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Abstract— An innovative fractal shamrock leaf-shaped antenna with built-in filtering performance has been constructed 

utilising a stepped impedance resonator (SIR). For multi-band, uniformly polarised FR4 substrate functioning, an aperture-coupled 

slot patch antenna is in use. Portable electronics and fixed-location networks alike have made use of patch antennas. Patch antennas 

have traditionally suffered from limited gain, power handling, and impedance bandwidth. The proposed layout's primary goal is to 

employ filtering to dampen harmonics. Inherent advantages of the suggested design produce antennas that are both smaller in size 

and capable of operating over a wider frequency range. The multilayered fractal shamrock leaf shaped antenna is employed with 

a resonating frequency of 2.4GHz, 5.8 GHz, 3.5 GHz, 7.9GHz-ITU-R band with FR4 substrate. The SIR dual-band band pass filter 

is used to suppress the harmonics and reduce the dimension of the whole structure. The proposed antennas were fed by micro strip 

line and considered apertures coupling feeding techniques for suppressing harmonic frequencies and matching impedances. The 

number of iteration is varied, which in turn enhances the multiband characteristics. Both the measured and simulated results reveal 

improved radiation performances and bandwidth. The simulated outcome shows the better outcome in terms of gain and 

S11(dB)[reflection coeffeceint) i.e., for 2.4GHz (gain value of 3.3 dBi is attained with a S11(dB)[reflection coeffeceint) of -38 dB, 

for 3.5 GHz (the gain is 38 dBi having S11(dB)[reflection coeffeceint) of -26 dB), for 5.8 GHz (gain is 4.1 dBi with return values 

-32 dB), for 7.9GHz (the gain is 3.9 dBi having S11(dB)[reflection coeffeceint) of about -20.5 dB).. Thus, from the analysis, it is 

evident that the proposed design effectively suppresses the harmonics, thereby offering high impedance and better 

S11(dB)[reflection coeffeceint). 

Index Terms— multi-band fractal shamrock leaf shaped antenna, filtering, aperture-coupled slot, harmonics 

 

1. INTRODUCTION 

As the technology for wireless telecommunication improves, 

both the channel's carrying capacity and the data's throughput 

rate increase. By fine-tuning the service modes to be more 

adaptable, the compatibility across the various operating 

systems is improving, leading to ever-expanding operational 

bandwidth. Standards may be used in more and more systems 

simultaneously, from the GSM, PCS, DCS, and  4G tele 

communication; Using space-filling assets to realise the 

antenna's multiband while keeping its compact size is an 

innovative application of the fractal theory in antenna design 

that is analogous to the usage of self-similarity properties of the 

fractal body. To cite: Potapov et al. (2019)[1. With the growth 

of science and technology, the miniaturized size electronics and 

telecommunications equipment can perform varied functions 

more and more Jindal et al. (2019)[2]. In turn, this also leads to 

the antenna that other components must make them less 

significant Bai et al[3]. This technology also facilitates the 

integration of active modules directly and beam forming 

network with the radiating layers in phased and active arrays 

Zhou et al[4]. This aspiration might be attained with the use of a 

multilayer technique for the antenna construction by using 

electromagnetic coupling among the beam forming, radiating, 

and active layers Gupta et al[5]. So as to attain appropriate 

polarization, radiation efficiency, and other attributes over a 

specified frequency band, height, shape, dielectric substrate, 

and feeding arrangements of this planar radiator might be 

optimized Madhav et al[6]. This could be attained by the array 
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of several patches of the micro strip and through integrating 

signals established by them. 

The fractal geometry is functional in several areas of life like 

medicine, computer science, art, biology, and so on, Naser-

Moghadasi et al[7]. The fractals are theoretical objects, which 

cannot be implemented physically. On the other hand, some 

correlated geometries might be employed to approach an ideal 

fractal, which is valuable in the construction of antennas da 

Silva Junior et al[8]. Several significant fractal geometry 

characteristics were helpful in antennas designing having a 

multi-frequency operation and small size Zhangfang et al[9], 

Gupta et al[10]. 

