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New design of dual-band bandpass microwave filter based
on electromagnetic effect of metamaterial resonators

Mohammed Berka*’**, Zoubir Mahdjoub**, Mourad Hebali™™*

Recent research on microwave filters show that there are constraints in their design; Effective solutions are needed for high-
quality systems. In this manuscript, a new design of microwave dual-band bandpass filter is presented. The complementary
metamaterial resonators with magnetic activity and negative permeability (x < 0) are engraved on the lower ground plane
and coplanar guides are maintained in the upper plane of the filter. Both (CSRRs) used have different shapes and dimensions
from one another to have a dual band-pass behavior of our filter outside the range 5 to 6 GHz to avoid clutter with other
microwave transmission systems. The supply lines used for the inlet and the filter outlet has coplanar access. To show the
influence of the coupling of the two metamaterials resonators with the coplanar waveguides on the qualities of the filter, we

do simulations using HFSS commercial software.
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1 Introduction

Currently, one of the most desired objectives by the
wireless communications industry is to improve the elec-
trical performance of microwave filters, including band-
pass filters that this type of filter is frequently used in
modern telecommunication devices. Recent work on this
kind of filter show a great development in the microwave
filtering qualities, such as the miniaturization of the cir-
cuits [1], the selectivity [2] and tunability [3] of the filters.
However, the major problem that can disrupt these qual-
ities is the intersystem congestion [4].

In the field RF/Microwave, the choice of materials is
of great importance for the realization of filters. A study
of the physical properties of these materials is therefore
essential to improve the performance of such a filter. Now,
a new class of physical devices can meet the needs of
the performance of microwave systems, these devices are
named “Metamaterials”.

Metamaterials are pseudo-homogeneous structure hav-
ing new physical characteristics. The theoretical study of
the main properties of metamaterials was made by Victor
Veselago [5], he has showed the advantages of this media.
The electromagnetic properties of metamaterials concern
the permeability (u), the permittivity (g), [6] and the
refractive index (n), [7]. The geometric properties con-
cern the dimensions of the resonators [8,9] toward wave-
length within the structures. In 1999, Sir John Pendry
introduced a new structure called the “swiss-roll”, this
structure has anisotropic behavior [10] undesirable be-
cause of its remarkable absorption. To reduce this absorp-
tion, Pendry proposed another structure based on split
rings, often called “Splits Rings Resonators” or (SRRs).
Subsequently and according to the desired objectives of

these resonators, several geometric shapes are displayed
as < U, Q> shapes [11,12] and the triangular form [13].

The aim of this manuscript is to have a new design
of microwave dual-band bandpass filter. For this reason,
we used the defected ground structure technology (DGS)
[14] for a coplanar waveguide which has lower ground
plane, we used two resonators of different shapes and sizes
and at the same time, we look for the proper position of
these (CSRRs) in the ground plane to have the necessary
coupling that meets the requirements of our global filter.

2 Design methodology

2.1 Characteristics of the used substrate

In microwave, the physical properties of the compo-
nents constituting any circuit perform an important role
in the analysis and synthesis of this circuit. In planar or
coplanar technology, the physical characteristics of the
substrate have a great influence on the qualities of the
microwave devices. Therefore, a good choice of the mate-
rial constituting the substrate is required to improve the
qualities of the planar and/or coplanar circuits. Electro-
magnetic materials are defined by their relative permit-
tivity (e,) and permeability (u,) related as follows
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Or by their permittivity (¢) and permeability (u) us-
ing the following expressions
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* Department of Electrical engineering, University of Mascara, Algeria, ** EPO Laboratory, University of Sidi -B-Abbess, Algeria,
*** Department of Electrical Engineering, ENP Oran, Laboratory CaSiCCE, 31000 Oran, Algeria, mohammed_76_berka@yahoo.fr

DOLI: 10.2478/jee-2018-0044, Print (till 2015) ISSN 1335-3632, On-line ISSN 1339-309X (© 2018FEI STU



312

E(2) T_’ 12

(a)

Absorption

0-99 (5.91,0.9833)
(4.68,0.8063)
0.80 : :
(5.83,0.715)
0.60
Epoxy (96%)
0.40 :
RO4003

0.20 Alu (96%) j K

2 3 4 5 6 7 8

Frequency (GHz)

Fig. 2. Absorption characteristics of the three selected materials

whose loss characteristics (dielectric loss tangent) are
given by

5. = tan™! (Z_%/)
P (3)
5, = tan~! (M—T)

/
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where g9 = 8.85 x 10712 F/m, and po = 47 x 10~7 H/m
are the vacuum permittivity and permeability. To per-
form the selection on the substrate, we will compare
the absorption of three materials (often used for planar
and/or coplanar circuits) of the same thickness h from
three square shaped Cavity fulfilled by three materials
(ur = 1) located between two conductive planes (Cop-
per). The absorption in each structure is given by the
following relationship, with S2; = 0, [15]

Ap=1—|511] (4)

The thicknesses of the two planes drivers do not have
importance. We polarize our structure by a plane wave
in the electric field is along the axis O, , HFSS simulator
gives the absorption characteristics of the three materials
as follows from Fig. 2.

