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Aminiaturized bandpass filter (BPF) using defected ground structure (DGS) resonator with the characteristic of harmonic rejection
is developed in this paper. The second and third harmonics of the proposed BPF are rejected by the characteristic of stepped-
impedance DGS resonator. Moreover, open stubs are established so that two adjustable transmission zeros can independently be
created to extend the stopband and improve the rejection level. Finally, a second-order BPF, centered at 1.62GHz with a stopband
extended up to 5.6GHz and a rejection level better than 20 dB, is designed and implemented for GPS application. A good agreement
between simulation and measurement verifies the validity of this design methodology.

1. Introduction

Miniaturized high-performance narrow-band microwave
bandpass filters (BPFs) are highly desirable for the next gen-
eration of satellite andmobile communications systems [1, 2].
However, these microstrip BPFs with uniform-impedance
resonators usually suffer from the spurious passbands at the
multiple fundamental frequencies. Therefore, the spurious
passbands will cause the upper stopband performance worse.
To solve this problem,much effort has beenmade to suppress
the spurious passbands [3–8]. In [3], the “wiggly-line” filters
using a sinusoidally varying linewidth were proposed to give
an effective suppression on the first spurious response around
2𝑓
0
. By etching split-ring resonators to achieve strong mag-

netic coupling, the first spurious passband may also be sup-
pressed [4]. In recent years, stepped-impedance resonators
(SIRs) are applied to shift the higher order mode, while some
approaches also use the higher frequencies to suppress the
harmonics [5, 6]. By using suitable impedance and electrical
length ratio, the higher order mode can be pushed to higher
frequency [5]. An enhanced stepped-impedance combline
BPF is with a tapped transformer coupling at input and
output [6]. In addition, the wide-stopband BPF with quarter-
wavelength SIRs has been proposed [7]. To further improve

the stopband performance, the resonators with embedded
bandstop structures are used to suppress the lower spurious
harmonics of SIRs [8]. Thus, harmonic suppression can be
carried out by the ground-plane aperture [9].

In this paper, a novel design of harmonic rejection BPF
with stepped-impedance defected ground structure (DGS)
resonator is proposed. The stepped-impedance DGS struc-
ture can be realized to suppress the first and the second
harmonics because two attenuation poles are introduced
within the upper passband to extend the stopband of
the proposed filter. Finally, a second-order BPF using 𝜆/2
stepped-impedance DGS resonator is designed, analyzed,
and fabricated. Simulations and measurements validate the
proposed design principle.

2. Materials and Methods

As illustrated in Figure 1, the proposed BPF filter consists
of top layer and bottom layer. A couple of meandering
microstrip feed lines are located on the top one. On the
bottom layer, a pair of stepped-impedance hairpin DGS
resonators is etched on the backside metallic ground plane.
Figure 2 shows the top view of the proposed filter, where
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Figure 1: Schematic views of the proposed filter.
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Figure 2: Top view of the proposed DGS filter.

the DGS resonators are excited by themeanderingmicrostrip
feed lines. The coupling between microstrip feed lines and
DGS resonator is realized by the microstrip-to-slotline tran-
sition structure, which also provides two open stubs (𝐿

6
,

𝐿
7
) for producing two transmission zeros. In addition, the

length of each stub is properly being designed to 𝜆/4,
which is operated at the unwanted frequency 𝑓

𝑡
. Therefore, a

transmission zero would be created to suppress the unwanted
harmonics at𝑓

𝑡
. For the purpose of impedancematching, the

impedance of the open stub is designed at 50Ω.
A layout of the proposed stepped-impedance DGS res-

onator is attached in Figure 3, where the resonator has
different characteristic impedances that are indicated with𝑍

1

and 𝑍
2
and their corresponding electrical lengths are 𝜃

1
and

𝜃
2
, respectively. Its input admittance viewed from the left port
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Figure 3: Layout of the proposed stepped-impedance DGS res-
onator.

can be derived by means of the transmission line theory as
follows:

𝑌in = 𝑗𝑌2 ((2 (𝐾 tan 𝜃1 + tan 𝜃2)

⋅ (𝐾 − tan 𝜃
1
tan 𝜃
2
))

× (𝐾 (1 − tan2𝜃
1
) (1 − tan2𝜃

2
)

− 2 (1 + 𝐾
2
) tan 𝜃

1
tan 𝜃
2
)) ,

(1)

where impedance ratio𝐾 = 𝑍
2
/𝑍
1
.

