parasitic effects, which cause
a slight shift in the resonance frequency, are modeled as small
series inductances whose values are pH, ,
and pH, where subindex “” refers to the CEM
ports (ports 1 and 3 in Fig. 2), “” to the COM ports (ports 2
and 4 in Fig. 2), and “” to the slotline ports (ports 5 and 6 in
Fig. 2). As seen in Fig. 3, the model is accurately predicting the
frequency behavior of the circuit -parameters, in particular
its main resonance frequency at 30 GHz; the small resonance
measured at 21 GHz is attributed to a weak interaction between
the COM and the wafer-probes. The good agreement between
simulations and measurements demonstrates the model validity
and applicability.

(a) (b)

Fig. 1. Coplanar-Slotline Cross. (a) Layout. (b) Voltages and currents at the
transition.

Fig. 2. Circuit-model proposed for a coplanar-slotline cross.

Fig. 3. Measured and simulatedS-parameters. Measurements are shown
in continuous line and simulations in dashed line. (a) Magnitude ofS and
asymmetric slotline resonator outline. (b) Magnitude ofS .

IV. CONCLUSIONS

A new “circuit-model” for a CPW-Slotline Cross that sepa-
rates the contributions of CPW modes into different ports, has
been proposed. The model overcomes limitations of previous
models, because it allows the analysis of a general case in which
air-bridges are not present and slotlines are loaded asymmetri-
cally. Validation of the model has been achieved through com-
parison between simulations and measurements of an asym-
metric slotline resonator, showing an excellent agreement be-
tween simulation and experimental results.
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