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Parallel-Coupled Coplanar-Waveguide Bandpass
Filter With Multiple Transmission Zeros

Chao-Huang Wu, Chi-Hsueh Wang, Yo-Shen Lin, and Chun Hsiung Chen, Fellow, IEEE

Abstract—A compact parallel-coupled coplanar-waveguide
bandpass filter with good selectivity and stopband response is
proposed. By using the quarter-wavelength resonators in imple-
mentation, the filter size can be reduced and no spurious passband
is observed at twice the center frequency (2 0). In addition, by
suitably introducing the capacitive and inductive cross-coupling
effects, four transmission zeros around the passband edges may
be created for improving the filter selectivity. For design purpose,
the equivalent-circuit models are also established. In this study,
the compact fourth-order filter with multiple transmission zeros
for improving the selectivity is implemented, and its stopband is
extended up to 3.43 0 with a rejection better than 30 dB.

Index Terms—Bandpass filter (BPF), coplanar waveguide
(CPW), coupled lines.

I. INTRODUCTION

THE coplanar waveguide (CPW) structure is attractive as
an alternative to the microstrip for planar filter designs

due to its insensitivity to the substrate thickness. Various works
on parallel-coupled CPW bandpass filters (BPFs) were reported
in the literature [1]–[3]. In modern communication system ap-
plications, it is necessary to have the filters with very good
selectivity for better image or interference rejection. To this
end, the four-pole filter with two transmission zeros was re-
ported in [4]. In [5], the quasi-elliptic CPW BPFs based on
stepped-impedance resonators and capacitive cross-coupling ef-
fect were proposed to achieve good selectivity and compact size.

In addition to transmission zeros, an improvement of the stop-
band rejection is also important. Up to now, only a few of the
CPW BPFs were proposed to suppress the spurious responses
[6], [7]. The particular pattern of via holes was used in the
double-surface CPW filter [6] to reduce the spurious responses.
Another four-pole BPF was introduced in [7] using the two
asymmetric parallel-coupled CPW stages at the input/output ter-
minated ends to generate two transmission zeros for suppressing
the harmonic passband around triple of the center frequency
(3 ). However, the CPW structures in [1]–[7] can not achieve
compact size, good selectivity, and good stopband rejection at
the same time.
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In this work, a compact fourth-order parallel-coupled CPW
BPF, based on quarter-wavelength ( 4) resonators, is proposed.
By combining the parallel and antiparallel coupled-line sections
in the filter design, along with the control of inherent transmis-
sion zeros associated with the coupled line sections, the proposed
CPW filter may achieve compact circuit size with the transmis-
sion zeros to improve the filter stopband rejection. In addition, by
suitably introducing the capacitive and inductive cross-coupling
effects,fourtransmissionzerosaroundthepassbandedgesmaybe
created to improve the filter selectivity. Comparing with the mi-
crostrip filter in [8], the proposed CPW structure does not require
the via-holes to realize the inductors, therefore the implemented
filter would be less sensitive to the fabrication process. In addi-
tion, an inductive cross-coupling may easily be realized by using
the CPW structure, while the realization in microstrip structure
[8]would becomplicated.Although thebondwiresareneeded for
ground plane equalization and an extra ground plane may some-
times be required for developing a grounded-CPWconfiguration,
the proposed CPW filter still has the merit of less sensitivity to
the fabrication process.

II. FOURTH-ORDER BPF

A. Filter Structure and Equivalent-Circuit Models

Fig. 1(a) shows the layout of the proposed fourth-order par-
allel-coupled CPW BPF based on the 4 resonators. The corre-
sponding circuit model is also shown in Fig. 1(b). Here, both ca-
pacitive and inductive cross-couplings, and , are in-
troduced so as to create four transmission zeros around passband
edges for improving the filter selectivity. The filter structure is
composed of the parallel coupled line for the third section and
the anti-parallel coupled lines for the other sections. The capaci-
tive cross-coupling is realized by the gap-coupled capac-
itor structure between the open-ends of coupled-line sections,
and the inductive cross-coupling is realized by the mu-
tual inductor structure between the shorted-ends of input/output
coupled-line sections.

By neglecting the cross-couplings, i.e.,
0, and assuming that the even- and odd-mode phase velocities
are equal, the circuit model Fig. 1(b) of the filter structure in
Fig. 1(a) for all frequencies may first be represented by the one
in Fig. 2(a) [9, Sec. 5.09].

The input shorted-end coupled-line section of length in
Fig. 1(b) may be modeled by an ideal transformer of turn ratio

with a transmission line of characteristic admittance and
a shunt shorted stub of characteristic admittance at its two
ends as in Fig. 2(a). The coupled-line sections with open-ends
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Fig. 1. Proposed fourth-order parallel-coupled CPW filter with capacitive and
inductive cross-couplings: (a) layout and (b) circuit model. (w = 3.4 mm,
s = 0.5 mm, s = 1.9 mm, l = 14 mm, w = 4 mm, s = 0.7 mm,
s = 2 mm, l = 6.5 mm, l = 3 mm, w = 1.4 mm, s = 0.2 mm,
s = 11.2 mm, l = 14 mm).