Let 𝑌in = 0; the resonant conditions can be obtained as
follows:

(𝐾 tan 𝜃
1
+ tan 𝜃

2
) ⋅ (𝐾 − tan 𝜃

1
tan 𝜃
2
) = 0,

𝐾 = tan 𝜃
1
tan 𝜃
2
,

(2)

where 𝜃
1
= 𝛽𝐿𝐿

1
, 𝜃
2
= 𝛽𝐿𝐿

2
, and 𝐿𝐿

1
and 𝐿𝐿

2
are the physi-

cal dimension of the stepped-impedance DGS resonator.
To explain the unique harmonic suppression characteris-

tic of the stepped-impedanceDGS resonator, the correspond-
ing simulation under the condition of weak coupling has
been demonstrated. The responses of a stepped-impedance
DGS resonator versus the different impedance ratio,𝐾, under
the fixed condition of 𝜃

1
= 𝜃
2
are depicted in Figure 4. It
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Figure 4: The fundamental frequency varied with the impedance
ratio, 𝐾. (𝜃

1
= 𝜃
2
).

can be observed that when the second harmonic frequency,
𝑓
𝑠
, is set at 4.8 GHz, the fundamental frequency, 𝑓

0
, will be

shifted from 2.4 to 2.88GHz when 𝐾 = 0.68 (<1), and 𝑓
0

will be decreased from 2.4 to 1.34GHz when 𝐾 = 1.47 (>1),
resulting in the frequency radio 𝑓

𝑠
/𝑓
0
larger than 3, such that

the second and third harmonics will be rejected. Therefore,
when impedance radio of the stepped-impedance DGS res-
onator is chosen greater than 1, a wide range stopband can be
obtained easily.

3. Results and Discussion

Based on the above analysis, a second-order harmonic-
rejected BPF with the proposed stepped-impedance DGS
resonator was designed and fabricated for GPS application.
Taconic-RF-35A2 substrate with a relative dielectric constant
of 3.5 and a thickness of 0.76mm was used. Also both sides
of the substrate are coated with copper. The feed lines are
connected to 50Ω microstrip lines with a width of 1.7mm.
The other physical parameters are calculated and optimized
as follows: 𝐿

1
= 28.5mm, 𝐿

2
= 7mm, 𝐿

3
= 12mm,

𝐿
4
= 8mm, 𝐿

5
= 6.7mm, 𝐿

6
= 8.8mm, 𝐿

7
= 15.5mm,

𝐿
8
= 4.6mm, 𝑤

1
= 1.7mm, 𝑤

2
= 1.8mm, 𝑤

3
= 0.4mm,

and 𝑠 = 0.5mm. The photographs of the fabricated filter are
shown in Figure 5.

The designed circuit was simulated by the commercial
simulator,AnsoftHFSS 10, and the fabricated one ismeasured
by network analyzer of CETC AV3629. Its simulated and
measured frequency responses are compared in Figure 6. It
is observed that two poles are located at 1.56 and 1.69GHz,
respectively. The 3 dB fractional bandwidth, from 1.47 to
1.76GHz, is 18% and its return loss in the passband is less than
−18 dB, which can be applied to GPS (1.575GHz) properly.
In addition, there are three transmission zeros, that is, TZ

1
,

TZ
2
, and TZ

3
, on the upper stopband, which are −30 dB,

(a) Top view

(b) Bottom view

Figure 5: Photograph of the proposed filter. (a) Top view and (b)
bottom view.
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Figure 6: Measured and simulated response of the proposed filter.
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−70 dB, and −69 dB at frequencies of 1.8 GHz, 2.45GHz,
and 4.33GHz, respectively, thus extended the stopband, and
enhanced the rejection level. Especially, the transmission
zero at 1.8 GHz is close to the passband edges and can
eliminate the impact of GSM systems, which greatly improve
the selectivity of the filter. The measured minimum insertion
loss achieves 0.73 dB in the passband. Measured results
agree well with the simulated ones and prove the validity
of the introduced design principles to produce the resonant
characteristics and harmonic rejection. Some discrepancy
between the measurement and simulation can be attributed
to the inaccuracy in fabrication and implementation.

4. Conclusions

A novel design of harmonic-rejected BPF with stepped-
impedance DGS resonator is proposed for GPS application.
The pair of stepped-impedance DGS resonators are excited
by a couple of folded microstrip feed lines. The proposed
BPF has the advantage of wide-band harmonic rejection. Fur-
thermore, open stubs are used to produce multiple adjustable
transmission zeros which are applied to improve the rejection
level. Finally, the proposed filter with slotline structure has
improved power-carrying capacity for potential high-power
application.
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