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ABSTRACT 
 

The Peano fractal geometries exhibit a notable ability to space filling due to their distinctive 

characteristics. In this study, we introduce a Peano-based first-generation flat microstrip multi-band 

bandpass filter. The filter is presented as a possible solution for ISM, WLAN, and WiMAX applications 

thanks to its design with symmetric three coupled lines and asymmetric two coupled lines. The first version 

of the Peano fractal curve was used to design a bandpass filter with a satisfactory response at 2.44, 3.79, 

and 5.75 GHz. A substrate with a relative dielectric constant of 3.48 and a thickness of 0.762 mm was used 
to create the filter. The filter architectures' simulated performances were assessed using the CST STUDIO 

SUITE-based method of moments (MoM). The results show that the proposed filter architecture has good 

return loss and transmission properties, in addition to its reduced size and inexpensive cost. 
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1. INTRODUCTION 
 

Fractals have been utilized in numerous scientific and engineering domains, following the 

pioneering contributions of Mandelbrot [1]. Fractal electrodynamics is an area of study that 
combines fractal geometry with electromagnetic theory to explore a novel category of radiation, 

propagation, and scattering issues. This field is exemplified by reference [2]. The latest 

advancements in wireless communication systems have introduced fresh obstacles in the creation 
and manufacturing of top-notch compact components. The aforementioned challenges prompt 

designers of microwave circuits and antennas to explore diverse fractal geometries in search of 

viable solutions. 

 
The predictions made by the individuals are founded upon their analysis of Cantor fractal 

geometry. The creation of a microstrip lowpass filter made use of the Peano fractal curve as a 

defective ground structure. The results of this study suggest that, when compared to traditional 
dumbbell-shaped DGS low-pass filters, fractal DGS low-pass filters have a better roll-off rate or 

sharpness factor [3]. The utilization of the Hilbert fractal curve in the design of microstrip 

bandpass filters has been observed through the application of the SIR principle on individual 

strips of the Hilbert fractal geometry, as documented in reference [4]. The utilization of Koch 
fractal geometry has been implemented in the design of a band pass filter (BPF) for a double 

folded substrate integrated waveguide (FSIW) operating at the X band microwave frequency, as 

reported in reference [5]. The utilization of Minkowski-type fractal geometry has been observed 
in the implementation of defected ground structures for the purpose of designing miniaturized 
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microstrip bandpass filters, as reported in reference [6]. The utilization of Minkowski fractal 
geometries for the purpose of modeling compact microstrip bandpass filters has been documented 

in literature sources [7–12]. The utilization of Peano fractal geometry has proven to be effective 

in the development of compact microstrip filters with single-band and dual- or multi-band 

capabilities for a range of communication applications, as evidenced by sources [13–18]. 
 

The microstrip filter design presented in the current study, which was inspired by [19], is meant 

to be used in modern communication systems. A triple-resonance band filter has been constructed 
at resonance frequencies of 2.44 GHz, 3.79 GHz, and 5.75 GHz, based on the iteration of the 1st 

Peano fractal curve. The compactness of the resulting filter is attributed to its exceptional space 

filling property, which is accompanied by favorable transmission and return loss responses. 
 

2. PEANO FRACTAL CURVE 
 

The Peano curve, which was introduced by Peano in 1890, is significant as it represents the initial 

instance of a space-filling curve [20]. The Peano-curve algorithm exhibits a notable characteristic 
in its comparatively superior compression rate when compared to the Hilbert-curve algorithm in 

the context of filling a two-dimensional region. This finding raises the possibility that the Peano 

resonator has a lower resonance frequency than a Hilbert resonator with an equivalent n iteration. 
Figure 1 shows the Peano fractal curve, which has a square section of S as its outer boundary. 

Continuation from reference [21], the total length of the line segments L(n) in a resonator 

composed of a slender conducting strip arranged in the shape of the Peano curve, with a side 

dimension S and of order n, can be expressed as follows: 
 

                                            (1)                                     

 

In a microstrip resonator, the strip width (w) and the distance between the strips (g) are the 
variables that determine the side dimension of Peano fractal geometry. According to reference 

[9], the variables w and g are connected to the exterior side S and iteration order n. 

