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A novel wide stopband (WSB) low pass filter based on combination of defected ground structure (DGS), defected microstrip
structure (DMS), and compensated microstrip capacitors is proposed. Their excellent defected characteristics are verified through
simulation andmeasurements. Additionally to a sharp cutoff, the structure exhibits simple design and fabrication, very low insertion
loss in the pass band of 0.3 dB and it achieves a wide rejection bandwidth with overall 20 dB attenuation from 1.5GHz up to 8.3GHz.
The compact low pass structure occupies an area of (0.40𝜆𝑔 × 0.24𝜆𝑔) where 𝜆𝑔 = 148mm is the waveguide length at the cut-off
frequency 1.1 GHz. Comparison between measured and simulated results confirms the validity of the proposed method. Such filter
topologies are utilized in many areas of communications systems and microwave technology because of their several benefits such
as small losses, wide reject band, and high compactness.

1. Introduction

With the rapid progress inmodern communications systems,
design goals such as compact size, low cost, good quality
factor, and high performance components are highly con-
sidered. To achieve these targets, many filtering structures
as open-circuited stubs, hi-low impedances, parallel coupled,
and end coupled filters have been investigated. Nevertheless
these methods keep the satisfactory results unattainable. In
order to approach the desired results, aDGS-DMSfilter could
be an effective solution. Due to their improved performance
characteristics, many filter techniques and methodologies
have been proposed and successfully realized. Defected
ground structures (DGSs) with and without periodic array
have been realized by etching a pattern in the backside of the
metallic ground plane to obtain the stopband effect [1–13].
DGS often consisted of two large defected areas and a narrow
connecting slot channel, which corresponds to its equivalent
L-C elements [14]. The DGS with periodic or nonperiodic
topology leads to a reject band in some frequency range
due to the slow wave effect, as a result of increasing the

effective capacitance and inductance of the transmission line.
In general DMS-unit [15–18] is used as a complementary
element for the DGS-unit to achieve required filter response.
DMS compared to DGS is etched on the microstrip line and
exhibits same frequency behavior. Additionally, the design is
simpler than theDGS and ismore easily integratedwith other
microwave circuits. Moreover, it has an effective reduced
circuit size compared to DGS.

In this paper, a new compact microstrip low pass filter
using coupled DMS, DGS resonators, and compensated
capacitors is reported.The compensated capacitors are added
on the top layer in order to get a sharp transmission domain
and to regenerate transmission zeros to obtain a large reject
band. Dimensions of the microstrip capacitors were com-
puted according to the desired equivalent circuit, and using
Richard’s-Kuroda transformation and TX-Line software [19];
afterwards they were optimized by AWR EM simulator [20].
The measured results agree well with simulated results. The
DGS-DMS technique (see Figure 1) in this research can
be applied in microwave coupler, antennas, and in MRI
technology.
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Figure 1: Three-dimensional view of the DMS-unit and DGS cell.

2. Characteristics and Modeling of
DMS Resonators

Top layer of Figure 1 shows the proposed DMS cell, which is
composed of wide and narrow etched sections in the feed line
placed on the top layer. The extremes of this resonator are
connected throughmicrostrip linewith SMAconnectors.The
widths of themicrostrip lines at port 1 and port 2 are designed
to match the characteristic impedance of 50Ω. The etched
surface presents the capacitance, while the arms correspond
to the inductance. The DMS cell acts as a band stop element
with a resonance frequency of 4.8GHz and an insertion
loss of −0.5 dB as shown in Figure 4. The structure has
been designed on RO4003 substrate with a relative dielectric
constant 𝜀

𝑟
= 3.38 and thicknesses ℎ = 0.813mm and a loss

tangent of 0.0027. The equivalent circuit of the DMS cell acts
as a parallel LC resonator as shown in Figure 2.

