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Abstract—Novel quasi-elliptic coupled-resonator bandpass
filters with wider fractional bandwidth are proposed. By using
the broadside-coupled mechanism to couple the half-wavelength
microstrip resonators and the quarter-wavelength coplanar-wave-
guide (CPW) resonators together with introducing two CPW
shorted stubs, the required mixed and magnetic couplings as-
sociated with the resonators may be enhanced so that a wider
bandwidth cross-coupled filter may be realized. Specifically, a
fourth-order quasi-elliptic broadside-coupled bandpass filter with
a center frequency at 0 = 1 48 GHz, a minimum insertion loss
of 0.68 dB, and a wider 3-dB fractional bandwidth of 34.6% is
implemented, and its stopband is extended up to 6 GHz (4 0)
with a rejection better than 20 dB.

Index Terms—Bandpass filter, bandwidth widening, broad-
side coupled, coplanar waveguide (CPW), microstrip, stopband
extension.

I. INTRODUCTION

I N MICROWAVE communication systems, filters with good
selectivity and stopband rejection are required to enhance

the system performance. Recently, several cross-coupled filter
structures with improved selectivity using half-wavelength

resonators were reported in [1]–[10]. To reduce the
circuit size, the cross-coupled filters using quarter-wavelength

or quasi-quarter-wave resonators were proposed in
[11]–[15]. In order to avoid the via-holes that may degrade
the filter performance, the coplanar quasi-elliptic filters
without bond-wire bridges were proposed in [14]. These filters
are compact in size and possess multiple transmission zeros
such that better selectivity may be achieved. However, the
fractional bandwidths of these cross-coupled filters using edge
couplings are usually limited due to the constraint in the fab-
rication process. Only a few papers about cross-coupled filters
were reported to relax this constraint. For example, two pos-
sible configurations to increase the 3-dB fractional bandwidth
were proposed in [7] by using similarity transformation of
the coupling matrix. However, the increase in 3-dB fractional
bandwidth is still limited due to the constraint of edge coupling.

In this paper, a new class of quasi-elliptic coupled-resonator
bandpass filters with wider fractional bandwidth will be pro-
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Fig. 1. Layout of the fourth-order cross-coupled filter using both �=2 and �=4
microstrip resonators.

posed using both and resonators, as recently suggested
by [16]. To enhance the mixed coupling between the resonator
structures, the microstrip resonators in the top layer are
coupled to the coplanar waveguide (CPW) resonators in the
bottom layer through the broadside-coupled mechanism. To in-
crease the magnetic coupling, two shorted stubs are introduced
to associate with the CPW resonators so that the re-
quired coupling may be adjusted and enhanced. By combining
the above two mechanisms to increase both the mixed and
magnetic couplings among the resonators, a quasi-elliptic wider
bandwidth bandpass filter may be realized using the coupled-
resonator configuration. The use of CPW resonators is
essential in implementing two shorted CPW stubs, which not
only increase the required magnetic coupling for widening the
bandwidth, but also avoid the fabrication of bond-wire bridges.

In this study, two fourth-order quasi-elliptic broadside-
coupled bandpass filters with wider fractional bandwidth are
implemented and carefully examined. To extend the stopband
of the proposed broadside-coupled filter, the technique of using
dissimilar resonators for spurious suppression [10], [15] is also
adopted in the filter design. Specifically, a bandpass filter cen-
tered at GHz, a minimum insertion loss of 0.68 dB in
the passband, and a wider 3-dB fractional bandwidth of 34.6%
is implemented with its stopband extended up to 6 GHz .

II. BROADSIDE-COUPLED FILTER

The bandwidth of the conventional cross-coupled filter using
open-loop microstrip resonators is restricted due to the limi-

tation in mixed and magnetic couplings associated with the cou-
pled resonators. A possible way of widening the bandwidth may
be achieved by adopting the filter structure composed of both

and microstrip resonators, as suggested by [16] and
shown in Fig. 1. Here, resonators 1 and 4 are consisted of iden-
tical uniform-impedance resonators, and resonators 2 and
3 are made of the identical uniform-impedance resonators
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Fig. 2. Proposed fourth-order broadside-coupled filter composed of �=2 mi-
crostrip and �=4 CPW resonators. (a) Side view. (b) Top-/bottom-layer circuit
layouts to show the relative location between top microstrip layer and bottom
CPW layer.

in which a shorted circuit is introduced and implemented by the
grounding via.

