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Coplanar-Waveguide-Fed Microstrip Bandpass Filters
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Abstract—Coplanar-waveguide (CPW)-fed microstrip bandpass
filters are proposed with capacitive couplings suitably introduced
at the input/output (I/O) ports, as well as between the resonators
for spurious suppression. By adopting these capacitive couplings,
several open stubs are established so that adjustable multiple
transmission zeros may independently be created to suppress
several unwanted spurious passbands, thereby extending the
stopband and improving the rejection level. In this study, the
capacitive couplings required at the I/O ports, as well as across
the resonators, are realized by the broadside-coupled transition
structures between the top microstrip layer and the bottom CPW
layer so that the I/O ports may properly be matched and the
spurious responses may effectively be suppressed. Specifically, a
fifth-order bandpass filter, centered at 0 = 1 33 GHz with a
stopband extended up to 8.67 GHz (6.52 0) and a rejection level
better than 30 dB, is implemented and carefully examined.

Index Terms—Bandpass filter, coplanar waveguide (CPW), dual
metal-layer structure, microstrip, spurious suppression.

I. INTRODUCTION

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

the system performance. In order to reduce the interference
by keeping the out-band signals from reaching a sensitive
receiver, a high-performance filter with wider upper stopband
is also required. However, the planar bandpass filters made of
half-wavelength uniform-impedance resonators have un-
wanted spurious passbands at the multiples of center frequency

, where is the passband center frequency.
Several filters using the stepped-impedance resonators were
proposed to shift the spurious passbands to the higher frequen-
cies so as to extend the upper rejection band [1]–[3]. However,
the stepped-impedance method can only push the spurious
passbands to the higher frequencies instead of suppressing
them. If one would like to move the first spurious passband to

, e.g., by using the stepped-impedance resonators, a
large impedance ratio for the resonators is required such that
the layout of the filter becomes difficult due to the fabrication
limit.
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To solve these drawbacks, several methods to suppress
spurious passbands have been reported [4]–[12]. In [4], the
“wiggly-line” filters using a sinusoidally varying linewidth
were proposed to give an effective suppression on the first
spurious response around . Corrugated coupled microstrip
lines [5]–[7] that are designed to equalize the phase velocities
of the two eigenmodes were adopted to design the planar filters
with suppression of the first spurious passband. In [8], an
over-coupled resonator was employed to increase the electrical
length of the odd mode so as to compensate for the difference
in the phase velocities. Alternatively, the ideas of proposing
substrate suspension [9] and ground-plane aperture [10] were
reported to equalize the even- and odd-mode phase velocities so
that the first spurious response can be suppressed. By etching
split-ring resonators [11] to achieve strong magnetic coupling,
the first spurious passband may also be suppressed. In [12], a
meandered parallel coupled-line structure was utilized to sup-
press the first spurious passband of a microstrip bandpass filter.
However, most of these filter configurations still suffer from
the higher order spurious responses around
[4]–[12].

The concept of using dissimilar resonators to produce dif-
ferent harmonic frequencies for each resonator was proposed
[13]–[15]. Based on this concept, one may implement a wide-
stopband microstrip bandpass filter for which the spurious re-
sponses may be suppressed due to the mutual cancellation ef-
fect. However, the technique of adopting dissimilar resonators
is not feasible in controlling the bandwidth of stopband and it
would also suffer from the difficulty of choosing the proper dis-
similar resonators to avoid the mutual coupling effects in the
higher order filter design.

Recently, a coplanar waveguide (CPW) bandpass filter with
rejection band extended up to was reported [16]. This filter
is mainly composed of two parts, i.e., the loaded air-bridge en-
hanced capacitors to suppress the lower order spurious pass-
bands and the broadside-coupled microstrip-to-CPW-fed struc-
tures to attenuate the high-order spurious responses, therefore,
its stopband may be extended even up to . Although the
method adopted by [16] is useful in realizing a very-wide stop-
band CPW filter, it is difficult to extend to the other structures
using different configurations.

