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Abstract - A novel square open-loop dumbbell-shaped
defected ground structure (DGS) unit is proposed. This unit
provides a quasi-elliptic bandpass characteristic and the two
transmission zeros near the passband edges can be controlled by
the dimensions of DGS. Two quasi-elliptic bandpass filters using
one and two DGS units; centered at 1.5 GHz were designed and
implemented. Both the simulation and experimental results
show that the DGS filter response is in good accordance with
ideal quasi-elliptic model. The prototype filter with two DGS
units yields higher order quasi-elliptic filtering and reports the
measured 0.72 dB as insertion loss, 34 dB as matching, 51.8 %
fractional bandwidth and about 20 dB stopband attenuation up
to 10 GHz
Index Terms - Defected ground structure (DGS), bandpass
filter, finite transmission zero, quasi-elliptic.

II. NOVEL OPEN-LooP DUMBBELL BANDPASS DGS UNIT AND

ITS CHARACTERISTICS

The proposed open-loop dumbbell-shaped bandpass DGS
unit is shown in Fig. 1(a). It has a pair of end-coupled
microstrip lines with equal-length on the top and a dumbbellshaped outline symmetrically etched in the ground plane. The
etched pattern consists of two identical square-loops having
open-loop edge length (L) together with open-ends (g) and a
slot-line (named dumbbell-arm) connected between them. In
this configuration, the dumbbell-arm is aligned with the
microstrip line on the top. In contrast to the conventional
dumbbell DGS configurations [1-4], this DGS unit has a 90degree difference in the geometrical orientation.

I. INTRODUCTION

Conventional defected ground structure (DGS) element
uses a square dumbbell-shaped pattern etched in the ground
plane with a microstrip line on the top. This DGS element
offers the lowpass characteristic with one finite transmissionzero. Using this element to implement the lowpass filter (LPF)

[1, 2] and bandpass filter (BPF) [3 - 4], the filter stopband
attenuation can be improved.
Recently, a bandpass type DGS unit was proposed, which
uses a circular dumbbell-shaped DGS element in
collaboration with an end-coupled microstrip line [4]. The
passband is bounded by two transmission zeros. One is at DC
and the other at some higher frequency. The zero at DC is
imposed by the end-coupled line whilst the higher-frequency
transmission zero is generated by the above DGS pattern.
Thus, additional stubs and DGS elements are required to
obtain the needed bandpass response; for example the ones
with two finite zeros near the proximity of the passband edges.
In this paper, a novel open-loop dumbbell-shaped DGS unit is
proposed. It offers a quasi-elliptic bandpass characteristic
bounded by dual finite controllable transmission-zeros. It is
found that these two zeros can be controlled by the DGS
dimensions, so that BPFs with different center frequencies
and bandwidths can be easily designed. To examine the
usefulness of the proposed DGS unit, two quasi-elliptic BPFs
centered at 1.5GHz using one and two units are designed and
compared with the traditional bandpass type DGS BPF as
well as ideal quasi-elliptic bandpass model, respectively.
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Fig. 1. (a) Open-loop dumbbell-shaped bandpass DGS unit. (b)
Bandpass characteristic with finite transmission zeros.

528

lower transmission-zero frequency is increased from 0.6 GHz
to 1.92 GHz whereas the upper ones is decreased from 5.82
GHz to 2.22 GHz; resulting the much narrower bandwidth.
The corresponding FBW due to the above open-end offsets
are also plotted against the passband insertion loss as in Fig.
3(b). The FBW ranges from 115 % to 6.7 % but the
associated insertion loss becomes higher as the open-end
offset increases. Especially a serious loss at the passband will
be observed when the open-end offset is larger than 15 mm,
i.e., the open-end is located near the upper outer corner ofthe
loop.

