Design of coplanar waveguide band-pass filter for S-band application
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Abstract: Coplanar waveguide (CPW) has a huge demand for designing band-pass filter (BPF). In this study, the filter designed by open-
ended CPW series stub which acts as a resonant circuit thus giving a band-pass response. As the number of open stub discontinuity is
increased, the frequency response and roll-off rate of the proposed BPF has improved gradually. Electromagnetic simulated and measured
results show a very good agreement with each other. The proposed filter is designed to obtain a frequency range of 1.97—4 GHz (S-band)
having rising edge and falling edge selectivities of 35.9 and 45.7 dB/GHz, respectively.

1 Introduction

Band-pass filter (BPF) is an important component of every trans-
receiver. It is a passive component which selects certain bands of
frequencies and rejects frequencies outside of the specified range,
especially those frequencies which have the potential to interfere
with the information signal. Previously, many research papers
showed the design mechanism of compact BPF, parallel coupled
BPF of image parameter method [1]. Coplanar waveguide (CPW)
technology has a major advantage of easy integration with
lumped elements as well as active components. Moreover, in
CPW technology, the characteristic impedance is determined by
the ratio of w/(w +s), so size reduction is possible without limit.
The realisation of CPW BPF by the discontinuity of the open
stub has been proposed previously [2—4].

In this paper, an S-band BPF is designed by utilising CPW tech-
nology, having a major advantage of easy integration with lumped
elements as well as active components, which is strongly desired in
communication systems. The S-band spectrum is a leading applica-
tion in the field of satellite mobile services, and is also used by
weather radar, surface ship radar and by the National Aeronautics
and Space Administration to communicate with the space shuttle
and the International Space Station [5]. Our filter has not only con-
sidered the length of the open-ended series stub to form the equiva-
lent resonant circuit at any particular resonant frequency, but has
also optimised the width of the slots to form the discontinuity,
such as the frequency response is achieved to obtain the bandwidth
of 2-4 GHz, and by multiple series stubs arranged accordingly to
achieve sharp selectivity and low insertion loss. Circuit cross talk
parasitic radiation is minimised by series stubs being arranged in
the central strip, and by fields being confined to the central strip
only. Furthermore, air bridges are not required because of the sym-
metry of discontinuities [3].

The BPF is constructed using flame retardant 4 (FR4) substrate
material of thickness 1.59 mm, relative dielectric constant of 4.4
and loss tangent of 0.02, which is a single side plated copper
coated board (CCB). The software used for simulation of designs
is carried out by the computer simulation technology (CST)
software which computes by the field solving technique method
of moments.

2 Design of open-ended series stub

In CPW technology, a series stub is designed by creating a discon-
tinuity in the central strip by implementing two slots originating
from the edge of the central strip on both sides of the ground,
such that the slots are connected to each other as shown in
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Fig. la. At the end of the discontinuity or series stub, an open
circuit is created which gives a short circuit at the input port for a
length of quarter wavelength of the stub, that is, 1,/4 where A, is
the guided wavelength and thus giving a band-pass response [6].

The characteristic of this CPW circuit primarily depends on the
length ‘L’ as depicted in Fig. 1. Now if the length is near to the
quarter wavelength (~A4/4), then it will behave as a resonant
circuit of resonating frequency of which the quarter wavelength is
considered. Otherwise, if the length is considered to be too small
(<44/10), then the same component will behave as an equivalent
capacitance [7].

Thus, we will focus on the length of the stub to be quarter wave-
length

L=2/4 (1)
where 4, is the guided wavelength and is given by
/\g = Ao/ /Eett @

where & is the effective permittivity and is approximately given
by

Eepr = (8, +1)/2

The discontinuity formed will be that of a quarter wave open-ended
CPW series stub. Therefore the equivalent transmission line model
as shown in Fig. 15, which shows an open-circuited stub of length
Ag/4 which transforms a short circuit at the starting terminal of dis-
continuity which is responsible for a band-pass response.

3 BPF using oppositely oriented open-ended stub

The basic filter design is constructed by implementing two A,/4
open stub oppositely oriented such that the discontinuities of each
stub are close to each other as shown in Fig. 2a. The pattern
formed with these slots is like a metal I-shape at the central strip,
keeping in mind that the discontinuities must be kept closer to
each others which provides a greater field confinement.

The length of the stub is chosen to have a centre frequency near
to 3 GHz and the gaps have been optimised to have a good response
[8]. This schematic diagram is then simulated using CST software
and the result obtained is that of BPF having a 3 dB pass band
from 1.87 to 4.04 GHz, thus covering the S-band with low insertion
loss of —0.35 dB but the roll-off rate is observed to be poor as
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Fig. 1 Central strip on both sides of the ground such that the slots are connected to each other
a Open-ended series CPW stub
b Equivalent transmission line model
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Fig. 2 Basic filter design is constructed by implementing two oppositely oriented Ay/4 open stub
a Schematic of two oppositely oriented open-ended series stub (all dimension in millimetres)
b EM-simulates S-parameter responses
shown in Fig. 2b having rising edge selectivity of 12 dB/GHz and compared with electromagnetic (EM)-simulated results and good
falling edge selectivity of 14.65 dB/GHz. agreement is obtained as shown in Fig. 3b.