In [17] and [18], capacitive-tapped couplings between res-
onators and input/output (I/O) were established so that extra
transmission zeros in the stopband can easily be created without
requiring complex couplings between resonators. Here, tapped
chip capacitors were inserted between the resonators, thus the
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implementation process becomes complicated and the disconti-
nuity effect may be produced. In [19], by controlling the loca-
tions of I/O tapped points of the parallel-coupled filter, the spu-
rious passband was cancelled by inserting a notch at the spurious
frequency. However, two additional quarter-wavelength
transformers are required at the I/O ports of the filter in [19],
thereby increasing the circuit area.

In this study, the microstrip bandpass filters composed of
resonators (such as the one shown in Fig. 1) with capaci-

tive couplings for multiple spurious suppression are proposed
and carefully examined. First, the I/O capacitive couplings
are achieved by using the broadside-coupled CPW-to-mi-
crostrip transition structures [20] to replace the two I/O
matched transformers adopted in [19] so that the I/O ports
may properly be matched and the filter size may be reduced.
These two I/O capacitive-coupled structures may also provide
two open stubs to create two transmission zeros for spurious
suppression. Second, the capacitive couplings between the
adjacent resonators are realized by the broadside-coupled
microstrip-to-CPW-to-microstrip transition structures instead
of the parallel-coupled-line structures used in [19] so that extra
open stubs may be created to produce additional transmission
zeros for spurious suppression.

At first glance, the proposed filter (Fig. 1) might look sim-
ilar to the dual-behavior resonator (DBR) filter discussed in
[21]; however, they are quite different in topology and func-
tion. Briefly, the DBR filters are based on the parallel associ-
ation of two stopband structures which are carefully designed
to create two transmission zeros on either side of the passband.
By using the stepped-impedance and different-length stubs, the
lengths of associated open or shorted stubs may be adjusted in-
dependently, thus the created transmission zeros may be con-
trolled freely. The main drawback of DBR filters concerns the
attenuated band which is difficult to control over a wide range
of frequencies, and this drawback may be solved by some spe-
cial techniques [21]. The proposed filter topology is originated
from the hairpin coupled-resonator filter. By using the capac-
itively broadside-coupled structures for feeding and coupling,
several open stubs can freely be established so as to create ad-
justable multiple transmission zeros for suppressing several un-
wanted spurious responses, therefore, the rejection level can be
improved and the stopband can be extended even higher than

, as will be demonstrated later. Moreover, the lengths and
other parameters of open stubs may be adjusted, thus one may
easily control the locations and widths of the attenuation dips in
the filter response.

In comparison with the techniques used in [13]–[15] and
[16], the method proposed in this study is easy in extension
and simple in controlling the bandwidth of stopband. The
proposed method would have a limitation in implementing a
wide stopband filter, as did the one in [16], due to the difficulty
in realizing the open stubs of very short lengths.

In this study, the basic principle of spurious suppression is
demonstrated by implementing a second-order microstrip band-
pass filter, which has four open stubs to create four transmis-
sion zeros for suppression of spurious passbands. Specifically,
a fifth-order microstrip bandpass filter is implemented, having
ten open stubs to create five pairs of transmission zeros. Each

Fig. 1. Proposed second-order bandpass filter with capacitively broadside-cou-
pled structures for feeding and coupling. (a) 3-D circuit layout. (b) Top-/bottom-
layer circuit layouts to show the relative location between top microstrip layer
and bottom CPW layer.

pair of transmission zeros is designed to suppress one spurious
passband; thus, the implemented fifth-order filter may suppress
five spurious passbands.

II. SECOND-ORDER FILTERS

A. Filter Structure and Design

The proposed second-order coupled-resonator microstrip
bandpass filter structure composed of resonators is shown
in Fig. 1 in which capacitively broadside-coupled structures are
utilized to establish the proper feed circuits for I/O ports and
the required couplings between the adjacent resonators. The
relative location between the top microstrip layer and bottom
CPW layer is shown in Fig. 1(b). Here, the broadside-coupled
CPW-to-microstrip transition structures are employed to realize
the I/O capacitive couplings instead of using two trans-
formers in [19] so that the I/O ports may properly be matched
and the filter size may be reduced. The I/O coupled structures
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Fig. 2. Capacitively broadside-coupled microstrip-to-CPW-to-microstrip tran-
sition structure and the associated open stubs of lengths S and S . (W =

W = 1:2 mm, d = 0:4 mm, and d = 0:9 mm).

provide two open stubs for producing two transmission
zeros. The coupling between resonators and is realized by
the capacitively broadside-coupled microstrip-to-CPW-to-mi-
crostrip transition structure, which also supplies two open
stubs for spurious suppression. Being composed of

resonators, the proposed filter in Fig. 1 would exhibit the
spurious responses around .