An example of the proposed bandpass DGS unit, with the
DGS dimensions of L = 12 mm, w = 1 mm, d = 6 mm, g =
0.4 mm, and s = 2 mm and the 50 Q end-coupled line
dimensions of L1 = 20.8 mm, w1 = 3.5287 mm and gi = 0.4
mm, has been simulated with IE3D [5] on the Rogers
R04003 substrate with a dielectric constant of 3.38 and a
thickness of 1.524 mm. The simulation result as illustrated in
Fig. 1(b), clearly shows that a passband with a center
frequency fo of 2.02 GHz, fractional bandwidth (FBW) of
47.4% and passband insertion-loss (IL) of 0.47 dB. About 20
dB matching is also observed. Beside the zero at DC, this
passband is bounded by two finite transmission-zeros at
frequenciesfi = 1.06 GHz (lower transmission-zero frequency)
and f2 = 2.75 GHz (upper transmission-zero frequency).
These two zeros can be varied by the DGS dimensions. For
example, a longer dumbbell-arm or thinner slot-line alters the
transmission-zeros to be lower frequencies. Considering the
bandpass characteristics are kept, two key DGS geometrical
parameters; i.e. the open-loop edge length (L) and the openend (g) locations, which can significantly affect the center
frequency, FBW and also the transmission-zero frequencies,
are investigated in the following sub sections. In addition, the
open-end locations are assumed to be symmetrically placed in
order to simplify the design.
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Fig. 2. Center frequency and transmission zeros variation for
different open-loop edge length (L).

A. Center Frequency Tuning
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To tune the center frequency of the open-loop dumbbellshaped DGS unit, the open-loop size can be adjusted. When
a larger square open-loop is used, both zeros and its center
frequency will be distanced to lower frequencies. To
investigate this open-loop size effect, the square open-loop
edge-length (L) of the above example bandpass DGS unit is
varied from 6 mm to 30 mm. As shown in Fig. 2, the lower
and upper transmission-zeros are relocated from 2.94 GHz to
300 MHz and 5.02 GHz to 1.72 GHz, respectively; and the
center frequency is gradually changed from 4.16 GHz to 850
MHz leading to about 3.3 GHz wide frequency tuning range.
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B. Bandwidth Control

(a)

Moving the open-end locations along the two loops of the
DGS unit, both the transmission-zeros will also be relocated.
To examine this effect based on the above example bandpass
DGS unit, a parameter, named open-end offset, is defined as
the distance of open-end location apart from the dumbbell
arm. In order to simplify the analysis, the open-ends are
located symmetrically. When one of the open-loop ends is
moved in clockwise direction, the other one should be in
counter-clockwise direction. Due to the symmetrical
configuration, only the effect of the open-end displacement
along the upper half loop is discussed.
Based on the above example bandpass DGS unit, the effect
of the open-end offset to the two transmission-zeros is shown
in Fig. 3(a). The open-end with a width g of 0.4 mm; is
located with an offset varied from 0.7 mm to 19 mm. The
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Fig.3. (a) Effect to the two transmission-zero frequencies, (b)
Effect to the FBW and IL, due to open-end offset variation.
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W1 = 3.528 mm, but with different open-end
open-end of one of the units is located at the
square-loop top edge (14.8 mm as open-end
other one is near the inner corner (9.8 mm as
open-end offset). Its frequency response is plotted against the
corresponding ideal 5-order quasi-elliptic bandpass filtering
as in Fig. 5. The DGS filter exhibits a center frequency at
1.52 GIz, 54% FBW, and 0.7-dB insertion loss. The
passband is bounded by 2 transmission zeros located at 0.92
GHz and 2.34 GHz with an attenuation level of 35.7 dB and
37.1 dB, respectively. The passband characteristics of
proposed DGS filter matches that of the ideal quasi-elliptic
model concerned. The two transmission zeros near the band
edges have almost the same frequencies as those ofthe model.
In the lower stopband, the overall attenuation is better than
60 dB whilst the attenuation in the upper stopband has
similar level as the model. Moreover, the upper stopband
characteristic of this filter is also examined up to 10 GHz, as
shown in Fig. 6. A wide upper stopband with 20 dB
attenuation is observed. This also demonstrates an intrinsic
harmonic-free (up to 6 times of center frequency)
characteristics of the proposed DGS filter.
25.8 mm and
locations. The
middle of the
offset) and the

