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D-CRLH Based Band Rejection Filter using a Concavo-Convex Coupled
CPW Transmission Line
Soo-Duk Seo*, Hak-Rae Cho* and Doo-Yeong Yang†
Abstract – In this paper, the use of a dual composite right/left-handed coplanar waveguide (CPW)
transmission line is proposed for the design of a band rejection filter. The notch property of the filter is
achieved by combining the convex signal line with the shorted concave meander line, and the
equivalent circuit model is extracted from the geometry of the unit cell for organizing the band
rejection property. Then the equivalent parameters of the unit cell are analyzed to identify those
behaviors. And the dispersion characteristics and energy distributions are simulated. In the end, the
band rejection filter is manufactured by cascading two proposed unit cells. We show that the
measurement result for the resonant frequency demonstrates good agreement with the simulation result
and the band rejection filter provides a rejection performance of 17.5 dB at the stopband frequency
ranging from 869 MHz to 894 MHz.
Keywords: D-CRLH, Band rejection filter, Notch property, Convex signal line, Shorted concave
meander line

1. Introduction
Over the past decade, metamaterials (MTMs) with
simultaneously negative values of ε and μ have received
extensive attention in many areas. Special properties of
this material were demonstrated experimentally in [1]
and [2]. After that, a left-handed (LH) transmission line
approach was introduced. This approach was applied to
the efficient design of microwave applications owing to
the wide bandwidth, low loss and size miniaturization.
The conventional structure for the LH transmission line
is called a conventional composite right/left-handed (CCRLH) structure [3-7], which has both a LH range due to
the effect of the loading elements and a right-handed (RH)
range due to the parasitic elements of the transmission line.
On the other hand, there is a dual structure of C-CRLH
known as a dual composite right/left-handed (D-CRLH)
[8-13]. The D-CRLH transmission line exhibits a RH
passband at low frequencies and a LH passband at high
frequencies, which correspond to the band rejection
property.
A coplanar waveguide transmission line (CPW TL),
utilized to compose the D-CRLH property, has been
widely used in microwave integrated circuits (MIC) and
monolithic microwave integrated circuit (MMIC) since the
signal line and ground planes are placed on the same
layer, which makes it easy to facilitate shunt connections
and fabrication [14, 15].
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In this paper, a unit cell with D-CRLH band rejection
property on the CPW TL is investigated. In order to
obtain the band rejection property, the concave meander
line, coupled with the convex signal line, is connected in the
metallic ground plane of CPW TL. From this configuration,
the equivalent circuit model for the unit cell is extracted
and analyzed. The behaviors of the parameters in the unit
cell are simulated using the high frequency structural
simulator (HFSS) [16]. Additionally, the dispersion characteristics and energy distribution of the electromagnetic
field are simulated to validate the property of the unit cell.
Finally, the band rejection filter is designed and fabricated
by cascading the proposed unit cells and the S parameters
of the filter are measured by a vector network analyzer
(Agilent N5230A). The simulation results are then compared
with the measurement results.

2. Unit Cell Based on D-CRLH CPW TL
Fig. 1 shows the physical geometry of the proposed unit
cell based on the modified D-CRLH with a concave
meander line connected on the ground plane of CPW. The
unit cell is designed on the substrate with a thickness of H
= 0.787 mm, a dielectric permittivity of ε r = 2.5 and a
conductor thickness Tc of 35μm. Moreover, the input and
output ports of the unit cell are set to a 50 Ω characteristic
impedance in the CPW configuration, which results in a
feeder line width W = 8.74 mm and the gap width between
the feeder line and the side ground planes being G = 0.3
mm.
The parallel coupled CPW transmission line can be used
to construct many types of filters. In particular, a coupled

Copyright ⓒ The Korean Institute of Electrical Engineers
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

