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Abstract— Two coplanar waveguide (CPW) low pass filter
configurations based on rectangular dumbbell shaped
Symmetric-DGS (SDGS) and Asymmetric-DGS (ADGS) have
been designed and fabricated. For the designed filters, the
equivalent RLC parameters have been extracted. Performance
assessment of these filters has been carried out based on various
parameters like, cut-off frequency, pass-band width, pass-band
insertion loss, attenuation at resonant frequency, etc. The
fabricated CPW-ADGS filter shows pass-band width of 0.9 GHz
with attenuation at resonant frequency of -23 dB. IE3D
simulation results and theoretical results show good agreement
with measured results.

Keywords— Asymmetric Defected Ground Structure , Coplanar
Waveguide, Microwave filter.

I. INTRODUCTION

Filters play an important role in many microwave
applications, such as wireless communications and radar
systems. In this paper, two filters have been designed using
the Coplanar Waveguide (CPW) proposed by C.P. Wen in
1969 [1]. Compared with microstrip structures, the CPW
structures are more attractive because it requires only a single
metal level and offers greater design flexibility as well as ease
of fabrication. In 1987, Yablonovitch and Jhon proposed
Photonic Band Gap (PBG) [2] structure (or the term
Electromagnetic Band Gap Structure (EBG), usually preferred
in the microwave community). PBG/EBG structures are large
periodic arrays of defects to prevent the propagation of
electromagnetic waves in a certain frequency band. In
Defected Ground Structure (DGS) the periodicity is usually
not implemented and the structures are based on a single
defect (or a few defects) [3]. Apart from filters, DGS has
prominent advantages in many other applications such as
power dividers / couplers, amplifiers, and so on.

Filters can be implemented with shunt stubs or stepped-
impedance lines in a microwave circuit, but these techniques
require large circuit layout size and provide a narrow pass-
band and spurious pass-bands in stop-band. The low-pass
filter using DGS has a number of attractive features like,
simple structure, wide and deeper stop-band than that of a
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conventional low-pass filter, low insertion loss, and easy
circuit modeling.

The ref. [4] proposed EBG-CPW filter with double
periodicity with T-shaped capacitive load located at periodic
positions with strip width modulation. However, it required
larger circuit board area and had a limitation in microwave
circuit applications. Also, a few more complex EBG structures
have been proposed in [5]. Dumbbell shaped DGS was
explored first time by D. Ahn and applied to design a low-pass
filter on microstrip lines [6]. In [7] CPW filters using square
dumbbell DGS are proposed but it generates higher radiation
losses.

In this paper, design, analysis and testing of two DGS
filters have been carried out using CPW as a transmission line.
One is CPW-SDGS (Symmetric DGS) filter, in which
rectangular heads (upper and lower) of the dumbbell shaped
DGS are symmetric in size. Second is CPW-ADGS
(Asymmetric DGS) filter, in which rectangular heads (upper
and lower) of the dumbbell shaped DGS are not symmetric in
size. This work also explores the performance assessment of
the above two types of CPW-DGS filters based on the
following parameters: cut-off frequency at -3 dB, resonant
frequency, attenuation at resonant frequency, fractional
bandwidth at -10 dB, sharpness factor (at lower transition),
pass-band width, pass-band insertion loss, RLC equivalent
circuit components, quality factor, and percentage radiation
losses. The proposed CPW-ADGS filter shows pass-band
width of 0.9 GHz with attenuation at resonant frequency of
-23 dB.

II. DESIGN OF CPW-DGS FILTERS

Figure 1 and Figure 2 show the layout of CPW-SDGS filter
and CPW-ADGS filter respectively. The filter performance
has been simulated using IE3D simulation tool. CPW of 50 Q
characteristic impedance has been designed at 2.5 GHz, with a
length of 40.2 mm, strip width of w = 6 mm, and gap spacing
of s = 0.5 mm. As shown in Figure 1, the rectangular head of
the SDGS has dimensions, a =6 mm, b = 3.92mm, t = 6 mm,
g = 2 mm. As shown in Figure 2, the length of the upper
rectangular head (‘m’) of the ADGS is designed by increasing
10% of that of SDGS, i.e. ‘m’ is 10 % more than ‘a’ which



gives, m = 6.6 mm. And the length of the lower rectangular
head (‘n’) of the ADGS is designed by decreasing 10% of that
of SDGS, i.e. ‘n’ is 10 % less than ‘a’ which gives, n = 5.4
mm. The rest of the dimensions of ADGS are same as that of
SDGS. The total circuit size is 40.2 mm X 36 mm. The
substrate material is Arlon, with thickness of 1.6 mm, &, = 4.5,
tan 6 = 0.002.

