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Introduction
The introduction of UWB (Ultra Wide Band) technology provides benefits for various 

number of applications especially in public safety, businesses, industry and the consumers [1-
2]. However, the UWB systems may encounter with likely interventions which can be controlled 
by the introduction of defected ground structures like meander slots [3]. Thus, the defected 
ground structures like U-slot, V-slot, meander lines, arc shaped steps, split ring resonators, 
substrate integrated waveguide and much more are widely used in UWB applications [4-
9]. However, DMS (defected microstrip band structure) overcome the drawbacks of DGSs 
without any manipulation of the ground plane. DMS have properties of slow wave and 
thereby helps in the reject functioning of a filter. It is made by creating incisions in the form 
of slot patterns. It contributes to the reduction of size of the structure along with capacitance 
and inductance. Moreover, the defected microstrip structure has miniature size because it 
has excessive constructive inductance when compared with the defected ground structure. 
DMS is universally studied and utilized for filter designs and cross-talk reductions due to its 
merits. Most researchers put forward single or dual filtering bands. This paper discusses a 
defected microstrip band reject filter fabrication and measurements. Tunable structures are 
incorporated for the implementation of the filter. The defected tunable structures are incised 
on a 50- Ohm microstrip line. The DMS control the stop bands individually and obtain the 
anticipated function. The optimization of the proposed filter is done through HFSS. The S 
parameter characteristics, impedance characteristics, current distribution and the equivalent 
circuit were analysed in order to understand and evaluate the behavior of the filter. The 
simulation results provide us with the information that the filter imparts good performance 
within a miniature structure by the introduction of defected microstrip band structures.

Triple Stop Band Filter Design
The designed microstrip band reject filter configuration is shown in Figure 1. The 

recommended filter contains an oxbow notch (OBN), an inverted C-notch (ICN) and a 
horizontal cross notch (HCN) which is incised on a 50Ω microstrip line. Each defected 
microstrip structure cell checks on a stop-band, and therefore, these three bands are 
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Abstract
A defected microstrip band reject filter by multiple tunable structures to sieve out the unwanted signal 
interferences in opposition to UWB systems especially narrowband is put forward and analyzed. A 50-
Ohm microstrip band line is employed to obtain the anticipated defected microstrip band reject function. 
An oxbow notch (OBN), an inverted C-notch (ICN) and a horizontal cross notch (HCN) are incised on 
the substrate. Tuned measurements of the OBN, ICN, and HCN are selected to provide good tunable 
characteristics. The microstrip band reject filter is evaluated by the analogous circuit model and its 
simulations are presented for further analysis. The controllable center frequencies and miniature size are 
a few advantages of the reject filter obtained from the simulation and analysis results.
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independently de- signed. Three bands are tuned using the DBMS 
theory. The microstrip band reject filter is incised on a Rogers RT/
Duroid 5880 substrate with 2.2 dielectric constant and 0.784mm 
thickness. The reject attributions of the defected microstrip 
structure are managed by varying the capacitance and inductance 

of the structure. The lower resonance of 3.5GHz is controlled by 
OBN, while the ICN regulates 5.2GHz bands. The upper resonance 
of 8.6GHz is regulated by the HCN and the high-order of DMS-1. 
Filter is simulated using ANSYS HFSS software version 19. The filter 
parameters are given in the Table 1.

Figure 1: Geometry of the proposed filter. (a) Front View (b) Back View (Ground)

Table 1: Filter Parameters.

Parameters L B l1 l2 l3 l4 n1 n2 n3

Length in mm 32 2.5 7 5.2 10.6 5.3 0.1 0.1 0.35

Parameters n4 n5 n6 w1 w2 w3 a1 a2

Length in mm 0.1 0.6 0.1 0.3 0.9 0.35 0.3 0.26

Simulation Result
The simulation results are obtained using the ANSYS HFSS 

Electromagnetic solver. The analysed results of the proposed 
reject filter are S-parameter, current distribution and impedance 
characteristics. These outcomes are observed and the corresponding 
results are plotted.

A. S- Parameter
The scattering matrix parameters that show the relationship 

between the incoming and the outgoing reflected waves at the 

port junction are called S parameters. It provides transmission and 
reflection coefficient values for various studies concerned.
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The simulation result, the S parameter of the proposed reject 
filter is as shown in the Figure 2. The bands obtained from the 
analysis are 3.5 GHz, 5.2 GHz and 8.6 GHz. The lower band of 3.5 
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GHz is affected by the OBN (DMS-1) while the middle stop band of 
5.2 GHz is controlled by the ICN (DMS- 2). The upper frequency stop 
band of 8.6 GHz is affected by the HCN and the higher order of the 

DMS-1. The gains of these bands are - 19.51dB, -24.25dB, -18.09dB. 
The microstrip band reject filter provides enhanced performance 
for the systems with UWB applications especially from 3GHz - 9GHz.

Figure 2: S-parameter characteristics of microstrip band reject filter.

Impedance Characteristics

Impedance is the estimate of the combined dissent to flow 
of electricity in an AC circuit, comprising ohmic resistance and 

reactance. In complex form, Z = R c +iXc where Rc, ohmic resistance 
and Xc, reactance. Here, the impedance characteristics of the 
various bands are obtained as shown in the Figure 3.

Figure 3: Impedance characteristics.
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Equivalent Circuit
The analogous circuit model is obtained for filter examination 

and proposed to affirm the efficacy of the simulation, which is 

achieved based on the Butterworth LPF (low-pass filter) theory. 
The simplest circuit model is given in Figure 4 compared to the 
Butter-worth LPF model.

Figure 4: Basic equivalent model of the DMS.

The impedance of the 1st Butterworth low-pass filter can be 
configured as:

1L 0X  Z gω=          (3)

Where ω is the normalized angular frequency in which the 
filter operates, g1 is the normalized 1st Butterworth LPF parameter, 
Z0 is the characteristic impedance, 50 - Ohm. Then, the resonance of 
a simple DMS cell is:
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Where ω0 is the resonance frequency that is desirable given 
by the configured parallel inductance and capacitance. In order 
to simplify the inspection of the microstrip band reject filter, the 
above equation are equal when ω = ωc, where ωc denotes the cut-
off frequency of the parallel LC resonator and is illustrated in the 
Figure 5.

Figure 5: Equivalent circuit of the reject filter.

Current Distribution
The current distribution provides the signal performance 

which aids in optimizing the system characteristics. The current 

distribution of the proposed defective reject filter at a solution 
frequency of 5.2GHz is as shown in the Figure 6. At this frequency 
the current distribution is almost uniform.
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Figure 6: Current distribution at the solution frequency 5.2GHz. (a) Top View (b) Bottom View

Conclusion
Microstrip band reject filter by using defected microstrip 

structure has been developed and its performance is analysed 
by Ansys 16 (HFSS). The microstrip band reject filter is compact 
in size when it is compared with the previous filters designed for 
the reject application in various aspects. Besides, the designed 
defective microstrip band filter is designed easily, and resultant 
frequencies and bandwidth of the microstrip band reject filter can 
be regulated in individual. Hence this design provides the users a 
large amount of liability and wide utilization. The interpretation 
of the designed filter is done through inspect of equivalent circuit, 
HFSS design, current distributions, impedance characteristics and 
the S - parameter characteristics.
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