463

D-CRLH Based Band Rejection Filter using a Concavo-Convex Coupled CPW Transmission Line

line band rejection filter can be easily fabricated using a
CPW TL, for bandwidths less than 20%. In this study, the
coupled line filter is implemented and combined a convex
signal line with a shorted concave meander line section
whose length is a quarter-wavelength of the notch center
frequency.
The concave meander line is placed on a side ground
plane of CPW TL. One side of the meander line is shorted
to the adjacent ground plane and the other is opened. In
order to improve the coupling effect between the convex
signal line and the concave meander line, the geometry of
the proposed unit cell is constructed as Fig. 1. The narrowband band rejection filter can be made with the cascaded
coupled line sections shown in Fig. 1. In an effectively
homogeneous structure defined as electromagnetic MTMs,
the physical length l of a conventional D-CRLH geometry
is required to be smaller than one fourth of the guided
wavelength. Thus, the length l of the proposed unit cell
should be smaller than a quarter-wave length, at the least.
To drive the design equations for this type of filter, we
first show that a single coupled line section can be
approximately modeled by the equivalent circuit shown in
Fig. 2(a).
Z in1 =

2 Z 0e Z 0o cos θ
( Z 0e + Z 0o ) 2 cos 2 θ − ( Z 0e − Z 0o ) 2
Z in 2 =

Z 0e Z 0o
Z in1

(a)

(1)
(2)

Zin1 and Zin2 are the input impedances at port 1 and 2
[17].
Z0e and Z0o are the characteristics impedance of the
parallel coupled CPW TL in even and odd mode [15, 18].
θ is the electrical length of the coupled line section
with 2 π l/ λ . The length of the coupled line section in (1)
is equal to approximately θ = π / 2 and l = λ / 4 , which
corresponds to the center frequency of the band rejection
response. In this case, as the Zin1=∞, Zin2=0, input signal at
the port 1 does not transmit to port 2 and the signal at port
2 does not couple to the meander line. The band rejection
characteristics occur when the electrical length of the
coupled meander line is a quarter-wave length. However, at
the other frequencies, the input signal transmits into the
output port without attenuation.
For a low loss CPW TL, the coupling model for the unit
cell shown in Fig. 1 consists of both a series-connected
parallel resonant circuit and a shunt-connected parallel
resonant circuit, as shown in Fig. 2 (a). As this resonant
configuration contributes an additional coupling capacitance
component to the property of the convex signal line, it can
be modeled as a series RLC circuit of parallel resonance.
Also, as the shorted concave meander line is set to a
quarter of a wavelength for the notch frequency, it can be
equivalently modeled as a shunt GLC circuit of parallel
resonance. Therefore, the equivalent circuit for the unit cell
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Fig. 1. Physical geometry of the unit cell

(b)
Fig. 2. Equivalent circuit for the unit cell (a) coupling
model and (b) simplified model

can be represented as shown in Fig. 2 (b). In the equivalent
circuit components using a low-loss CPW TL, the coupling
capacitance C12 of the series-connected RLC parallel
resonant circuit depends on the coupling gap between the
convex signal line and the shorted concave meander line.
In addition, the inductance LR and the capacitance CR
mainly depend on the length and width of the convex signal
line. In particular, the inductance LRe and capacitance CRe
of the shunt-connected GLC shunt resonant circuit rely on
the dimensions of the shorted meander line and play an
important role in the band rejection property. The RS and
GS depend intimately on the conductivity of the conductor
and dielectric substrate of CPW TL, respectively.
Consequently, the equivalent impedance Z, admittance Y,
the series resonant frequency ωse of the coupled CPW TL
and the shunt resonant frequency ωsh of the meander line
can be formulated as follows:
Z=
Y=

( RS + jω LR ){1 − (ω / ωse ) 2 − jω RS C12 }
{1 − (ω / ωse ) 2 }2 + (ω RS C12 ) 2

(3)

GS {1 − (ω / ωsh ) 2 } + jω[CRe + CR {1 − (ω / ωsh ) 2 }]
(4)
1 − (ω / ωsh ) 2
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ωse =

1
LR C12

, ωsh =

1
LRe CRe

(5)

The propagation constant, attenuation constant and
phase constant of the equivalent circuit model can be
calculated from the transmission parameter of S21 .

