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Wide-Band Microstrip-to-Coplanar
Stripline/Slotline Transitions

Wen-Hua Tu, Student Member, IEEE, and Kai Chang, Fellow, IEEE

Abstract—Wide-band microstrip line to coplanar stripline
(CPS) transitions are proposed. The transition consists of a mul-
tisection matching transformer and a quarter-wavelength radial
stub for the impedance matching and field matching between
the microstrip line and CPS, respectively. The proposed planar
transition has the advantages of compact size, wide bandwidth,
and straightforward design procedure. Several parameters are
studied through simulations and experiments to derive some
design guidelines. With the return loss of better than 14 dB, the 1-
and 3-dB back-to-back insertion loss bandwidth can cover from
1.4 to 6.6 GHz (1 : 4.7) and from 1.1 to 10.5 GHz (1 : 9.6), respec-
tively. In addition, the microstrip-to-CPS transition is extended to
design a microstrip-to-slotline transition by tapering the CPS into
a slotline. From 2.7 to 10.4 GHz (1 : 3.85), the back-to-back return
loss is better than 15 dB and the insertion loss is less than 3 dB.

Index Terms—Balun, coplanar stripline (CPS), slotline,
transition.

I. INTRODUCTION

THE COPLANAR stripline (CPS) is a balanced uniplanar
transmission line with the advantages of compact size,

ease of mounting lumped components in serious or shunt con-
figuration, and low discontinuity parasitics. The uniplanar char-
acteristics of the CPS also eliminate the need for a via-hole that
introduces parasitic effects. Based on the above advantages, the
CPS has found many applications in microwave circuits such as
filters [1], mixers [2], phase shifters [3], and dipole antennas [4].
On the other hand, since the microstrip line is still one of the
most popular transmission lines, the microstrip-to-CPS transi-
tion with wide bandwidth, low loss, and simple structure is re-
quired in order to fully take advantage of these two transmission
lines.

Several microstrip-to-CPS transitions have been reported.
The transition based on the mode conversion has shown a
3-dB back-to-back insertion loss bandwidth of 59% [5]. As
an improved design of [5], a 3-dB back-to-back insertion loss
bandwidth of 68% is achieved [6]. In addition, the transi-
tion using the coupling method shows a 2.4-dB back-to-back
insertion loss bandwidth of 18% [7]. The above transitions,
however, are only suitable for narrow-band applications.
Furthermore, they are all built on high dielectric-constant
substrates for a low characteristic impedance of
the CPS, and easy matching to a 50- microstrip line. Since
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the high dielectric-constant substrates are suitable for circuit
design instead of the antenna design, using such transitions to
feed antennas will degrade the antenna performance.

Recently, the microstrip-to-CPS transitions on low dielec-
tric-constant substrates have been reported with a 3-dB back-to-
back insertion loss bandwidth covering from 1.3 to 13.3 GHz
(1 : 10.2) [8] and an 1-dB back-to-back insertion loss covering
from 6.5 to 13.8 GHz [9]. However, these transitions use a long
smooth tapered microstrip line and/or tapered ground plane to
match the high characteristic impedance of CPS to the 50-
microstrip line and to obtain good field matching. The fabrica-
tion of the transitions requires accurate double-side etching and
alignment. Furthermore, since there are no easy design equa-
tions for the long tapered lines or taper ground plane, the design
of these transitions can only rely on time-consuming full-wave
optimization.

In this paper, a wide-band microstrip-to-CPS transition based
on coupling method is proposed. The proposed transition con-
sists of a microstrip multisection matching transformer and a
radial stub. Since there is no taper line or taper ground plane
needed, the proposed transition is easy to fabricate. Further-
more, the taper ground causes more power loss that introduces
crosstalk, which is undesired in high-density circuits. Based
on the experimentally parametric studies and transmission-line
equations, the design guidelines for the proposed transition are
derived. The design guidelines can be used to obtain the initial
dimensions for the full-wave optimization. Experiments have
been carried out to verify the design concept with good agree-
ment. With the return loss of better than 14 dB, the 1- and 3-dB
back-to-back insertion loss bandwidth can cover from 1.4 to
6.6 GHz (1 : 4.7) and from 1.1 to 10.5 GHz (1 : 9.6), respectively.
In addition, a wide-band microstrip line to slotline transition is
investigated. The transition is consisted of a microstrip-to-CPS
transition and a taper from CPS to slotline. From 2.7 to 10.4 GHz
(1 : 3.85), the return loss is better than 15 dB and the insertion
loss is better than 3 dB for a back-to-back transition. Although
this paper only shows the transitions on low constant substrates
for antenna applications, it should be mentioned that the design
concept could also be used to design the transitions on high di-
electric-constant substrates for circuit applications.