Fig. 2. Equivalent-circuit models for the proposed fourth-order parallel-cou-
pled CPW BPF in Fig. 1 without the capacitive and inductive cross-couplings.
The parameters are defined in (1) and (2).

of lengths may be modeled by a transmission line of charac-
teristic impedance with two series open stubs of character-
istic impedance at its two ends. Similar modeling may also
be applied to the coupled-line sections of lengths and .
Here, the design parameters are defined by

(1)

The equivalent-circuit model in Fig. 2(a) reveals that when
, and 180 at certain frequencies, the shunt shorted

stubs in Fig. 2(a) will present low impedance to the ground such
that no signal is coupled to the output port and a transmission
zero will be formed. Thus the stub lengths ( , and ) can
be designed to suppress the spurious responses. Similarly, when

and 180 or 90 at certain frequencies, the trans-
mission zero will be observed due to the open circuit. Note that
the equivalent-circuit model in Fig. 2(a) can easily predict the
inherent transmission zeros of coupled line sections for sup-
pressing the spurious responses.

For design propose, the equivalent-circuit model in Fig. 2(a)
is modified to the one in Fig. 2(b) which is demonstrated as
below. When the values of ( 1,5) are equal to the refer-
ence admittance 2 1,5 , the
transmission lines of , the additional transmission line
of 2 , and the ideal transformer in Fig. 2(a) may be
combined to form the -inverter as shown in Fig. 2(b).
Besides, the series shorted stub of characteristic admittance
with additional shunt shorted stub of characteristic admittance

at its two ends may be modeled as the -inverter
[9, Sec. 8.03]. Thus, the middle parallel coupled-line section
with shorted-ends in Fig. 2(a) may be modeled as the -inverter

with additional shunt shorted stub of characteristic admit-
tance at its two ends Fig. 2(b). Similar modeling may also
be applied to the coupled-line sections of lengths and [10].
Here, the design parameters are

(2)

Thus, by combining the above equivalences, one may finally
yield the equivalent-circuit model as shown in Fig. 2(b).

B. Filter Implementation and Results

The proposed filter structure is fabricated on the Rogers
RO4003c substrate ( 3.38 0.0023, and thickness

1.524 mm).The CPW BPF for Fig. 1(a) is designed with a
center frequency of 1.78 GHz, a 3 dB-bandwidth of 10%, and
a reference impedance of 50 . The corresponding circuit
parameters, based on the equivalent-circuit model in Fig. 2(b),
are as follows: 63.6 37.4

52.4 44.3
54.2 46.8 60 30 at

.
In the layout of the proposed fourth-order CPW BPF

Fig. 1(a), the coupled-line sections are bent to an angle for
achieving larger capacitive and inductive cross-couplings. The
aperture (width and length ) in Fig. 1(a) is used to decrease
the inductive cross-coupling.

The locations of the cross-coupled-induced transmission
zeros may actually be adjusted by varying the parameter
Fig. 1(a) to control the capacitive and inductive cross-couplings
and the parameter to control the inductive cross-coupling. The
fullwave simulated responses (using the Ensemble simulator)
of the proposed filter with respect to the parameters and
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Fig. 3. Fullwave simulated responses of the proposed filter in Fig. 1(a) with  
and d as parameters (w = 6.2 mm).

in Fig. 1(a) are shown in Fig. 3. As demonstrated in Fig. 3,
the inner transmission zeros move toward the center frequency

and the outer transmission zeros move away from the
center frequency as the parameter is decreased to increase
the capacitive and inductive cross-couplings. And the outer
transmission zeros will move toward the center frequency and
the inner transmission zeros are only slightly changed as the pa-
rameter is decreased to increase the inductive cross-coupling.
Specifically, based on the specified fall-off rate at the passband
edge, one may determine the required and values for the
desired locations of cross-coupled-induced transmission zeros.
The controllable frequency ranges of the inner transmission
zeros associated with the filter in Fig. 1 are from the lower
passband edge 1.67 GHz to 1.58 GHz and the upper passband
edge 1.83 GHz to 1.87 GHz. The ranges of the outer ones are
from the zero frequency to 1.58 GHz and from 1.87 GHz to
4.1 GHz.

The simulated results by the fullwave simulator Ensemble
and the measured ones of the filter in Fig. 1(a) are shown in
Fig. 4. The implemented filter has a size of 0.37 0.33
(45.5 mm 40.6 mm), where is the guided wavelength of
the CPW structure at center frequency. The measured center
frequency is at 1.75 GHz. The minimum measured insertion
loss is 2.15 dB at 1.75 GHz, and the 3-dB bandwidth is 9.16%.
Four cross-coupled-induced transmission zeros are observed at
1.26 GHz, 1.6 GHz, 1.88 GHz, and 2.54 GHz, respectively.
Here, the coupled-line sections [ and in Fig. 2(a)] have
the inherent transmission zeros around 4 GHz and the coupled-
line section [ in Fig. 2(a)] has the inherent transmission zero
around 5 GHz. Specifically, the stopband rejection is better than

30 dB up to 6 GHz (3.43 ).

III. CONCLUSION

In this study, the compact fourth-order parallel-coupled CPW
BPF based on 4 resonators has been proposed and carefully
examined. By the alternative connection of open-end and

Fig. 4. Measured and simulated responses for the proposed fourth-order par-
allel-coupled CPW BPF shown in Fig. 1(a). (w = 6.2 mm, d = 1.5 mm,
 = 138 ).

shorted-end coupled-line sections, the proposed BPF exhibits
the merits of reduction in size and suppression of spurious
passband around 2 . The lengths of coupled-line sections
can be adjusted to improve the stopband rejection. Based on
the proposed equivalent-circuit models, one may implement
the desired filter with good selectivity and stopband response.
Specifically, the fourth-order BPF with six transmission zeros
have been designed and its stopband rejection is found better
than 30 dB up to 3.43 . The proposed filter is useful for ap-
plications in the communication systems when high selectivity
and good stopband rejection are required.
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