γ = α + j β = ZY
1
= − [ ln( S21 ) + jφ ( S21 )]
l

(6)

The dispersion characteristics of β generally appear as
a continuous function of frequency in the form of a curve
varying within β ≤ π . The l and φ ( S21 ) represent the
physical length of the unit cell in a specific implementation
and the phase of S21 , respectively.

3. Simulation Results of the Unit Cell
To investigate the sensitivities of the parameters in the
unit cell, the main parameters S0, S1, X2 and Y2 are chosen
to test. The insertion loss characteristics for the variation of
the main parameters are shown in Fig. 3. When S0 and Y2
are increased, the length of the concave meander line
grows longer and the coupling area becomes wider. As a
result, the resonant frequency decreases as shown in Fig.

3(a) and (b). It can be denoted as the values of LRe and CRe
increasing. Meanwhile, based on widening the coupling
gap S1, the resonant frequency increases as shown in Fig.
3(c) since the weakened coupling resonant effect decreases
the C12 component. In addition, the resonant frequency
tends to go to lower frequencies as shown in Fig. 3(d)
when X2 increases. The reason why LRe and CRe have larger
values is that the coupling area and the length of the
meander line grow larger. The equivalent immittance
parameters referenced in [14-16] are RS = 0.54 Ω, LR = 2.6
nH, CR = 1.02 pF, C12 =0.14 pF, GS = 0.001 S, LRe = 12.58
nH and CRe = 2.55 pF, respectively.
Fig. 4 shows the dispersion characteristics of the unit
cell, which were obtained through HFSS using S-parameter
values. It can be seen that the unit cell exhibits a lowfrequency RH passband from DC to 824MHz, a midfrequency stopband from 869MHz to 894MHz and a highfrequency RH passband above 895MHz. The LH passband
exists in the intermediate frequency range of 824MHz to
869MHz. Therefore, the proposed unit cell includes DCRLH characteristics.
The energy distribution of electric fields is shown in
Fig. 5(a), corresponding to the accumulated energy
distribution of the capacitance C12 generated in proportion
to the coupling gap between the convex signal line and
the shorted concave meander line. As time elapses, the
electric energy turns out to be the magnetic energy and
the magnetic energy distribution corresponds to the

(a)

(c)

(b)

(d)

Fig. 3. S21 (dB) characteristics as a function of geometrical parameters: (a) S0, (b) Y2, (c) S1 and (d) X2
http://www.jeet.or.kr │ 465

D-CRLH Based Band Rejection Filter using a Concavo-Convex Coupled CPW Transmission Line

Table 1. The physical dimensions of the unit cell
Parameters
Values (mm)
Parameters
Values (mm)
Parameters
Values (mm)
Parameters
Values (mm)

Gr
10
Gry
2.8
Y0
4
S2
2

L
36.9
X1
0.7
Y1
1
S3
2.5

G
0.3
X2
7
Y2
11
S4
0.9

W
8.74
X3
4.9
S0
0.8

Grx
1
X4
9.6
S1
0.3

Fig. 4. Dispersion characteristics of the unit cell

(a)

Fig. 6. S-parameter simulation and measurement results of
the unit cell

measurement shows that the unit cell has a small return
loss of less than 2 dB and a band rejection property of 12
dB in the stopband from 869 MHz to 894 MHz.

