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Coplanar Stripline Resonators Modeling
and Applications to Filters
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Abstract—This paper presents coplanar stripline (CPS)
resonators and their practical implementations to filters. Five
types of CPS resonator are built using open- and short-ended
strips. Lumped-element equivalent circuits are presented for each
resonator. Their performances are investigated and compared
in terms of factor or bandwidth. Two types of bandpass filter
are developed with the resonators. The bandpass filters have
low-passband insertion losses and wide-stopband suppression
bandwidths. Lumped-element equivalent circuits are presented
for the bandpass filters. A wide-band CPS-to-microstrip transition
is developed for the measurements. The back-to-back transition
has an insertion loss of less than 3 dB and a return loss of better
than 10 dB for the frequency range from 1.3 to 13.3 GHz (1 : 10.2).

Index Terms—Balun, coplanar stripline, coplanar-stripline
bandpass filter, coplanar-stripline resonator, CPS-to-microstrip
transition, equivalent circuit, factor, uniplanar bandpass filter,
uniplanar resonator.

I. INTRODUCTION

COPLANAR stripline (CPS) is an attractive uniplanar
transmission line for solid-state device integration. Its

balanced structure is useful in applications such as printed
dipole antenna feeding [1], rectennas [2]–[4], uniplanar mixers
[5], and opto-electric devices [6]. CPS characteristics are good
propagation, small dispersion, small discontinuity parasitics,
comparably insensitive to substrate thickness, and simple
implementation of open- or short-ended strips. However,
relatively little research has been done on CPS, as compared
with coplanar waveguide (CPW). In 1993, characteristics of
symmetric and asymmetric CPSs were investigated and ana-
lytic closed-form formulas were obtained using the conformal
mapping for the quasi-TEM parameters [7]. More CPS studies
regarding CPS on multilayer substrate [8] and computer-aided
design (CAD) models for various CPS configurations [9] were
conducted. In 1996, CPS discontinuities such as open and short
circuits, series gap, spur slot, and spur strip were investigated
[10]. In 1997, CPS discontinuities and their applications to
bandstop [11] and bandpass [12] filters were studied by using
the spur–strip and the spur–slot resonators. A lumped-element
CPS low-pass filter was designed in 1998 [13], and a CPS
low-pass filter using a transverse slit and a parallel-coupled gap
of CPS discontinuities was presented in 1999 [14].
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Extensive work has been reported in CPW resonators and fil-
ters. Dibet al. investigated CPW discontinuities based on the
solution of an appropriate surface integral equation in space do-
main in 1991 [15]. In [16], various types of CPW series res-
onators and their applications to filters were presented. In 1999,
CPW shunt stubs printed within the center conductor were pre-
sented and miniature filters were implemented with the shunt
stubs [17].

However, CPW shunt-stub resonator requires additional air
bridges, which might increase the fabrication cost and com-
plexity. CPW series resonators require large conductor area. The
structure of CPW bandpass filter using CPW series resonators
is comparably complex. Applications such as rectenna circuits
require a uniplanar transmission line with high characteristic
impedance for high RF-to-dc conversion efficiency of the de-
tector diode [2]–[4]. CPS is the most proper transmission line
for the rectenna application among other uniplanar transmission
lines.

In this paper, five types of a CPS resonator are modeled
and their performances are analyzed in terms offactor or
bandwidth. This paper also proposes two new classes of a CPS
bandpass filter using the resonators. CPS resonators are realized
with open- and short-ended strips in various configurations,
and lumped-element equivalent circuits for the resonators
and CPS bandpass filters are presented. The proposed CPS
bandpass filters have low insertion losses at passband and wide
suppression bandwidths at stopbands.

A wide-band CPS-to-microstrip transition is presented and
used for the measurements. With the aid of the transition, con-
venient CPS measurements can be accomplished with a conven-
tional microstrip line. The back-to-back transition has an inser-
tion loss of less than 3 dB and a return loss of better than 10 dB
for the frequency range from 1.3 to 13.3 GHz (1 : 10.2).

Most of the modeling is based on electromagnetic approach.
The circuit simulations were performed with the aid of IE3D
software,1 which uses the method-of-moment algorithm for
full-wave electromagnetic simulation. The measured results
agree very well with simulated data.

