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Abstract - In this paper, a defected microstrip structure (DMS)
based coupled resonator is incorporated to realize a bandpass filter.
The filter operates at the center frequency of 2.71GHz with the
bandwidth of 330MHz. The frequency response of the proposed filter
is studied using full wave simulations and compared with a circuit
modeling approach and later verified by experimental results.

Index Terms - Defected Microstrip structure (DMS), wide band
filters, coupled resonators

I. INTRODUCTION

As one of the most important passive circuit blocks, novel filters
has become subject of numerous recent studies. Novel
metamaterial resonators similar to the structures introduced in [1,2]
have shown promising capability to operate in high frequencies
where conventional lumped circuit elements fail to operate due to
high parasitic values. Besides the conventional filters, new
structures have been presented for different applications such as
bandwidth increase, size reduction, and dual-band features.
Defected ground structures (DGS), defected microstrip structures
(DMS), ring resonators, coupled resonators, diplexers [3-12] are
some of the new approaches to design and implement microwave
filters to be employed and integrated in high frequency circuits
where waveguide structures limit the use of lumped components.

DMS is a slit or defect on the microstrip that has found various
applications in microwave engineering namely ultra-wideband
(UWB) filter applications [13,14]. These defects manipulate RF
waves by changing the current distribution on the ground layer or
the strip line leading to a significant impact on the insertion loss,
return loss and phase linearity of filters. Therefore, using an
optimization algorithm, one can design an improved filter
structure. Convenient design algorithms can change the design
procedures from blind trial-and-error to efficient planned and well-
thought-out processes [15]. This method can be applied to different
types of filters, i.e. LPFs, BPF, and HPFs. Here the focus is on
BPFs.

Combination of defected microstrip structure (DMS) and the
coupled resonators results in a novel method in designing bandpass
filters. This type of filter is proposed here as a base for
other similar circuits. The design, fabrication, and measurement
results of this filter are presented in this manuscript and a good
agreement is reported between the simulation and measurement
results.
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The paper is organized in four sections described as follows: In
section 2, the proposed DMS structure is introduced. The circuit
model of the filter is studied in section 3. In section 4, the
simulation and measured results are presented and discussed, and
the paper ends with a conclusion.

Il. DEFECTED MICROSTRIP STRUCTURE

As the initial structure, the coupled resonator filter is
composed of four square-shaped resonator structures. Due to the
small gap between each square, field and therefore the energy
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Fig. 1. DMS coupled resonators bandpass filter, a)
microstrip structure b) its equivalent circuit model.

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org

Published by :
http://lwww.ijert.org

$11-Simulation
— 52 1-Simulaiton

=) —
= "
» 4 - S11.F
§ A Sy
T AN S11-FIT
& Y --- S21.FEM
- )\ --- S21-FIT
2
5 \
- I\
\\
«\
hR
2"y
‘\\
A
| -35
'900 i 5 . 24 26 28 3 32 34

Frequency [GHz|
Fia. 2. DMS coupled resonator S parameters.

coupling between squres plays a major role in studying the
electromagnetic response of the structure. However as shown in
Fig. 1(a), introducing defects on the microstrip is pursued to
optimize the characteristics of the initial structure. These defects
disturb/change the surface current distribution causing different
possible resonances. In other words, some extra resonant
frequencies are added to the standard transmission line’s models
in order to predict the new structure’s behavior. It is known that
these resonance frequencies could generally result in band-stop
frequency response. However, the DMS position and frequency
spectrum could be engineered to achieve an optimized coupled
resonator filter. Following a full wave optimization algorithm, the
final design as schematically illustrated in Fig. 1, has been
obtained. The structure dimensions including the gaps and slit’s
sizes are presented in Fig.1(a).

The DMS resonances are engineered in frequency spectrum so
that a bandpass pattern in the filter insertion loss could be
achieved. Following such strategy, full-wave EM simulations
depict a bandpass filter. The numerical studies are conducted using
two different approaches: the Finite Integration Method (FIT) and
Finite Element Method (FEM) techniques. The proposed filter
shows a 3dB bandwidth of about 330 MHz spanning from
2.57GHz to 2.9GHz centered at 2.71GHz, so a relative bandwidth
of twelve percent is obtained. The full wave simulation results are
shown in Fig .2.

I1I. CIRCUIT MODELING

To gain a circuit insight of the proposed microstrip filter, a
circuit modeling has been used and the integrity of the structure is
verified. Furthermore, the circuit model is important for
optimizing the filter’s structure.

As in [16], a LC circuit model is commonly used to represent
each resonator in the proposed structure. Since the squared-shape
resonators lie in the proximity of each other, the strong field
coupling between them is expected. Therefore, in the proposed
circuit model, some capacitances and mutual inductances are
included to address the electric and the magnetic couplings,
respectively. The proposed circuit model is shown in Fig. 1(b).

The analysis of the proposed circuit is done
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Fig. 3. S11 comparison between coupled resonators and
its circuit model.
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Fig. 4. S21 comparison between coupled resonators and
its circuit model.
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Fig. 5. S-parameters comparison between measurement
and simulation.

using the circuit theory [17] and the scattering parameters are
extracted from Y-parameters using the two-port network
approach.

The circuit elements must be selected so that the circuit
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model’s result could follow the full-wave simulations in the
desired frequency range. Therefore, a commercial EDA tool is
employed to find and optimize the circuit values.
The final circuit elements are presented Fig. 1(b). The mutual
inductances between two adjacent couplers have a higher role
comparing to other elements located away from each other.
Although in a complete circuit model, the mutual capacitances
should have also been considered, it can be intuitively understood
that these capacitances do not have huge impacts on the model
behavior, as their values are negligible due to their corresponding
resonators’ relative distances. Therefore, these capacitors have not
been included in the model, making the circuit simpler.

It should also be noted that there are no resistors considered in
the circuit modeling to address the possible dissipation, which
may occur in the component. Since a relatively low loss dielectric
is employed, it is expected that neglecting resisances will not
effect the circuit result accuracies dramatically.

Figs. 3, 4 show good agreement between the circuit model and
the full-wave results. Negligible differences between the two
results can be related to the loss tangent of the desired substrate,
which, unlike circuit modeling, has been considered in full-wave
simulations.

IV. FABRICATION AND EXPERIMENTAL RESULTS

The filter is fabricated using the 3 1mil thick RO4003C substrate
with a relative permittivity of 3.55 and loss tangent of 0.0027. In
order to have a 50Q line, the width of the microstrip line is
calculated to be 1.9mm.

The filter is characterized in terms of return loss and insertion
loss by a Rhode & Schwarz Vector Network Analyzer (VNA). The
results are compared to the simulation results and shown in Fig. 5.
It should also be mentioned that the effects of SMA connectors
have not been covered in the simulation results. Thus, a minor
discrepancy between measurement and simulation results can be
expected.

V.CONCLUSION

It was numerically and experimentally shown that the DMS
coupled resonators could be used for designing and implementing
bandpass filters. A circuit modeling approach was pursued to
represent an alternative and fast way of systematic study for the
coupled resonator-based filters. The circuit model elements were
extracted using the optimization process and a good agreement
was demonstrated between full-wave simulation, the model
results, and the fabricated protoype. The experimental results
confirm the scattering parameters’ outcomes predicted by all
numerical simulations.
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