       

                                                        (2) 

 
The concept of fractal dimension pertains to the degree of space-filling capacity exhibited by a 

pattern at the packaging level or in terms of quantity. It characterizes the distinct scaling behavior 

of a fractal relative to the space in which it is situated and is inherently non-integer in nature [23]. 
 

 

 
 

Fig.1. The first iteration level of the Peano fractal curve generation process 
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3. PROPOSED BAND PASS FILTER BASED ON PEANO FRACTAL  
 
Based on the first iteration of Peano fractal geometry, the suggested design is a multi-band 

bandpass filter that uses a flat microstrip arrangement. The filter has been devised to incorporate 

both symmetric three coupled lines and asymmetric two coupled lines. As shown in Figure 2, the 

filter has been considered to function at the 2.44 GHz, 3.79 GHz, and 5.75 GHz resonant band 
frequencies. The filter structures under consideration were purportedly fabricated via etching on a 

substrate possessing a relative dielectric constant of 3.48 and a thickness of 0.762 mm. The 

dimensions of the resonator that were obtained are 26.98 mm × 18.88 mm, which correspond to 
approximately 0.25 λg by 0.36 λg. The TB-BPF's structural parameters have been designed and 

optimized in the following manner: The values provided by the user are as follows: Wf = 1.68, 

W1 = 0.7, W2 = 0.158, W3 = 2.37, W4 = 4.75, Lf = 2.1, L1 = 13.82, L2 = 8.1, L3 = 2.1, L4 = 12, 

t1 = 0.54, t2 = 0.3. These values are expressed in millimeters. At the central frequency of the first 
passband (2.44 GHz), the guided wavelength (λg) of the 50-Ω microstrip line over the substrate is 

being referred to. [24,25]: 

 

                                                  (3) 

 
 

Fig.2. Depicts a microstrip bandpass filter that has been modeled with two resonators utilizing the first 

iteration Peano curve geometry. 

 

4. RESULTS 
 

Figure 3 displays the frequency responses that correspond to S11 and S21.The findings depicted in 

Figure 3 indicate that the bandpass filters derived from the initial Peano fractal geometry 
iterations exhibit tri-band characteristics, with transmission zeros situated at the first two bands, 

specifically at 2.44 GHz and 3.79 GHz, respectively. Simultaneously, there exists effective 

isolation among the three passbands. The presence of three attenuation poles within the stopband 
can be discerned at frequencies of 0.011 GHz, 2.83 GHz, and 5.04 GHz. 
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Figure 3: displays the return loss and transmission responses of the 1st iteration fractal two-resonator 

microstrip bandpass filter. 

 
Figures 4 depict the surface current distributions. The responses were analyzed utilizing a sonnet 

simulator, with the color red representing the highest degree of coupling effect and blue 

representing the lowest. 

 

    

 

 

Figure 4 illustrates the distribution of current density at the conducting surface of the Peano 
bandpass filter during the first iteration. The simulation was conducted at a the three resonant 

frequency. 

 

5. CONCLUSIONS 

 
Based on the first iteration of the Peano fractal curve, this study offers a simulation of a 

rectangular microstrip multi-band bandpass filter that employs symmetric three coupled lines and 

asymmetric two coupled lines. The proposed fractal structure exhibits a space-filling property, 
leading to a significant level of miniaturization. The area occupied by the fractal-based resonator 

has been determined to be approximately (0.25λg × 0.36λg) times the wavelength of the guided 

mode. The outcomes of the simulation indicate the presence of three passbands, each with a 

distinct central frequency of 2.44 GHz, 3.79 GHz, and 5.75 GHz, respectively. Thus, the 
suggested Bandpass Filter (BPF) exhibits potential for implementation in (ISM), (WLAN), and 

(WiMAX) applications, based on its capabilities. 

2.44 GHz 3.79 GHz 
5.755 GHz 
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