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ABSTRACT

In this paper, a design of very compact microstrip bandstop filters based on complementary split ring resonators
(CSRRs) is proposed. Two techniques of metamaterial miniaturization are used to optimize the physical and electrical
size of the CSRR. The bandstop filter is produced by an array of miniaturized loaded CSRRs etched on the center line
of a microstrip. The size of the proposed filter, is as small as 0.58 cm’, and its electrical length is very small with only
0.08 10), compared to a conventional bandstop filter, a miniaturization of a factor 5 while the bandstop performance is

maintained. A very good agreement obtained between the measurement and the simulation results.
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1. Introduction

Many modern telecommunications systems, such as the
embedded systems, systems of mobile phone and wire-
less communication, use filters; many conventional filter
designs has reached their technologically defined limits.
To satisfy the increasing demand for high performance,
circuit integration and reduced size, alternative concepts
have to be explored [1].

In recent years, left-handed Metamaterials have at-
tracted considerable interest of scientists and engineers
working in the field of microwave technology. These
Metamaterials exhibit both a negative permittivity and
permeability which result in a negative index of refrac-
tion, a property not available within any natural material
[2-4]. From duality arguments, it has been shown that
negative permittivity media can also be generated by
means of a resonant element, namely the complementary
split ring resonator (CSRR) introduced by Falcone et al.
in 2004 [5]. These resonators can be considered as quasi-
lumped elements and are, therefore, also very interesting
for the miniaturization of planar microwave devices such
as filters and diplexers, or for improving their perform-
ances.

In previous research of some of the authors, SRRs and
CSRRs have been successfully applied to the design of
microwave filters [6,7].
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The aim of this paper is to apply a bandstop filter syn-
thesis proposed in the literature [4] based on CSRRs, and
two techniques of Metamaterials miniaturization [8-10],
to design a very compact microwave bandstop filter.

In Section 2, we propose a design of conventional
bandstop filter based on CSRRs etched on the center line
of a microstrip. In Section 3, I will describe how to ob-
tain a reduction of the filter size by the optimization of
electrical and physical CSRR size. Finally, in Section 4,
the obtained calculated results are discussed and com-
pared with measurements.

2. Bandstop Filter Design

A conventional bandstop filter based on a 50 Q line and
the CSRR etched in the conductor strip [4] is designed in
the microstrip technology. This filter is considered as
reference of comparison with the realised miniaturized
filters.

CSRR is dual counterparts of SRR. Therefore a dual
electromagnetic behaviour for them is expected accord-
ing to the duality theorem. The incident electric field
needs to be polarized in the axial direction of the resona-
tor. In this way, CSRRs are etched on center line of the
microstrip technology.

This arrangement makes sure that the CSRRs are prop-
erly exited by the electric field applied parallel to the ring
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axis.

The CSRR topology and equivalent circuit model are
illustrated in Figure 1. The CSRR unit cell was designed
to operate around 5.70 GHz. The geometry of the cell is
as follows: ¢ =d = 0.3 mm, g = 0.6 mm and the global
size is 7.4 mm x 3 mm.

The substrate used is a RT/Duroid having the follow-
ing characteristics (relative permittivity er = 2.2, loss
tangent tg(@) = 0.0001 and thickness h = 0.8 mm).

The resonator is simulated by using a commercially
available 3D full-wave solver (Ansoft HFSS).

Figure 2 shows the [S] parameters simulated results. It
shows a rejected frequency band around the designed
frequency of the CSRR resonator explained by a trans-
mission of about —25 dB.

Figure 3 shows a conventional bandstop filter design;
it consists of 3 rings CSRRs. Our simulation results show
that three rings could provide significant improvement.
Further increase of rings would have just an increase of
reject level.

Figure 4 presents the conventional bandstop filter
simulated results. It has a central frequency of 5.7 GHz
and a rejection band as wide as 1.2 GHz with 20% frac-
tional bandwidth. A deep rejection band (S21 = —40 dB)
is obtained in the designed frequency with low return loss.

Figure 5 shows the simulated group delay. It presents
a very small variation in the operating frequency (<I ns).

The overall area for the filter is 0.67 cm?, and the elec-
trical length of device, excluding access lines, is 0.44 20.
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Figure 1. (a) CSRR particle with relevant dimensions; (b)
CSRR microstrip line equivalent circuit model.
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Figure 2. Simulated S21 parameters for different CSRRs
structures.
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Figure 3. (a) Design of conventional bandstop filter based
on CSRRs; (b) Design of proposed bandstop filter based on
optimized CSRRs; (c¢) Design of bandstop filter based on
optimized CSRRs loaded by an impedance.
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Figure 4. Simulated S21 parameters for different bandstop
filters structures.
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Figure 5. Simulated group delay for bandstop filters.