Fig.1 Layout of CPW-SDGS Filter

Fig.2 Layout of CPW-ADGS Filter

III. ANALYSIS OF CPW-DGS FILTERS

Figure 3 shows the RLC equivalent circuit model of a DGS
unit [8]. It consists of the parallel RLC elements connected in
series with the transmission line of electrical length kd / 2’ on
both sides. Here, ‘k’ is the propagation constant along the line
without DGS and ‘d’ is the physical length of the transmission
line used. RLC parameters are calculated based on (1), (2), (3)
[9], where, resonant frequency is ‘fo’, -3dB cut-off frequency is
‘f.’, and characteristic impedance is ‘Zo’which is 50 Q.
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Fig.3 Equivalent RLC Circuit Model of DGS loaded transmission line [8]
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In the RLC circuit model, the lumped capacitance ‘C’ is
the gap capacitance, the inductance ‘L’ is related with the
extra magnetic flux passing through the apertures on the
ground plane, and the radiation effect is explained by
resistance ‘R’. The extracted RLC parameters based on EM
simulation are shown in the Table 1 below.

TABLE I. EQUIVALENT RLC CIRCUIT PARAMETERS

Filter f. fo Attenuation R L C
Type (GHz) (GHz) (a) at f, (KQ) | mH) | (pF)
(dB)
CPW- 2.52 3.20 -18.1 0.70 2.37 1.04
SDGS
CPW- 2.52 3.19 -24 1.48 2.39 1.03
ADGS

The ABCD matrix of the unit DGS is given by (4) [10]
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where, Z ®

T 1/R +1/jwl + jwC

After calculating ABCD parameters, now it is possible to
transform it in terms of scattering parameters, given by (6) and
(7) [11]. Since the filter is a reciprocal two port network,
Sii will be equal to S, where 1 and j are the ports of the two
port network.
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IV. RESULTS AND DISSCUSSION

Figure 4 and Figure 5 show the fabricated CPW-SDGS
filter and CPW-ADGS filter (as per the dimensions given in
section II) respectively. The measurements were carried out on
Vector Network Analyzer. The simulated, theoretical and
measured results are shown in Figure 6 and Figure 7, for CPW-
SDGS filter and CPW-ADGS filter, respectively.
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Fig.6 Resulting S-Parameters of CPW-SDGS Filter
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Fig.7 Resulting S-Parameters of CPW-ADGS Filter
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The performance assessment has been done based on
following parameters: Attenuation (o) at resonant frequency
(fo), Percentage Fractional Bandwidth (%FBW) at -10 dB,
Pass-band width at impedance matching, Quality (Q) Factor,
Percentage Radiation Loss (% 1) of the DGS is given by (8)
[12]. Here, Sharpness Factor (SF) at the lower transition is the
ratio of differential value of attenuation variation to differential
value of corresponding frequency variations, which in turns
gives the gradient of the transition in (dB/GHz). The
performance assessment of CPW-DGS filter reported in ref. [7]
has been done based the S-parameters plot given in it.

Equation no. (8) shows, when R goes to infinity, the
radiation losses due to DGS will be zero.

L (8
=
T + 204
4Zy R
TABLE II. PERFORMANCE ASSESSMENT
SF
a at fy % PBW Q
Reference (dB/ %1
(dB) FBW GHz) (GHz) Factor
[7] -14 11.67 5.78 0.76 5.14 31.9
This Work -17.5 13.1 19.33 0.9 11.48 23.1
CPW-SDGS
This Work -23 12.18 | 25.64 0.9 23.18 13.1
CPW-ADGS
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As per the performance evaluation shown in Table 2, more
attenuation (a) at the resonance frequency can be achieved if
the square headed dumbbell DGS (as reported in ref. [7]), is
replaced by rectangular headed dumbbell DGS. Maximum
attenuation of -23 dB is provided by CPW-ADGS filter. Wide
%FBW (at -10 dB) is offered by CPW-SDGS filter at good
impedance matching. Highest sharpness factor (at lower
transition) of 25.64 dB / GHz is given by CPW-ADGS filter
than the other two cases. Proposed CPW-ADGS filter shows
least radiation losses of 13.15 % compared to other two cases.
Both the proposed filters gives more pass-band width (0.9
GHz) than that of the filter reported in ref. [7].

V. CONCLUSION

Two configurations of CPW-DGS filters have been
designed, analyzed and fabricated. A novel CPW-ADGS filter
has been proposed in this paper as an alternative to
conventional low-pass filter with improved performance. This
CPW-ADGS filter has been designed just by a slight variation
(only 10%) in the lengths of the rectangular heads of CPW-
SDGS filter. The performance of these two proposed filters
has been compared and found better than the earlier reported
work. The measured filter response on fabricated DGS filter
shows good agreement with the simulated and theoretically
calculated response.
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