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Abstract — Metamaterial is an artificial material which is
used to produce negative effects in the materials. In this
paper a bandpass filter is proposed by introducing the
metameterial effect in the normal substrate. A coplanar
waveguide transmission line is loaded with complementary
split ring resonatorsfor providing the structure with negative
effects. The proposed filter is smulated and characterized
using Method of Moments based IE3D simulator. The
designed filter has a bandwidth of 2.23 to 3.13 GHz with the
return loss of -25dB and the 0 dB insertion loss. The size of
thefilter isabout 16 x 16 mm?. With the above propertiesthe
proposed metamaterial filter can be used for the WLAN
application.

Keywords — CPW-Coplanar Waveguide, BPF-Bandpass
Filter, CSRR-Complementary Split Ring Resonator, IL-
Insertion Loss, RL-Return Loss, SRR- Split Ring Resonator.

|. INTRODUCTION

In the latter years, the possibility of taking advantage of
the unusual properties of the so-caled metamaterial
technology has led to a great deal of research activity. For
instance, many efforts have been aimed at reducing the
size and improving the performances of, among others,
phase shifters, baluns, couplers, power dividers and filters
[1]. In the above cases the achievement of both negative
permittivity and permeability in a given frequency range
by an appropriate engineering of the dispersion
characteristics [2]. At microwave frequencies, a medium
that supports backward wave propagation can be
fabricated from a transmission line loaded with split-ring
resonators (SRRs) [1-3] and/or reactive elements [4],[5].
Such loading elements enable one to efficiently control the
response characteristics simply by adjusting its dimensions
and the position.

These structures generally incorporate resonant particles
such SRRs, open SRRs (OSRRs), and their dual
counterparts i.e.,, complementary split-ring resonators
(CSRRs) or open CSRRs [6,7]. Due to the resonant nature
of these transmission lines, special efforts have been made
to the synthesis of artificial lines exhibiting improved (i.e.,
wider) bandwidths.

A broadband response can be obtained when the right-
and left-handed behaviour coincide. This is known as the
balanced composite right/left-handed (CRLH) response [8-
12]. The frequency selectivity of a coplanar transmission
was improved using the split ring resonators with a higher
rejection level, increasing the Q factor[10].

A coplanar transmission line with split ring resonators
exhibited a high bandpass response with right handed
characteristics [9]. An improved lumped model of split
ring resonators with a pi-network , and implemented an
improved left-handed behavior[13]. The structure model

of complementary split ring resonators were discussed
with both circular and rectangular complementary split
ring resonators demonstrating the left-handed behavior.
Interresonator coupling can be neglected since the SRRs
are circular in shape thus reducing the interaction between
them. Besides, only a single cell is considered. [15]. The
right handed behavior was analyzed with split ring
resonators connected in series, shunt wired and were
demonstrated to operate on C-band. It had a effective
control on phase and magnitude responses [12]. An edge-
coupled SRR’s and broadside coupled SRR’s were
demonstrated for measuring the polarizabilities of split
ring resonators [14]. In [16] it has been demonstrated that
alarger bandwidth (even with FBW close to 110%) can be
achieved by employing other structures and technologies.
Generally, this kind of periodicaly loaded line has
compact dimensions, due to the electrically small size of
the resonators used. It aso yields low insertion loss
characteristics and a broad fractional bandwidth.

This paper presents a CPW transmission line loaded
with CSRR’s. The dtructure is loaded with stepped
impedance resonators, placed opposite to each other. The
main advantage of the proposed filter is compact circuit
size and wide band coverage. In SECTION |1 , the design
of the filter is discussed and SECTION |11 givesthe results
obtained for the proposed structures. In SECTION IV
givesthe conclusion.

Il. METAMATERIAL CPW BASED BPF’s
LoAaDED WITH CSRR’s

The CPW transmission line is loaded with circular
shaped complementary split ring resonators. Here three
sets of complementary split rings are used for producing a
good negative effect in the structure. Here FR-4 substrate
is used for designing the bandpass filter. The value of the
dielectric constant (g) is 4.4. The thickness of the
substrate is chosen as 0.8mm.

