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Broad-Band Microstrip-to-CPW Transition via
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Abstract—An improved broad-band microstrip-to-coplanar-
waveguide (CPW) transition is developed on a basis of the
frequency-dependence characteristic of an electromagnetic sur-
face-to-surface coupling. A self-calibrated method of moments is
extended to model this unbounded two-port discontinuity with the
two dissimilar microstrip/CPW feeding lines. Numerical results
are provided to demonstrate its frequency response of transmis-
sion under varied strip/slot dimensions and further exhibit its
attractive ultra-broad-band transmission with low radiation loss.
Next, the back-to-back transition circuits with the two different
lengths are fabricated and measured to deembed in experiment
the -parameters of two single-transition structures. Predicted
and measured results show good agreement with the return loss
less than 10 dB over the frequency of 3.2–11.2 GHz.

Index Terms—Broad-band, electromagnetic (EM) coupling,
experimental deembedding, method of moments (MoM),
microstrip-to-coplanar-waveguide (CPW) transition, short–open
calibration (SOC).

I. INTRODUCTION

B
ROAD-BAND microstrip-to-coplanar-waveguide (CPW)
transitions or interconnects without bonding wires [1]–[9]

have been arousing an endless interest in the exploitation of
hybrid and/or multilayered microwave integrated circuits due
to several exclusive features of microstrip and CPW lines.
Stemming from the idea of a CPW-to-CPW transition [10],
a so-called surface-to-surface transition structure [1]–[3] was
successfully developed via electromagnetic (EM) coupling of
the microstrip and CPW at different layers. Intuitively speaking,
this transition operates on a basis of the quarter-wavelength
asymmetric parallel-coupled line theorem, e.g., [11]. The
broad-band transmission behavior with low return loss was
realized by widening the two slots in the CPW and the central
strip conductor in the microstrip [1] or installing an additional
microstrip matching circuit [3]. According to the principle
of the microstrip-to-slotline transition, an alternative mi-
crostrip-to-CPW transition was recently developed using two
pairs of open-circuited microstrip and short-circuited slotline
stubs with radial shape [4]. Moreover, a few transition struc-
tures were presented in [7]–[9] to realize the wave transmission
between the microstrip and CPW with a finite ground width.

In this paper, an improved broad-band microstrip-to-CPW
transition is proposed using the frequency-dependent behavior
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Fig. 1. Layout of the proposed microstrip-to-CPW transition via EM coupling.

of the surface-to-surface coupling [1]–[3] with extended cou-
pled-strip conductors [12]. Due to enhanced capacitive coupling
in series between microstrip and CPW strip conductors, the
overall transmission passband can be expanded with two rejec-
tion zeros [13]. Following [14] and [15], this two-port transition
structure with the two dissimilar microstrip and CPW feeders
is characterized by implementing the short–open calibration
(SOC) procedure in the full-wave method of moments (MoM).
Thus, electrical performance of such a transition is numerically
deembedded via two sets of SOC standards. Next, two types
of back-to-back transition circuits are fabricated and measured
for experimental deembedding of their actual behaviors over
a wide frequency range. Both predicted and measured results
show excellent broad-band characteristic with the bandwidth
of 91%–111% for the return loss below 10 dB.

II. GEOMETRY DESCRIPTION AND MODELING TECHNIQUE

Fig. 1 depicts the geometrical layout of the proposed two-port
microstrip-to-CPW transition driven with the microstrip and
CPW feeders. Herein, the two coupled-strip surfaces in con-
junction with the lower CPW and upper microstrip are largely
widened while the twin-slot width in the CPW is properly
incremented, making up a frequency-dependent parallel-cou-
pled microstrip/CPW section with tight coupling. Following
the early research in [12] and [13], this coupled-strip structure
can be perceived as an enhanced equivalent series-capacitive
element at low frequency and a parallel-coupled transmission
line with a tightly distributed coupling degree as frequency in-
creases. Thus, this transition is expected to hold the broad-band
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Fig. 2. Physical model and equivalent-circuit topology for full-wave MoM
modeling of the two-port microstrip-to-CPW transition. (a) MoM model.
(b) Equivalent topology.

transmission behavior with the high upper-end frequency, in
which the coupled-strip length is approximately equal to the
half-wavelength, as achieved in [12], [13], and [16].

First of all, a self-calibrated MoM technique [14], [15] is ex-
tended to model such a two-port transition structure. Fig. 2(a)
shows the schematic of this transition in the source-type MoM
platform. To do it, an impressed voltage source backed by
an electric wall is introduced at the terminal of the microstrip
feeder, while an impressed current source is assumed at the
center of a transverse slot for the CPW feeder. Herein, the two
source ports and should be selected far away from the
transition module so that all the higher order modes generated
by impressed sources disappear at the two references and

. As detailed in [14] and [15], a set of coupled mixed-field
integral equations can be established by enforcing the boundary
conditions over the upper strip conductor and lower slot area,
and they can be derived in the spectral domain with three dis-
tinct parts, i.e., microstrip feeder, transition, and CPW feeder,
through the electric and magnetic dyadic Green’s functions [17],
[18].

