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A Design of the Novel Coupled-Line Bandpass
Filter Using Defected Ground Structure With

Wide Stopband Performance
Jun-Seok Park, Associate Member, IEEE, Jun-Sik Yun, and Dal Ahn, Member, IEEE

Abstract—In this paper, a novel three-pole coupled-line
bandpass filter with a microstrip configuration is presented.
Presented bandpass filters use defected ground structure (DGS)
sections to simultaneously realize a resonator and an inverter.
The proposed coupled-line bandpass filter provides compact size
with low insertion-loss characteristic. Furthermore, a DGS shape
for a microstrip line is newly proposed. The proposed DGS unit
structure has a resonance characteristic in some frequency band.
The proposed coupled-line filter can provide attenuation poles
for wide stopband characteristic due to resonance characteristic
of DGS. The equivalent circuit for the proposed DGS unit section
is described. The equivalent-circuit parameters for DGS are
extracted by using a three-dimensional finite-element-method
calculation and simple circuit analysis method. A design method
for the proposed coupled-line filter is derived based on cou-
pled-line filter theory and the equivalent circuit of the DGS. The
experimental results show excellent agreements with theoretical
simulation results.

Index Terms—Attenuation pole, coupled-line bandpass filter,
defected ground structure.

I. INTRODUCTION

RECENTLY, research on the defected ground structure
(DGS) such as a photonic bandgap (PBG) transmission

line, which has periodic arrays of defects, has been reported
with various configurations in microwave and millimeter
frequency-band applications. [1]–[3] The DGS with periodic or
nonperiodic arrays provides a rejection band in some frequency
range due to the increase of the effective inductance of a
transmission line. [4], [5] This rejection characteristic of the
DGS is available to many circuits such as a power-amplifier
module, planar antennas, power dividers and filters, etc. [5]–[9]
However, in order to apply pertinently peculiar characteristics
of a DGS to a practical circuits, the modeling procedure for
a DGS should be preceded. Various efforts on finding the
equivalent circuit and parameters of a DGS are required.

In this paper, a new etched DGS shape for the implementa-
tion of coupled-line filter is proposed. An etched defect disturbs
the shield current distribution in the ground plane. This distur-
bance can change characteristics of a transmission line such as
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Fig. 1. Schematic of the proposed three-pole coupled-line bandpass filter with
two DGS sections, which are located on the backside metallic ground plane.

line capacitance and inductance. The proposed DGS consists of
narrow and wide etched areas in the backside metallic ground
plane, which give rise to increasing the effective capacitance
and inductance of a transmission line, respectively. Thus, anLC
equivalent circuit can represent the proposed unit DGS circuit.
[8], [9] Effects on these equivalent-circuit parameters due to a
physical dimension variation of the proposed DGS are detailed
more in [8] and [9]. In order to extract the equivalent-circuit
parameters for the DGS section,-parameters of the proposed
DGS unit section were calculated by using a three-dimensional
finite-element method (FEM) simulator. The method for finding
the equivalent-circuit parameters is also detailed more in [8] and
[9]. In this paper, a novel three-pole coupled-line bandpass filter
with DGS sections, which is shown in Fig. 1, is proposed. The
proposed coupled-line filter has a microstrip resonator and two
DGS sections at the in–out port. DGS sections in the proposed
coupled-line bandpass filter can be performed simultaneously
as a resonator and inverter. Thus, a three-pole bandpass filter
can be realized by the proposed filter configuration with only a
single resonator. The proposed coupled-line bandpass filter pro-
vides more compact size and an excellent insertion-loss charac-
teristic compared to a conventional coupled-line bandpass filter.
In addition, the DGS has a self-resonant frequency. Due to this
self-resonant characteristic of the DGS section, the proposed
bandpass filter structure can provide an attenuation pole in the
upper stopband. Due to this attenuation pole, the stopband is
wider than that of conventional coupled-line filters. In order to
derive an equivalent circuit for the proposed coupled-line band-
pass filter, we employ equivalent circuit and extraction methods
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Fig. 2. Circuit representation of the three-pole coupled-line bandpass filters with equivalent circuits of the DGS, which are represented by a parallel LC circuit.