The open stubs, such as , and in Fig. 1, are
mainly introduced for spurious suppression. To this end, each
open stub should properly be designed such that its length is
equal to at the spurious frequency ; therefore, it
would create a transmission zero designed to suppress the spu-
rious passband around . The width of the open stub, which
is related to the impedance of the transmission line in the stub,
can determine the width and sharpness of the attenuation dip
associated with the filter response in the stopband. For design
purposes, the response to the broadside-coupled microstrip-to-
CPW-to-microstrip transition structure shown in Fig. 2 needs to
be investigated. Typical design curves presenting the relations
between the transmission-zero frequencies and the lengths
and of open stubs are shown in Fig. 3(a) and (b). Based on
these design curves, the proper stub lengths and to locate
the transmission zeros around may then be determined.

The capacitive coupling between adjacent resonators, such as
resonators and , is established by the broadside-coupled mi-
crostrip-to-CPW-to-microstrip transition structure, as depicted
in Fig. 1. The corresponding coupling coefficient would specify
the required coupling capacitance between the two adjacent res-
onators, thereby determining the associated broadside-coupled
structure between resonators. For example, the coupling coeffi-
cient of the filter in Fig. 1 may be adjusted by varying the
coupling capacitor between resonators and with its capaci-
tance value mainly decided by the width in Fig. 1(b). The
design curve for versus is shown in Fig. 4 for further
reference.

To design the proposed bandpass filter (Fig. 1) with its pass-
band center frequency at , each resonator is selected so
that its resonant frequency is equal to the specified center fre-
quency . Note that the lengths of open stubs and have
already been decided by the spurious frequencies )
under rejection. To make sure that resonator in Fig. 1 is res-
onated at the specified center frequency , the remaining length
extracting and should be chosen such that the total length
of resonator is equal to at . Obviously, through using

Fig. 3. (a) Full-wave simulated responses of the capacitively broadside-cou-
pled transition structure in Fig. 2 (W =W = 1:2 mm). (b) Design curves to
relate the transmission-zero frequencies fz ; fz to the length S of open stub
in Fig. 2. (S = 20 mm.)

Fig. 4. Coupling coefficient M versus the width d [see Fig. 1(b)] of the
coupled structure between resonators a and b. (d = 0:4 mm.)

the broadside-coupled elements, the choice of the stubs’ length
is free and not dependent on the design of resonator. Although
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Fig. 5. Feed structure associated with the resonator near I/O port.

the transmission-zero frequencies due to the open stubs are far
from the passband, the open stubs still have small influences on
the resonance frequency of the resonator. This is why the lengths
of open stubs should be decided at the first design step, and, in
the meantime, one should make sure that the total length of each
resonator is equal to at . These small influences will be
considered using the transmission line model.

The feed structure associated with the resonator near the I/O
port should properly be designed so as to give the specified ex-
ternal quality factor . The value of the external quality factor
would be determined from the filter specification. Fig. 5 shows
the proposed feed structure in which a capacitor and suit-
able transmission line sections are adopted for I/O coupling and
impedance matching. This feed structure is connected to the res-
onator for which its value is given by [19].

The load impedance , defined at point of Fig. 5, may be
written as

(1)

If this load impedance is not equal to 50 , a trans-
former or J-inverter should be added for impedance matching
[19]. Note that the series coupling capacitor together with
two transmission line sections of characteristic impedance

and length at its two ends may be equivalent
to a J-inverter, as shown in Fig. 5, for impedance matching.
Consequently, the required I/O coupling (or matching) capaci-
tance and length may be given by

(2)

(3)

where is the susceptance of the capacitance .

Fig. 6. Coupling capacitance versus the width d [see Fig. 1(b)] of the I/O
coupled structure. (d = 4:5 mm.)

The I/O capacitive coupling is realized by the parallel-plate
capacitor structure with a size of , as shown in
Fig. 1(b). The coupling capacitance versus the width is
shown in Fig. 6.

