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Abstract — Microstrip bandpass filters with an extended
rejection bandwidth are proposed, using dissimilar
resonators for spurious suppression. The combination of
dissimilar resonator structures with same fundamental
frequency but with different spurious frequencies may
improve the stopband rejection of a bandpass filter by the
partially mutual cancellation of spurious responses.
Specifically, a 4th-order coupled-resonator microstrip
bandpass filter, centered at f0=1.97GHz, with better than
21.48 dB stopband rejection up to 9.72 GHz (4.93f0) is
implemented and investigated.

I. INTRODUCTION

In microwave communication systems, filters with
good selectivity are required to enhance the system
performance. Recently, several filter structures using half-
wavelength (λ/2) resonators have been proposed [1]-[3].
These filters possess multiple transmission zeros such that
better selectivity can be achieved. In order to reduce
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 λ/2 uniform-impedance
resonators (UIRs) have inherently spurious passbands at
the multiples of center frequency f0. Several filters using
the stepped-impedance resonators (SIRs) were presented
to shift the spurious passbands to higher frequencies so as
to extend the upper rejection band [2]-[4]. However, the
stepped-impedance method can only push the first
spurious passband to the higher frequency instead of
suppressing it. If one would like to move the first
spurious passband to 4 f0 by using a λ/2 SIR, a large
impedance ratio for the SIR is required such that the
layout of the filter becomes difficult due to the fabrication
limit.

To solve these drawbacks, several methods to achieve
spurious passband rejection have been proposed [5]-[7].
In [6], by controlling the locations of input/output tapping
points of a SIR filter, the spurious passband was
cancelled by a notch inserted at the spurious frequency.
But two additional quarter-wavelength (λ/4) transformers
are required at the input and output, thereby increasing
the circuit area. 

In this study, a simple and effective method for
suppressing the spurious passbands of a bandpass filter is

Fig. 1 (a) λ/2 uniform-impedance resonator (UIR) and (b) λ/2
stepped-impedance resonator (SIR).

Fig. 2. Frequency responses of UIR and SIR in Fig. 1. 

proposed. By incorporating resonators that have same
fundamental resonant frequency but with different
spurious frequencies in the filter structure, the spurious
responses can be suppressed without increasing the circuit
area and circuit element. Based on this approach, a
coupled-resonator microstrip bandpass filter with good
selectivity and wide rejection band is demonstrated.

II. BASICλ/2 RESONATORS

Fig. 1(a) shows a λ/2 uniform-impedance resonator
(UIR) that is commonly used in bandpass filter designs.
The fundamental resonant frequency is located at f0. As
shown in Fig. 2, its first, second, and third spurious
resonances are found at  2 f0,  3 f0, and 4 f0, respectively.
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Fig. 3. Layout of the proposed 4th-order coupled-resonator
microstrip bandpass filter composed of two kinds of resonators. 

Fig. 4. Layout of the conventional 4th-order coupled-resonator
microstrip filter based on identical λ/2 uniform-impedance
resonators.

As a result, a bandpass filter based on the UIR in Fig. 1(a)
will exhibit spurious passbands at these
frequencies. Fig. 1(b) shows a λ/2 SIR that consists of
three segments of transmission lines with different
characteristic impedances Z1, Z2, and Z3. By properly
adjusting the impedance ratio of SIR, the spurious
passbands can be pushed to higher frequencies [8]. For
the SIR in Fig. 1(b), the fundamental resonant frequency
is also designed at f0 whereas the first and second
spurious resonances are located at 2.65 f0 and 4.38 f0 as
shown in Fig. 2. Note that the two resonators in Fig. 1(a)
and Fig. 1(b) exhibit the same fundamental resonant
frequency f0 but different spurious frequencies. Hence by
combining them properly in a filter structure one may
lead to the mutual suppression of spurious passbands and
thereby achieves a better stopband rejection.

III. FILTER STRUCTURES

Shown in Fig. 3 is the layout of the proposed 4th-order
coupled-resonator microstrip bandpass  filter that  utilizes

  (a) 

 (b) 

                                               (c) 

Fig. 5. Coupling structures and design curves involving
coupling coefficients for : (a) electric coupling, (b) magnetic
coupling, and (c) mixed coupling.
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Fig. 6. Measured and simulated results of the proposed 4th-
order microstrip filter in Fig. 3. (a) Narrowband and
(b) wideband frequency responses.

Fig. 7. Measured |S21| of the proposed filter (Fig. 3) and the
conventional filter with idential resonators (Fig.5).

the two kinds of resonators in Fig. 1(a) and Fig. 1(b) The
four resonators are arranged like the conventional
coupled-resonator filter in Fig. 4, such that two
transmission zeros can be achieved to improve the
selectivity [1]. 

Fig. 5 shows the three basic coupling structures and the
related design curves for the filter in Fig.3. The structure
in Fig. 5(a) is an electric coupling one because the
electric field is stronger near the open end of the
resonator. By similar reasoning, the structure in Fig. 5 (b)
provides a magnetic coupling because the magnetic field
is stronger near the center of the resonator. The structure
in Fig. 5(c) provides both electric and magnetic couplings.
The design curves involving coupling coefficients are
obtained from the two calculated resonant frequencies
associated with the coupled structures [9]. These curves
are useful in determining the proper spacings to produce
the required coupling coefficients in the design phase.
The external quality factor Qe for the tapped input can
also be extracted by the method in [9]. 

For the specifications with the center frequency at 2
GHz and 6.5% bandwidth, the coupling coefficients and
the loaded Qe of the proposed filter can be found as 

The proposed filter structure in Fig. 3 is fabricated on a
Rogers RO4003C substrate (εr =3.38, tanδ= 0.0027, and
thickness h = 0.508 mm). This filter has a dimension of
0.365 λ x 0.22 λ( 33.42mm x 20.2 mm ), where λ is
the guided wavelength of the microstrip structure at
f0.

The measured and simulated results are shown in Fig. 6.
The simulation is done by the full-wave simulator Ansoft
Ensemble. The measured center frequency is at 1.97 GHz.
The measured minimum insertion loss is 2.68 dB at 1.97
GHz, and the 3-dB bandwidth is 6.7 %. As shown in Fig.
6(b), the stopband is extended to 9.72 GHz (4.93f0) with
better than 21.48 dB rejection. The spurious resonant
frequencies of the SIR and UIR adopted for this filter are
also labeled in Fig. 6(b). Due to the employment of two
kinds of resonators with different spurious frequencies, no 
strong resonance in the filter structure would occur at
these spurious frequencies. Therefore, a better stopband
rejection is obtained. 

The spurious suppression for the proposed filter is also
compared to that of the conventional one with identical
resonators (Fig. 4). As shown in Fig. 7, much better
stopband rejection is observed as expected.

IV. CONCLUSION

In this paper, a method of extending the rejection
bandwidth of bandpass filter is proposed. By utilizing
dissimilar resonators with same fundamental resonant



frequency but with different spurious frequencies in the
filter structure, the spurious suppression can be enhanced
and a wide rejection band can be obtained. Specifically, a
4th-order coupled-resonator microstrip bandpass filter
composed of two kinds of λ/2 resonators is designed and
investigated. The stopband is extended to 9.72 GHz
(4.93f0) with more than 21.48 dB rejection. The measured
results demonstrate that the proposed method can
effectively improve the stopband performance.
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