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Abstract—Novel configurations of complementary split ring resonator
(CSRR) with dual mesh-shaped couplings and defected ground
structures (DGS) are introduced to design the high performance
of wide pass-band and stop-band band pass filters (BPF). This
paper presents a low insertion loss (−0.82 dB), symmetry and
sharper transmission zero level (−51.88 dB), using effective DGS and
alternative coupling for CSRR. The filter with center frequency at
1.92 GHz, pass-band from 1.21 GHz to 3.05 GHz (BW = 95.8%) and
wider stop-band (extended to 4.2f0 below −20 dB rejection level) is
designed and fabricated. Simulation and measured results including
surface current distributions and frequency responses are presented
and discussed.

1. INTRODUCTION

The attractive features of the microstrip ring resonator are its compact
size, low cost, high Q and low radiation loss. In applications, the
ring resonator has been used to design filters, mixers, oscillators and
antennas [1]. Recently, the novel double slot ring resonators, named
complementary split-ring resonators (CSRR), were developed for band
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pass filter [2–11], band reject filter [12], low pass filter [13] and high
pass filter [14] applications. Basically, these filters based on CSRR
structure and alternative couplings were used to design the desired
filter for applications.

Dual mesh-shaped coupling applied in configurations of CSRR,
designated as CSRR-based BPF, are constructed. First, the novel dual
mesh-shaped coupling is used to present the coupling way in wide pass-
band applications. To obtain a good performance with wide stop-band,
an improved CSRR with DGS [15–17] are proposed and compared
then. Simulation results including surface current distributions and
frequency responses are presented and discussed.

2. FILTER CONFIGURATIONS AND BASIS

CSRR-based BPF consisted with CSRR and DGS structure etched
on the ground and the couplings located on the top of the microstrip
are presented in Fig. 1. The dual mesh-shaped coupling is depicted
in Fig. 1(a), the physical dimensions are stated: a1 = 0.45mm,
a2 = 0.1mm, a3 = 7.6mm, b1 = 2.6mm, b2 = 3 mm, b3 = 5.5mm,
c1 = 0.4mm, c2 = 0.2 mm. The CSRR configuration on the bottom
of the microstrip is presented in Fig. 1(b) with dimensions as: L =
23.5mm, W = 17 mm, R1 = 5.2mm, R2 = 3.55mm, G1 = 1.6mm,
G2 = 1.1 mm, G3 = 0.6mm. The CSRR and DGS configuration on the
bottom of the microstrip is presented in Fig. 1(c) with dimensions as:
G4 = 5.72mm, s1 = 5 mm, s2 = 2.7mm, s3 = 2.35mm, s4 = 1mm,
s5 = 0.6mm, g = 0.3mm.

Figure 1. CSRR-based BPF. (a) Mesh-shaped coupling, (b) CSRR,
(c) CSRR and DGS.

3. SIMULATIONS AND RESULTS

The simulations for the CSRR-based band pass filter are achieved with
the aid of CAD IE3D [18]. The FR4 substrate with dielectric constant
εr = 4.4, thickness h = 0.4mm is used for experiments. For the
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requirement of 50 Ω impedance, the width of strip is 3 mm, length of
feed-line is 7.6 mm, effective dielectric constant εeff = 2.61 and guided
wavelength λg = 96.71 mm at frequency f0 = 1.92GHz.

3.1. Frequency Responses

For practice, the simulated and measured S21 and S11 frequency
responses of the band pass filter are shown in Fig. 2 and Fig. 3.
Both the simulations and measurements are with good agreement.
For simulation results, the performance with lower insertion loss
(−0.85 dB), deeper transmission zero level (−52.36 dB) and wider
bandwidth (BW =96%) at the central frequency 1.91 GHz are obtained
for CSRR BPF. In addition, the lower insertion loss (−0.82 dB),
symmetry and deeper transmission zero level (−51.88 dB), wider
bandwidth (BW =95.8%) and wider stop-band (extended to 4.2f0

below −20 dB rejection level) at the central frequency 1.92 GHz are
obtained for CSRR and DGS BPF respectively. The performances of
the filter are listed in Table 1.

Table 1. CSRR with dual mesh-shaped couplings and DGS results.