II. CPS CHARACTERISTICS ANALYSIS FOR THE

DESIGN CONSIDERATION

The structure of CPS on the finite substrate is illustrated in
Fig. 1. Strip width and separation between the strips
are 1.5 and 0.6 mm, respectively, for all the presented circuits
in this paper. All the circuits are fabricated on the RT/Duroid
5870 substrate with 1-oz copper, 20-mil substrate height, and
the dielectric constant of 2.33.

1IE3D version 8, Zeland Software Inc., Fremont, CA, Jan. 2001.
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Fig. 1. CPS structure.

Fig. 2. Total attenuation(� + � ) as a function of separation width(s) at
10 GHz. The strip width is fixed (W = 1:5 mm).

Analytical techniques for calculating the characteristic
impedance, effective dielectric constant, and dielectric and
conductor losses of the CPS are well described in [7]–[9].
Closed-form quasi-TEM parameters for the symmetric CPS
on the finite substrate thickness are necessary for the practical
purpose, which is extensively discussed in [18].

Loss mechanisms considered in this paper are conductor
and dielectric losses. Total attenuation including dielectric
and conductor losses at 10 GHz is plotted in Fig. 2 with a fixed
strip width ( mm) and separation between the strips

changed from 0.1 to 20 mm. It is observed that the wider
the separation , the lower the total attenuation
and the higher the characteristic impedance achieved. In
other words, the higher the characteristic impedance of CPS,
the lower the transmission-line attenuation achieved. The rela-
tionship between the dielectric constant of the substrate and the
total attenuation is the higher the dielectric constant, the higher
the total attenuation. For a practical design, moderate charac-
teristic impedance with a proper dielectric constant substrate is
used for low attenuation. Hence, Fig. 2 is useful for selecting
design parameters.

Fig. 3. Microstrip-to-CPS-to-microstrip back-to-back transition structure.

Fig. 4. Measured return and insertion loss of the back-to-back transition.

III. M ICROSTRIP-TO-CPS-TO-MICROSTRIPBACK-TO-BACK

TRANSITIONS DEVELOPED FOR CPS
COMPONENTSMEASUREMENTS

A wide-band microstrip-to-CPS-to-microstrip transition is
developed, which operates from 1.3 to 13.3 GHz (1 : 10.2)
with an insertion loss of less than 3 dB and a return loss of
better than 10 dB for the back-to-back transition. The structure
of back-to-back CPS-to-microstrip transitions is illustrated in
Fig. 3 and the performance of developed transition is shown in
Fig. 4.

This kind of CPS-to-microstrip transition, using a coupling
method, was proposed by Simonset al. [19] in 1995 with
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(a) (b)

(c) (d)

(e)

Fig. 5. Five basic types of CPS resonator with their lumped-element equivalent circuits.

an insertion loss of 2.4 dB over a bandwidth from 5.1 to
6.1 GHz (1 : 1.2) for a CPS-to-microstrip-to-CPS back-to-back
transition.

The radial stub’s radius is designed as 5.5 mm for broad-band
operation. As shown in Fig. 1, electric-field lines of the CPS are
distributed across the two strip lines and, on the contrary, elec-
tric-field lines of microstrip are directed normal to the substrate.
Hence, the radial stub is rotated with an angleto change elec-
tric-field orientation from parallel to vertical to the substrate.
The rotation angle is optimized as 30for good coupling. The
high characteristic impedance of CPS, i.e., 184, can be trans-

formed to the microstrip line’s 50 by a smooth insertion of the
ground plane toward the microstrip line. The width of microstrip
line is optimized as 1.3 mm for the 50-matching. Length of the
microstrip line is chosen as 40 mm. Since it does not employ any
quarter-wavelength transformers, which would limit the band-
width, wide-band performance is achieved. All the following
measurements are performed using this broad-band transition.

Though resonators and filters proposed in this paper require
additional microstrip-to-CPS transitions for measurements, the
transition affects comparably little to the frequency responses,
and the insertion losses are deembedded by taking off the in-
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TABLE I
LOADEDQ (Q ) AND UNLOADEDQ (Q ) OF THERESONATORTYPE A

sertion losses of the transition and SMA connectors. In many
applications, such as feeds to printed dipoles [1] and filters for
rectennas [2]–[4], the CPS resonators and filters are integrated
directly into the CPS circuit without using any transition.

IV. CPS RESONATORSDESIGN AND ANALYSIS

Fig. 5 illustrates five basic CPS resonators that use open-
and short-ended strips with their lumped-element equivalent cir-
cuits. Combinations of these resonators can be used as varia-
tions. Types A–C use open-ended strips, and types D and E em-
ploy short-ended strips.