In long-distance communications, the requirements of antenna 

property such as narrow beam-width and high gain can’t be 

attained through a single patch structure. To avoid this lacuna, 

micro strip arrays were employed in most cases. As a result of 

employing fractal theory for these arrays, different radiation 

and multiband properties could also be attained. 

The optimized in-sized fractal antennas and the performance 

were appropriate for wireless applications Harbadji et al[20]. 

Fractal Antenna Systems, Ficosa International and Ray span 

among others, investigate the distinctive property of fractals for 

the commercial antennas manufacturing. 

A. Organization 

The approach's residual part is systematically laid out in this 

section II, which depicts a variety of conventional approaches 

linked to fractal antennas. In Section III, we describe the 

proposed method (a fractal antenna design in the shape of a 

shamrock leaf), and in Section IV, we evaluate its performance. 

Section V provides the final analysis and verdict. 

 

II. RELATED WORKS 

Kwon et al. [11] demonstrated a small, high-resolution (3-D) 

antenna for use in the automobile industry. An inexpensive 

manufacturing procedure allowed for the antenna solution's 

planned shark-fin housing to be easily built from a PCB and a 

metal sheet.  

For the WLAN/WiMAX application, Wang et al.[12] created a 

unique micro strip-fed antenna slot with a directed radiation 

pattern. A planar MIMO antenna was presented by Biswas et 

al.[13], which could be incorporated into the portable wireless 

device. We measured and talked about the antenna's properties, 

including its coefficient of reflection, gain, mutual coupling, 

and radiation pattern. 

Results from experiments, analyses, and designs for high-gain 

models and reconfigurable antenna arrays were provided by 

Abdullah et al. [14]. The RF switches simplify the array pattern 

at degrees 00, 700, and 2900 in the azimuth plane, providing high 

peak gain and narrowed altitude plane beam of width. 

Ihamji et al.[15] analysed the uses of Radio Frequency 

Identification (RFID) readers and built a small, multiband 

rectangular micro strip antenna. CST Microwave Studio 

enhances the miniaturisation accomplished via fractal system 

and structures of physical parameters and its ground plane. 

The low-cost fractal antenna design using parasitic SRR was 

presented by Sharma et al.[16]. EC Increased bandwidth is the 

result of better impedance matching, which is achieved thanks 

to parasitic SRR components. At 3.2 GHz, circular patch 

antenna is the simplest resonant structure to examine. The 

expected 13.3 dB gain using the modelled antenna agrees well 

with the measured and simulated results.  

The Modified Sierpinski Carpet Fractal Antenna, as reported by 

Sivia et al.[17], is capable of resonating at a total of six different 

frequencies. The antenna is simulated in HFSS V13 by 

ANSYS/ANSOFT and is fed through a coaxial feed probe. The 

antenna provided here is very straightforward in design. The 

range of frequencies considered was from 1 GHz to 10 GHz.  

For the use of numerous frequency bands, Elavarasi et al.[18] 

presented an SRR equipped with a Koch star fractal antenna. 

The CPW-Fed ant is made up of a CSRR marked on the bottom 

of the substrate and an iterated Koch star marked on the top of 

the FR4 layer. A 12 mm x 14 mm version of the Koch fractal 

SRR antenna was built and put through its paces for testing.  

Patch antenna performance for wireless applications was 

evaluated by Desai et al.[19], who zeroed in on analysis and a 

hexagon design that stimulated fractal geometry and a defective 

ground plane. 

A new dual-band miniaturized fractal antenna for wireless 

telecommunication use was developed by Harbadji et al.[20]. 

By placing square slots in the antenna's central ground, we may 

excite two resonant modes at once, the antenna's anticipated 

miniaturisation. A crescent-shaped fractal geometry was used 

by Chaouche et al.[21] to show a waveguide-fed, coplanar 

reconfigurable antenna. The suggested antenna is smaller than 

earlier reported constructions while yet providing the 

advantages of a multiband configuration. 