II. MICROSTRIP-TO-CPS TRANSITION

DESIGN AND MEASUREMENT

A. Impedance and Field Matching

Fig. 1 shows the configurations of the proposed transitions. To
design a transition, a field matching and an impedance matching
are required [10]. Since the electric field in the microstrip line
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Fig. 1. Configurations of the microstrip-to-CPS transitions using:
(a) rectangular open stub (type A) and (b) radial stub (type B).

Fig. 2. Cross-sectional view of the electric distributions: (a) microstrip line,
(b) coupled microstrip line, and (c) CPS.

is parallel to the -axis and the electric field in the CPS is par-
allel to the -axis, an electric-field rotation of 90 is needed. A
quarter-wavelength rectangular open stub or a radial stub can be
used for the field rotation. Fig. 2 shows the three cross-sectional
views of the electric-field distributions at three locations shown
in Fig. 1(a). The electric field changes from the microstrip-line
mode , through the transition mode , to the CPS
mode . The electromagnetic-coupling-based transitions
have the coupling region in the coupled microstrip-line mode re-
gion . The quarter-wavelength rectangular open stub
or the radial stub introduce the virtual short near the edge of
the mode and regions at the center frequency.
Since the virtual short is equal potential with the ground plane,
some fields of the microstrip line couple to the edge of the vir-
tual short, and the transition mode is formed. After the ground
plane is removed, the CPS mode is obtained. In addition, since
the characteristic impedance of the CPS is higher than
50 of the microstrip line , a multisection matching trans-
former is used. The transitions are all built on RT/Duroid 5870
substrates with a thickness mm and a relative dielec-
tric constant . With the strip width mm and
gap mm, the is calculated as 155 [11]. To match
the 155 to 50 , a Chebyshev three-section transformer (ripple

level ) with its sections’ impedances of 124, 87, and
61 is used [12] for the parametric study given in Section II-B.

B. Parametric Studies

In order to better understand this transition and derive some
design guidelines, the shape of the stub, the angle of the radial
stub, and the section number of the transformer are experimen-
tally studied. First of all, as shown in Fig. 1, the two transitions
with the rectangular open and radial stubs are investigated. The
center frequency of the transition is designed at 7 GHz. The
dimensions of the open and radial stubs are mm,

mm, mm, and , where
, and is the guided wavelength at 7 GHz. A three-sec-

tion impedance-matching transformer with its section imped-
ances of 124, 87, and 61 is used for impedance matching.
The dimensions of the transitions are listed in Table I, shown as
A1 and B1, where A1 denotes the transition using the rectan-
gular stub and B1 denotes the one using the radial stub. For the
convenience of measurement, the back-to-back transition with
the microstrip-line input/output ports is used. Fig. 3 shows the
measured results of the two transitions A1 and B1. The mea-
sured results are obtained by using network analyzer HP8510C
with thru-reflect line (TRL) calibration to exclude the effects
of the connectors and two 50- microstrip lines. The insertion
loss of the CPS are also excluded by measuring two pairs of
back-to-back transitions with 10- and 20-mm-long CPSs. The
insertion loss of a 10 –mm-long CPS could be estimated as the
difference of the insertion loss of these two pairs of transitions.
From 4.6 to 9.5 GHz, transition A1 shows a 3-dB insertion loss
with the return loss of better than 10 dB. On the other hand,
transition B1 has a return loss of better than 10 dB and an in-
sertion loss of less than 3 dB from 4.6 to 10.5 GHz. The two
transitions have a similar response at the center frequency band,
while the major difference is near the upper bound of the band-
width extends from 9.5 GHz of A1 to 10.5 GHz of B1. Since
the impedance matching criteria are the same (i.e., same mul-
tisection impedance transformer), this suggests that the transi-
tion with the radial stub can provide a wider bandwidth due to
the wide-band virtual short characteristic and the smoother field
rotation by the radial stub in the coupling region.

