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ABSTRACT 

A novel and compact multi-band stop filter with good selectivity and  wide upper pass band performance  

with good rejection based on defected ground structure (DGS) integrating a circular ring  resonator to 

suppress undesired spurious bands frequency or harmonics in microwave and millimeter wave circuits is 

proposed.  

The presented filter has a compact size because the circular ring resonator is integrated in DGS, the both 

of them are etching in the ground plane. 

Index Terms— Defected ground structure (DGS), coplanar line,   stopband filter, multi-stop stopband. 

 

1 Introduction  

The microwave circuits such as filters design is one of many application domain of DGS structure, which 

should give excellent performance in terms of response as bandwidth, quality factor and the parasite 

rejection, also the level of integration as the size, the development and integration of other components 

and their interconnection, [1-2].  

The concept of the defected ground structure (DGS) has been derived from the idea of photonic bandgap 

structure (PBGs).[3-4]. 

 However, the DGS structure is applied to design many microwave circuits type, such as microstrip 

antenna [5], dividers [6], couplers, amplifiers, oscillators, [7]. and microwave filters. Although, The most 

reported structures of filters on DGSs are designed for single-band (Pass or Stop) or used DGS for 

improving applications [8-9-10], or integrating a periodic cells for extend wide stopbands, [11].  

Recently, there are some works and papers  about dual-band bandstop filter presented DGS technique, 

[12–13].  Now, the multi stopband filter  is one of the important microwave and millimeter components 

are highly applied in modern microwave systems because of their ability to suppress no desired bands 

signals and harmonics, [14-15]. For that a coplanar wave guide structure with DGS technique, and DGS 

integrating circular ring resonator, are a good condidate to build these kinds of filters with compact size 

and high performance, to answer the demands of modern communication systems. 
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In this paper, we have developed a new design concept of multi-band stopband filter BSF using circular 

defected ground structure (DGS) with shaped coplanar line is investigated for compact single stopband 

filter (SBF) structure with the response of single resonant element in 20 GHz exhibits the stopband 

function, and the circular DGS integrating a circular ring resonator (CRR) for tri-band stopbands with 

compact size for practical microwave and millimeter applications operating between 1 GHz to 100 GHz 

frequency. 

2 Single Band of Initial Dgs Stopband Filter Design 

A Stopband filter with DGS circular structure is designed, Figure 1 depicts the schematic of the proposed 

structure. It consists of a 50Ω conventional coplanar transmission line, with a signal line width of 

W=108µm and the gap width, G=60µm.The substrate is with dielectric permittivity of er=11.9 and 

thickness of H=200 µm, [16]. 

 
Figure. 1. CPW line with Circular DGS structure 

The DGS configuration in this structure is a circular slot etched in the ground plane with a diameter d. This 

circular DGS is connected to the line gap by a rectangle transverse slot with length of ls and width of ws. 

The Momentum (an EM solver integrated in ADS Agilent) is used for deriving and studying the filter’s 

electrical performances. 

3 Responce of Initial Circular DGS Filter 

It is widely known that the DGS circular slot etched plays the role of resonator element and its frequency 

resonance depend on circular geometry parameters. Figure 2 depicts the response of the CPW DGS Filter. 

 
Figure. 2 Simulated S-parameters for the CPW DGS Circular structure  

As noted from the S-parameter studies, we have a stop band behavior of the circuit with a good bandstop 

around 20 GHz.  

Moreover, we analyzed the dependence of the rectangle slot on the S-parameters response, the ray of 

circular etched is kept constant at r = 600µm, also the width of the rectangle slot is fixed at ws = 60µm. 
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The length ls was optimized for two different value of ls = 400µm and 500µm. The simulation results 

obtained with ls = 500µm are shown in Figure. 3. 

 
 

Figure. 3. Simulated S-parameters for the CPW  

As a result, there is a significant difference in S-parameter between the initial response structure and this 

later with the new length ls.  We see that the problem is resolved and insertion loss (S21) and return loss 

(S11) are affecting in the passband, S21 is better than −10dB and S11 is better than −3 dB in stopband with 

the new configuration.  

4 Modelling of the Circular DGS Stopband Filter 

Circular DGS combined with coplanar line causes a resonant response of the structure transmission, and 

the resonant frequency dependants by circular etched parameters and size of the slot. Its RLC-equivalent 

circuit of the cell is proposed, and the different parameters can be extracted as follows [17]: 

 
Figure. 4. RLC-equivalent circuit for CPW DGS Filter 
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Where, Z0 is the characteristic impedance of the coplanar wave guide line, w0 is the angular resonance 

frequency, wc is the        -3dB cutoff angular frequency, and S11(w) is the input reflection coefficient of the 

equivalent circuit, which can be obtained from EM simulation results. 

 

5  Design of Multi-Band Stopband Filter 
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Based on the above design and analysis of  circular DGS-SBF, tri-bands BSF response was designed on the 

same first structure.         

The initial DGS Stopband Filter design is modified by introducing a circular ring resonator (CRR) with O-

configuration to create the tri-bands stopband and to generate the second and third stopband 

performance, thereby maintaining the compact seize and easy fabrication of structure. 

The parameters of the DGS StopBand filter are kept unchanged while dimensions of the circular ring 

resonator (CRR) are introduced, as shown in Fig. 5. 

 
 

Figure. 5. The proposed device of tri-band stopband filter with O-CRR 

The dimensions of the O-configuration of the circular ring resonator (CRR) are as first radium (r1=409µm), 

and the second radium (r2=470µm). 

Figure 6 shows the simulated S-parameters of the proposed device of tri-bands stopband filter with O-

stub in the circular DGS. 

 
 Figure. 6. Simulated S-parameter of the proposed device with O-CRR  

As a result, the first stopband resonance is always around of  f01=20 GHz, it is approximately centered 

between 16 GHz and 23 GHz. The three resonance frequencies are measured at f01=20 GHz and f02=50 GHz 

(f02=2.5  f01) and f03=86 GHz (f03=2.5  f02), with respective rejection levels of 25 dB,  40 dB and 22.30 dB. 
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Similarly, their three return loss S11 is better than −3 dB in stopband and offering a drastically improved 

response performance of stopband filter. So the O-Stub inserted in the DGS of a CPW structure can modify 

the insertion loss (S21) and return loss (S11) behavior, to get a multiple band stopband  after the first one 

of the circular DGS. Also, the tuning resonance of the second and the third stopband can be achieved by 

varying the radius of the O-stub in the circular DGS. 

6 Conclusion 

In this paper a new compact and  simple structure using one circular DGS integrating a circular ring 

resonator with O-configuration have been successfully simulated and applied to the design of compact 

multi-bands stopband filter in coplanar wave guide technology for many millimeter wave applications, with 

excellent suppressed, sharp rejection slope and wide stopband rejection. The O-CRR radiuses play a key 

role in adjusting and tuning the resonance of the second and third stopband center frequency for another 

different frequencies.  
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