The values 𝑅, 𝐿, and 𝐶 of the circuit parameters can
be computed using result that is matched to the one-
pole Butterworth-type low pass response [7]. Furthermore,
radiation effects are more or less neglected. The reactance
values of DMS and filter first order can be expressed as
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The series inductance (reactance) of one-pole Butterworth
low pass filter can be derived as follows:
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Figure 2: Equivalent circuit of the DMS/DGS-unit.
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Figure 3: 𝑆-parameters of the DMS-element and its equivalent
circuit.

capacitance and the inductance of the equivalentDMS-circuit
can be derived using the following equations:
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The computed values of parameters 𝐶, 𝐿, and 𝑅 are, respec-
tively, 0.64 pF, 1.73 nH, and 7.42 kΩ. The simulation results of
the investigated EM structure and its corresponding circuit
are illustrated in Figure 3, which shows identical values of 3
dB cutoff frequency (𝑓

𝑐
) and pole frequency (𝑓

𝑝
) at 3.37GHz

and 4.83GHz, respectively. The transmit band shows an
insertion loss pass of 0.5 dB. All dimensions of DMS-unit are
depicted in Table 1.The proposed DMS resonator is shown in
Figure 4.
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Table 1: Dimensions of the defected microstrip structure- (DMS-)
element.

Dimensions of DMS-unit Values (mm)
ℎ 0.50
𝑝 1.88
𝑔 0.40
𝑘 0.60
𝑙 9.50

l

h

p

k
g

Figure 4: Layout of the DMS-element.

r

Figure 5: Layout of the cascaded DMS-band stop filter.

3. Design of Band Stop Filter Using
Cascaded DMS

AnewBSFwas designed using two cascadedDMS resonators,
which are positioned one to the other by 180 degrees and are
directly connected with the ports through 50Ω microstrip
lines. Figure 5 shows the 3D view of the proposed BSF. The
geometry of each DMS-unit is equal to the dimensions indi-
cated inTable 1, while themicrostrip distance (𝑟) between two
DMS resonators is 0.5mm.The 50Ω feed line has a line width
of 𝑤. The band stop structure is simulated and optimized by
using Microwave Studio CST [21], Microwave Office AWR.
The dimensions are calculated using filter theory, TX-Line
software, and EM simulator. Figure 6 shows the designed
equivalent circuit of the BSF employing circuit simulator
AWR. The extracted circuit parameters are computed based
on the EM simulations and empirical method and defined as
follows: 𝐿 = 6.2 nH, 𝐶 = 0.77 pF, 𝑅 = 0.51 kΩ, 𝐶

𝑝
= 0.96 pH,

and 𝐶
0
= 3.32 pF.

The simulated results depicted in Figures 7(a) and 7(b)
prove that the proposed filter has a 3 dB cutoff frequency at

2.7 GHz and a suppression level of 20 dB from 4.5 to 5.5 GHz;
the insertion loss in the pass band is about 0.65 dB. Good
agreement is verified between the EM simulations and the
circuit simulations.

4. Band Stop to Low Pass Using
Compensated Capacitors

In order to demonstrate the effectiveness of the compensated
microstrip capacitor in transforming a structure with band
stop to low pass behaviors, the added parallel microstrip
capacitors to the previous structure (Figure 5) are designed
and optimized as shown in Figure 8. A new DMS low pass
filter is composed of three compensated parallel microstrip
capacitors, which are separated through two identical DMS
resonators. All components are cascaded on the top layer and
directly connected with the SMAs through the two 50Ω feed
lines of width 1.88mm as shown in Figure 8. The filter has
been designed and simulated in order to improve the reject
band and to minimize the pass band losses. The DMS low
pass structure is designed for cutoff frequency at 1.55GHz
and is simulated on the Rogers RO4003 substrate with the
dielectric constant of 3.38 and thickness of 0.813mm. The
total size of the filter is 59 × 35mm2. Simulations have been
performed using the full-wave EM Microwave Studio CST
and Microwave Office AWR.