Since the transition with radial stub can provide a wider band-
width, the angles of the radial stub should also be investigated
and optimized. Transitions with the radial stubs of different an-
gles ( , 60 , and 40 ) are compared. With the same
three-section matching transformer, the transitions B1–B3 have
their , 60 , and 40 radial stubs, respectively. Fig. 4
shows the measured results. The 3-dB insertion-loss bandwidth
of transition B1–B3 are 1.26–10.5 GHz, 1.37–9.8 GHz, and
1.52–9.5 GHz, respectively. This suggests that the transition
with a 80 radial stub can provide a wider bandwidth. These
three transitions have similar lower frequency band response.
However, at high frequency, the effect of different angles is sig-
nificant and the upper bound of the bandwidth extends from
9.5 GHz of B3 to 10.5 GHz of B1. For a good coupling, the gap
between the microstrip line and radial stub should not be too big
(compared with the guided wavelength). Otherwise, a little field
couples to the CPS mode from the microstrip mode. This issue
becomes even more serious when the frequency is higher and
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TABLE I
DIMENSIONS OF THE TRANSITIONS (UNIT: MILLIMETERS)

Fig. 3. MeasuredS-parameters for a back-to-back transition using rectangular
stub (A1) and a back-to-back transition using radial stub (B1).

Fig. 4. Measured S-parameters of microstrip-to-CPS back-to-back transitions
with � = 80 (B1), 60 (B2), and 40 (B3) radial stubs.

more electric field is confined between the microstrip line and
the ground. The transition B1 has a 80 radial stub, and the gap
between microstrip and the radial stub is smaller than the B2’s
and B3’s. Therefore, the upper bound of the bandwidth extends
from 9.5 GHz of B3 to 10.5 GHz of B1.

The bandwidth of the multisection matching transformer is
determined by its section number [12] and, accordingly, the
bandwidth of the transition will be determined by the multisec-
tion matching transformer. The transitions with the transformers

Fig. 5. Measured S-parameters of microstrip-to-CPS back-to-back transitions
with three-section (B2), two-section (B5), and one-section (B4) matching
transformers.

(ripple level ) of different numbers of sections are
studied. Fig. 5 shows the measured results. Transition B4 with
one quarter-wavelength section (88 ) shows a return loss of
better than 10 dB and an insertion loss of less than 3 dB from
6.2 to 10.2 GHz; transition B5 with two quarter-wavelength sec-
tions (112 and 68 ) shows a return loss of better than 10 dB and
an insertion loss of less than 3 dB from 5.3 to 10 GHz; transition
B2 with three quarter-wavelength sections (124, 87, and 61 )
shows a return loss of better than 10 dB and an insertion loss of
less than 3 dB from 4.7 to 10.2 GHz. Since the coupling regions
of these three transitions are very similar, the coupling mecha-
nisms are similar. Therefore, impedance matching is critical in
this case. As expected, the transition that uses a transformer with
more sections can provide a wider bandwidth.

C. Optimal Design and Measurements

The transitions discussed in Section II-B are all designed
based on transmission-line equations. They can help understand
the transition; however, there are still parasitic effects and dis-
continuities that should be taken into consideration when these
effects become more significant at high frequencies. For this
purpose, a commercial full-wave electromagnetic simulator
IE3D1 is used to optimize the dimensions of transition B6 for
the widest bandwidth. The five-section transformer of the ripple

1IE3D, ver. 10.1, Zeland Software Inc., Fremont, CA, 2003.
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Fig. 6. Simulated and measured S-parameters of the optimal back-to-back
microstrip-to-CPS transition B6.

level is used for wide-band performance. Fig. 6
shows the simulated and measured results. With the measured
return loss of better than 14 dB, the 1- and 3-dB back-to-back
insertion loss bandwidth range from 1.4 to 6.6 GHz (1 : 4.7)
and from 1.1 to 10.5 GHz (1 : 9.6), respectively. On the other
hand, transition B1 only has a return loss better than 10 dB and
an insertion of less than 3 dB from 4.6 to 10.5 GHz (1 : 2.3).
With the aid of the full-wave simulator, the optimal transition
B6 shows a much better performance than its prototype B1.

In summary, the design procedure is summarized as fol-
lowing.

1) Given the transition center frequency and substrate pa-
rameters, calculate the radius of the radial stub. The radius
is , where is the guided wavelength at the center
frequency.

2) Given the dimensions of CPS and required transition
bandwidth, calculate and determine the section
number and each section’s impedance of the multisection
matching transformer.