Fig. 3. ConvertingLC resonator circuit into aJ-inverter and a parallel resonator.

of circuit parameters for a DGS, which are described in [8] and
[9]. By replacing DGS sections with the derived equivalent cir-
cuits, the design formula for the proposed coupled-line band-
pass filter can be derived based on the coupled-line filter theory.
Moreover, the design method of a compact DGS coupled-line
filter with multiple poles of attenuation at the upper stopband is
derived to realize more improved stopband characteristic. This
multiple poles can be implemented by putting another DGS
in the resonator section. We implemented proposed three-pole
coupled-line bandpass filters with a microstrip to show validity
of proposed filter configurations and derived design methods.
Measurements on the fabricated DGS coupled-line filters show
excellent agreement with theoretical results.

II. DESIGN THEORY

Fig. 1 shows the proposed coupled-line bandpass filter con-
figuration with two DGS sections, which is located on the back-
side metallic ground plane. The DGS sections can be replaced
with parallelLC resonators, as shown in Fig. 2. The series sus-
ceptance for a parallelLC resonator, shown in Fig. 2, which cor-
responds to the DGS section, can be converted to a parallel res-
onator with a -inverter, as shown in Fig. 3. Thus, the proposed
bandpass filter has a three-pole bandpass-filter characteristics.
The relations between the two circuits shown in Fig. 3 can be
derived from equality between and , as shown in Fig. 3,
which are input admittances seen to source. The-inverter for-
mula and resonator susceptance are then given by

(1)

(a) (b)

Fig. 4. Equivalent circuit of a parallel coupled-line with two opened
terminations. The equivalent circuit has aJ-inverter with two transmission-line
sections.

(2)

where , which is susceptance of
the DGS section.

is the susceptance of the equivalent resonator for the DGS
section. then denotes the angular resonant frequency of the
parallelLC resonator, shown in Fig. 2, and denotes the ex-
tracted capacitance value for a DGS. At this resonant frequency
of the DGS circuit, the -inverter value becomes zero. This
means that there is no coupling at this frequency such as dc.
Thus, the proposed bandpass-filter structure can provide an at-
tenuation pole at the resonant frequency of the DGS circuit.
In addition, the coupled-line section can be transformed to the

-inverter with transmission lines at both ends, as shown in
Fig. 4. The equivalent relation between a coupled-line circuit
and the -inverter circuit with transmission lines is given as fol-
lows:

(3)

(4)
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Fig. 5. Equivalent circuit of the proposed three-pole coupled-line bandpass filter with two DGS sections.jB denotes the susceptances of each resonators toward
corresponding directions.

Fig. 6. Equivalent circuit of the first resonator section, which includes a part
of the DGS equivalent circuit.

Fig. 7. Equivalent circuit of the second resonator section.

and in (3) and (4) denotes the even and odd impedance
of the coupled-line circuit, respectively. By using equivalent cir-
cuits for DGS sections and coupled-line circuits, the equivalent
circuit of the proposed coupled-line bandpass filter with a DGS
can be expressed as shown in Fig. 5. In order to derive the de-
sign formula, which means the-inverter formula, for the given
specifications, the susceptances for each equivalent resonator
shown in Figs. 6 and 7 should be derived. For the first resonator,
susceptances for each direction are given as follows:

(5)

(6)

where .
For the second resonator, susceptances are given as follows:

(7)

(8)

where ,
, ,

and .
Also, for the third resonator, susceptances are given as fol-

lows:

(9)

(10)

where , is the susceptance of the equiva-
lent resonator for the second DGS section. In addition, by using
resonance conditions of the first and second resonator, electrical
lengths for each coupled section can be derived as follows:

(11)

(12)

where is the susceptance of the second DGS section.
denotes the angular resonant frequency of the parallelLC res-
onator and denotes the extracted capacitance value for the
second DGS. As a result, the-inverter formula is given as fol-
lows:

(13)

(14)

(15)

(16)

The derived design method for the proposed DGS coupled line
can be directly adapted to design a practical filter. Furthermore,
from derived design equations, it has been shown that the DGS
section in the proposed coupled-line bandpass filter is operated
simultaneously as a resonator and inverter. In the following sec-
tion, we will demonstrate an example for bandpass filter design
with the derived filter equivalent circuit and equations.

