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Abstract

New coplanar waveguide (CPW) filters with a fork-
shaped defected ground structure (DGS) are proposed
for radio-frequency (RF) and microwave applications.
The miniature CPW DGS filters developed are based
on the silicon technology. The filters are able to
provide the bandstop characteristics with high
attenuation in the stop band and low insertion loss in
the pass band. A typical filter designed for Ka-band
satellite communication systems exhibits an attenuation
0of 26.3 dB at a resonant frequency of 28.35 GHz.
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1. Introduction

The coplanar waveguide (CPW) technique has long
been an attractive subject in the microwave field
because of its unique structure advantages [1]-[3]. First,
since that the signal line and the ground planes are on
the same plane of the substrate, there is no via hole
process is needed and the fabrication of the CPW is
simpler than that of the microstrip line. Secondly, the
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CPW provides greater design flexibility because the
widths of the slots and signal line of the CPW can be
easily adjusted for the determination of the
characteristic impedance as compared with the
microstrip line.

Radio-frequency (RF) and microwave filters have
been widely used in communication systems [2], [4]-
[6]. In the Ka-band satellite communication systems
[7]-[10], the bandstop filters are often needed in the
frond-ends of the systems. The bandstop filter in the
receiver of the earth station is required to pass the
downlink signals from the antenna and eliminate the
uplink signals from the transmitter.

In this paper, CPW bandstop filters are developed
for the Ka-band satellite communication systems. The
filters adopt the defected ground structure (DGS)
which has the etched pattern in the ground plane of a
transmission line [11]-[13]. The CPW filters with a
fork-shaped DGS topology perform excellent bandstop
characteristics. The equivalent circuit modeling of the
filters is established and discussed in detail.

2. Structure

Fig. 1 shows the structure of the proposed CPW
bandstop filter with the fork-shaped DGS. The
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Fig. 1: Structure of CPW bandstop filter with fork-shaped DGS.
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Fig. 2: Equivalent circuit model of proposed CPW bandstop
filter.

substrate of the filter is the high-resistivity silicon
semiconductor with a thickness of 675 um. The
dielectric constant of the silicon is 11.9. On the top of
the silicon wafer, a layer of silicon dioxide with a
thickness of 0.5 gm is grown. A 2-um copper metal
layer is deposited on the silicon dioxide. The CPW
metal layer is patterned by lithography. The CPW filter
has the fork-shaped defects in the metallic ground
planes. The circuit size of the filter is 1 mm x 2 mm.
The geometric parameters 4 and B are designed to
comply with the frequency response requirements of
the communication systems.

3. Design

The design of the filters is performed by the full-wave
electromagnetic (EM) simulator Zeland IE3D. The
microwave characteristics of the filters are associated
with the geometric dimensions of the etched fork-
shaped defects.

The equivalent circuit model of the CPW bandstop
filter is constructed according to the physical structure
of the filter. Fig. 2 shows the equivalent circuit model
with an inductor L, a resistor R, and a capacitor C. The
bandstop response is modeled by the LC resonator. The

attenuation property at the resonant frequency is
indicated by the resistor R.

Fig. 3 shows the microwave characteristics of the
CPW DGS filter. Both the geometric parameters 4 and
B of the filter are 300 gm. Not only the EM simulation
results but also the equivalent circuit modeling
characteristics are shown. The bandstop performance is
realized by the fork-shaped DGS topology. The
resonant frequency is 28.35 GHz. The attenuation at
the resonant frequency is 26.3 dB. The —10-dB band
ranges from 27.0 to 29.80 GHz and the
corresponding —10-dB bandwidth is 2.8 GHz. The
extracted inductance and capacitance of the equivalent
circuit model are 0.1692 nH and 0.186 pF, respectively.
The equivalent circuit modeling results agree with the
EM simulation data. The filter exhibits enough
attenuation at the transmission frequency band from
276 to 29.1 GHz for the Ka-band satellite
communication systems. The low insertion loss is
obtained by the filter at the receiving frequency band
from 17.8 to 19.3 GHz.

The characteristics of the CPW filters are
determined by the geometric dimensions of the fork-
shaped DGS. The geometric parameters A and B are
varied in order to study the effect of the geometric
dimensions of the filters. At first, the geometric
parameter A4 is increased from 300 to 600 4m with an
increase step of 150 um while the geometric parameter
B is kept at 300 um. Fig. 4 shows the microwave
characteristics of the filters. The resonant frequencies
for the 4 values of 450 and 600 xm are 23.45 and
19.00 GHz, respectively. The —10-dB bandwidths for
the 4 values of 450 and 600 gm are 2.20 and 1.90 GHz,
respectively. The increase in parameter 4 causes the
reduction in both the resonant frequency and —10-dB
bandwidth. The equivalent inductances and
capacitances of the filters for the changes in the values
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Fig. 3: Microwave characteristics of CPW bandstop filter with 4 = 300 x#m and B = 300 zm.
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Fig. 4: Microwave characteristics of CPW bandstop filters
with B =300 um for different values of parameter A.
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Fig. 5: Equivalent inductances and capacitances of CPW

bandstop filters with B = 300 gm for different values of
parameter 4.

of the geometric parameter A are shown in Fig. 5. The
increase in the parameter A effectively enlarges the
equivalent inductances and capacitances of the filters.
After the study of the influence of the parameter 4,
the effect of the parameter B is also investigated. Fig. 6
depicts the microwave characteristics of the filters with
A =300 um for the changes of the B values from 300 to
600 um. It is observed that the resonant frequency
changes from 28.35 to 20.55 GHz when the parameter
A increases from 300 to 600 um. Fig. 7 shows the
equivalent inductances and capacitances of the filters
for different values of the parameter B. The equivalent
inductances increase with the increasing B values while
the equivalent capacitances are kept almost the same.
The CPW filters with the fork-shaped DGS
contribute the inductive and capacitive loads in the
transmission line and display the slow wave effect
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Fig. 6: Microwave characteristics of CPW bandstop filters
with 4 =300 um for different values of parameter B.
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Fig. 7: Equivalent inductances and capacitances of CPW
bandstop filters with 4 = 300 um for different values of
parameter 5.

which miniaturizes the circuit size. The developed
filters can be applied to the Ka-band satellite
communication systems. By adjusting the geometric
dimensions of the CPW DGS structures, the filters can
be employed for more RF and microwave applications
in other frequency bands such as K, Ku, and X bands.

4. Conclusion

The novel CPW bandstop filters have been
demonstrated by the silicon technology. The filters
with the fork-shaped DGS have exhibited compact
circuit dimensions and outstanding stopband and
passband characteristics because of the slow-wave
effect. The characteristics of the CPW DGS filter can
be easily designed by the proper adjustment of the
DGS geometric dimensions. The developed CPW DGS




bandstop filters can be applied to the RF and
microwave communication systems.
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