Elavarasi et al[22] designed PWF shaped fractal patch supporting 

the multiband applications. The flower‐shaped fractal patch 

was rigid on the substrate at which their proportions 

were W s × L s × h mm3 in addition to a ground was also 

customized (MG) for attaining the bands of multiple frequency. 

 

III. SHAMROCK LEAF SHAPED FRACTAL ANTENNA DESIGN 

In this part of the paper, we discuss the suggested system and 

its underlying mechanism. 
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The multi-band fractal antenna design with filtering using 

stepped impedance resonator and harmonics suppression. The 

multilayered fractal shamrock leaf shaped antenna is employed 

with resonating frequency of 2.4GHz, 3.48 GHz, 5.78 GHz, 

7.9GHz-ITU-R band with FR4 substrate.  

 

Figure 1 Layout of the Proposed Multi Band Filtering Antenna 

 

Figure 1 is the representation of proposed multiband filtering 

antenna configuration.  

A. Antenna Geometry 

The proposed antenna design requires permittivity or dielectric 

of substrate and resonant frequency. The effectual dielectric 

constant εeff of the antenna is computed depending on the  ratio 

of substrate’s patch width (w) and thickness (h), either less than 

or greater than unity.  

The thickness of the substrate provides a better antenna 

characteristics, and it depends on fr. The thickness of the 

substrate lies between 0.003 λ0<h<0.05 λ0. 

           λ0 =
c

fr
                                                                        (1) 

The Length (𝐿𝑠𝑢𝑏) and Width (𝑊𝑠𝑢𝑏) of the substrate are 

calculated as follows 

 𝐿𝑠𝑢𝑏 = 6ℎ + 𝐿                       (2)               

 𝑊𝑠𝑢𝑏 = 6ℎ + 𝑊                      (3) 

𝐿𝑒𝑓𝑓 = 𝐿 + 2∆𝐿                      (4) 

Where, 

h is the thickness and is 1.05 

L is the patch’s length and is 48nm 

 

B. Design of rectangular patch 

The aperture coupled feeding technique is employed in this 

approach at which the feed line is being separated fromthe use 

of the ground plane. The feed line and the radiating element are 

being coupled by means of slot or the aperture present in the 

ground plane. The coupling variation might depend on the slot's 

length and width for the enhancement of simulation outcome 

related to S11(dB)[reflection coeffeceint)es and bandwidths. 

Usually, the slot was centered at the resonating element. 

Width of the rectangular shaped patch (W) is given as 

W =   
𝑐

2𝑓
0√(ε𝑟+1)/2

                                                     (5) 

 Length of the rectangular shaped patch (L) is given as 

L =
𝑐

2𝑓
0√ε𝑒𝑓𝑓

  − 0.824h [
(ε𝑒𝑓𝑓+0.3)∗  (

𝑊

ℎ
 +0.264)

(ε𝑒𝑓𝑓−0.258)∗ (
𝑊 

ℎ
+ 0.8)

]            (6) 

ε𝑒𝑓𝑓 = 
ε𝑟+1

2
 + 

 ε𝑟−1

2
 [

1

√1+12
ℎ

𝑊

]                              (7) 

Where     ε𝑒𝑓𝑓  = Effective dielectric permittivity 

                 h = Thickness of the substrate  

                 𝜀𝑟= Relative permittivity is 4.4 for FR4 material. 

The below figure 2 is the representation of the rectangular 

patch. 

  
Figure 2 Rectangular patch 

 

From the design calculation of patch, Width (W) of the patch is 

58mm.Length of the substrate (𝐿𝑠𝑢𝑏) is 54nm, and the Width of 

the substrate (𝑊𝑠𝑢𝑏) is 64mm, ε𝑒𝑓𝑓  is 2.7. 

. 
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C. Design of elliptical patch from the rectangular patch 

Rectangular patch is designed as per the calculation of the 

length, width, and εeff. The elliptical patch is designed from a 

rectangular patch as per the equations given below. 

