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Abstract 
 

This letter presents a novel compact bandpass filter. The proposed coplanar filter is intended to be a good solution for GSM applications 

corresponding to the 1.8GHz resonance frequency. The design of this circuit was carried out in two main stages. The first is the choice 

and proposition of a new metamaterial resonator with unusual characteristics. Then, our resonator is implemented in the structure using 

bandwidth adjustment methods in order to improve the reflection and transmission coefficient matching in the desired range of frequen-

cies and the two rejection bands. By using different techniques of miniaturization and optimization, we have obtained a miniaturized final 

circuit which is implemented on a FR4 epoxy substrate. The simulated results are carried out by using CST Microwave and ADS Agilent. 

They illustrate that this filter achieves very good electrical performances in the passband with a low insertion loss of 0.3 dB. Moreover, 

two transmission zeros are noticed in the rejected bands. 
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1. Introduction 

Newly, the modern radio frequency and wireless communication 

systems lead to great attention to the development and design of 

the new microwave components having a small size and high elec-

trical performances [1-3]. These specifications are not available by 

using traditional and conventional methods. The microwave band-

pass filters have been extensively analyzed, studied and used as 

important circuit blocks with operating functions of in-band 

transmission and out-of-band rejection [4][5]. To achieve a good 

slope of transition, we can introduce numerous reactive elements 

in the pass-band structure, which increases the electrical perfor-

mances in the passband but this method increases the layout area 

of the filter. Accordingly, the use of novel techniques such as 

metamaterials and defected ground structure allowed us to achieve 

all these requirements simultaneously [6-9]. 

Recently, the metamaterial has attracted the attention of research-

ers and savants. Especially in the microwave and RF engineering. 

This artificial material gives the possibility to control the electro-

magnetic waves by implementing the metamaterial resonators in 

radiofrequency devices [10]. We can distinguish three types of 

metamaterials. The first one consists of the resonators having a 

negative permeability such as the square split ring resonator. The 

second one consists of the metamaterial cells possessing a nega-

tive permittivity among them the complementary split ring resona-

tor which is very used to design and develop new planar compo-

nents such as filter, coupler and antenna. The last kind of these 

unusual materials is the resonators having the negative permittivi-

ty and permeability [11-13].  

In this paper, we propose a novel band-pass filter employing a 

new metamaterial structure having a negative permeability around 

the desired frequency. The effect of the chosen resonator on the 

pass-band performances is investigated. The obtained results are 

verified by using two electromagnetic solvers so as to validate the 

proposed approach. 

2. Proposed resonator 

The square SRR is one of the famous metamaterial kinds and it 

was introduced by Pendry in 1999. This resonator having a mag-

netic response as a result of the presence of artificial magnetic 

dipole moments by their rings. At its resonant frequency, the arti-

ficial magnetic dipole moments are larger than the applied field, 

for this reason, this resonator possessing unusual electromagnetic 

properties which give rise to the presence of the real part of nega-

tive effective permeability close to its resonant frequency.  

The classical SRR and its equivalent LC circuit are shown in fig-

ure 1. The resonator dimensions are chosen to achieve a resonant 

frequency around 1.8GHz. Where Lout = 18mm, Lin=12mm and 

W=S= 1.5mm. 
(A) (B) 

  
Fig. 1: (A) Geometry of the Square SRR. (B) Square SRR LC-Circuit. 

 

Where the Cm, Cgap, and Lm can be calculated by using the follow-

ing formulas 
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ε0: The permittivity of vacuum 

μ0: The permeability of vacuum 

εr: Relative permittivity 

C: The speed in a vacuum electromagnetic waves 

The unusual characteristics of the Resonator are verified using the 

Nicolson-Ross-Weir (NRW) approach which is based on two 

composite terms V1 and V2 represent respectively the addition 

and subtraction of reflection and transmission coefficients. The 

real and imaginary of the effective permeability are extracted us-

ing equation 7 and 8.  
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The K0 is wave number equivalent to 2π/λ0 and d is the thickness 

of the substrate. Figure 2 and Figure 3 illustrate respectively the 

scattering parameters of the classical square SRR and its effective 

medium parameters. 