In Fig. 1, cross electric coupling is obtained across the gap
between the ends of open-loop resonators 1 and 4, while the
metallic via connecting to ground shared by resonators 2 and
3 produces the magnetic coupling required between these two
resonators. In addition, the coupling between resonators 1 and 2
is of mixed form. Basically, stronger magnetic and mixed cou-
plings are required for widening the 3-dB fractional bandwidth.
A stronger magnetic coupling may be achieved by increasing the
length of the shorted stub between resonators 2 and 3 (Fig. 1).
However, the level of the mixed couplings between resonators
1 and 2, as well as 3 and 4, is limited by the spacing associated
with the edge coupling, thereby becoming the bottleneck of the
design. For example, the fourth-order quasi-elliptic microstrip
filter shown in Fig. 1 and designed on an RO4003C substrate
needs a small spacing of 0.05 mm to produce the required mixed
coupling for a 3-dB fractional bandwidth of 16% with a center
frequency at 1.98 GHz. This spacing is too small to be imple-
mented by the usual fabrication process.

To widen the bandwidth, a novel broadside-coupled band-
pass filter structure shown in Fig. 2 is proposed. Here, the

microstrip uniform-impedance resonators in the top layer
are coupled, in the broadside mechanism, to the CPW
stepped-impedance resonators in the bottom layer so that
the required mixed couplings between resonators 1 and 2, as
well as 3 and 4, may be enhanced. The relative location be-
tween the top microstrip layer (two microstrip uniform-
impedance resonators) and the bottom CPW layer (two
CPW stepped-impedance resonators) is shown in Fig. 2(b). In
order to achieve a filter with wider 3-dB fractional bandwidth in

the passband, stronger mixed and magnetic couplings should be
realized. The bottom CPW layer has two stepped-impedance
resonators in which two shorted stubs connecting to the ground
planes are implemented to produce the required magnetic cou-
pling. This magnetic coupling may be enhanced by increasing
the lengths of two shorted stubs. The via-hole in Fig. 1 is now
replaced by the shorted stubs without bond-wire bridges in
Fig. 2. In addition, the design also avoids the bond-wire bridges
associated with the CPW structures. Note that the effective in-
ductances of the shorted stubs may be extracted by constructing
a single CPW resonator made of such stubs and then measuring
its loaded quality factor, as detailed in [17].

The design procedures for the proposed filter in Fig. 2 may be
described in [1]. To facilitate the design, the three basic coupling
structures, associated with the filter in Fig. 2 and shown in the
inset of Fig. 3, need to be characterized. Fig. 3(a) shows the elec-
tric coupling structure and the corresponding design curve for
the coupling coefficient between microstrip resonators 1 and 4.

The magnetic coupling structure, mainly consisting of induc-
tive shorted stubs connected to CPW ground planes between
resonators 2 and 3, is shown in the inset of Fig. 3(b). The de-
sign curve for this magnetic coupling coefficient is depicted
in Fig. 3(b), indicating that the magnetic coupling coefficient
ranges from 0.246 to 0.0734 when the distance changes from
0.05 to 4 mm.

The coupling structure in Fig. 3(c) provides the required
mixed coupling. To obtain larger mixed coupling, the broad-
side-coupled mechanism is introduced between the top
microstrip resonator 1 and the bottom CPW resonator 2.
The design curve for the mixed-coupling coefficient is also
shown in Fig. 3(c), which implies that the strength of the
coupling coefficient is enhanced when the overlap area between
the microstrip and CPW resonators is increased. All the design
curves in Fig. 3 may be obtained by an electromagnetic simu-
lation of the coupling structures shown in the insets of Fig. 3.

In this study, all the circuits are fabricated on a Rogers
RO4003C substrate ( , , and thickness

mm). The proposed broadside-coupled filter struc-
ture (Fig. 2) has a wider 3-dB fractional bandwidth than the
one in Fig. 1 with the larger mixed couplings realized by the
broadside-coupled structure. The proposed filter is designed
according to the fourth-order quasi-elliptic response with a
center frequency of 1.5 GHz and a 3-dB bandwidth of 24.6%.

The design parameters associated with the above specifica-
tions are given as follows:

Here, ’s are the coupling coefficients between resonators and
and are the quality factors at the input and output [1]. The

dimensions of each part in Fig. 2(b) are given in Table I for fur-
ther reference. The implemented filter has a size of

(47.2 mm 34.7 mm), where is the guided wave-
length of the microstrip structure at the center frequency.
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Fig. 3. Coupling structures and design curves for: (a) electric coupling,
(b) magnetic coupling, and (c) mixed coupling.

TABLE I
DIMENSIONS (IN MILLIMETERS) OF EACH PART IN FIG. 2(b)

Fig. 4. Measured and simulated results of the proposed fourth-order broad-
side-coupled filter (Fig. 2) using both �=2 microstrip and �=4 CPW resonators.
(a) Narrowband and (b) wideband frequency responses.

