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Abstract—Microstrip filters can be designed with various 

method to obtain good performances, such as defected ground 

structure, open-ended slot, planar edge coupled, and split ring 

resonator with groundplane windowing. In this paper, the design 

of an ultra-wideband microstrip bandpass filter used the defected 

ground structure (DGS) method by adding a circular slot to the 

groundplane. The addition of the circular slot was carried out to 

improve the value of S parameter (return loss and insertion loss) 

from the initial filter design without a circular slot. In the 

simulation process, optimization was carried out by changing the 

value of filter component parameters such as patch length and 

thickness and circular slot width. The simulation results showed 

that the microstrip bandpass filter could pass frequencies in the 

range of 1.4 GHz to 5.7 GHz with the bandwidth response of 4.3 

GHz. In addition, filter analysis could also be done with an 

equivalent circuit represented by lumped element components in 

the form of capacitors and inductors connected in series or 

parallel. The simulation results of the equivalent circuit had a 

wider bandwidth, which was able to pass frequencies in the range 

of 1.2 GHz to 6.1 GHz with a bandwidth response of 4.9 GHz. 
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I. INTRODUCTION 

Microstrip filters can be designed with various techniques to 

obtain good performance. Several studies using diverse 

techniques have been conducted [1]-[6]. Filter bandpass in [1] 

was designed by applying the combination of defected ground 

structure (DGS) technique and an open-ended slot. The 

technique was applied to increase the insertion losses in the 

passband area and had a fractional bandwidth of 45%. Previous 

study has also conducted the implementation of planar edge 

coupled using DGS [2]. The result showed that the bandpass 

filter could pass a frequency range of 3.1 GHz to 10.6 GHz with 

an insertion loss of -0.3 dB and a return loss of -19 dB. 

Meanwhile, another research has applied DGS to the bandpass 

to increase bandwidth [3]. The result shows that, with simple 

dimensions the bandpass, filter had a bandwidth of 4.55 GHz 

in the frequency range of 1.4 GHz to 5.95 GHz. 

Besides using a microstrip filter, filter analysis can be carried 

out using an equivalent circuit represented by lumped element 

components in the form of capacitors and inductors [7]-[12]. 

An equivalent circuit of microstrip bandpass filter has been 

designed using capacitor components and inductors arranged in 

series and parallel [7]. The equivalent circuit and microstrip 

filter simulation had the same results with the bandwidth of 1 

GHz. After that, reference [8] has proposed DGS-based 

bandpass filter and its equivalent circuit to increase the filter 

characteristics.  The bandpass filter worked in the frequency of 

1.84 GHz to 7.2 GHz. Moreover, in [9], the analysis of 

equivalent circuits for split ring resonator-based microstrip 

generates good performance in reverse and insertion losses. 

This paper discusses the design of the microstrip bandpass 

filter and its equivalent circuit. Bandpass filter design consisted 

of four strips on the patch and a circular slot on the 

groundplane. Based on the simulation, the microstrip bandpass 

filter could pass frequency in the range of 1.4 GHz to 5.7 GHz 

with a bandwidth of 4.3 GHz. Meanwhile, the equivalent circuit 

could pass frequency in the range of 1.2 GHz to 6.1 GHz with 

a bandwidth of 4.9 GHz. 

II. BANDPASS FILTER DESIGN 

The design of the microstrip bandpass filter and its 

equivalence has three stages, namely the design of bandpass 

filter, bandpass filter with circular slot, and equivalent circuit, 

as seen in Fig. 1. In designing the microstrip bandpass filter, 

two initial stages were conducted, namely the design of a 

bandpass filter with a patch design consisting of four strips and 

a tapered feedline with simple dimensions of 27 mm x 22 mm. 

Using (1)-(4) [13], the filter dimensions for each component 

were obtained; bandpass filter design is shown in Fig. 2.  

The results of the microstrip bandpass filter simulation 

indicates that it has not met the filter specifications. These 

results included generating return loss values which were close 

to 0 dB and insertion loss values which were below 0 dB, as 

shown in Fig. 3. Hence, the filter design was changed. 

By applying the defected ground structure (DGS) technique, 

in the microstrip bandpass filter design, a slot was added to the 

groundplane in the form of a circular slot. It is shown in Fig. 4. 

In the bandpass filter with a circular slot, the parameter on the 

filter component was changed to generate an optimal S 

parameter. 

For w/h ≤ 2 namely 
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 𝐵 =
377𝜋

2𝑍0√𝜀𝑟
 (4) 

III. PARAMETER STUDY OPTIMIZATION 

The parameter changes in the bandpass filter component to 

generate an optimal S parameter values was carried out by 

changing the parameter values for the patch length, patch 

width, circular slot width, and distance in the circular slot. 

The parameter changes in the length of the patch, which is 

shown in Fig. 5, showed change variation with values of 0 mm, 

11 mm, 12 mm, and 13 mm. The simulation result indicates that 

the patch width in the microstrip bandpass filter design affects 

generated return losses. Meanwhile, the change in the patch 

length generated better return loss values for the patch with the 

length of 12 mm. 

After that, the change of the parameter in the width of the 

patch, which is shown in Fig. 6, showed change variation with 

values of 1 mm, 1.5 mm, 2 mm, and 2.5 mm. The simulation 

result suggests that patch width in the microstrip bandpass filter 

design affects return losses and bandwidth values produced. 