The designed filter is estimated to have a circuit size of

(16 x 16) mm? . Here the signal plane was divided into
three sections on the top and bottom layer. The circular
shaped CSRR’s were placed in top layer. The simulated
structure of the proposed filter is shown in figure 1.
The rings in the above designed filter has the radius as
follows. 1% ring’s inner radius is 1.4mm and the outer
radius is 1.6mm. The 2" ring’s inner radius is 1.8mm and
the outer radius is 2mm. The 3 ring’s inner radius is
2.2mm and the outer radiusis 2.4 mm.

The strip width was taken to be 5.6mm. the gap width
between the resonators and the strip were taken as 0.2mm.
The width of the ground plane was considered as 5.2mm.
The structure was considered to be symmetrical. The
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widths between the split rings and the successive rings
were considered to have same dimensions, that is 0.2mm.

The stepped impedance resonators of length 4.6mm and
width of 0.2mm were placed facing opposite to each other
in the top and bottom section of the signal plane. The
signal plane is divided into three sections in which the
distance between each resonator is of 0.2mm, which helps
in increasing the capacitive effect of the filter.

16mm

16mm

Fig.1. Structure of the simulated filter

I1l1. RESULTSAND DISCUSSIONS

The above discussed filter is simulated using the Method
of Moments based IE3D simulator. The simulated result of
the above discussed bandpass filter is shown in fig.2.

The result shows that the designed filter covered the
frequency 2.4 GHz, the RL was found to be -25dB. This
design is applicable for Wi-Fi and Bluetooth applications.
It was found from the simulated result that it has a
wideband coverage and has a good performance.

The above mentioned structure was tested for its
negative effects by using the formula given below
n= (U/1.6){acos/2S,(1-S'11-S"1 )} D

2= V{((1+S1)*-S2)/((1-S'1)-S20)} 2
where z is the impedance value.

The calculation for the negative values of the designed
CPW bandpass filter using the above mentioned formula
for verification of the metamaterial effect is done by using
the MATLAB software, the results for negative
permittivity(¢) and permeability (1) values are shown in
figure 3 and figure 4 respectively.

From the figures 3 and 4 , it is evident that the proposed
filter achieves negative values of both permittivity(€) and
permeability (L) values and achieved the negative effect so
called metamaterial effect at the given frequency range.
The group delay, being an important filter parameter is
calculated by using equation (3) which is found to be in
appropriate level.

T = -(dB/dw) ©)

The guided wavelength (Ay) is calculated as 82mm. The
fractional bandwidth (FBW) was found to be 33%. The
group delay variation is about only maximum of 1ns over
the operating frequency shows that the filter has a
minimum good group delay which is required. It is shown
infigure>5.
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Fig.2. Simulated result of the above structure

EPSILON

200 I ! i I i
1 1.5 2 2.5 3 3.5 4

FREQ (GHz)
Fig.3. Simulated MATLAB result for negative permittivity
(¢) value.

250 i I I I I
1 15 2 25 3 35 4

FREQ (GH2)

Fig.4. Simulated MATLAB result for negative
permeability (W) value.
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Fig.5. Plot for group delay
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Tablel: Comparison of structures

Reference Circuit Insert-ion Return Operating
papers size(mm?) loss (dB) loss(dB) | band(GHz)
[2] 35 0 40 77
[3] 20 19 13 25
[7] 27 0.7 14 3874
Proposed 16 0.2 25 2.23-3.13
work

The combination of complementary split rings in the
structure gives the negative refraction which are not found
in the usual materials. The negative refraction being the
new property, it achieves a wide passhand coverage from
2.23GHz - 3.13GHz in reduced circuit size. The negative
refraction is given as
n=-(en)"* ©)

The measured size and the operating bands are
compared and tabulated in tablel. From the table 1, it is
evident that the proposed bandpass filter using a coplanar
transmission line loaded with complementary split ring
resonators have better filter characteristics and exhibits a
wide passhand coverage.

I'V. CONCLUSION

This paper presented a bandpass filter designed using a
coplanar waveguide transmission line. It was found that it
achieved a metamaterial effect and it had a wideband
coverage. This structure was simulated using the IE3D
simulator and this filter was found to operate by covering
the frequency of 2.4 GHz, which is suitable for WLAN
application. The negative effects were tested using the
MATLAB software. The electrical size of the filter is
0.2Ag x 0.2 A4 offered a good performance with better
return loss and insertion loss. Specifically, the FBW of
around 33% can be achieved with an acceptable return loss
from the proposed filter design. The compact size of the
proposed structure offers a wide passhand coverage.
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