Note that the proposed filter (Fig. 2) is designed based on
the formulas in [1], which are suitable for narrowband filters.
By designing the proposed filter with a fractional bandwidth of
24.6%, for instance, according to the procedure in [1], it may
end up with a developed filter, which, after full-wave simula-
tion, would possess a bandwidth of 22% only, a consequence of
using the narrowband formulas. Therefore, after the first design
phase, the developed filter should be fine tuned so as to bring
the fractional bandwidth back to the specification of 24.6%.

The measured and simulated results of the implemented
broadside-coupled filter (Fig. 2) are shown in Fig. 4. The
measured center frequency is at 1.47 GHz, the minimum in-
sertion loss is 1.6 dB, and the 3-dB bandwidth is 22.4%. The
deviation of the measured bandwidth from the specified value
for the design may be resulted from the misalignment between
the top microstrip and bottom CPW layers during the filter
implementation.

III. STOPBAND-EXTENDED BROADSIDE-COUPLED FILTER

The filter structure shown in Fig. 2 has its bandwidth widened
due to the use of a broadside-coupled structure between mi-
crostrip and CPW resonators. However, the filter shows several
spurious passbands around , which
are created by the higher order resonances of the resonators
associated with the proposed filter. These spurious passbands
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Fig. 5. Top-/bottom-layer circuit layouts of the proposed stopband-extended
wider bandwidth broadside-coupled filter composed of �=2 microstrip and �=4
CPW resonators.

may be suppressed by properly designing the resonators so
as to possess different impedance ratios, as suggested by [10]
and [15].

In this study, a stopband-extended bandpass filter (Fig. 5)
modified from the wider bandwidth broadside-coupled structure
(Fig. 2) is proposed by applying the technique of dissimilar res-
onators for stopband extension [10], [15]. Specifically, different
types of stepped-impedance resonators are adopted for the
microstrip and CPW resonators. In this design, four res-
onators are made completely dissimilar and their higher order
resonance frequencies are separated so that the spurious sup-
pression may be achieved for stopband extension.

The proposed fourth-order stopband-extended broadside-
coupled filter structure (Fig. 5) has a wider passband bandwidth
and better stopband rejection than the one in Fig. 2. The filter is
designed according to the fourth-order quasi-elliptic response
with a center frequency of 1.5 GHz and a 3-dB bandwidth of
34.6%, and the corresponding parameters are given by

The implemented filter has a size of (52.1 mm
31.75 mm). The dimensions of each part in Fig. 5 are also

given in Table II.
The measured and simulated results of the stopband-extended

filter (Fig. 5) are shown in Fig. 6. The measured center fre-
quency is at 1.48 GHz, the minimum insertion loss is 0.68 dB,
and the 3-dB bandwidth is 34.6%. The shift in the center fre-
quency is less than 2%.

For the filter in Fig. 5, the spurious passband especially
around is suppressed, and its stopband is extended up
to 6 GHz with a rejection better than 20 dB. By using
different impedance ratios for the four stepped-impedance res-
onators, their higher order resonance frequencies are separated
and also made different from the frequency . Therefore,
the signals go through the main path (from resonators 1 to 2

TABLE II
DIMENSIONS (IN MILLIMETERS) OF EACH PART IN FIG. 5

Fig. 6. Measured and simulated results of the stopband-extended wider band-
width broadside-coupled filter shown in Fig. 5. (a) Narrowband and (b) wide-
band frequency responses.

to 3 to 4) and the cross-coupled path (from resonators 1 to 4)
are largely suppressed due to the mutual cancellation effects
among the resonators [10], [15]. This explains why the spurious
response around is effectively suppressed.

The measured frequency response for the filter in Fig. 5 is also
compared with that for the filter in Fig. 2, as shown in Fig. 7.
With completely different impedance ratios for the four stepped-
impedance resonators, the filter in Fig. 5 has much better rejec-
tion around when compared with the one in Fig. 2.
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Fig. 7. Comparison of the measured responses for the filters in Figs. 2 and 5.

IV. CONCLUSION

In this paper, novel quasi-elliptic broadside-coupled bandpass
filters with wider fractional bandwidth have been proposed. By
using the broadside-coupled mechanism to couple the mi-
crostrip resonators and the CPW resonators together with in-
troducing two CPW shorted stubs, the required mixed and mag-
netic couplings associated with the resonators may be enhanced
so that the wider bandwidth cross-coupled filters may be realized.
The use of CPW resonators is essential in implementing the
two shorted CPW stubs for increasing the magnetic coupling for
widening the bandwidth. The technique of using dissimilar res-
onators for spurious suppression has also been utilized for stop-
band extension. Specifically, a fourth-order bandpass filter cen-
tered at GHz with a wider 3-dB bandwidth of 34.6%
has been implemented, and its stopband has been extended up
to 6 GHz with a rejection better than 20 dB.
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