 

Fig. 1 Stages of designing a bandpass filter and its equivalent circuit. 

 
(a) 

 

(b) 

Fig. 2 Bandpass filter design, (a) front view and (b) back view. 

 

 

 

 

Fig. 3 Bandpass filter simulation result. 

 

(a) 

 

(b) 

Fig. 4 Bandpass filter design with circular slot, (a) front view and (b) back view. 
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The change in the patch width values generated better return 

loss values and wider bandwidth for the patch width of 2 mm. 

Fig. 7 shows the variation of the circular slot width change 

with values of 0.6 mm, 0.7 mm, 0.8 mm, and 0.9 mm. The 

simulation result shows that circular slot width in the microstrip 

bandpass filter design affects return loss values. Changing the 

circular slot width value resulted in better return loss values for 

the circular slot with the width of 0.6 mm. 

 

Fig. 5 Simulation result of changing patch length parameters. 

 

Fig. 6 Simulation result of changing patch width parameters. 

 

Fig. 7 Simulation result of changing circular slot width parameters. 
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Fig. 8 shows change variations of the circular slot distance 

with values of 0.7 mm, 0.8 mm, and 0.9 mm. The simulation 

results indicates that the circular slot distance in the microstrip 

bandpass filter design affects the generated return losses. 

Moreover, the change in the values of the circular slot distance 

produced better return loss values for the circular slot with the 

distance of 0.7 mm. 

Parameters change in the several bandpass filter components 

gained optimal results for the filter dimension of 27.4 mm x 22 

mm, as presented in Fig. 9. Meanwhile, the simulation results 

 

Fig. 8 Simulation result of the change of circular slot distance parameter. 

  

 (a) (b) 

Fig. 9 Final design of bandpass filter with circular slot. 

 

Fig. 10 Simulation results of bandpass filter with circular slot. 
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of the bandpass filter worked in the frequency range of 1.4 GHz 

to 5.7 GHz with a bandwidth of 4.3 GHz is shown in Fig. 10. 

IV. EQUIVALENT CIRCUIT DESIGN 

Bandpass filter analysis can be carried out with an equivalent 

circuit which is represented using lumped element components 

in the form of capacitors and inductors connected in series or 

parallel. The equivalent circuit represents the components of 

the microstrip line and the distance between the lines or gaps. 

Inductor components can represent microstrip lines. 

Meanwhile, capacitor components represent the distance 

between lines. The representation of the microstrip channel and 

the distance between the channels are shown in Fig. 11 and Fig. 

12 [14]. 

The open circuit has a high impedance. As a result, the value 

of the current flowing through the microstrip line is very small. 

Meanwhile, the groundplane characteristics has a very low 

impedance so that the current flowing in the microstrip line 

produces an extremely high value. It is shown in (5)-(6) [15]. 

Therefore, if the open circuit is represented by an inductor 

 

Fig. 11 Microstrip line and its substitute circuit [12]. 

 

Fig. 12 Distance between channels and their substitute circuits [12]. 

 

Fig. 13 Substitute circuit of four strips. 

 

Fig. 14 Substitute circuit of circular slot. 
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component, the inductor value will be very high. If the 

groundplane is represented by a capacitor component, the 

capacitor value will be very high. 

 𝑋𝑐 =
1

𝑗𝜔𝐶
 (5) 

 𝑋𝐿 = 𝑗𝜔𝐿 (6) 

The equivalent circuit for the patch consisting of four strips 

and a tapered feedline can be seen in Fig. 13; four strips and the 

feedline are represented by the inductor component, while the 

gap between the strips is represented by a capacitor. The 

groundplane with circular slots is shown in Fig. 14. The 

equivalent circuit for the microstrip bandpass filter is presented 

in Fig. 15. 

 Fig. 16 presents the comparison results of the microstrip 

bandpass filter simulation and its replacement circuit. The 

simulation results had differences in the value of the S 

parameter, namely the value of return losses and the value of 

insertion losses. The equivalent circuit had a better insertion 

loss value, which was close to 0 dB so that it had a wider 

bandwidth. It was due to the circuit was considered ideal and 

there was no attenuation in the simulation of the replacement 

circuit. The return loss values in the simulation of the 

equivalent circuit reached the value of up to -10 dB at a certain 

frequency. It was influenced by the value of the lumped 

component of the capacitor and inductor elements in the 

structure of the equivalent circuit. The simulation results of the 

replacement circuit could pass frequencies in the range of 1.2 

GHz to 6.1 GHz with a bandwidth of 4.9 GHz. 

V. CONCLUSION 

In this paper, the microstrip bandpass filter with circular 

slots on the groundplane and its equivalent circuit has been 

designed. The addition of circular slots on the groundplane can 

 

Fig. 15 Equivalent circuit of bandpass filter. 

 

Fig. 16 Comparison of simulation results of a bandpass filter with a circular slot. 
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improve the value of the S parameter. In the parameter changes 

made, the return losses are affected by the length and width of 

the patch. 

Bandpass filter analysis can be carried out with equivalent 

circuits for capacitors and inductors. The equivalent circuit in 

the circular slot affects the return losses. The simulation results 

of the microstrip filter and the replacement circuit have almost 

the same performance. 
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