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Abstract
In this paper, two pairs of dumb-bell shaped and spiral shaped 
resonators as defected ground structure positioned along a widened 
microstrip line are used to realize a high selective low pass filter 
with upper cut-off frequency at 3.80 GHz. Spiral shape defected 
ground structure is coupled with a first order Minkowski fractal 
shaped defected ground structure in the form of a dumb-bell. The 
designed low pass filter exhibits a sharp transition at the cut-off 
frequency having measured pass band insertion loss below 0.4 dB 
and a rejection band 20 dB from 3.35 GHz to 14.05 GHz.
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I. Introduction
In recent years high performance Low Pass Filters (LPFs) in 
their miniaturized compact manifestations are indispensable in 
receiver front ends. Modern microwave communication requires 
structures like LPFs having very high performance in terms of high 
suppression of ripples in the passband, a high attenuation rate in 
the transition between stopband and passband, and a wide stopband 
with at least 20 dB attenuation. A conventional LPF uses a stepped 
impedance topology, which has serious disadvantages, such as a 
low attenuation rate and narrow stopband [1]. Hence, defected 
ground structures (DGS) are quite often used in conjunction with 
broadband microstrip line to implement LPF. 
A dumb-bell shaped DGS (DB-DGS) based LPF provides wide 
stop band and low insertion loss as given in [2]. An etched 
defect in ground plane disturbs the field current distribution in 
the ground plane. This disturbance can change characteristics 
of a transmission lines such as line capacitance and inductance. 
Narrow and wide etched areas give rise to increasing effective 
capacitance and inductance of a transmission line. Etched square 
area in ground plane mainly determines the cut-off frequency. 
Parallel capacitance with effective line inductance is obtained from 
the etched gap area under a conductor line. The first presented 
defected ground structure was of dumb-bell shape (DB-DGS) 
[3-4].
A DB-DGS is modeled as parallel L-C resonant circuit with 
suitable attenuation over wide stopband range. But, it’s main 
disadvantage is absence of large capacitance and sharp stopband 
skirt as required in elliptical function LPFs.                         
In this paper a low pass filter has been designed by use of spiral and 
fractal shaped defected ground structure, operating at frequencies 
below 3 GHz. Spiral shaped defected DGS (SP-DGS) has been 
implemented along with the DB-DGS since it has a longer slot 
length due to spiral structure adding to greater capacitance, larger 
Q-factor and steeper stopband attenuation. Finally, in order to 
miniaturize the DGS and obtain lower cut-off and resonant 
frequency, first order Minkowski fractal shape structure has been 
inserted into the DB-DGS. This SP-DGS and fractal shaped DB-

DGS structure has been implemented to suppress the spurious 
passbands, as well as to get sharp transition from passband to 
stopband rendering an elliptical LPF response [5].

Fig. 1: Layout of the proposed LPF using broadened microstrip at 
the top and SP-DGS and fractal DB-DGS in the ground plane. 

II. Filter Design
The layout of the proposed LPF is shown in Fig 1. This filter 
consists of two different width microstrip line with two pair 
of spiral DGS and dumb-bell shape Minkowski fractal shape 
DGS, respectively, which can be easily obtained by etching off 
the designed pattern from the ground plane. The LPF has been 
realized on a substrate with a thickness of 0.813 mm and relative 
dielectric constant of 3.38. The I/O coupling has been realized by 
50Ω tap line. This 50Ω tap line has been connected to the main 
microstrip line on the substrate. The dimension of the proposed 
LPF is illustrated in Fig. 1.

A. Design of Broadened Microstrip
This LPF has been designed as a widened microstrip line on 
the substrate in conjunction with spiral DGS and DB-DGS 
are introduced as defected ground structures. This new design 
displays the stop band characteristics accurately using two 
different width of microstrip line. The high impedance line adds 
to the series inductance, while the low impedance line adds to the 
shunt capacitance of the circuit. The optimum simulated widths 
are 5 mm and 2 mm, for the broadened and narrower sections, 
respectively. EM simulation results are obtained by using Sonnet 
Lite Software. 

Fig. 2: Simulated result of the Broadened Microstrip
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ig. 2 shows the simulated S-parameters of the widened microstrip 
line of Fig. 1. The broadened line S-parameters reveals that the 
modes of propagation are not harmonic unlike uniform impedance 
transmission line.

  (a)

  (b)
Fig. 3. Geometry of the proposed microstrip filters (a) Bottom 
view indicating DGS structures and (b) 3D side view.

B.  Design of Defected Ground Structures
A pair of resonant structures comprising of spiral shaped DGS 
and dumb-bell shaped DGS has been etched off in ground plane. 
To incorporate steeper stopband and larger capacitance, due to 
increase in slot length, SP-DGS has been used as shown in Fig 
3. To further increase the attenuation levels in the stopband, an 
additional pair of SP and DB-DGS has been inserted. Since each 
pair have their fixed number of poles. So, two pairs of SP-DGS 
and DB-DGS comprising of two different lengths are included for 
suppressing all the spurious bands at higher frequencies [3].

Fig. 4: Structures of Minkowski fractal (a) zero order (b) first 
order (c) second order [6-7].

To bring about miniaturization, fractal structure has been 
implemented in the DB-DGS. A first order Minkowski fractal 
has been incorporated in both the section heads as shown in 
Fig. 4 [6]. By use of fractal shape dumb-bell shaped DGS, the 
effective electrical length as a whole increases and correspondingly 
resonant frequency decreases even further. Upon using fractal 
shaped dumb-bell DGS, the stopband modes increases resulting 
in suppression of spurious modes. Here first order Minkowski 
fractal dumb-bell shape has been used for suppressing the lower 
order spurious passband. Since bandwidth is dependent upon 
effective capacitance, with increase in effective capacitance, 
bandwidth gets reduced too. Insertion of fractal shape increases 
the sharpness of the band reject filter. The roll-off factor increases 
as well, enhancing the frequency selectivity.

III. Results and Discussion
The proposed LPF has been realized using dielectric substrate with 
relative dielectric constant of 3.38 and height of the substrate is 
0.813 mm. The S-parameters of the LPF is shown in Fig. 5. 
The design is greatly reduced in size and also the transition from 
passband to stopband is very sharp, approximately 0.7 GHz over 
a range of insertion loss from 5.275 dB to 59.22 dB. The insertion 
loss obtained is below 0.46 dB. Significantly, a wide stopband 
for 20dB has been achieved over a range of 3.35 GHz to 14.05 
GHz, which is 101% greater than that proposed in [5]. The final 
cut-off frequency has been achieved at 3.80 GHz.  The overall 
dimension of the designed LPF is 45×16 mm2.

Fig. 5: Simulated insertion and return loss characteristics 
(S-parameters) for the proposed LPF design.

IV. Conclusion
In this paper a LPF using a widened microstrip line in conjunction 
with two pair of spiral-DGS and fractal sphape-DGS has been 
presented. The insertion loss is below 0.4 dB over the entire 
stopband. Wide stop band is achieved from 3.35 GHz to 14 GHz. 
This low pass filter is operated with an upper cutoff of 3.8 GHz. 
The overall dimension is 45 mm ×16 mm which may be further 
applied to various microwave circuit such as low noise amplifier, 
diplexer and mixer.
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