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Abstract—Novel complementary split ring resonator (CSRR) is
introduced to increase the stop bandwidth. Despite of their exotic
behavior due to negative permittivity, their performance is limited
by their stop bandwidth. The orientation of CSRR etched on the
ground has strong coupling that can be altered for the increased
stop bandwidth. The proposed design has measured stop band from
4∼ 7.25GHz whereas conventional CSRR of same dimension has stop
band from 4.1∼ 5.0GHz.

1. INTRODUCTION

The idea of double negative materials proposed by Veselago [1] gained
extraordinary research interest after the experimental verification done
by Smith [1, 2]. Complementary split ring resonators are the key
component to achieve negative dielectric constant (ε). These particles
are the negative image of split ring resonators (Babinet’s principle) [3]
and an axial time varying electric field is necessary to excite the
rings that create an effective negative ε medium and inhibit signal
propagation at resonance.
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Artificial transmission lines based on CSRR are useful for the
implementation in microwave devices due to their peculiar nature and
small size. Artificial transmission lines offer improved performance,
novel functionalities and miniaturization [4–6]. These structures
have recently been implemented in several microwave devices [7–
10]. Although the bandwidth of CSRR is greater than SRR, it is
small enough for practical applications. Some studies were conducted
keeping in view the bandwidth/size requirements [11–13].

Instead of adjusting the shape of CSRR units, larger stop
bandwidth can be achieved by changing the orientation of adjacent
CSRR units. The orientation of the CSRR units relative to microstrip
line has strong coupling and different orientation can be combined to
increase the stop bandwidth.

2. DESIGN AND SIMULATION

The design is implemented on a microstrip transmission line of FR-
4 substrate (ε = 4.7) and schematics are elaborated in Fig. 1. The
design consists of a microstrip line of width 1.75 mm (dark gray color
in Fig. 1) on one side of the substrate while the CSRR are etched on
the ground plane on the other side. The size of the proposed design is
50× 14mm2 and the metal thickness is 0.035 mm.

Figure 1. Schematics of the CSRR structures etched on the ground
plane. The variables a1 and g1 are for design D-III, where the adjacent
CSRR units are of different size.

Three different designs named D-I, D-II and D-III will be discussed
in this paper. The values of a, c and g are first selected to get stopband
for a particular frequency of operation (D-I), which then further
exploited by changing the orientation of adjacent CSRR particles to
obtain broad stopband (D-II). For the design D-III, CSRR unit of
dimension a1 and g1 are selected such that the stop band of these
CSRR add up with the stop band of CSRR (D-II), to give maximum
stop bandwidth. The optimized parametric values from numerical
simulation shown in Fig. 1 are listed in Table 1.
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Figure 2. Equivalent circuit model of basic CSRR-loaded microstrip
line.

Table 1. Schematic design variable details.

Variable (mm) c os a a1 b g g1

D-I and D-II 0.5 0.2 6.0 — 3.5 0.6 —
D-III 0.5 0.2 6.0 5.0 3.5 0.6 0.7

The increase in the stop bandwidth due to different orientation
of adjacent CSRR particles on the basis of equivalent circuit models
shown in Fig. 2 is as follows [14]. The host line is modeled as L and C
(per unit inductance and capacitance of host microstrip transmission
line). Similarly, CSRR is modeled as resonant structure of Lcsrr and
Ccsrr. The CSRR are coupled to host transmission line through Cc.
It is obvious that the coupling between host line and CSRR (i.e., Cc)
varies for different orientations of CSRR; so the stop bandwidth at
different frequency is achieved. That eventually adds up and provides
larger stop bandwidth compared to conventional design.

The simulation results of conventional CSRR (D-I) and proposed
design (D-II) is presented in Fig. 3. As shown in Fig. 3(b), the
orientation of adjacent CSRR units in design D-II, are opposite to
each other. Based on the simulated results, it is obvious that the D-II
provides much better reflection characteristics and larger bandwidth
than the conventional design. The stop bandwidth can be further
increased by using CSRR units with different size, resulting in signal
rejection at different frequencies [9]. In D-III, the adjacent CSRR
units not only have opposite orientation but also have different size.
The simulated S-parameters for D-III is presented in Fig. 3(c).

3. RESULTS AND DISCUSSION

The comparison between the measured results of D-II and D-III are
presented in Fig. 4. The stop bandwidth of D-II ranges 4.18∼ 6.32GHz
and 4∼ 7.25 GHz for D-III. It is clear that the stop bandwidth of
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the proposed designs are much greater than the conventional CSRR
(4.1∼ 5.0GHz). The measured results slightly shifted to higher
frequency than the simulated results but in general follow the simulated
pattern. In addition, the measured result shows some ripple better
at low frequency which is probably due to lossy FR-4 substrate and
fabrication tolerances. Finally, the ideal lossless conditions were used
during simulation. The current distribution in Fig. 5, shows that
different orientation of CSRR units leads to strong coupling at different
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Figure 3. Simulated S-parameters of designs D-I (a), D-II (b) and
D-III (c).
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Figure 4. Measured S-parameters of fabricated prototypes, D-II on
left and D-III on right side.
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Figure 5. Simulated surface current distribution at different
frequencies of D-III.

frequencies. Hence, increased stop bandwidth can be achieved by
adjusting both the orientation and the size of CSRR units accordingly.
The surface current distribution at 3.5 GHz (pass band) is all over the
CSRR in Fig. 4, while the average surface current distribution of D-III
at 4.5 and 6 GHz (within stop band) is concentrated around first two
CSRR units.

4. CONCLUSION

A new technique for improved stop bandwidth performance is
introduced in this paper. The design is suitable for wideband
applications. Better results can be obtained by using substrate of
superior quality. The design can be further analyzed for SRR where
the stop band is even smaller.
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