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Abstract—In this paper, two bandstop filters resonating at 5.25
GHz and 7.3 GHz using Defected Microstrip Structure (DMS) are
discussed. These slots are incorporated in the feed lines of filters to
perform a serious LC resonance property in certain frequency and
suppress the spurious signals. Therefore, this method keeps the filter
size unchanged and makes a resonance frequency that is due to the
abrupt change of the current path of the filter. If the application
requires elimination of this band of frequencies, additional filter
elements are required, which can only be accomplished by adding
this DMS element resonant at desired frequency band rejection. The
filters are optimized and simulated with Computer Simulation
Technology (CST) tool.

Keywords—Defected microstrip structure, microstrip filters,
passive filter.

I. INTRODUCTION

ECENTLY, an increasing interest has been given to the
study of several periodic structures etched in microstrip
lines that, at certain frequencies, prohibit wave propagation
[1]. Among these structures, we distinguish for instance:
Photonic Band Gap (PBG) [2], [8], Electromagnetic Band Gap
(EBG) [3], [4], DMS and Defected Ground Structure (DGS).
The study of PBG structures has been carried out first in
optical frequencies applications. However, the use of PGB
structures has been extended to microwave and millimeter-
wave applications. In general, PBGs have band gap or stop
band effects [2], [3], [8]. However, it is hard to find equivalent
circuit and relevant parameters of PGB structures. This issue
makes them difficult to use in microwave and millimeter-wave
components design. As solution to this problem we use DMS
and DGS structures.
In this work, we propose two DMS filters that resonate
respectively at 5.25 GHz and 7.3 GHz. Its applications can be
extended to passive and active devices.

II.DMS

DMS are used to enhance the behavior of different planar
passive circuit and perform a serious LC resonance property in
certain frequency and suppress the spurious signals. In order
to obtain a DMS filters, Fig. 1 shows several structures of
DMS that can be used. They differ in occupied area and in its
equivalent L-C circuit [9]. In principle, these defects disturb
the surface current distribution, increase the electric length,
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and the effective capacitance and inductance of a microstrip
line. Accordingly, the DMS has stop band and slow-wave
characteristics [5], [8].

Defects on
microstrip Lines
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Fig. 1 Some examples of defects on Microstrip lines

When we introduce discontinuities in the path of line, the
slow wave factor of a DMS microstrip line is raised, and then
the impedance of line increases [10]. Thus, microwave
components such as bandstop filters can be designed using
these characteristics.

In this work, we have used the substrate FR4 due to its low
cost and easy fabrication. The substrate thickness is h=1.6 mm
with a relative permittivity er=4.4 and a tangent loss 6=0.021.

The filters’ dimensions are optimized with CST microwave
studio simulation tool, as explained in the following sections.

III. EXTRACTION OF CIRCUIT MODEL OF DMS FILTERS

The DMS filters investigated in this work consist of two
bandstop filters. The first filter consists of two perpendicular
slots etched on a microstrip line as shown in Fig. 2 and the
second one has the same slots that are filled from their inside
as shown in Fig. 3.

In Fig. 2, the parameters a, b, d, e and If have the following
values: 0.3 mm, 3 mm, 1.2 mm, 1.6 mm and 20 mm,
respectively and s=0.4 mm for the second filter. The strip
width, Wf = 3 mm, is chosen to obtain 50Q for the
characteristic impedance.

Based on EM simulation results, a circuit model of the
DMS is established and the lumped elements of this model are
extracted using circuit theory. The equivalent circuits of the
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first DMS filter and the second DMS filter are presented as a
parallel RLC circuit for the first one and as two RLC parallel
circuits for the other one as shown in Fig. 3 due to resonance
phenomena [6].

The resonance effect is caused by an abrupt change of the
current direction in the Microstrip line. However, as shown in
Fig. 3, the parallel resistance R is included to take into
consideration radiation and surface wave losses.
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Fig. 2 The view of microstrip line with DMS shape (a) DMS filter
etched from inside (b) DMS filter not etched from inside
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Fig. 3 Equivalent circuit of DMS cell (a) DMS filter etched from
inside (b) DMS filter not etched from inside

We can use the equations below to calculate the parameters
of the extracted equivalent circuit of the proposed filters [7],

[8]:

fc

C= 200n(f3—f2) D

= e 2
Y=g e ®
Su= 2:;2 - 1+21on @

R (W) = ——— ®)

where fo and fc are resonant frequency and -3 dB cutoff
frequency, respectively. Zo is the characteristic impedance of
the circuit.

To simplify (5), we use a constant value for R obtained for
w=wO0 [8].

By using:

27,
Sp1=1-811 = 2zoiz (6)

Forw=w,, Z =R and then R is given by:

R — ZZO 1-S31(Wo) (7)

S21(Wo)

IV. SIMULATION RESULTS
A. Study of the Two Filters

¢ DMS Filter Etched from the Inside

The first presented DMS has four design parameters (a, b, d
and e) as seen in Fig. 1. We vary each dimension of DMS
keeping other parameters fixed.