Finally, the broadside-coupled CPW-to-microstrip transition
structures (J-inverters) are introduced at the input and output so
that the I/O ports may properly be matched.

The design guidelines for the proposed coupled-resonator
bandpass filters, such as the one in Fig. 1, are summering in the
following.

• The first step is to design each open stub associated with
the resonators so that it would create a transmission zero
to suppress the spurious passband around ).

• The second step is to design the filter resonators so as to
meet the given specifications.

• The third step is to implement the required coupling coef-
ficients between the adjacent resonators so as to meet the
bandwidth specification for the filter.

• The last step is to deal with the feed structure using (1)–(3).

B. Filter Implementation and Results

The proposed CPW-fed second-order microstrip bandpass
filter with capacitively broadside-coupled transition struc-
ture between adjacent resonators is fabricated on the Rogers
RO4003C substrate ( , and thickness

mm). Fig. 1 shows the 3-D and top-/bottom-layer
layouts of the proposed second-order microstrip bandpass filter.
The implemented filter has a dimension of
(40.4 mm 53 mm), where is the guided wavelength of the
microstrip structure at the center frequency . This filter is
designed according to the second-order maximally flat response
with a center frequency of 1.45 GHz and a 3-dB bandwidth
of 12%, for which the coupling coefficient is 0.083. The
specific dimension [see Fig. 1(b)] to give the required
may be determined from Fig. 4.

The external quality factors at input and output are 12.8.
The required coupling capacitances at input and output are 1.34
and 1.49 pF, respectively, and their values may be calculated by
(2). The required dimension [see Fig. 1(b)], which estab-
lishes the desired value is given in Fig. 6. The corresponding
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Fig. 7. Measured and simulated results, insertion loss (j S j), and return
loss (j S j) of the proposed second-order filter in Fig. 1. (a) Narrowband and
(b) wideband frequency responses.

geometrical parameters are then fine tuned in the full-wave sim-
ulator Ansoft Ensemble 8.0.

The measured and simulated results of the implemented filter
(Fig. 1) are shown in Fig. 7. The measured center frequency is
at 1.43 GHz and the minimum insertion loss is 1 dB. Four trans-
mission zeros are produced by the four open stubs , , ,
and (Fig. 1) and are found at 2.33, 2.66, 4.51, and 4.85 GHz,
respectively. The shift in these transmission-zeros frequencies
is less than 5%.

The sensitivity of this proposed filter is mainly dependent on
the fabrication process. Normally the fabrication error associ-
ated with the size is approximately 0.0254 mm and the cor-
responding electrical length error is 1 at 20 GHz. Thus, the
proposed filter would have a limitation in extending the band-
width of stopband due to the difficulty in realizing the open stubs
of very short lengths.

The second filter structure, shown in Fig. 8, has four trans-
mission zeros designed to suppress the first spurious passband.
This implemented filter has a dimension of
(28.1 mm 41.9 mm). Specifically, the two transmission zeros
associated with the two open stubs and are distributed
around 3.4 GHz and the other two zeros produced by the two

Fig. 8. Top-/bottom-layer layouts of the second-order filter with four transmis-
sion zeros to distribute around the first spurious passband.

stubs and are distributed around 3.6 GHz. This filter is
also designed according to the second-order maximally flat re-
sponse with a center frequency of 1.44 GHz, a 3-dB bandwidth
of 13.5%, and the required coupling coefficient is 0.0954.
The external quality factors at input and output are 10.47.
The coupling capacitances at input and output are 1.44 pF. The
measured and simulated results of the second filter (Fig. 8) are
shown in Fig. 9. The measured center frequency is at 1.43 GHz,
the minimum insertion loss is 1.05 dB. The frequency response
for the filter in Fig. 1 is also compared with that for Fig. 8. With
four transmission zeros designed for the first spurious harmonic,
the filter in Fig. 8 has much better rejection around this har-
monic, as shown in Fig. 10.

III. FIFTH-ORDER FILTER

Fig. 11 shows the top-/bottom-layer layouts of the pro-
posed fifth-order filter. Here, the capacitive couplings at
I/O ports are again implemented by the broadside-coupled
CPW-to-microstrip transition structures and those between
adjacent resonators are by the broadside-coupled-microstrip-
to-CPW-to-microstrip transition structures. This filter has ten
open stubs to create ten transmission zeros, which are assigned
to some specified frequencies. Specifically, the transmission
zeros due to the stubs
and are designed to distribute around the first, second,
third, fourth, and fifth spurious harmonics, respectively, so that
five spurious passbands may effectively be suppressed.