Resonator type A consists of open-ended T-strips with
0.5- mm width and around /2 (0.42 ) or 25.4-mm length
placed outside the strips designed to operate at the center
frequency of near 4.28 GHz. As shown in Fig. 5, the CPS
transmission line is represented as the lumped-element–
circuits. The T-strips become inductor and the induces
coupling capacitance due to the coupling with CPS strips.
Hence, T-strips can be represented as a shunt series resonator
( ′– ′ circuit), which acts as bandstop behavior. Narrow
creates high loaded values due to the strong coupling
and the low loss at the . As shown in Fig. 2, CPS transmis-
sion-line attenuation is reduced when the CPS strips separation

becomes wider. Correspondingly, narrower the and
wider the will increase the loaded . Loaded ) and
unloaded values, simulated with IE3D, are displayed
in Table I with various and values. Table I shows that
the narrow and the wide configuration provides high

value, and are almost identical to every configuration.
calculation of the bandstop resonator is described in [20]

as follows:

(1)

where is the loaded expressed as

(2)

, , and represents the center frequency, 3-dB inser-
tion loss bandwidth, and insertion loss at the center frequency,
respectively.

Fig. 6. Simulated and measured frequency responses for resonator type A.

TABLE II
LOADEDQ (Q ) AND UNLOADED Q (Q ) OF THERESONATORTYPE B

Measured and simulated frequency responses of this type of
resonator with 0.6 mm of and 0.5 mm of the are shown
in Fig. 6. Measured of 97.27 is achieved with the resonance
frequency of 4.28 GHz with the 3-dB insertion loss bandwidth
of 44 MHz. of 97.44 is obtained from (1) with the insertion
loss of 27.53 dB at the center frequency. Measured
values agree with simulated results and

displayed in Table I.
Resonator type B consists of open-ended T-strips placed in-

side of the CPS transmission line. The , the , and
the open-ended T-strip’s width are all 0.5 mm. To place the
open-ended T-strips between the narrowly spaced CPS strips,
the transmission line is widened from 0.6 to 2.5 mm, which cor-
responds to the impedance value changed from 184 to 250.
Though the impedance changed, little insertion loss deteriora-
tion occurs and the return-loss response is better than 10 dB.
The open-ended T-strip’s length is around (0.39 ) or
25.4 mm at the center frequency of near 4.02 GHz. This type
of resonator, similar to type A, has also coupling capacitance
at the , and additional capacitance takes place at the .
Table II describes the simulatedvalues of the resonator type B
with various and values. The narrower the and the
wider the accomplishes higher values due to the stronger
coupling capacitance and the lower transmission-line attenua-
tion, as shown in Fig. 2. It can be said that the higher charac-
teristic impedance corresponds to the highervalues for CPS
resonators, as shown in Tables I, II, and Fig. 2.
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Fig. 7. Simulated and measured frequency responses for resonator type B.

Fig. 8. Simulated and measured frequency responses for resonator type C.

Simulated and measured frequency responses of the type B
resonator are shown in Fig. 7. Measured and values of
the resonator type B, with 0.5 mm of and are 98.04
and 98.09, respectively. The 3-dB insertion loss bandwidth is
41 MHz and the insertion loss is 32.22 dB at the center
frequency. The simulated and values are 121.25 and
121.27, respectively, given in Table II.

Resonator type C has two open-ended strips located outside
of the strips, which is similar to type A. These open-ended strips
are bent to have square forms. The length of the open-ended
strip is approximately 0.32 (15.52 mm) at the center fre-
quency of near 5.08 GHz. This resonator has a shorter coupling
arm (4.625 mm) than that of types A and B. Therefore, the
open-ended strips have loose coupling and induce high losses.
Two open-ended strips are purposely located asymmetrically
to prevent any possible radiation as the dipole antenna does.
The asymmetric structure induces spurious response around
6.1 GHz. Measured and simulated return and insertion losses
of this resonator are described in Fig. 8. Measuredand
of this resonator are 23.51 and 23.87, respectively. The 3-dB
insertion loss bandwidth is 216 MHz and the insertion loss
is 18.3 dB at the center frequency. Simulated and are
38.1 and 38.51, respectively.