Figures 9 and 10 represent the equivalent circuit and the S-
parameters of the DMS low pass filter. According to the sim-
ulation response, we can conclude that the equivalent circuit
has the characteristics of quasielliptic function, because the
frequency response of the elliptic function filters is known
with its generated transmission zeros in pass band and thus its
high sharpness in transition response as shown in Figure 10.

The values of𝑅, 𝐿, and𝐶 are obtained as 4 kΩ, 1.3 nH, and
0.6 pF, respectively, after using an optimization technique,
while the values of three parallel open-circuit capacitors are
calculated using TX-Line software or exactly calculated using
the following equation:
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𝐿
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the phase constant and the physical length of the com-
pensated capacitor (low-impedance line), and the phase
constant and the physical width of the series reactance (high-
impedance line), respectively. Both series reactance values of
the low-impedance line are negligible; thus the length of stub
capacitors is approximated as the following:
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where 𝑊
𝐶
, 𝜆𝑔
𝐶
, 𝜃, 𝑡, ℎ, and 𝜀

𝑟
are the width of the open-

circuit stub capacitance, the guided wavelengths, the electri-
cal length, the thickness of metal, thickness of the substrate,
and the relative dielectric constant, respectively. As shown
in Figure 10, two reflection zeros at 1 GHz and 1.5 GHz are
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Figure 6: Equivalent circuit of the DMS-band stop filter.
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Figure 7: Simulation results of the DMS-band stop filter. (a) EM simulation, (b) circuit simulation.

Table 2: Dimensions of the DMS low pass filter structure.

Dimensions of DMS-unit Values (mm)
𝑎 9.05
𝑏 10
𝑐 3
𝑒 2
𝑖 20

generated; thus the insertion loss is less than 0.2 dB from
DC up to 1.55GHz. The return loss in the pass band is less
than −12 dB. The stopband rejection is higher than −20 dB
from 2.15GHz up to 4.25GHz. As illustrated in Figure 10, an
undesired peak appeared around the frequency of 4.4GHz. In
order to suppress this undesired harmonic, another technique
based on DGS will be used. The dimensions of the proposed
structure are depicted in Table 2.

5. Improvement of the Low Pass Filter

In order to suppress the undesired peak at 4.4GHz of the
DMS low pass filter, a pair of DGS-units has been used. The
idea is to choose DGS resonators having resonance frequency

Compensated capacitors
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Figure 8: 3D view of the proposed DMS low pass filter.

around the unwanted frequency 4.4GHz, thus to realize
structure with a wide reject band. As shown in Figure 11, a
multilayer structure is used to improve the performance of
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Figure 9: Equivalent circuit of DMS low pass filter.
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Figure 10: Comparison of simulated results of DMS low pass filter.

the previous low pass filter. The proposed element is similar
to the DMS-unit with the difference that the new structure
consists of additional two DGS-units, which are located
between the microstrip capacitors as shown in Figure 11.

The dimensions of the two DGS shapes, which are etched
in the ground, have been defined as follows: 𝑠 = 0.6mm,
𝑞 = 6mm, 𝑡 = 10mm, and 𝑧 = 10mm. The coupled
distance (𝑑 = 26mm) between the cascaded DGS resonators
is obtained based on the empirical method. This proposed
geometrical idea is based on using several stacked layers and
it was able to improve the performance of the filter. The
proposed DGS-DMS low pass filter has been simulated on a
Rogers RO4003 substrate with a relative dielectric constant
𝜀
𝑟
of 3.38 and a thickness ℎ of 0.813mm. As depicted in

Figure 12, the proposed LPF behaves well in the pass band
and the stopband. The filter has a −3 dB cutoff frequency at
1.1 GHz, an insertion loss of 0.1 dB, and a return loss less than
−20 dB in the whole pass band.