According to the Galerkin’s technique, the unknown elec-
tric- and magnetic-current densities are expressed in terms of
superposition of a set of piecewise-sinusoidal and pulse basis
functions, while the similar-waveform weighting functions are
selected with the same number as above. As such, the coupled
integral equations can be converted into the source-type matrix
equation for numerical implementation, resulting in the solu-
tion of the total electric-current density over the upper strip con-
ductor and equivalent magnetic-current density over the lower
slot. Thus, the current ( ) and voltage ( ) can be derived as
a function of the impressed port voltage ( ) and current ( ),
respectively, thereby deducing the two-port network -parame-
ters [19] at the two ports and .

Fig. 2(b) describes the equivalent-circuit topology with the
three distinct circuit blocks in the cascaded connection in con-
junction with the overall transition under modeling. The two

Fig. 3. Physical model and equivalent-circuit network of two pairs
of microstrip and CPW SOC calibration standards. (a) MoM model.
(b) Equivalent network.

different error boxes and represent the elec-
trical behavior of the microstrip and CPW feeders driven by the
two nonideal impressed sources, respectively. Of course, they
take into account all the parasitic effects of the port disconti-
nuities caused by the approximate excitation mechanism at the
two ports. The central network indicates the core two-port tran-
sition block to be characterized. In order to deembed the central
block using the SOC technique, the two sets of paired short-
and open-end elements [14] need to be defined in the consistent
MoM for both microstrip and CPW feeders.

As illustrated in Fig. 3(a), two such sets of perfect microstrip
and CPW SOC calibration standards can be constructed by ter-
minating the microstrip and CPW feeders at the two references

and with vertical electric and magnetic walls. In the
MoM, these walls can be realizing by adding an imaging elec-
tric- and magnetic-current density introduced at the symmetrical
location with respect to and , respectively, for the mi-
crostrip and CPW feeders. By executing the MoM simulation of
these two sets of short and open circuits, the two-port network
parameters of each error box can be numerically derived in a
consistent manner to the MoM modeling of the transition itself.
Fig. 3(b) shows the equivalent two-port networks with the short
or open end at and , respectively, in which the network
parameters of or can be obtained relying on the
MoM-calculated currents ( and ) [14] or voltages (
and ) [15]. Thus, the core transition network can be deem-
bedded or extracted by calibrating out two such MoM-character-
ized error boxes on a basis of the equivalent cascaded topology
in Fig. 2(b).

III. PREDICTED RESULTS

With the use of this MoM–SOC technique, the two-port
scattering- or -matrix parameters of a variety of mi-
crostrip-to-CPW transition structures can be derived. Fig. 4(a)
depicts the layout of a simple structure: transition (A), in
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Fig. 4. Geometry and simulated frequency response of the microstrip-to-CPW
transition (A). (a) Layout. (b) S-parameters. (c) Loss percentage.

which the twin slots with the width of are simultaneously
widened, while the strip conductors of both microstrip and
CPW sections are kept unchanged in width. Intuitively, the EM
coupling between the lower and upper strip conductors should
become tight as is enlarged, thus raising the equivalent
series capacitive coupling between them, as denoted in [12].
Fig. 4(b) plots the three sets of simulated - parameters under
the selected slot widths of and mm.
Firstly, the unfavorable frequency response with less than

1.2 dB can be seen for mm due to its insufficient
strip-to-strip coupling.

As increases to 0.93 and 1.55 mm, falls down to con-
stitute a broad passband with two minimum values or rejection
zeros [16] and then it goes up in the frequency range between
these two zeros. Such a variation in its passband can be phys-
ically attributed to the two maximum peaks of the normalized

-inverter susceptance with reference to characteristic admit-
tances of the two different feeders [16]. Fig. 4(c) depicts the
MoM-calculated frequency-related loss percentage, illustrating

Fig. 5. Geometry and simulated frequency response of the microstrip-to-CPW
transition (B). (a) Layout. (b) S-parameters. (c) Loss percentage.

that the radiation loss is really very small, especially in the fre-
quency range below 12 GHz. Moreover, due to its geometrical
asymmetry, its two reflection coefficients are found slightly un-
equal, as in Fig. 4(b), i.e., , thus, bringing out the ob-
servable difference between the two sets of loss factors with re-
garding to the wave incident to the CPW and microstrip feeders,
respectively, as in Fig. 4(c).

Next, the coupled-strip conductors at the upper and lower in-
terfaces are simultaneously widened to the identical width of
1.55 mm so as to construct the transition (B), as indicated in
Fig. 5(a), toward further expanding the transmission passband.
Fig. 5(b) depicts the simulated frequency response under three
different . It is observed here that the lower end of such a pass-
band is moved to the low frequency, while its higher end coun-
terpart is almost unchanged under the half-wavelength limita-
tion of the coupled-strip section, as interpreted in [12] and [16].
As such, transition (B) can achieve the more enhanced passband
superior to transition (A). On the other hand, its radiation loss
seems to be raised to some extent, as in Fig. 5(c), but is still
kept negligibly small, especially at frequencies below 10 GHz.
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Fig. 6. Frequency-dependent insertion losses of the two transitions versus
coupled-strip length (d). (a) Transition (A). (b) Transition (B).