III. I MPLEMENTATION AND EXPERIMENTS

To demonstrate the validity of the proposed coupled-line
bandpass-filter structure and design method, we designed a
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(a)

(b)

Fig. 8. (a) Equivalent-circuit parameters of the DGS section for realization
of the designed coupled-line bandpass filter. (b) Corresponding DGS circuit to
the determined parallelLC resonator. The gap distanceg is 0.3 mm. The lattice
dimension isa = 3:45 mm andb = 3:5 mm. The conductor widthW is
1.5 mm.

Fig. 9. Comparative results between theS-parameters of the circuit simulation
and the 3-D FEM calculation for the designed DGS circuit.

Fig. 10. Comparison between simulation and measurement on the fabricated
DGS coupled-line bandpass filter.

three-pole bandpass filter at the center frequency of 4 GHz with
an attenuation pole in the upper stopband, which is realized
by the DGS. The bandwidth is 10% with a ripple level of
0.05 dB. The attenuation-pole location was also chosen to be
4.9 GHz, which corresponds to the self-resonant frequency of
the DGS circuit. In order to realize the designed bandpass filter,
the DGS circuit should implement the parallelLC resonator

(a)

(b)

Fig. 11. Fabricated coupled-line bandpass filter with DGS. (a) Top view.
(b) Bottom view.

Fig. 12. Schematic of the DGS coupled-line filter with an additional DGS
section in the coupled resonator.

circuit shown in Fig. 8(a). Fig. 8(b) shows the proposed DGS
configuration and designed dimension, which corresponds
to the equivalent circuit shown in Fig. 8(a). By employing
simulations on the equivalent circuit and DGS, we can verify
the determined dimension of the DGS section. Comparison
between the calculated -parameter of the designed DGS
section and simulated data for its equivalent circuit shows
good agreement, as shown in Fig. 9. The-parameter of the
DGS section was calculated by HFSS v.7.0. Simulation on the
equivalent circuit was done by Serenade v.8.0. We can see a
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(a)

(b)

Fig. 13. (a) Circuit representation of the proposed DGS coupled-line bandpass filters with an additional DGS circuit. (b) Its equivalent circuit with J-inverters.

resonance frequency at 4.9 GHz, which exactly coincide with
the attenuation-pole location of the design specification [8], [9].

The designed coupled-line bandpass filter was fabricated
and then measured. The substrate for fabrication was chosen to
be CER-10-TACONIC, which has a dielectric constant of ten
of 62-mil thick. Fig. 10 shows the comparative results between
simulation and measurement on the fabricated three-pole
bandpass filter. Measurements agree relatively well with
theoretical results, as shown in Fig. 10. Measured insertion
and return losses are less than 1.0 and 25 dB, respectively. An
attenuation-pole location appears at 4.9 GHz and the rejection
level at this frequency shows approximately 35 dB. Fig. 11
presents a photograph of the fabricated DGS coupled-line
filter, which has characteristics of a three-pole bandpass filter.
Although a three-pole bandpass filter with a single mode needs
three resonators, there is only a single coupled resonator with
two DGS sections. The slightly higher insertion loss compared
to the simulated data can be due to the finite unloadedQ of the
microstrip resonator and the radiation loss of the etched DGS
sections. The insertion-loss characteristics can be improved by
properly shielding the overall DGS coupled-line filter.

IV. I MPROVEMENT OFSTOPBAND CHARACTERISTIC

We have demonstrated and proven that the proposed DGS
coupled-line filter enables us to have a simple fabrication with
compact size, improved stopband characteristic with an atten-
uation pole, and a relatively good insertion-loss characteristic.
However, a concern of a more improved stopband characteristic
with multiple poles of attenuation still remains. In this section,
we extend our design method for a DGS coupled-line filter to
the implementation of multiple attenuation poles, which can be
obtained by adding additional DGS sections. Fig. 12 shows the
schematic of a DGS coupled-line filter with an additional DGS
section in the coupled resonator.