 

 
Fig. 2: S-Parameters of Square SRR. 

 

 
(A) (B) 

  
Fig. 3: (A) Permeability of Square SRR. (B) Permittivity of Square SRR. 

 

After the validation of the conventional Square split ring resonator 

having a negative permeability at 1.8 GHz, we can pass to our 

principal goal which is to design and develop a new metamaterial 

resonator that has a compact size compared to the classical resona-

tor and resonant frequency equal to 1.8 GHz. 

Following various series of optimization by using two electro-

magnetic solvers CST Microwave and ADS Agilent, The pro-

posed resonator is implemented on a 1.6 mm thick FR4 and all its 

parameters have been investigated and analyzed Figure 4 and 5 

show respectively the geometry of the proposed metamaterial unit 

cell and the calculated real and imaginary of the effective permea-

bility versus frequency. 

As might be seen from figure 5, the proposed metamaterial unit 

cell has a negative effective permeability from 1.5 GHz to 2.2 

GHz. furthermore, it has a compact miniature size compared to its 

resonant frequency. This studied resonator can be very useful to 

design and achieve a miniature planar filter. 

L=W=15mm, L1=6.5mm, L2=4.5mm, W1=9mm and W2=3mm.  

 

 
Fig. 4: Geometry of the Proposed Resonator. 

 

 
Fig. 5: Effective Permeability of the Proposed Resonator. 

3. Proposed bandpass filter 

So as to obtain a bandpass behaviour, the chosen resonator which 

is studied above is implemented on the top layer of the coplanar 

structure. Precisely in the middle plane of the proposed design. 

This permitted us to establish a miniature passband circuit with 

low insertion losses in GSM band 1.8 GHz and an excellent atten-

uation in both rejected bands. 

Figure 7 describes the S-parameters of the final proposed circuit 

based on metamaterial unit cell. We can see that the proposed 

circuit shows band-pass characteristic at the centre frequency of 

1.8 GHz. 

For the verification and validation of the results obtained by CST 

Microwave, another study is carried out with ADS Agilent. As 

shown in the figure below, we obtained approximately similar 

results. Nevertheless, a slight deviation of frequency is observed 

which can be explained by the different methods and techniques 

used in the two electromagnetic software during the simulation 

and the calculation of the S-parameters. Where L=24mm, 

W=20mm and d=1mm. 

 
Fig. 6: Geometry of the Proposed Band-Pass Filter. 
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Fig. 7: Frequency Response of the Proposed Filter. 

 

Another verification study is performed using the distribution of 

surface currents on the filter for two frequencies 1.8GHz in the 

bandwidth and 2.2GHz in the second attenuated band. As can be 

seen in the first figure, the current distribution is very strong 

throughout the proposed filter, which means that there is a propa-

gation of the signal from the input port to the output port. 

On the other hand, the second figure shows that the current distri-

bution is very strong on the resonator and there is no current close 

to the output port 2 which implies that there is no transmission of 

the radiofrequency power from the input port to the output port in 

the designed circuit. 

 
(A) (B) 

  

Fig. 8: (A) Distribution of Surface Currents at 1.8 GHz, (B) Distribution 

of Surface Currents at 2.2 GHz. 

4. Conclusion 

A new compact miniature coplanar BSF based on novel met-

amaterial is proposed and studied. The proposed resonator has 

been added to achieve a band-pass behaviour in the GSM band. 

The desired range frequencies made with only one resonator. This 

filter was designed, simulated and optimized using CST Micro-

wave studio and ADS Agilent. The two simulation results are 

verified and show a good agreement with each other. This device 

possesses a good return loss and low insertion loss in the passband. 

Additionally, an excellent attenuation level is seen in the first and 

second rejected-band. This filter can be considered as a qualified 

solution for GSM systems and applications. 
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