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Abstract— A dual band band pass filter (BPF) using Split 

ring resonators has been designed and analyzed in this 

paper. In this filter, there are two section either open/short 

circuited Stepped Impedance Resonators (SIRs) are coupled 

in parallel with Uniform-impedance Resonator Ring as the 

basic filter block. The proposed circuit is classified into 

different parallel parts, the proper coupling between two 

SIRs and Ring resonators results in a band. Thus, there 

appears a reflection zero in each pass band and three 

transmission zeros appears both side of the desired pass 

band to improve the out-of-band rejection. 
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I. INTRODUCTION 

Microstrip band pass filter is widely used in modern 

communication. Both narrow and wide filters have been 

developed with low fabrication cost, compact size and large 

out-of-band rejection. In the recent development scenario, 

increasing demand of dual-band band pass filters (BPFs), 

and many other techniques have been reported to this task 

with different design specifications.[1] –[4] 

There are various methods developed for dual-band 

band pass filters (BPFs) design using resonators. A 

resonator with perturbations is manly used to trigger the 

dual-mode property of the resonators, and the dual-band 

filters are designed by careful combination of   such two 

dual-mode resonators. There has been a number of dual 

band band-pass filters designed in recent years. A hairpin 

resonator with cross coupled dual pass band structure was 

presented in [1] ,in which the two pass bands are located at 

frequencies 2.46/5.3 and 2.43/5.6 GHz.A dual-band band 

pass filter can also be designed by connecting two band pass 

filters with different pass band in parallel[2].But this filter 

had increased the overall circuit area with external matching 

networks and makes the filter design process complex. 

Another dual-band band pass filter using single ring/patch 

resonator has been developed [3] but But this filter still 

requires new design improvement as it was complex to 

derive a present available equivalent circuit for synthesis 

design. Similarly, a dual band band-pass filter can be 

designed by subtracting a narrow band in the middle of the 

wide band pass filter[4].  

SIRs are widely used in dual band pass 

structures.SIR filters are mainly consists of two transmission 

lines with different characteristics impedances. Different 

types of open circuited and short circuited stubs are mainly 

introduce a resonance frequency in the passband and a 

transmission zeros out of  the passband. Stepped Impedance 

Resonators can also be used to form the Band pass filters by 

adjusting the ratio of the its fundamental and its higher order 

resonant frequencies and also the ratio of the first to the 

second resonant frequency can be controlled by adjusting 

the impedance ratios of the SIRs. With the use of other 

coupling structures, the coupling coefficients between these 

two proposed SIRs can be varied desirably and adjustment 

can be made in magnitude and phase responses, by 

introducing another transmission zero.  

 
Fig. 1: Basic structure of DB Band Pass Filter 

In the proposed filter design we are using ring SIRs 

which are parallelly coupled to the two open stubs.In this 

filter proposed  in Fig.(1) used to achieve compact size of 

filter and high performance and better rejection out of the 

band.The coupling structure accounts for a reflection zero in 

each specified pass bands and a pair of TZs out of the pass 

bands. The open stub and ring shaped SIR is used for the 

formation of pass bands. The proper coupling is used to 

improve the out of band rejection and to reduce the overall 

circuit size. 

II. FILTER ANALYSIS AND ITS EQUIVALENT CIRCUIT 

The basic structure of the dual band pass filter shown in 

Fig(2)  show that the ring shaped SIRs structure connected 

together.       

 
               (a)                                           (b) 

Fig. 2: SIR with internal coupling line(a)Split ring 

resonator,(b)Edge coupled split ring resonator. 

In the given circuit Fig(2), the split ring resonator 

and edge coupled ring resonator is shown. The SIR with 

internal coupled lines can be expressed in parallel 

connection of a single transmission line and parallel coupled 

line with open ends.  Let the even and odd mode impedance 

of coupled lines are Ze, Zo and the coupling angles are θe, 

θo. Thus the T-matrix can be expressed for a single 

resonator as- 
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 [T] =  

 
There are two parameters Zp and C, geometric 

mean of even and odd mode impedances and coupling 

coefficient respectively- 

                      Zp= √Ze.Zo                                 ..(1) 

                      C  =  (Ze-Zo)/(Ze+Zo)                ..(2)    

The even and odd mode phase velocities are 

assumed to be same, thus enabling the applications of 

transmission line theory.The even and odd mode analysis 

method is used  to achieve the dual mode filter.The input 

impedances (Zin(e,0)) of single SIR can be expressed as- 

Zin= jZ2 (Z1 tan θ1 + Z2 tan θ2)/(Z2-Z1 tan θ1. tan θ2 ) 

..(3) 

This is the input impedance of an SIR resonator. 

Let Yin= 0, then the parallel resonance condition 

can be obtained as: 

             Z2- Z1.tan θ1.tanθ2= 0                                ..(4) 

Thus , 

                  Z1/Z2= tan θ1. tan θ2                             ..(5) 

it is the impedance ratio of SIR which is very 

important factor and the central frequency ratio of the two 

pass bands can be varied by adjusting this impedance ratio.  

The proposed design consists of two ring 

resonators which is formed by UIR section. There can also 

be used SIR ring resonator with proper specification to 

obtain a wide degree of freedom in design and structure. 

The design shown in fig.3.(a) is designed on HFSS 

simulation tool and the material used as RT/Duroid 6010 

with substrate height as 1.27mm and dielectric constant 

10.8.The material is chosen due to its low loss tangent and 

effective performance on high frequencies. 

The proposed design uses a internal coupled line 

having a gap of W4= 0.7.This gap can be varied for various 

coupling effects between the ring resonator. The two ring 

resonator are used collectively to form dual band filter. 

The proposed design and its S11 and S12 

parameters are shown in figures below. The centre 

frequencies of two pass bands are clearly shown in the 

Fig.3.(b) 

 
Fig. 3(a): 

 
(b) 

 
(c) 

Fig. (3)(a): Photograph of the simulated dual-band BPF with 

dimension labelled   (b) Frequency responses of the circuit 

S21 (c) Frequency responses of the circuit S11 

The physical parameters are tabled n the following table, all 

these parameters are in milimeter - 

Sl. 

N

o. 

Paramet

ers 

Measureme

nts in mm 

Sl. 

N

o. 

Paramet

ers 

Measureme

nts in mm 

1 L1 18 5 W1 1.0 

2 L2 8.2 6 W2 0.4 

3 L3 7.0 7 W3 1.0 

4 L4 4.0 8 W4 0.7 

Table 1: 

III. RESULT ANALYSIS 

The material used for design is RT/Duroid 6010 with 

substrate height 1.27 mm and dielectric constant 10.8 having 

loss tangent of 0.023 which is the best suited material. The 

two centre frequencies f1, f2 are at 2.1 GHz and 4.3 GHz 

showing 3-dB fractional Bandwidth 1.90/3.02 %. 

IV. CONCLUSION 

The Dual-band band pass filter proposed has very precise 

narrow band and it can be used in application of L and C- 

Bands. The filter consist of Ring type of resonator with 

uniform shaped. The proposed circuit is classified into 

different parallel parts, the proper coupling between two 

SIRs and Ring resonators results in a band. The response 

show very good selectivity with large return loss and small 

insertion loss. The design in simulated and verified. 
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