 

The general equation of ellipse can be expressed as  

𝑋2

𝑎2 +
𝑌2

𝑏2 = 1                                          (8) 

Radiation fields in the elliptical patch antenna result in two 

orthogonal, equally-amplitude modes that are 90 degrees out of 

phase with one another. The feeding position lies on a line 45 

degrees from the ellipse's major and minor axes. Fig. 3 

represents flow diagram of elliptical shamerock leaf fractal 

antenna design, Fig. 4 shows the elliptical patch design.  

Design of elliptical patch from the rectangular patch 

 

The semi major axis radius of the elliptical patch is calculated 

as 

Semi major axis radius, a = 
  𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑝𝑎𝑡𝑐ℎ(𝐿) 

2
     (9) 

 

The semi minor axis radius of the elliptical patch is calculated 

as 

Semi minor axis radius, b = 
 𝑊𝑖𝑑𝑡ℎ 𝑜𝑓 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑝𝑎𝑡𝑐ℎ(𝑊) 

2
   (10) 

 
Figure 3 Flow of the proposed fractal antenna design 

 

The desired multiband frequency is chosen for designing 

multiband patch antennas, and for this, the centre frequency is 

estimated. The rectangular patch antenna dimension is 

estimated using this computed center frequency as the 

resonating frequency. At the first iteration, elliptical patch is 

designed corresponding to the horizontal axis and vertical axis 

for the outer shamrock with the use of an estimated ellipse 

dimension. In the second iteration, the scaling of dimension in 

the first iteration is carried for attaining the elliptical patch 

dimension for the inner shamrock. At last, the substrate 

dimension is estimated with its length and width. 
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Figure 4 Elliptical patch design 

The Design calculation is computed as follows with a as24nm 

and b as 29nm. 

 

For the Different iterations, the flow of design is as follows: 

 
Figure 5 Truncated elliptical ring 

Figure 5 shows truncated elliptical ring, which used to construct 

the leaf-shaped patch. Truncated elliptical ring is designed by 

cutting two ellipses of the same ratio as 0.4 with the radius of 

0.7 and 0.8 respectively. 

 
 

Figure 6 First iteration of patch 

Figure 6 depicts the first iteration of the fractal patch. The first 

iteration is designed by combining the three truncated elliptical 

ring resembling a three shamrock leaf. The first iterated patch 

is duplicated by 180 degrees.  

 

Figure 7 Second iteration of patch 

Figure 7 represents the 2nd iteration of the fractal patch. The 

second iteration is designed by the length of the extracted ring 

at the previous section (first iteration), which is multiplied by a 

factor of 1.5.  

D. Filter design: 

Harmonics is a severe dilemma to be considered in the wireless 

communication system. Conventionally, harmonics were often 

eradicated by means of cascading a filter on the backend. On 

the other hand, this in turn enhances the volume of the RF front-

end and complexity. In this incorporated antenna filtering, the 

harmonic suppression was considered. 

Equivalent circuit of Stepped Impedance Filter Design 

The given band pass filter has been obtained by using the 

following set of formulas and assumptions. The filter has been 

designed for an insertion loss of -30 dB, which helped in 

determining the filter order. Fig. 8(a) and (b) shows equivalent 

circuit of shamrock leaf shape antenna: 

 
Figure 8 (a) Equivalent circuit of band pass filter design 

 
Figure 8 (b) Equivalent circuit of shamrock leaf shape antenna 

 

Butterworth filters have been utilised to create the band pass 

filter, with their corresponding g employed to calculate the 

filter's L and C components and their respective impedance 

values. The formula for finding 'N' is shown below. 