Based on the above observation, proper trade-off between the
parameters like two transmission-zeros, center frequency,
FBW and passband insertion loss, could yield a good
bandpass response with two zeros near the edges. For
example, a bandpass response with center frequency of 3 GHz
and 40% FBW can be designed by using an open-loop size of
8 mm and an open-end offset of 12.6 mm. About 0.52 dB
insertion loss is thus suffered.
III. COMPACT MICROSTRIP QUASI-ELLIPTIc BANDPASS FILTER
In order to demonstrate the advantages of the quasi-elliptic
bandpass property of the proposed DGS unit, BPFs using one
and two DGS units are designed accordingly. The Rogers
R04003 substrate with a dielectric constant of 3.38 and a
thickness of 1.524 mm will be used for both circuits.
A. Quasi-elliptic BPF using one DGS unit
To design a quasi-elliptic BPF centered at 1.5 GHz and
28% FBW using one DGS unit, the open-loop size and openend locations are selected according to Fig. 2 and Fig. 3. An
optimized design is found with L = 16 mm, w = 1 mm, d= 4
mm, g= 0.4 mm, s = 1 mm and 18.8 mm as open-end offset,
and the 50 Q end-coupled line dimension of L1= 25.8 mm, w1
= 3.5287 mm and g, = 0.4 mm; and its frequency response is
plotted against an ideal 3-order quasi-elliptic bandpass model
(center frequency as 1.5 GHz and 12 dB as stopband ripple)
as in Fig. 4. Compared with the ideal response, the DGS filter
offers a better attenuation in the lower stopband and there is
good agreement between two responses in the upper stopband;
attributing the designed DGS a similar quasi-elliptic
bandpass filtering.
As a comparison with some bandpass DGS filters, for
example the 3-pole stub-type filter in [4], an example filter is
designed with the same center frequency and FBW. Its
frequency response is also compared in Fig. 4. The two DGS
filters showed a similar insertion loss about 0.75 dB, but the
proposed filter offers a much selective response as its two
transmission zeros (0.86GHz, 1.86GHz) are more closed to
each other than the DGS stub filter's zeros (0.76GHz,
2.44GHz). In addition, the total defected size of the proposed
filter is only 36 x 16 mm2 whereas the stub filter is 43.4 x
29.4 mm 2 . This yields about 55% defected ground area
reduction as an advantage of the proposed DGS unit.
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Fig. 4. Simulated transfer characteristics of the proposed filter
using one DGS unit against the ideal quasi-elliptic response and the
convention DGS stub filter.
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B. Quasi-elliptic BPF using two DGS units
To improve the stopband performance of the above filter
using one DGS unit, a 5-order quasi-elliptic bandpass filter
with the center frequency at 1.5 GHz and 50% FBW, 0.2 dB
passband ripples and 20 dB stopband attenuation can be
considered. Followed the design guidelines in Fig. 2 and Fig.
3, a DGS filter using two DGS units in cascaded is designed.
These two units are with the same geometrical parameters: L
= 16 mm, d= 6 mm, g= g1 = 0.4 mm, W= s =1 mm, L1 =
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Fig. 5. Simulated transfer characteristics of the proposed filter
using two DGS units against the ideal quasi-elliptic response.

3

530

insertion loss and return losses are 0.72 dB and 34 dB,
respectively. The lower stopband has excellent attenuation
and the upper stopband has more than 20 dB attenuation upto
10 GHz.
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A novel open-loop dumbbell-shaped DGS bandpass unit is
proposed and it has a property of quasi-elliptic bandpass
characteristic. The two transmission zeros bounding the
passband can be easily controlled by the open-loop edge
length and open-end location. With a DGS unit alone, a 3order quasi-elliptic bandpass response can be achieved and it
offers better band edge skirt and smaller circuitry size than
the conventional DGS bandpass filter. From the simulated
and measured results of the bandpass filter using two DGS
units, the passband characteristic matches the 5-order quasielliptic mathematical model. Moreover, this filter can also
provide a 20-dB wide upper stopband upto 6 times of center
frequency.
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Fig. 7. Simulated S-parameters of the proposed filter using two
DGS units.
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Photo of the prototype DGS filter.

Then the above filter using two DGS units was also
fabricated and characterized. Its measurement results and the
filter photo are shown in Fig. 8 and Fig. 9. The measured
results show a very good agreement with the simulation ones.
The center frequency is at 1.47 GHz with 51.8 % FBW. The
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