4. Measurement Results of the Band Rejection
Filter
(b)
Fig. 5. Energy distributions of the electromagnetic field: (a)
Electric energy and (b) magnetic energy

accumulated energy distribution of the inductance LRe,
which is distributed on the shorted concave meander line.
This process is repeated while the signal energy transmits
from the input port to the output port. Eventually, the unit
cell obtains the characteristics of preserving the input
electromagnetic energy and transmitting the energy to the
output port with a small loss, as well as band rejection
frequency selectivity.
The unit cell is fabricated in dimensions in Table 1 and
the measurement results are obtained with an Agilent
N5230A vector network analyzer. A comparison of the Sparameter simulation and measured results is provided in
Fig. 6. It shows that the measurement results have good
agreement with the simulation results regarding resonant
frequency. The simulated resonant frequency of the unit
cell is 881 MHz and the measured resonant frequency is
880 MHz, with an error of 0.11% at the most. The
466 │ J Electr Eng Technol.2016; 11(2): 463-469

Based on the properties discussed above, the proposed
unit cell can be used for band rejection filter design. In order
to obtain the desired passband and sufficient suppression in
the stopband, two unit cells are adjusted by X4 and
cascaded in a series through the separation of S5.
Fig. 7 shows the effect of the variation of the S5 and X4
parameter. As shown in Fig. 7 (a), the S5 has to be separated
at a far enough distance to obtain the desired bandwidth
and band rejection. When the gap distance S5 is less than
10.6 mm, the parasitic coupled capacitance coupled
between the two shorted meander lines grows larger. The
capacitance changes to resonant frequency and rejection
bandwidth, creating bad effects. In addition, after adjusting
the total effective length of the shorted meander line to a
quarter- wavelength and according to the variation of the
length of X4, the rejection performance and resonance
frequency of the filter can be adjusted in detail, as shown
in Fig. 7 (b). The notch bandwidth and band rejection
performance are achieved very well when the S5 and X4 set
to 8.9 mm.
Fig. 8 shows the physical geometry of the proposed band
rejection filter. The dimensions are shown in Table 2.
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Table 2. Physical dimensions of the band rejection filter
Parameters
Values (mm)
Parameters
Values (mm)
Parameters
Values (mm)
Parameters
Values (mm)

Gr
10
Gry
2.8
Y0
4
S2
0.9

L
75.8
X1
0.7
Y1
1
S3
4.1

G
0.3
X2
7
Y2
11
S4
0.9

W
8.74
X3
4.9
S0
0.8
S5
8.9

Grx
1
X4
8.9
S1
0.3

(a)

(b)

(a)

(b)
Fig. 7. S21 (dB) characteristics of the band rejection filter
as a function of geometrical parameters: (a) S5, and
(b) X4.

A comparison of the simulation and experimental
results is given in Fig. 9, which shows good agreement
from the point of view of the resonant frequency of 880
MHz. The measured result shows the band rejection of
17.5 dB at the stopband from 869 MHz to 894 MHz. In
practical implementation, the suppression performance
over the stopband didn’t constitute a sufficient condition as
well as the simulation results because of the dispersive and
parasitic loss of the CPW TL.

5. Conclusion
A band rejection filter has been realized with cascading

Fig. 8. Physical geometry of the proposed band rejection
filter: (a) Simulated layout pattern and (b)
fabricated layout pattern

Fig. 9. S-parameter simulation and measurement results of
the band rejection filter

unit cells based on the D-CRLH transmission line theory.
The physical geometry of the unit cell, which combines the
convex signal line with the shorted concave meander line,
is presented. The equivalent circuit model for the proposed
unit cell has been constructed from the simulation results
of its design parameters. The modified model, based on the
D-CRLH CPW transmission line, consists of a series RLC
circuit of parallel resonance and a shunt GLC circuit of
parallel resonance. From the dispersion diagram, the unit
cell exhibits a low-frequency RH passband in DC-824
MHz, an intermediate LH passband in the range of 825 to
868 MHz, a mid-frequency stopband in the range of 869 to
894 MHz and a high-frequency RH passband above 895
MHz. As a result, the band rejection filter has been
fabricated by cascading two proposed unit cells. We show
that the filter has a band rejection property of 17.5 dB in
http://www.jeet.or.kr │ 467
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the stopband frequency range of 869 MHz to 894 MHz.
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