 

Insertion Loss, IL=10log10 (1+ Ω2N)          (11) 

Inductance (L=g*Z) is calculated by, 

�̅� =
𝐿

𝜔𝑈−𝜔𝐿
   ,                                      (12) 
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                         C̅=
𝜔𝑈−𝜔𝐿

𝜔0
2𝐿

                                        (13)         

                             

Capacitor(C=g/Z) in shunt is calculated 

by,

  

C̅ =
𝐶

𝜔𝑈−𝜔𝐿
      , L̅=

𝜔𝑈−𝜔𝐿

𝜔0
2𝐶

                             (14) 

The following formula can be used to get the bandwidth factor 

of the filter being developed. 

bf = tan(
𝜋

2
(1 −

𝑠𝑏𝑤

2
))                                   (15) 

s𝑏𝑤=
𝜔𝑈−𝜔𝐿

𝜔0
1 ,                                            (16) 

Inductive reactance (series inductor),  

X= bf * g                                             (17) 

 

Inductive susceptance (shunt capacitor), 

B=bf * g                                            (18) 

 

The stepped impedance resonator has two different 

characteristic impedance lines like Z1 and Z2. Yin1 is the input 

admittance from a different position. The input admittance (Yin) 

of SIR is: 

Yin = 
(Z1 – Z2tanθ1tanθ2)

[jZ1(Z1tanθ1 + Z2tanθ2)]               
                          (19) 

The resonators dimensions could be derived just the once the 

band pass frequencies are discrete. The θ1 electrical length is 

being determined through a range of structural parameters, 

together with L1, L2, L3, L4, and L5, which in turn estimates the 

frequency value. It is appropriate for adjusting frequency by 

altering the L5 value devoid of having much coupling 

coefficient influence. 

Accordingly, the subsequent derivation could be attained as the 

condition of resonance: 

𝑧1

𝑧2
= 𝑡𝑎𝑛𝜃1𝑡𝑎𝑛𝜃2 = 𝑅𝑧                   (20) 

Where, Rz denotes the ratio of impedance. In this derivation, the 

resonance condition could be derived by means of θ1, θ2, and 

Rz. This could alter these factors so as to attain the required 

resonance, and the dual mode filter could be designed with the 

use of SIR. 

The relationship between the electrical length of the SIR  and 

the electrical length of the impedance Z1,  𝜃1 are derived. 

When 0<Rz <1,  θ has a minimum value, and when Rz>1, 𝜃 has 

the maximum value. Fig. 9 shows Stepped Impedance 

Resonator structure.  

𝜃 = 𝑡𝑎𝑛−1√𝑅𝑧 = 𝜃1 = 𝜃2                               (21)  

  

 

Figure 9 SIR structure 

 

The filtering design of the antenna consists of half wavelength 

which has parallel coupled resonators, patch element, and the 

micro strip line feed. The centre inserted ground plane is shared 

by both filter and the patch antenna.  During this design, whole 

structure's dimension can be reduced significantly. 

 

 

IV. PERFORMANCE ANALYSIS 

In this section, performance analysis was probable with the 

HFSS software simulation usage. The comparative analysis  

Mao et al[23] of the proposed and existing mechanism is shown. 

Fig. 10 symbolises the 1st iteration of the proposed fractal. 

Fig.11 shows the 2nd iteration of fractal antenna by 

incorporating inner shamerock leaf. 
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Figure 10 Representation of First iteration (top view-fractal 

patch) 

 

 

 

Figure 11 Representation of Second iteration (top view) 

From the design of leaf shamrock antennas, patch antennas 

have been employed. Figure 12 shows the patch antennas 

having the shape of the shamrock of petals that were operating 

in the WLAN range. 

 

Figure 12 representation of Second iteration with filter 

 

 
 

Figure 13 Slot at ground plane to support proximity coupling 

 

Figure 13 represents slot at the middle ground plane to support 

proximity coupling feeding technique. Figure 14 is the Second 

order Stepped impedance resonator at the bottom layer to 

suppress harmonics other than 2.48 GHz, 5.78 GHz (WLAN) 

application), 3.5 GHz (WiMAX), 7.9 GHz-ITU-R band. 
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Figure 14 representation of First iteration (Top view) 

 

 

Figure 15 S11(dB)[reflection coeffeceint) analysis of first 

iteration 

 

Figure 15 signifies S11(dB)[reflection coeffeceint) (S11) of first 

iteration of fractal without filter resonating at 2.49 GHz, 

7.6GHz, and harmonics at 5 GHz, 11.2 GHz, and 13.2 GHz.  