Simulation results for the return loss coefficient with
different values of the parameter a are shown in Fig. 4.

We see that the S11 parameter is at 5.25 GHz for a = 0.3
mm, and it is more adapted at this frequency. Therefore the
optimal result is found for this value of the parameter a.

Simulation results for the return loss coefficient with
different values of b parameter are shown in Fig. 5.
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Fig. 4 Simulation of S11 (a) and S21 (b) with varied parameter a
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Fig. 5 Simulation of S11 (a) and S21 (b) with varied parameter b

From Fig. 7, we see that the S11 parameter is more adapted
for b=5 GHz. Therefore the optimal result is found for this
value of the parameter b.

Simulation results for the return loss coefficient with
different values of d parameter are shown in Fig. 6. The
optimal result is obtained for d=1.4 mm.

We see that the S11 parameter for d =1.4 mm is more
adapted in comparison with other results for the same
parameter. Therefore, the optimal result is found for this value
of the parameter d.

Simulation results for the return loss coefficient with
different values of e parameter are shown in Fig. 7.
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Fig. 6 Simulation of S11 (a) and S21 (b) with varied parameter d
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Fig. 7 Simulation of S11 (a) and S21 (b) with varied parameter e
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The S11 parameter for the parameter e is more adapted for e
=1.8 mm, therefore the optimal result is found for this value of
the parameter.

The DMS dimensions optimized for desired performance
are a= 0.3 mm, b=5 mm, d=1.4 mm and e=1.8 mm.

The simulation of the filter with optimal dimensions of the
presented DMS is shown in Fig. 8.
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Fig. 8 Simulation of the filter with optimal parameters

From Fig. 8, we see that we have created a DMS filter
which resonate at nearly 5.25 GHz, this filter can be used to
suppress the 5.25 GHz harmonic of any device due it smallest
size compared with conventional filters studied in literature.

Now we study the same dimensions of the previous filter
but the following filter is not etched from the inside.

o DMS Filter Not Etched from the Inside

This filter has the same dimensions of the previous DMS
filter but it is not etched from the inside (see Fig. 2).

The simulation of the DMS filter is shown in Fig. 9. As
shown in Fig. 9, this filter resonates at 2 frequencies. It
resonate at 5, 25 GHz (the same resonant frequency of the first
filter), and at nearly 7.3 GHz. This filter can be used to
suppress the 5.25 GHz and the 7.3 GHz harmonics of any
microwave device. It is characterize by its smallest size and
facility of integration.
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Fig. 9 Simulation of the DMS filter not etched from the inside

B. E-Field Distribution

o DMS Filter Etched from the Inside
Fig. 10 shows the E-field transmission of the DMS shaped

having the optimal dimensions.
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Fig. 10 E-field transmission of the DMS filter at 5.25 GHz
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Fig. 11 E-field transmission of the DMS filter at 3 GHz (a) Snapshot
of E-field transmission at port 1 (b) Snapshot of E-field transmission
at port 2

The E-field snapshot at 5.25 GHz shown in Fig. 10 depicts
that at 5.25 GHz the signal is not allowed to pass through and
no output is obtained at the other end.

The E-feld snapshot at 3 GHz shown in Figs. 11 (a) and (b)
depicts that at 3 GHz, the signal is allowed to pass from port 1
to port 2.

e DMS Filter Not Etched from the Inside

As studied previously with the first filter, Fig. 12 shows the
E-field transmission of the filter DMS not etched from the
inside.

The E-field snapshot at 5.25 GHz and at 7.3 GHz shown in
Fig. 12 depicts that at these frequencies the signal is not
allowed to pass through and no output is obtained at the other
end.

The E-field snapshot at 3 GHz shown in Figs. 13 (a) and (b)
depicts that at 3 GHz, the signal is allowed to pass from port 1
to port 2.
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Fig. 12 E-field transmission of the DMS filter (a) Snapshot of E-field
transmission at 5.25 GHz (b) Snapshot of E-field transmission at 7.3
GHz
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Fig. 13 E-field transmission of the DMS filter at 3 GHz (a) Snapshot
of E-field transmission at port 1 (b) Snapshot of E-field transmission
at port 2

The E-field snapshot at 5.25 GHz and at 7.3 GHz shown in
Fig. 12 depicts that at these frequencies the signal is not
allowed to pass through and no output is obtained at the other
end. However, the E-field snapshot at 3 GHz shown in Figs.

13 (a) and (b) depicts that at 3 GHz, the signal is allowed to
pass from port 1 to port 2. However, if the application requires
elimination of this band of frequencies, additional filter
elements are required, which can only be accomplished by
adding these DMS filters in the Microstrip lines of devices at
desired frequency band rejection.

V.CONCLUSION

This work presents a structure called DMS, which has been
employed to suppress harmonics. DMS can be also used
successfully in several applications such as reducing the size
of devices like antennas and filters and it is easy to integrate
with other components.
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