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A novel triple-mode bandpass filter (BPF) using a dual-mode defected ground structure (DGS) resonator and amicrostrip resonator
is proposed in this paper. The dual-mode characteristic is achieved by loading a defected T-shaped stub to a uniform impedance
DGS resonator. A uniform impedance microstrip resonator is designed on the top layer of the DGS resonator and a compact
bandpass filter with three resonant modes in the passband can be achieved. A coupling scheme for the structure is given and the
coupling matrix is synthesized. Based on the structure, a triple-mode BPF with central frequency of 2.57 GHz and equal ripple
bandwidth of 15% is designed for the Wireless Local Area Network. Three transmission zeros are achieved at 1.48GHz, 2.17 GHz,
and 4.18GHz, respectively, which improve the stopband characteristics of the filter. The proposed filter is fabricated and measured.
Good agreements between measured results and simulated results verify the proposed structure well.

1. Introduction

Recent decades have seen the rapid development of wireless
technology; as a result, there is an increasing demand on high
performance microwave filters [1]. The appearance of dual-
mode resonators has found its way into the application of
filters and gained increasing popularity among themicrowave
filters for their capability to make a reduction of the numbers
of resonating components. Since amicrostrip ring dual-mode
bandpass filter (BPF)was firstly proposed byWolff in 1972 [2],
various forms of dual-mode microstrip resonators and filters
have been reported, including square patch resonators [3],
square loop resonators [4], triangular loop resonators [5], and
hexagonal loop resonators [6]. Degenerate modes are excited
by the perturbations within dual-mode resonators. Dual-
mode or triple-mode characteristics can also be achieved

by loading a stub to a resonator [7]. When changing the
size of loading stub, the even-mode resonant frequencies
can be easily controlled whereas the odd-mode resonant
frequencies keep almost unchanged. Recently, microwave
circuits are popularly designed on the ground plane [8–10],
such as slotline with defected ground structure (DGS) stubs
[11], defected resonator [12], and defected stepped impedance
resonator [13]. It provides a novel way for realizing dual-mode
filters and multimode filters by fully utilizing the printed
circuit board. Multimode filters can also be realized by using
dual-mode resonator doublets [14]. In our previous work
[15], a four-mode BPF is achieved by combination of two
dual-modemicrostrip resonators. By setting two stub-loaded
dual-mode resonators in parallel, a BPF with four poles is
realized. However, the resonators could be properly arranged
to minimize the circuit size.
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In this paper, a novel triple-mode bandpass filter is
proposed using a dual-mode defected structure resonator
and a microstrip resonator. A coupling scheme for the filter
is given and the coupling matrix is synthesized. The ideal
response of the filter agrees well with the simulated results.
Compared with traditional filter of the same characteristic,
the size of proposed filter reduces approximately 2/3. Three
transmission zeros are achieved at 1.48GHz, 2.17 GHz, and
4.18GHz in the stopband of the filter, which greatly improve
the selectivity and rejection of the filter. The proposed BPF is
simulated, implemented, and measured. Good agreement is
observed between simulated results and measured results.

2. Theoretical Analysis

2.1. Analysis of Filter Structure. Figure 1 is the 3D structure
of the proposed triple-mode filter. The filter structure can
be divided into three layers: the top layer is covered with
a microstrip open-loop resonator and a pair of microstrip
feed lines, the middle layer is the substrate, and the bottom
layer is metal ground that is loaded by a dual-mode DGS
resonator. The microstrip resonator on the top layer and the
DGS resonator in the bottom layer are both directly coupled
to the microstrip feed lines. Since the microstrip resonator
and the DGS resonator are located on different layer of the
circuit, the space of the circuit is fully utilized and the size of
filter is reduced.

The coupling scheme of the triple-mode filter is presented
in Figure 2. The dark circles and the white circles indicate
resonant modes of resonators and source/load, respectively.
Mode 1 is generated by the microstrip resonator; modes
2 and 3 are even and odd modes of the dual-mode DGS
resonator [16]. These modes are all directly coupled to both
the source and the load. The coupling between microstrip
resonator and source/load can be modified by changing
their distance and overlap length. The coupling between
dual-mode resonator and source/load also can be tuned
by changing the location of the resonator. Commonly, the
coupling between the microstrip resonator and source or
load and the coupling between the even mode of the dual-
mode DGS resonator and input or output are all positive.
The coupling between the odd mode of the dual-mode DGS
resonator and source is positive, while the coupling between
this mode and load is negative. The dashed line indicates
the coupling between source and load that is determined by
the gap between input and output microstrip line. Therefore,
the corresponding coupling matrix of the coupling scheme is
given by

𝑀 =

[
[
[
[
[

[

0 𝑀𝑆1 𝑀𝑆2 𝑀𝑆3 𝑀𝑆𝐿

𝑀1𝑆 𝑀11 0 0 𝑀1𝐿

𝑀2𝑆 0 𝑀22 0 𝑀2𝐿

𝑀3𝑆 0 0 𝑀33 𝑀3𝐿

𝑀𝐿𝑆 𝑀𝐿1 𝑀𝐿2 𝑀𝐿3 0

]
]
]
]
]

]

. (1)

Due to symmetrical geometry of the proposed filter, the
coupling coefficients agree with 𝑀

𝑆1
= 𝑀
𝐿1
, 𝑀
𝑆2
= 𝑀
𝐿2
,

and 𝑀
𝑆3
= −𝑀

𝐿3
. A transmission zero is produced by

the coupling between source and load which improve the
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Figure 2: The coupling scheme of proposed triple-mode BPF.

selectivity of the proposed BPF. Therefore, the generalized
coupling matrix for the proposed BPF with central frequency
of 2.57GHz can be obtained on the basis of the approach of
synthesis in [17] as follows:

𝑀 =

[
[
[
[
[

[

0 0.6369 0.3645 0.7824 0.0282

0.6369 −1.5130 0 0 0.6369

0.3645 0 1.3070 0 0.3645

0.7824 0 0 0.5266 −0.7824

0.0282 0.6369 0.3645 −0.7824 0

]
]
]
]
]

]

. (2)

The synthesized scatting characteristic of the proposed
filter is shown in Figure 3. The solid line and the dashed
line indicate insertion loss and return loss, respectively.Three
transmission poles are clearly observed in the passband of
the filter. In addition, three transmission zeros are created
at 1.41 GHz, 2.17 GHz, and 4.18GHz, which improve the
selectivity in the transition band and attenuation in the
stopband.The return loss in the passband is larger than 20 dB
and the minimum insertion loss in the stopband is almost
greater than 20 dB.

2.2. Analysis of Transmission Zeros. Figure 4 shows the trans-
mission characteristics of the filter versus the length of
microstrip feed line. When the length of microstrip feed line
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Figure 3: Synthesized theory result of triple-mode BPF.
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Figure 4: The changes of transmission zeros versus L.

𝐿 increases, that is, the coupling gap between input line and
output line decreases, the coupling between source and load
increases accordingly. Consequently, the third transmission
zero (TZ3) moves towards the passband, whereas the other
two transmission zeros almost remain unchanged. Thus,
it turns out to be convenient to realize filters with sharp
transition band. Simultaneously, increment of the length
of microstrip feed line may increase the coupling between
source/load and resonators, and the transmission zero (TZ1)
will shift to the passband.

To study the influence of the microstrip resonator on the
characteristic of the filter, frequency responses of triple-mode
BPF and dual-mode resonator are compared in Figure 5.
The dotted curve indicates the transmission characteristic
of DGS dual-mode resonator and the solid line indicates
the transmission characteristic of proposed structure. It is
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Figure 5: The comparison of frequency responses between triple-
mode BPF and dual-mode resonator.

clearly observed that an additional transmission zero is
created at about 2.17 GHz when the microstrip open-loop
resonator is loaded. The phenomenon can be explained by
the fact that themicrostrip open-loop resonator adds an extra
transmission path to the circuit, and it will counteract with
signal from another path at certain frequency. In addition,
the first transmission zero TZ1 almost keeps stable and the
transmission zero in the upper stopband of the filter shifts
away from the pass band, when the microstrip open-loop
resonator is added to the circuit.

Figure 6 gives the simulated transmission characteristics
of the filter versus 𝐿

8
. When 𝐿

8
increases from 4.5mm to

5.5mm, TZ
2
moves towards lower frequency and TZ

3
shifts

to higher frequency, while TZ
1
seems to keep unchanged.

When 𝐿
8
increases from 5.5mm to 6.5mm, three transmis-

sion zeros shift accordingly. It is obvious that the bandwidth
of the filter will enlarge with the increment of 𝐿

8
. Changing

𝐿
8
will modify the overlapping length between feed line and

microstrip resonator, and the coupling between source/load
and microstrip resonator will vary accordingly. Moreover,
resonant frequency of the microstrip resonator will change
with 𝐿

8
, so that 𝐿

8
influences not only the bandwidth of the

filter but also the location of the transmission zeros.

3. Simulation and Experimental Results

For the sake of validating above-mentioned theory, a com-
pact and high selectivity triple-mode BPF is designed and
fabricated. The designed filter has a central frequency of
2.57GHz and fractional bandwidth of 15% with equal ripple
of 0.0432 dB. A substrate with a relative dielectric constant of
3.5 and a thickness of 0.8mm is used in the design. Obtained
parameters of the filter shown in Figure 1 are as follows: L
= 19.5mm, 𝐿

1
= 15mm, 𝐿

2
= 3mm, 𝐿

3
= 1.8mm,

𝐿
4
= 1mm, 𝐿

5
= 5.5mm, 𝐿

6
= 3mm, 𝐿

7
= 16mm,
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filtering performance ismeasured by usingNetworkAnalyzer
AV3926, and a comparison between EM simulated results
and measured results is shown in Figure 7. Solid lines and
dotted lines indicate the simulated and measured results,
respectively. The passband of the proposed filter is from
2.2GHz to 3.68GHz, and its passband return loss is larger
than 20 dB. Three transmission poles are clearly observed
at 2.31 GHz, 2.5 GHz, and 2.82GHz in the passband of the
filter. Three transmission zeros are generated at 1.48GHz,
2.17 GHz, and 4.18GHz, which improve the selectivity of the
filter. The simulated and measured maximum insertion loss
in the passband are 1 dB and 1.12 dB, respectively. Apart from
the frequency shift that may be caused by the discrepancy
of the dielectric constant between its nominal value and real
value, measured results agree well with the simulated results.
The photograph of the fabricated filter is shown in Figure 8.
The designed filter circuit occupies the overall size of about
30mm × 15mm.

4. Conclusion

A novel miniature microstrip triple-mode bandpass filter
is proposed in this paper. Three modes are obtained by
combination of a dual-mode DGS resonator and amicrostrip
resonator. The coupling matrix of proposed structure is
established to further explain the proposed design. Three
transmission zeros are realized in the stopband of the filter,
which greatly improve the selectivity and attenuation of
proposed filter. Measured results agree well with the sim-
ulated results, verifying the proposed structure and design
methodology.
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Figure 7: Comparison between EM simulated andmeasured results
of the proposed filter.

(a)

(b)

Figure 8: Photographs of the fabricated filter: (a) top view and (b)
bottom view.
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