Table 1 with W = 2.6 mm, h = 0.35 mm and Ay =
0.2 mm for each material, summarizes our results with
the dimensions of the proposed structure.
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Fig. 1. Cavity filled with three dielectrics: (a) — 3-D model on HFSS, (b) — cross section

Table 1.
: " Ab f7‘
Materials el (%) (GHz) h
Epoxy FR4 0.088 98.33 5.91 A/145
Alumina 96% 0.056  80.63 4.68 A /183
Rogers (4003) 0.009  71.50 5.83 A/147

We chose the portions (W, h, Ay) to get the absorption
in the band rejection, allowing us to choose the best sub-
strate in the design of our filter. According to our results,
we note that the substrate Rogers (4003) is the most suit-
able with less absorption and a thickness of about (A/147)
around the resonant frequency ( f, = 5.83 GHz).

2. 2 Properties of used complementary metamaterial
resonators

The electromagnetic characteristics of complementary
split ring resonator (CSRRs) are different from those of
the metamaterial resonator (SRRs). For the geometric
characteristics, the (CSRRs) also has very small dimen-
sions to the wavelength at resonance. In physical terms,
the (CSRRs) is the complement of (SRRs), ie everything
that is in the conductive tracks in (SRRs) becomes slots in
the (CSRRs) and vice versa. The (SRRs) work correctly
when the magnetic field is perpendicular to the rings, so
the (CSRRs) resonate when the electric field is perpen-
dicular to the same rings. Both (CSRRs) proposed in this
work have two different forms, the first Complementary
resonator in a spiral shape and the second is circular but
in symmetrical type (CSRRSs) (complementary split ring
resonators symmetrical).

The (CSRRs) spiral is formed by two circular rings
connected by an inclined slot. For (CSRRSs) there are
two inner and outer rings, each one has two interrup-
tions of the slot. In the outer ring, the two interruptions
are in the H direction, while for the inner ring the in-
terruptions are in the k direction. We represent the two
(SRRs) in different shape and size and his complementary
resonators (CSRRs) in Fig. 3 and Fig. 4.

The (CSRRs) spiral can be regarded as mainly an elec-
tric dipole, its equivalent circuit model behaves like a
LyCy resonator excited by an electric field perpendic-
ular to the plane of the rings [16]. For the equivalent
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Fig. 3. SRRs shapes: (a) — spiral, (b) — symmetrical circular
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Fig. 4. CSRRs shapes: (a) — spiral, (b) — symmetrical circular
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Fig. 5. Equivalent circuit model for

circuit (CSSRRs) there are two series resonators com-
pounds of the inductance L; and the capacitance C,
these resonators represent the two defected half-circles to
the outer ring. The inner ring with the additional con-
nection slot corresponds to the resonator formed by the
inductance Lo and capacity Cy. The C, capacity repre-
sents the coupling between the inner and outer rings [17].
Figure 5. shows the two equivalent circuit models.
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Fig. 6. Top view of the global filter

2.3 Proposed dual-band (BPF)

: (a) — (CSRRs) spiral, (b) — (CSSRRs)

these coupled lines, the electromagnetic coupling between
the two lines depends on the technological limit; it will be
a maximum coupling when the two lines are close to each
other (spacing of about 20 pm ). The (CSRRs) are located
in the area between the two coplanar lines but the etching
is done in the bottom ground plane of the substrate.
When the two (CSRRs) for different shapes and sizes are
located between the coplanar lines, the spacing distance
is important which causes a high level of losses and a
much narrower bandwidth.

Our design is to improve the level of coupling with
the (CSRRs) without increasing the level of losses. A
distance (A +.S) between each coplanar line and one of
two (CSRRs) is fixed when the (A) value takes the half of
the thickness of the substrate used, the width of each line
is the same value as (A). The coplanar lines are quarter-
wave (A/4) to the magnetic resonance of the smaller
(SRRs), they have the same length to have a symmetrical
coupling. The dimensions of the two (CSRRs) are selected
to have resonances of (SRRs) outside the range 5—6 GHz.
The (CSRRs) are placed in the lower face of the substrate
such that their interruptions are oriented to the coplanar
lines from one another to increase the level of coupling.