3) With the initial parameters obtained from the above steps,
using, for example, the full-wave electromagnetic simu-
lator IE3D to take all parasitic effects into account and
optimize the design.

Furthermore, it is interesting to observe that there are cutoff
characteristics at the very low frequency end. Since the tran-
sitions are based on electromagnetic coupling (i.e., no dc con-
nected), it is natural that these transitions have bandpass-like re-
sponses, where the passbands are located at the center frequency
of the rectangular open stub/radial stub. The cutoff frequency
depends on the bandwidths of the coupling stubs and multisec-
tion impedance transformer. The smaller bandwidth determines
the total bandwidth of the transition. For example, if the cou-
pling stubs have wider bandwidths, the bandwidth of the mul-
tisection transformer dominates the bandwidth of the transition
(Fig. 5). Consequently, the low/high cutoff frequencies of the
transition are dependent on the low/high cutoff frequencies of
the transformer.

In addition, high power loss of a transition is undesired in
high density circuits due to that it will cause unwanted crosstalk.
Fig. 7 shows the normalized power loss of the optimal back-to-

Fig. 7. Measured power loss of back-to-back optimal transition B6 and
transition in [8].

Fig. 8. Configuration of the microstrip-to-slotline transition (� = 60 , D =

9 mm).

back transition B6 and the transition given in [8], where the
normalized power loss is . Since the transition
in [8] uses taper ground and more power radiates out from the
microstrip line, the power loss of B6 is smaller than that in [8]
for most of the operation bandwidth, except at the 8.2–10-GHz
band.

III. MICROSTRIP-TO—SLOTLINE TRANSITION

DESIGN AND MEASUREMENT

Several microstrip line to slotline transitions have been re-
ported [13]–[15]. Ideally, the double-Y balun in [13] and [14]
has an all-pass response and no bandwidth limitation. How-
ever, due to the uncertainty in fabrication tolerance, it is dif-
ficult to keep all the stubs with the same impedance required
in the design. In addition, the bandwidth is limited by imper-
fect stub terminations (open and short circuits), unequal disper-
sions between different transmission lines, and junction para-
sitics [16]. For Marchand baluns [15], the microstrip line and
slotline are on different sides of the substrate. This double-side
configuration requires two-side etching and alignment, which
are more expensive and less accurate [17]. Uniplanar transi-
tions are also reported [17], [18]. However, these transitions
only show narrow-band performance.

The proposed uniplanar wide-band microstrip-to-CPS tran-
sition B6 developed in Section II is used as a building block
for the microstrip-to-slotline transition design. Fig. 8 shows the
configuration of the proposed microstrip-to-slotline transition.
Since the gaps of the CPS and slotline are the same, the field
matching is easily obtained. With the taper lines, the CPS of
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Fig. 9. Measured S-parameters of microstrip-to-slotline back-to-back
transition.

155 changes gradually into a slotline of 101 , and the op-
timal taper angle is found to be 60 by using IE3D. Fig. 9
shows the simulated and measured results. The measured re-
sults are obtained by using network analyzer HP8510C with
TRL calibration to exclude the effects of the connectors and
two 50- microstrip lines. The insertion loss of the slotline are
also excluded by measuring two pairs of back-to-back transi-
tions with 10- and 20-mm-long slotlines. The insertion loss of
a 10-mm-long slotline could be estimated as the difference of
the insertion loss of these two pairs of transitions. From 2.7 to
10.4 GHz, the back-to-back return loss is better than 15 dB and
insertion loss is less than 3 dB.

IV. CONCLUSIONS

In this paper, wide-band microstrip-to-CPS transitions have
been proposed. Based on the transmission-line equations and
experiment results, the design guidelines that can facilitate the
optimization are derived. By using the commercial full-wave
electromagnetic simulator IE3D, the optimal transition has a re-
turn loss of better than 14 dB, and the 1- and 3-dB back-to-back
insertion loss are achieved from 1.4 to 6.6 GHz (1 : 4.7) and from
1.1 to 10.5 GHz (1 : 9.6), respectively. Furthermore, by tapering
the CPS into a slotline, a wide-band microstrip-to-slotline tran-
sition has also been developed and has shown a return loss of
better than 15 dB and a back-to-back insertion loss of less than
3 dB from 2.7 to 10.4 GHz (1 : 3.85). These wide-band uniplanar
transitions on low dielectric-constant substrates should find nu-
merous applications in antenna feeding networks and integra-
tions with other devices.
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