Pass band Stop band
f0 (GHz) 1.92 At 2.45f0 (dB) −38.39 (deep)

−3 dB BW (GHz) 1.84 At 2.82f0 (dB) −45.55 (deep)
FBW (%) 95.8 At 3.84f0 (dB) −41.50 (deep)

Min insertion loss (dB) −0.82 To 4.16f0 (dB) Below −20.00
Zero level

(dB)
Lower −51.88

- -
Upper −36.45

Figure 2. Simulation and
measurement results of CSRR
BPF.

Figure 3. Simulation and
measurement results of CSRR
and DGS BPF.
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(a)

(b)

Figure 4. Current distributions of CSRR BPF. (a) Two zeros, (b)
three resonances.

(a)
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(c)

(b)

Figure 5. Current distributions of CSRR and DGS BPF. (a) Two
zeros, (b) three resonances, (c) three deep resonances.

3.2. Surface Current Distributions

Among the band pass filter with CSRR and dual mesh-shaped coupling
structures, results in Fig. 4 and Fig. 5 present the surface current
distributions simulated by IE3D. The CSRR exhibits the blue surface
current distributions at two transmission zeros at 0.40 and 3.88GHz
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and the dual mesh-shaped coupling presents the lower couplings at
the transmission zeros in Fig. 4(a). Meantime, the CSRR exhibits
the heavy surface current distributions at the resonances 1.38, 2.20
and 2.98 GHz and the dual mesh-shaped coupling presents the higher
couplings at these resonated frequencies Fig. 4(b).

On the second example, the CSRR exhibits the blue surface
current distributions at the transmission zeros at 0.41 and 3.83 GHz
and the dual mesh-shaped coupling presents the lower couplings at
the transmission zeros in Fig. 5(a). Meantime, the CSRR exhibits
the heavy surface current distributions at the resonances 1.49, 2.33
and 2.81 GHz and the dual mesh-shaped coupling presents the higher
couplings at the resonated frequencies in Fig. 5(b). Obviously, three
deep resonances at 2.45f0, 2.82f0 and 3.84f0 within stop-band are
presented in Fig. 5(c). The heavy surface current distributions are
fully sunk in the DGS structure.

3.3. Mesh-shaped Coupling Variations

The variations of mesh-shaped couplings with CSRR are shown in
Fig. 6. The mesh number with n = 0, 2, 4, 6 and 8 for mesh are
studied for optimization. When the values of b1/b3 increases, the
rejection decreases gradually and the response symmetry as well as
flatness increases, while n = 0 keep constant. Whereas the number n
increases, the rejection decreases and the response flatness increases,
while b1/b3 = 0.47. In the case of mesh number n = 6 and b1/b3 = 0.47,
the CSRR based BPF can be available for design. The frequency
responses are presented in Fig. 7. The performance is listed in Table 2.
The photograph of the CSRR based BPF is presented in Fig. 8.

Table 2. Mesh sheped coupling results.

Simulation n = 0 n = 2 n = 4 n = 6 n = 8
f0 (GHz) 2.53 2.17 2.01 1.91 1.87

−3 dB BW (GHz) 1.77 1.90 1.88 1.81 1.83
FBW (%) 69.9 87.5 93.5 96 97.8

Min insertion loss (dB) −1.30 −0.99 −0.89 −0.85 −0.83
Zero Level

(dB)
Lower −51.01 −52.48 −51.88 −51.95 −51.42
Upper −46.18 −50.07 −52.20 −52.36 −54.73
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Figure 6. Mesh-shaped coupling variations.

Figure 7. Simulation results of mesh-shaped coupling variations.

Figure 8. Photograph of high pass filter. (a) Dual mesh-shaped
coupling, (b) CSRR, (c) CSRR and DGS.
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4. CONCLUSIONS

The novel configurations of CSRR with dual mesh-shaped couplings
and DGS are introduced to design the high performance of BPF. For
comparison, two CSRR-based BPF with dual mesh-shaped coupling
and/or DGS are studied. To obtain lower insertion loss (−0.82 dB),
symmetry and deeper transmission zero level (−51.88 dB), wider
bandwidth (BW =95.8%) and wider stop-band (extended to 4.2f0

below −20 dB rejection level) at the central frequency 1.92 GHz of the
pass-band and stop-band filter are presented.

These filters can achieve the wide pass-band and the good stop-
band. Its coupling way is efficient. The structure is smaller in size
and easy to fabricate. It can be applied to the UWB and microwave
systems.
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