 

 
 

Figure 16 S11(dB)[reflection coeffeceint) analysis of second 

iteration 

 

Figure 16 symbolises the S11(dB)[reflection coeffeceint) of 

second iteration without filter resonating at 2.4 GHz, 3.5GHz, 

5.8GHz, 7.9GHz (desired radiating frequencies) and other 

radiating frequencies are Harmonics, which have to be 

suppressed. 

 

  

 

Figure 17 Filtered S11(dB)[reflection coeffeceint) analysis of 

second iteration 

 

The analysis of Filtered S11(dB)[reflection coeffeceint) of 

second iteration is shown in figure 17, which is resonating at 

2.4 GHz, 3.5GHz, 5.8GHz, 7.9GHz (desired radiating 

frequencies) and no harmonics. 
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Figure.5 Impedance and width modified 

BPF 
 

Table.1 Dimensional parameters of the impedance 

and width modified BPF 

Impedance(Ω) Parameter Value(mm) 

50 
W1 2.93310 

L1 8.217530 

106.15 
ls1 35.0144 

ws1 0.523472 

53.07 
ls2 33.0357 

ws2 2.64502 
 

 

Figure 19 Filtered S11(dB)[reflection coeffeceint) and 

S21(dB)[transmission Coeffecent] analysis of proposed filter 

 

Figure 18 is the analysis of the Stepped Impedance Resonator, 

which generates two-second order bands (dual band: 1.8GHz-

3.7 GHz) & (5.22GHz – 8GHz). 

 

 
Figure 19 comparative analyses of second iteration with and 

without filter and first iteration 

The Comparative result is shown in figure 19 in which Solid 

line signifies second iteration with filter-only desired radiating 

frequencies and Red-long dotted: second iteration without 

filter. The Blue dotted indicates the First iteration.  

 

Once the RF front end system has been installed, the effect of 

the ground plane can be taken into account. No matter what you 

do to the ground plane, the out-of-band and in-band 

performance won't change. This proposed design features low 

insertion and in-band S11(dB)[reflection coeffeceint). 

 
Figure 20 Analysis of radiation pattern(E-plane and H-plane) 

at 2.4 GHz and 3.6 GHz 

 

Radiation pattern (E Plane (dB))- phi in degree Vs Gain is 

shown in figure 20 in which solid line signifies 2.4 GHz with 

Dotted line of 3.5 GHz. 

9



 

International Journal of Computing and Digital Systems 
ISSN (2210-142X)  

Int. J. Com. Dig. Sys. #, No.# (Mon-20..) 

 

 
Figure 21 Analysis of 2D-radiation pattern(E-plane and H-

plane) at 7.9 GHz and 5.8 GHz 

 

Radiation pattern (E Plane (dB)) - phi in degree Vs Gain is 

shown in figure 21 in which solid line: 7.9 GHz and Dotted line: 

5.8 GHz. The radiation patterns are stable and Omni-directional 

over the whole pass band. The outcomes of the filtering antenna 

were close to one another which in turn validates the 

effectiveness of the proposed design. 

The simulated gain (dB) in the resonant frequencies of the patch 

antennas is shown. As renowned, the gain was condensed when 

fractal level increases.  

 

 
  

Figure 22 Bottom view of fabricated shamrock shaped fractal 

antenna design 

 

Figure 23 Top view of fabricated shamrock shaped fractal 

antenna design 

 

Figure 22 is the representation of the bottom view of fabricated 

shamrock shaped fractal antenna design, and figure 23 is the top 

view of fabricated shamrock shaped fractal antenna design. 