Fig. 13 shows the symmetrical coupled-line bandpass filter
configuration with an additional DGS section and its equivalent
circuit with -inverters. In order to obtain the inverter formula,
derivation of susceptance for each resonator needs to be pre-
ceded. The only difference between equivalent circuits, shown
in Figs. 3 and 13, is that there is a parallelLC circuit at the

Fig. 14. Comparison results of the simulatedS-parameters between the DGS
coupled-line filters without an additional DGS section (Simulation 1) and with
an additional one (Simulation 2).

Fig. 15. Comparison results between simulation and measurement on the
fabricated DGS coupled-line bandpass filter with an additional DGS section.

second resonator section due to the additional DGS. Thus, sus-
ceptances for the first and the third resonators of the equivalent
circuit shown in Fig. 13 are identical to those of the equivalent
circuit shown in Fig. 3. This means that we can directly use the

-inverter formulas of (13) and (16) for this equivalent circuit.
However, the susceptance of the second resonator seen in Fig. 13
is given by

(17)
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(a)

(b)

Fig. 16. Fabricated DGS coupled-line bandpass filter with an additional DGS.
(a) Top view. (b) Bottom view.

where , ,
, and

.
If equals , then the susceptance of the second resonator

is given by

(18)

where .
Thus, the -inverter formulas of (14) and (15) should be mod-

ified by using the derived susceptance equations of (17) or (18).
In addition, by using resonance conditions of the second res-
onator, electrical lengths for the coupled-line resonator section
can be derived as follows:

(19)

To demonstrate the improved stopband performance of the
proposed coupled-line bandpass filter with an additional DGS
section, we designed a DGS bandpass filter at the center fre-
quency of 3 GHz with two attenuation poles in the upper stop-
band. The basic specification was a 2.9–3.1-GHz passband with
a 0.01-dB ripple level and rejection of 40 dB up to 6 GHz.

Theattenuation-pole locations have been chosen to be 3.7 and
5.9 GHz. Fig. 14 shows comparative results of the simulated

-parameters between the DGS coupled-line filters with an ad-
ditional DGS section and without an additional one. Since a
DGS section has a self-resonant characteristic, this additional
DGS section of the resonator can also provide an extra atten-
uation pole in the upper stopband. Due to this extra attenu-
ation-pole location, the stopband performance can be signifi-
cantly improved compared to that of the DGS coupled-line filter
without an additional DGS section of a resonator, as shown in
Fig. 14. Furthermore, rejection at the first attenuation-pole lo-
cation shows deeper performance than that of the second one,
as shown in the simulated data. This can be due to the over-
lapped resonant frequencies of the DGS sections at the in–out
ports. The designed coupled-line bandpass filter was fabricated
using a Duroid ( ) substrate. The thickness of the
substrate is 1.27 mm. Fig. 15 shows measurements on the fab-
ricated DGS coupled-line filter with an additional attenuation
pole. As shown in Fig. 15, the spurious-free stopband is ex-
tended to 6 GHz with excellent insertion-loss performance. A
photograph of the fabricated hardware is shown in Fig. 16. We
can obtain more extended stopband performance by pushing the
resonant frequency of an additional DGS section out of the in-
teresting frequency band.

V. CONCLUSION

A novel coupled-line bandpass filter with a DGS has been
proposed and demonstrated in this paper. The equivalent circuit
and the related design procedures have been discussed in detail.
The design equations for the proposed coupled-line bandpass
filter have been derived based on the coupled-line filter theory
and the equivalent circuit of DGS. In order to show the validity
of the proposed coupled-line bandpass filter structure and de-
sign method, an example of a three-pole bandpass filter has been
achieved. The experimental results on a fabricated bandpass
filter show excellent loss characteristics and attenuation-pole lo-
cation at 4.9 GHz. Furthermore, the extended design approach
of the proposed DGS coupled-line filter has also been presented.
The approach has shown that by employing an additional DGS
section, the stopband performance of the proposed DGS filter is
significantly improved. The newly proposed DGS coupled-line
filter and the related design method are readily compatible with
monolithic microwave integrated circuit (MMIC) or multilayer
technology and should find a wide range of applications.
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