Resonator type D utilizes a short-ended strip, in contrast to
resonators types A–C. One of the merits of a uniplanar trans-
mission line is convenient implementation of the short-ended
strips without any via-holes. The total length of the short-ended
strip is approximately 0.44 (13.7 mm), which is around ,

Fig. 9. Simulated and measured frequency responses for resonator type D.

Fig. 10. Simulated and measured frequency responses for resonator type E.

with 0.5-mm width at the center frequency of near 8 GHz. The
transmission line is widened (the same as the resonator type
B) to place the short-ended strip between the CPS strips, but
little insertion-loss deterioration occurs and return loss is better
than 10 dB. The short-ended strip becomes the inductor and
the induces coupling capacitance due to the coupling with
CPS strips. This short-ended strip and consist of a shunt
parallel resonator (″– ″ circuit), which act as bandpass be-
havior. Measured and simulated frequency responses of this res-
onator are well described in Fig. 9. Measured insertion loss of
0.12 dB is achieved at the center frequency of 8.12 GHz. This
kind of resonator can be utilized for bandpass filter applications.
Measured bandwidth of less than 3-dB insertion loss and better
than 10-dB return loss is around 3 GHz (36.94%) with the res-
onator type D.

For the resonator type E, two short-ended strips are attached
together with a shape of a closed polygon. Similar to the type
D resonator, coupling capacitance at the and short-ended
strip’s inductance consist of a shunt parallel resonator (″– ″
circuit), which has bandstop behavior. The total length of the
short-ended strip is approximately 1.1 (48.1 mm) at the
center frequency of near 5.4 GHz. The transmission line is
widened the same as resonators types B and D. Frequency
responses of this resonator are illustrated in Fig. 10. Measured
bandwidth of less than 3-dB insertion loss and better than 10-dB
return loss is approximately 0.84 GHz (15.67%). Measured
insertion loss of 0.5 dB was achieved at the center frequency
of 5.36 GHz. Compared to resonator type D, bandwidth of
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Fig. 11. Bandpass filter structure using multiple short-ended strips and
lumped-element equivalent circuit.

resonator type E is almost one-half of that of resonator type C,
which is due to the cascading of two identical resonators.

Five different types of resonators are presented and their per-
formances are analyzed. As discussed, resonator type B has
the highest among the three different open-ended strip res-
onators, and resonator type D has the widest bandwidth between
the two different short-ended strip resonators.

From Tables I, II, and Fig. 2, CPS resonators can have high
when high characteristic impedance and strong coupling ca-

pacitance takes place. It is possible to have many variations and
combinations of these five resonators. Therefore, they would be
very useful for designing CPS components such as filters.

V. CPS BANDPASS FILTERS REALIZATION WITH

PRESENTEDRESONATORS

This section describes two new classes of CPS bandpass fil-
ters, which utilize combinations of the presented resonators.
These bandpass filters have good passband insertion loss and
wide-stopband suppressions. All the measurements were per-
formed with the CPS-to-microstrip transition circuit presented
in Section III.

A. Bandpass Filter Realization Using Multiple Short-Ended
Strips

This type of bandpass filter uses the type D resonators pre-
sented in Section IV. The structure and lumped-element equiv-
alent circuit of this filter are shown in Fig. 11. A transmission
line with periodically loaded reactive cells has the character-
istic of filters [21]. One reactive cell can be formed with the
resonator type D, which has the bandstop behavior. The total
length of the unit cell is around (0.41 ) or 12.5 mm
at the center frequency of 8 GHz. The spacing between the
neighboring cell is one of the important factors for bandpass
filter design in periodic structure. Due to the structural dimen-
sion of the unit cell, it is impossible to have even spacing be-
tween unit cells. Hence, two neighboring cells are grouped as a
sub-cell. Correspondingly, this bandpass filter has two sub-cells.
Within a sub-cell, the spacing between the unit cells is opti-
mized as 2 mm. The spacing shorter than 2 mm between unit
cells has loose band rejection at stopbands. The spacing longer
than 2 mm between unit cells has sharper band rejection, but
has unsatisfactory return loss at passband. A distance between
sub-cells is approximately (0.46 ) or 14 mm to have a
good rejection at stopbands similar to a conventional periodic

(a)

(b)

Fig. 12. Simulated and measured frequency responses of the bandpass filter
using multiple short-ended strips. (a) Return loss. (b) Insertion loss.