3. Bandstop Filter Miniaturization

To reduce the bandstop filter size whilst sustaining the
filter bandstop performances, two techniques of meta-
material miniaturization are utilized. The first one is
based on the dimensions optimization, and the second is
based on the increasing of the equivalent distributed ca-
pacitance.

The first technique consists in reducing the physical
size of the resonator, knowing that the CSRR resonant
frequency depends on their dimensions [2,5].
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The optimized geometry of the CSRR, while having
the same metamaterial phenomenon around 5.7 GHz, is
as follows: ¢ =d = 0.2 mm, g = 0.4 mm and the global
size is 44 mm x 44 mm. The substrate used is a
RT/Duroid.

The Figure 2 shows the optimized CSRR [S] simu-
lated parameters. It presents a rejected frequency band
around the designed frequency of the CSRR resonator
explained by a transmission of about —25 dB.

The design of the proposed filter based on optimized
CSRRs is presented in Figure 3.

The width of the center line is w = 3 mm (correspond-
ing to the characteristic impedance of 50 Q in the region
without CSRR) and w = 4.4 mm (in the region with
CSRR). To match this discontinuity of center line, ta-
pered line is used.

Figure 4 shows the proposed bandstop filter [S] pa-
rameters simulated results. It displays a bandstop central
frequency of 5.7 GHz with a 32% fractional bandwidth.
A deep rejection band (S21 = —60 dB) is obtained in the
designed frequency with low return loss. Figure 5 shows
the simulated group delay. It presents a very small varia-
tion in the operating frequency (<1 ns). The overall area
for the conventional bandstop filter is 0.67 cm®, whereas
the proposed metamaterial filter consumes an area of
0.58 cm’, and the electrical length of device, excluding
access lines, is 0.26 A0, thus, less than the half of the
conventional filter electrical length (Table 1), while the
bandstop performance is maintained.

Thereafter we load the optimized CSRR cell by im-
pedance to vary the distributed equivalence capacitance
of the CSRR, and reduce their electrical size.

The CSRR itself can be described as an L resonant;
the resonant frequency is described by the following ex-
pression [11]:

P
2n\L.C,

If the equivalence capacitance of the CSRR is in-
creased, the resonant frequency shifts towards the low
frequencies.

Figure 2 shows the optimized CSRR loaded by im-
pedance [S] parameters simulated results. It shows a re-
jected frequency band around 2.5 GHz. In this case, we
obtained a global size of the CSRR resonator around
Ag/20, showing a 50% reduction in size.

Figure 3 shows the bandstop filter based on optimized

)

Table 1. Reduction factor of different bandstop filters.

Bandstop filter

Type of Conventional Bandstop filter based ..

filter bandstop filter on optimized CSRRs 0254 0n optimized
¢ Stop Trlter on optimize loaded CSRRs

Reduction 5 5

factor
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CSRR loaded by impedance design.

The simulated results of this filter are shown in Figure
4. The latter shows a bandstop central frequency of 2.5
GHz with 23% fractional bandwidth. A deep rejection
band (S21 = —25 dB) is obtained with low return loss.

Figure 6 shows the simulated group delay. It presents
a very small variation in the operating frequency (<1 ns).

The electrical length of optimal filter is very small
with only 0.08 A0 thus, less than a fifth of the conven-
tional filter electrical length (Table 1), while the band-
stop performance is maintained.

4. Measured Results and Discussions

The filter based on the optimized CSRR without imped-
ance was fabricated and shown in Figure 7. AGILENT
TECHNOLOGIE-N5230A vector network analyzer was
used to measure the response of the proposed filter and
the results are shown in Figure 8.

A very good agreement is obtained between simulated
and measured results. The measurement shows a band-
stop central frequency of 5.75 GHz with 35% fractional
bandwidth. A deep rejection band (S21 = —50 dB) is ob-
tained in the vicinity of the designed frequency with low
return losses.

5. Conclusions

In this paper, a very compact planar left-handed metama-
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Figure 6. Simulated group delay for bandstop filter based

on optimized loaded CSRRs.
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Figure 7. Photograph of the fabricated device: (a) Top plane;
(b) Bottom plane.
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Figure 8. Simulated and Measured S parameters of the
bandstop filter.

terial bandstop filter, which includes a 50 Q line and an
array of miniaturized CSRR has been demonstrated.

The combination of these two elements yields a reso-
nator design with extremely small electrical outline di-
mensions. The electrical length of filter is very small
with only 0.08 10, compared to conventional bandstop
filter, a miniaturization of a factor 5 while the bandstop
performance is maintained. The bandstop filters based on
this concept can be very promising for the applications
where miniaturization and compatibility with planar mil-
limeter wave technology are the key issues.
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