In addition, an ultrawide suppression level approximately
equal to −20 dB in the frequency stopband ranging from
1.5GHz to more than 8.5GHz is achieved. Simulations
were performed using Microwave Office AWR and CST
Microwave Studio simulators.

Substrate

Metallic ground plane

Compensated capacitors

c

Z

q

td
s

DMS-unit
 microstrip line50Ω

Figure 11: 3D view of the proposed DMS-DGS low pass filter.

6. Field Distribution along the Filter Structure

The investigation of this EMfield distribution has an objective
of showing the frequency behaviour of this proposed filter
and to prove the validity of the intuitive equivalent circuit.
Figure 13(a) shows the field distribution in the pass band
region at the frequency of 0.5 GHz. The magnetic field is
concentrated along theDMS resonators and on the 50Ω lines,
while a negligible electric field appears between both poles
of this DMS structure.The transmission power between both
ports ismagnetic.The armof theDMS represents an inductor.
Figure 13(b) shows a filter with stopband behaviour at a
resonant frequency of 4GHz.The electric andmagnetic fields
show same distribution densities.The electric field is concen-
trated between extremities of the first slot, which represents
the capacity. Based on this EM field investigation, the parallel
LC circuit can be an approach model for the DMS-unit.

7. Fabrication and Measurement

Figure 14 shows photographs of the fabricated LPF filter. The
simulations of the proposed DMS-DGS-UWRB-LPF are car-
ried out using CST Microwave Studio and AWR Microwave
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Figure 12: Simulation results of the proposed DMS-DGS low pass
filter.
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Figure 13: Field distribution: (a) magnetic field at 𝑓 = 0.5GHz, (b)
magnetic field at 𝑓 = 4GHz.

Office.The simulation results show that the designed filter has
a high sharpness factor, small losses in the pass band, and
a wide reject band as shown in Figure 15. In order to verify
the validity of the proposedDMS-DGS combination idea, the
filter has been fabricated and measured using an HP8722D
network analyzer.The LPF has been fabricated on a substrate
with a relative dielectric constant 𝜀

𝑟
of 3.38 and a thickness

(a)

(b)

Figure 14: Photograph of the fabricated DMS-DGS LPF, (a) top
layer, (b) bottom layer.
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Figure 15: Comparison of simulation and measurement results of
proposed DMS-DGS LPF.

ℎ of 0.813mm. The comparison between measured and
simulated results is depicted in Figure 15. In the pass band,
themeasured insertion and return losses are less than –0.3 dB
and −17 dB, respectively. The stopband rejection is higher
than −20 dB from 1.3GHz up to 8.9GHz The compact low
pass structure occupies an area of (0.40𝜆𝑔 × 0.24𝜆𝑔), where
𝜆𝑔 = 148mm is the guided wavelength at cutoff frequency.
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A very good agreement between simulations and mea-
surements has been obtained. Some discrepancy between
them can be interpreted as unexpected fabrication tolerances.
The observed deviation between simulation and experimen-
tal results, which also means the loss of transmission line, has
been caused by mismatching effects and the manufacturing
tolerance errors.

8. Conclusion

In this work, a novel DMS-DGS wide stopband low pass filter
has been introduced and investigated. The filter structure
with strong suppression of undesired harmonic responses has
been presented, which is based on stopband behaviors of the
DMS and DGS cells. It is demonstrated that low insertion
loss (0.3 dB), deep return loss (greater than 17 dB), and a
wide rejection bandwidthwith overall 20 dB attenuation from
1.3GHz up to 8.9GHz and bandwidth with overall 40 dB
attenuation from 1.9GHz up to 7.7GHz have been achieved in
this type of filter. It has been shown that the simulated results
achieved by full-wave EM were in excellent agreement with
the measured ones.The newly proposed DMS-DGS-LPF and
the related design method are compatible with monolithic
microwave integrated circuit (MMIC) or multilayer technol-
ogy and can be used in a wide range of microwave and
millimeter wave applications.
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