structure [21]. As shown in Fig. 11, CPS transmission-line sec-
tions are represented as the lumped-element– circuits. The
short-ended strip consists of a shunt parallel resonator (″– ″
circuits), discussed in Section IV, for resonator type D. The
transmission line is widened the same as the resonator types
B, D, and E. For designing CPS components, the transmission
line’s inductance and capacitance values play important fac-
tors and should be considered for CPS components modeling.
Values of the capacitance and inductance of CPS strips can be
accurately extracted by employing IE3D’s lumped-element ex-
traction method. Simulated and measured frequency responses
of this filter are illustrated in Fig. 12. Measured insertion loss
of 0.48 dB is achieved at the center frequency of 8.24 GHz. A
wide bandwidth of 4.16 GHz (52%) is achieved with less than
3-dB insertion loss and better than 10-dB return loss, and the
1-dB insertion-loss bandwidth is from 6.9 to 9.8 GHz. Stop-
bands range from 2 to 5.38 GHz at lower band area and from
11.1 to 13.31 GHz at higher band area.

B. Bandpass Filter Using Short-Ended Strips With T-Strips

Fig. 13 illustrates the bandpass filter structure using
short-ended strips with T-strips and shows its lumped-element
equivalent circuit. This type of filter consists of type A, E res-
onators and interdigital capacitors. Short-ended strips (type E
resonators) are represented as shunt parallel resonators (″– ″
circuits) and T-strips (type A resonators) are represented as a
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Fig. 13. Structure of the bandpass filter using short-ended strips with T-strips
and its lumped-element equivalent circuit.

shunt series resonator (′– ′ circuit). An interdigital capacitor
is placed inside each type E resonator to give a bigger

capacitance. The interdigital capacitor is widely used as the
microwave circuit’s lumped-element component possessing
tight coupling. Analysis of the interdigital capacitor is well
described in [22]. The number and length of the interdigital
capacitor’s fingers are and mm, respectively. All the
gap distances of interdigital capacitors are uniformly 0.5-mm
apart, which has the capacitance of approximately 0.31 pF.
Most of the capacitance takes place at the edges of the fingers.
Hence, the gap distance between fingers together with the
number of fingers is an important factor to determine the
capacitance value.

The width of the short-ended strip is 0.5 mm with the length
of 0.79 or 41.5 mm. The capacitance (″) and induc-
tance ( ″) values of the short-ended strip are approximately
0.00563 pF/mm and 0.0763 nH/mm at 5 GHz, which can
be found by IE3D software. The inductance (″) and total
capacitance including interdigital capacitance ( ″)
can be found by the following equations:

nH (3)

pF (4)

where is the total length of the short-ended strip in millimeters.
With (3) and (4), the approximate dimension of the short-ended
strip can be found at the desired frequency.

Two unit cells are cascaded with the distance of around
(0.28 ) or 13.6 mm. The type A resonator (′– ′ circuit) is
combined with this filter to enhance the suppression at the lower
stopband with the length of 29.1 mm (0.48) at the center fre-
quency of near 4 GHz. This is a good example of the uniplanar
transmission-line’s benefit that can have open- and short-ended
strips together without any via holes. Measured bandwidth of
less than 1-dB insertion loss and better than 10-dB return loss
ranges from 4.82 to 5 GHz (3.64%). Stopbands with the suppres-
sion of less than 20-dB range from 3.56 to 3.98 GHz (0.42 GHz)

(a)

(b)

Fig. 14. Simulated and measured frequency responses of the bandpass filter
using short-ended strips with T-strips. (a) Return loss. (b) Insertion loss.

at lower band and from 5.48 to 6.08 GHz (0.6 GHz) at higher
band. Low insertion loss of 0.61 dB was measured at the center
frequency of 4.94 GHz. Measured and simulated frequency re-
sponses are given in Fig. 14, which shows good agreement be-
tween the measured and simulated data.

VI. CONCLUSIONS

Five types of CPS resonators have been presented and their
performances analyzed. CPS characteristics are analyzed for the
circuit design consideration. For the demonstrations of these
resonators’ applications, two new classes of bandpass filters
are designed and tested. Measurement results show low-pass-
band insertion losses and good stopband suppressions. For con-
ducting the measurements, a wide-band microstrip-to-CPS-to-
microstrip back-to-back transition is developed and used. Less
than 3-dB insertion loss and better than 10-dB return-loss band-
width is achieved from 1.3 to 13.3 GHz for the back-to-back
transition. Simulated and measured data have good agreements.

The resonators and bandpass filters should find wide applica-
tions for uniplanar circuit implementation.
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