Furthermore, the peak radiation loss for both transitions is ob-
served to happen around 13 GHz, in which the whole CPW slot,
surrounded by the coupled-strip conductors, makes up an equiv-
alent full-wavelength slot loop resonator or radiator fed by mi-
crostrip and CPW at its two sides.

To further investigate the bandwidth characteristics of these
transitions with resorting to other geometrical dimensions,
Fig. 6(a) and (b) illustrates the frequency-dependent insertion
losses ( ) of transitions (A) and (B), as described in
Figs. 3(a) and 4(a), versus different coupled-strip length ( ).
It can be observed that as is enlarged, the wide passband
gradually moves down and is consistently kept above

0.2 dB over the passband regardless of different length ( ).
By looking at Fig. 6(a) and (b) together, we can again see here
that transition (B) always achieves the broader bandwidth than
transition (A) under the identical of choice. It is referred to the
fact that the tightened series capacitive coupling in transition
(B) with the widened coupled-strip width causes the shift down
of the lower end of the passband, while its upper end is almost
unchanged.

IV. EXPERIMENTAL VALIDATION

Considering the asymmetrical geometry of the single tran-
sition, the back-to-back transition circuit block is constructed
by cascading the two single transitions through a uniform CPW

Fig. 7. Geometry and equivalent topology of a generalized back-to-back
microstrip-to-CPW transition for experimental deembedding. (a) Geometry.
(b) Equivalent cascaded topology.

section for experimental study. Fig. 7(a) depicts the schematic
of such a back-to-back transition, and its relevant equivalent
circuit network is illustrated in Fig. 7(b). In the experiment,
the two back-to-back transition circuits with the central con-
necting CPW of different lengths and are fabricated and
their relevant -matrix can be measured with the two indepen-
dent -parameters for each back-to-back block, i.e.,
and for mm and and

for mm. Thus, the -matrix of the single
microstrip-to-CPW transition can be explicitly deembedded on
a basis of the three-cascaded blocks in Fig. 7(b) and their three
elements , , and can be expressed with the
above-measured two sets of -parameters and the propagation
constant ( ) of a uniform CPW via relation between the -ma-
trix and chain matrix [19]

(1)

(2)

(3)

Fig. 8 depicts the experimental deembedded -parameters of the
two types of single microstrip-to-CPW transitions against those
calculated from the MoM–SOC technique. The measured re-
sults are found in excellent agreement with our prediction over
the frequency range of 2.0–14.0 GHz, giving an experimental
validation on the broad-band transmission behaviors of the pro-
posed transition structure. As seen in Fig. 8(a) and (b), the trans-
mission passband of transitions (A) and (B) cover the frequency
ranges of 7.2 and 8.0 GHz, respectively, under the return loss
below 10 dB. In other words, their bandwidth in experiment
achieves 91% and 111% with reference to their different cen-
tral frequency of 7.9 and 7.2 GHz, thereby exhibiting that the
latter is really superior to the former in bandwidth. As expected
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Fig. 8. Experimental deembedded S-parameters of the two single microstrip-
to-CPW transitions as compared with those obtained in theory. (a) Transition
(A). (b) Transition (B).

early, it is attributed to the fact that the low end of the pass-
band is reduced to a great extent with the widened coupled-strip
conductors.

However, measured is observed to have a sudden dip
near 14 GHz, while the calculated one decreases monotonously
with frequency. In fact, at the upper end of the frequency range
of interest, the difference between the two central lengths, i.e.,

mm, of the two back-to-back transitions comes
close to the half-wavelength ( ). Similar to any other calibra-
tion method in the RF experiment, such as the thru-reflection
line (TRL), in which the length of the line standard must be
shorter than , as pointed out in [20], the accuracy of such a
deembedding technique is no longer as good as at low frequen-
cies, and this resonance-caused dip cannot be properly removed
in theory.

V. CONCLUSIONS

In this paper, an improved broad-band microstrip-to-CPW
transition has been proposed using the tight-coupling and fre-
quency-dependence characteristics of the parallel-coupled strip
surfaces in a microstrip and CPW. By widening the twin slots
in the CPW and further expanding the two strip conductors in
width, the ultra-broad transmission behavior can be realized.
With the use of our self-calibrated MoM algorithm, two types
of transition structures have been characterized to demonstrate

their attractive features such as broad passband and low radia-
tion loss. Furthermore, the back-to-back transition circuit blocks
with the two different connecting CPW lengths at the center are
fabricated and measured. The experimental deembedded fre-
quency response of two single microstrip-to-CPW transitions
provides an excellent validation on the proposed structure over
a wide frequency range.
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