The overall filter consists of two coplanar lines coupled ~ 1he spacing between the two (CSRRs) is the order of

in parallel in the upper surface of (RO4003) substrate. For

(2A). The overall filter is shown in Fig. 6.
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Fig. 7. 3-D view: (a) — spiral (SRRs), (b) — symmetrical circular (SRRs)

Table 2. Electromagnetic characteristics of both SRRs

R (mm) ro (mm)
1.5 1.7 1.9 2.8 3.2 3.4
f-(GHz) 6580 6.70 643 457 438 4.17
*Pr(dB) —-11.93 —-21.6 —21.8 —275 —179 —-214

* Return loss

Table 3. Overall filter Dimensions in mm

R 12 N4 &
1.9 2.8 6.2 0.3
w A 1 l2
0.6 0.175 2.575 0.85

3 Discussion of results

3.1 Electromagnetic characteristics of(srrs)

The electromagnetic characteristics of (SRRs) depend
essentially on the dimensions of these complementary res-
onators). Here, the choice of the diameter plays the major
role to obtain the different resonances. The two resonators
are shown in Fig. 7.

On the simulator, the polarization of the two struc-
tures is in the O, direction. We define both electric and
magnetic wall, the thickness (¢) of each (SRRs) on cop-
per is of the order of 5 um. We stimulate our resonators
for three different values of 7o and Rs. The dimensions
(¢ =d=1=0.15mm) are identical in the two forms of
resonators and (g = 0.15 mm) in the symmetrical circular
resonator. The (SSRs) spiral behavior can be represented
by Fig. 8. and that of the (SRRs) symmetrical circular is
shown in Fig. 9.

The characteristics of the two shapes of (SRRs) are
summarized in Table 2.

From Table 2, we can choose the two complementary
resonators according to the geometric and electromag-
netic characteristics of the split resonators (SRRs) for
the two proposed forms. To miniaturize the global fil-
ter and to be able to contain both (CSRRs) between the

two coplanar guides (CPW), we chose the spiral (CSRRs)
which has the dimensions (¢ = d = [ = 0.15 mm and
ro = 2.8 mm) and that of the symmetrical circular shape
which has the dimensions (¢ = d = [ = 0.15 mm and
Ry = 1.9 mm).

3.2 Opverall filter response

According to our previous results on the characteristics
of (SRRs) and the physical and geometrical characteris-
tics of the substrate used, we can characterize our filter
in Table 3.

Our filter has length and width (m = 16 mm, n =
9.3 mm), on the 3-Modeler of HFSS simulator, our filter
can be represented in Fig. 10.

The filter response is illustrated in Fig. 11.

The phase parameters of the overall filter are shown
in Fig. 12.

Figure 11 shows in the frequency range 2 to 10 GHz the
response of our overall structure, it is noted that the latter
has a filtering behavior. It is indeed a dual-band bandpass
filter. It may be noted that both of our filter bandwidths
are outside the 5 to 6 GHz band, which justifies our choice
on complementary metamaterial resonators (CSRRs) on
both counts; shapes and dimensions. We can also say that
the resonances of our filter are remoted to the band 5 to
6 GHz, especially to low frequency (5 GHz). On the same
response from our filter, the two zero frequencies can be
noted ( f,1 = 3.06 GHz, f,» = 8.46 GHz).

4 Conclusion

A new dual-band bandpass filter is presented in this
paper; the characteristics of the filter are obtained by the
coupling of the coplanar waveguide (CPW) with comple-
mentary metamaterial resonators. In our design we used
two different (CSRRs) maintained in the lower ground
plane to ensure a sufficient coupling with the CPW de-
spite for a considerable distance and also to have (SRRs)
magnetic resonance outside the 5 to 6 GHz band. Both
(CSRRs) has allowed us to reinforce this coupling with
the least possible losses which gives us a remarkable ro-
bustness to our overall structure, this structure has a
rejection in the 5 to 6 GHz band. So, we obtained the
desired electrical qualities for our filter.



315

Journal of ELECTRICAL ENGINEERING 69 (2018), NO4
S,, (dB) S,, (dB)
R,=1.5mm
0 N 0
r, = 3.4 mm R,=1.7mm
-10 10 R,=1.9 mm
r,=3.2 mm )
(4.38,-17.9877) =28 mm (6.8.,-11.9328)
-20 | :
(4.17,-21.4934) 20
(6.43,-21.8761)
(4.57,-27.5654) (6.7,-21.6838)
2 4 6 8 0 2 4 6 8
Frequency (GHz) Frequency (GHz)
Fig. 9. Transmission of symmetrical circular (SRRs) for the three
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Fig. 8. Transmission of spiral (SRRs) for the three rays
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