The design guidelines for this fifth-order filter are similar to
the ones for the second-order filter, as mentioned in Section II.
The proposed filter is designed according to the fifth-order
Chebyshev filter with a 0.1-dB ripple level, having a center
frequency of 1.35 GHz and a 3-dB bandwidth of 10%. The
required I/O coupling capacitances and coupling coefficients
between adjacent resonators are obtained as in Section II,
and the corresponding coupling coefficients
and are 0.077, 0.0583, 0.0583, and 0.077, respectively.
The external quality factors at input and output are 11.8.
The coupling capacitances at input and output are 1.51 pF.
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Fig. 9. Measured and simulated results of the second-order filter in Fig. 8.
(a) Narrowband and (b) wideband frequency responses.

Fig. 10. Comparison of the measured responses for the filters in Figs. 1 and 8.

The implemented filter has a dimension of
(64.6 mm 56 mm).

The measured and simulated results for the implemented
fifth-order filter (Fig. 11) are shown in Fig. 12. The measured
center frequency is at 1.33 GHz and the minimum insertion loss
is 2.92 dB. Good agreement between measured and simulated

Fig. 11. Top-/bottom-layer layouts of the proposed fifth-order filter for mul-
tiple spurious suppression.

Fig. 12. Measured and simulated results of the proposed fifth-order filter in
Fig. 11. (a) Narrowband and (b) wideband frequency responses.

results is observed, except for a slight frequency shift of less
than 2% around passband. As shown in Fig. 12(b), the stopband
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Fig. 13. Rectangular housing structure for the proposed fifth-order filter in
Fig. 11. (W = 86 mm, L = 84:8 mm, H = 30 mm.)

Fig. 14. Simulated results of the fifth-order filter in Fig. 11 with and without
housing. (Curve 1: with housing, but without absorber, Curve 2: with housing
and absorber, Curve 3: without housing.)

is extended up to 8.67 GHz with a rejection level
better than 30 dB. Note that the proposed fifth-order filter has
suppressed the five spurious passbands.

To provide necessary support and to prevent unnecessary
interferences, the filter is usually surrounded by a metallic
housing in the system application. Physically, the housing may
cause unwanted cavity resonances to degrade the spurious-sup-
pression characteristic. Thus, the housing effect should be dealt
with in the filter design phase. Note that the cavity resonances
would eventually appear no matter how the housing is arranged
and reshaped. Shown in Fig. 13 is a typical rectangular housing
structure for the proposed fifth-order filter in Fig. 11. An
approach to suppress the unwanted cavity resonances is to
attach the absorbing material inside the housing walls [16].
Curve 1 of Fig. 14 exhibits the simulated result of the filter
with the metallic housing (but without the absorbing material).
Obviously, the spurious-suppression characteristic has been

destroyed due to the cavity resonances, and extra spurious
passbands are observed around the resonant frequencies of
the cavity. By attaching the absorbing material on the top and
bottom walls of the housing, those unwanted resonances may
be suppressed, as shown in the simulated Curve 2 in Fig. 14.
Although the use of absorbing material may provide a solution
for suppressing the unwanted cavity resonances, the lossy
absorbing material would also increase the insertion loss of
the filter. As shown in Fig. 14, the insertion loss of Curve 1 is
2.2 dB, but that of Curve 2 is 2.93 dB at the passband center
frequency.

IV. CONCLUSION

In this paper, the CPW-fed microstrip bandpass filters have
been implemented and carefully examined with capacitively
broadside-coupled structures established at I/O ports and be-
tween adjacent resonators so as to provide extra open stubs
for spurious suppression. By adjusting the lengths of open
stubs, multiple transmission zeros may be created and suitably
distributed without increasing the circuit area so that multiple
spurious passbands may effectively be suppressed and the
rejection bandwidth may be extended. Specifically, a fifth-order
bandpass filter, centered at GHz, has been imple-
mented and its stopband has been extended up to 8.67 GHz
(6.52 ) with a rejection level better than 30 dB.
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