As open-ended series stub of length A,/4 transforms a short
circuit at the starting terminal of discontinuity, the equivalent
circuit model can be realised by the parallel inductance and capaci- 4  Design of the proposed BPF
tance (LC) resonator circuit as shown in Fig. 3a. The simulated

. S . oo Now in order to increase the sharpness of the filter, the order of the
results of the equivalent circuit model as described in Fig. 3a are

filter needs to be increased thereby its component in the design.
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Fig. 3 Simulated results of the equivalent circuit model
a Equivalent circuit modelling
b Comparative study of circuit simulated and EM-simulated response
This is an open access article published by the IET under the Creative Commons J Eng, 2015, Vol. 2015, Iss. 3, pp. 111-114

Attribution License (http:/creativecommons.org/licenses/by/3.0/) doi: 10.1049/joe.2014.0347



Fig. 4 Open-ended stub in series
a Schematic of BPF using three open-ended series stub
b EM-simulates S-parameter responses
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Fig. 5 Layout design of the proposed CPW BPF is given along with its precise dimensions
a Schematic of the proposed BPF using four open-ended series stub in symmetric manner (all in millimetres)

b EM-simulates S-parameters

Hence we add another open stub in series with the previous figure as
seen in Fig. 4a. It is then simulated to observe the result as shown in
Fig. 4b having a bandwidth of 2 GHz, ranging from 2 to 4.02 GHz
with an insertion loss of —0.88 dB having an improved sharpness in
the band-pass response of 18.89 and 34.69 dB/GHz rising edge and
falling edge selectivities, respectively.

To obtain more sharp BPF or to achieve sharp skirt-selectivity,
another stub is provided on the other side to have a complete sym-
metric structure such that a good possible compactness is imple-
mented to achieve a greater field confinement within the circuit
than that of other straight open stub in series or shunt stubs. It is
also to be noted that the order of the filter is also increased; that
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Fig. 6 Comparative study of open-ended series stub BPF
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is, the number of poles increases as the number of series stubs
are increased. Finally, a three pole BPF has been obtained with
quite higher selectivity or roll off. The layout design of the CPW
BPF is given along with its precise dimensions as shown in
Fig. 5a. Now this layout design is simulated and the corresponding
result shows an S-band filter response from 1.97 to 4 GHz with an
insertion loss of —1.07 dB and here we observe the sharp selectivity
of 35.9 dB/GHz at the rising edge and 45.7 dB/GHz at the falling
edge as shown in Fig 5b.

Then, we made a comparative study starting from the first
diagram of two oppositely oriented open stubs, then three stubs,
and finally four stubs, and the response is observed. We have
seen that the bandwidth for all the cases is almost the same from
2 to 4 GHz but there is a notable change in the sharpness of the
filter response; as the number of stubs is increased, the roll-off
rate of the BPF response improves gradually, as shown in Fig. 6.
However, with the increase of stub discontinuities, the insertion
loss slightly increases, although the loss is quite low.

Fig. 7a shows an equivalent lumped circuit model for the pro-
posed BPF having four open stubs in a symmetric manner. This
lumped model has been further simulated with quite universal
circuit simulator and the results are also similar to the
EM-simulated response as shown in Fig. 7b.

Finally, this schematic diagram of multiple stub series CPW BPF
is then fabricated using a single side copper plated FR4 substrate
having relative permittivity £, =4.4 and the height of the substrate
to be 1.59 mm. After proper pattern being etched on the material,
it is then connected to 50 Q SMA connectors at both the ports
and the complete fabricated picture is shown in Fig. 8a. The scatter-
ing parameters of fabricated structure are then measured by Agilent
make Vector Network Analyzer (model N5230A) and the result
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Fig. 7 Equivalent lumped circuit model for the proposed BPF having four open stubs

a Circuit equivalent of the proposed BPF

b Comparison of EM-simulates and circuit simulated S-parameter responses
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Fig. 8 Ports and the complete fabricated picture
a Fabricated prototype of the proposed BPF
b Comparison between simulated and measured S-parameters

obtained is compared with the previous simulated response, which
is observed to have near agreement in the response as shown in
Fig. 8b.

5 Conclusion

A BPF is constructed by open-ended CPW series stub which acts as
a resonant circuit, thus giving a band-pass response. In this paper,
the sharpness of the filter has been improved by proper arrangement
and increase of series open-ended stubs, thus providing higher-
order BPF. As it is designed with CPW technology having a com-
plete uniplanar structure, there is an ease of fabrication to a single-
sided CCB board and a good relaxation in design, as it primarily
depends on the width to gap ratio. This multiple series stub
design is easy to design and fabricate, not requiring any via holes
or air bridge but providing a simple yet effective way to design a
filter having a very good roll-off rate. Moreover, the simulated
and measured results show a very good agreement with each
other. S-band BPF is utilised over the application of satellite and
radar communication.
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