Table 1 performance analysis of the gain vs. resonant frequency 

 Gain, S11(dB)[reflection coeffeceint)  vs. resonant frequency 

Iteration 
2.48 GHz 3.48 GHz 5.8 GHz 7.9 GHz 

Gain (dbi) S11 (dB) Gain (dBi) S11 (dB) Gain (dBi) S11 (dB) Gain (dBi) S11 (dB) 

2nd iteration with filter 3.3 -38 3.8 -26 4.1 -32 3.9 -20.5 

2nd iteration without filter 3.25 -32 3.7 
-23.48 

 
3.5 

-26 

 
3.7 

-20.5 

 

1st iteration 3.0 -19.2 3.2 -1.1418 3.0 
-0.96155 

 
3.1 

-2.75 
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Table 2 comparative analysis  of the simulated and fabricated result 

Simulated result Fabricated result 

Frequency dB Frequency dB 

2.4 GHz -38 2.4GHz -36 

3.5 GHz -26 3.5 GHz --28 

5.8 GHz --32 5.8 GHz -30.5 

7.9 GHz -20.5 7.9 GHz -19.8 

 

 

The proposed system's performance analysis is displayed in 

Table 1 in terms of gain and resonant frequency. The 

comparison between the simulated and constructed results is 

shown in Figure 24 and Table 2. 

Table 3 Comparison of S11(dB)[reflection coeffeceint), Gain and Radiating Efficiency of Existing Conventional Multiband 

antenna and proposed antenna  

 Gain, S11(dB)[reflection coeffeceint)  and Radiating Efficiency vs. resonant frequency 

Iteration 

2.4 GHz 3.5 GHz 5.8 GHz 7.9 GHz 

Gain 

(dbi) 

S11 

(dB) 

Radiating 

efficiency 

(in %) 

Gain 

(dBi) 

S11 

(dB) 

Radiating 

efficiency 

(in %) 

Gain 

(dBi) 

S11 

(dB) 

Radiating 

efficiency 

(in %) 

Gain 

(dBi) 

S11 

(dB) 

Radiating 

efficiency 

(in %) 

Proposed 

Antenna 
3.3 -38 94.6 3.8 -26 92.4 4.1 -32 90.5 3.9 

-

20.5 
91.6 

Existing 

Conventional 

Multiband 

antenna 
2.8 -28 90.2 3.2 

-16.8 

 
89.1 3.4 

-25 

 
91.2 2.8 

-25 

 
89.5 
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Figure 25 Surface current Distribution at 2.4 GHZ, 3.5 GHz, 

5.8 GHz, and 7.9GHz 

Table 3 depicts the Comparison of S11(dB)[reflection 

coeffeceint), Gain and Radiating Efficiency of Existing 

Conventional Multiband antenna and proposed antenna. The 

outcome shows that the proposed design is better than the 

existing techniques. Figure 25 is the representation of surface 

current distribution at 2.4 GHZ, 3.5 GHz, 5.8 GHz, and 

7.9GHz. 

 

V. CONCLUSION  

This article demonstrated the designing of inventive 

multilayered fractal-shamrock leaf shaped antenna for the 

wireless application. The antenna is being designed with the 

FR4 substrate having a resonating frequency of value 2.48 

GHZ, 5.8 GHz( WLAN) application), 3.48 GHz (Wi-Max), 7.9 

GHz-ITU-R band as a top patch as the technique of feeding 

aperture coupling slot probe has been utilized as the antenna 

feed in the ground plane. The bottom band patch as Stepped 

Impedance Resonator, which in turn generates two second order 

bands (dual band: 1.8GHz-3.7 GHz) and (5.22G–8GHz). The 

main aim of this design is to suppress the harmonics by multi-

band fractal antenna having filtering with the use of a stepped 

impedance resonator. The simulated result shows the better 

outcome in terms of gain and S11(dB)[reflection coeffeceint) i.e. 

for 2.4GHz (gain of 3.3 dBi is attained with a S11(dB)[reflection 

coeffeceint) of -38 dB), for 3.5 GHz (the gain is 38 dBi having 

S11(dB)[reflection coeffeceint) of -26 dB), for 5.8 GHz (gain is 

4.1 dBi with return values -32 dB), for 7.9GHz (the gain is 3.9 

dBi having S11(dB)[reflection coeffeceint) of about -20.5 dB).  
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