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Abstract - In this research, the Iterated Function System (IFS) concept is utilized to develop a novel 15-segment fractal antenna. 

Additionally, Characteristic Mode Analysis (CMA) is applied to scrutinize the electromagnetic behavior of the proposed fractal 

structure in a multilayer medium. This examination yields insights into the physical significance of modes present in the antenna. 

Based on these insights, further investigation of the surface current distribution and modal significance of the antenna is 

conducted to mitigate unwanted harmonics without necessitating additional filter components. The resulting modified 15-

segment fractal antenna demonstrates suitability for applications in the C and X bands. 
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1. Introduction  
Fractals are geometrical structures in which identical 

patterns recur at gradually smaller scales. The key properties 

of fractal geometry [2] are its recursive nature, space filling 

and self-similarity [3]. Self –similarity attribute is utilized to 

persist the duplication in design geometry to operate in 

multiband. The space filling feature of fractals is applied to 

reduce antenna space. Koch curve, Sierpinski carpet, Tree, 

contour etc., are typically used fractals. S. Rani et al. [5] 

presented a modified Koch fractal that provides better return 

loss than the existing Koch curve.  

In [5], a novel design with the combination of Minkowski 

and carpet antenna was designed for wireless application. A 

flexible antenna [6] with tree shaped fractal geometry is 

proposed to achieve dual resonance. The article [7] presented 

a compact dual frequency microstrip antenna by incorporating 

a Sierpinski carpet fractal into the traditional microstrip patch 

antenna. Fractal Antenna, being an irregular-shaped 

microstrip antenna, has a complex design procedure and a 

time-consuming optimization process.  

Thus, it requires mathematical analysis to properly 

construct its recursive configuration and a deterministic 

design approach called Characteristic modal analysis to 

interpret and optimize its performance. The advancement of 

fractal geometry proffers various approaches for the 

mathematical analysis of irregular shapes [5]. The structure 

and recursive configuration of the fractal antenna can be 

constructed by a mathematical iterative process called 

Iterative Function System (IFS) [8,9]. CMA [10,11] in a 

multilayered medium can provide physical insight into the 

operations of an irregular-shaped microstrip patch antenna, 

and it can also accurately characterize the modal current, 

model far field and resonant frequency of the radiating modes. 

John J Borchard et al. [14] used modal analysis to interpret the 

impedance characteristic of U-slot patch geometry. In [6,13], 

a detailed exploration of the logical design of the Fractal UWB 

MIMO antenna using modal analysis was presented.  

Robert Martens et al. performed appropriate excitation of 

modes with the help of CMA for the MIMO antenna system 

[15]. The consolidated literature survey is given in Table 1. A 

novel 15-Segment fractal antenna with miniaturization and 

multiband characteristics has been disclosed in this research 

work. The objectives of this compendium are  

a) To construct a novel 15-segment fractal curve using a 

mathematical Iterative process called Iterative Function 

System. 

b) To design a novel 15-Segment fractal antenna using the 

proposed fractal curve with miniaturization and 

multiband characteristics, which are suitable for X and C 

band applications. 

c) To interpret the electromagnetic behavior of the proposed 

15-Segment fractal antenna using a deterministic design 

approach called Characteristic modal analysis, resulting 

in the reduction of time-consuming trial and error 

optimization. 

d) To optimize the performance of the proposed fractal 

antenna by eliminating unwanted harmonics with the aid 

of Characteristic modal analysis to avoid the necessity of 

additional filter components. 

https://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://digital-library.theiet.org/search;jsessionid=2ss9fhrkn0elp.x-iet-live-01?value1=&option1=all&value2=Robert+Martens&option2=author
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Table 1. Consolidated summary 

 

Ref. 

No. 

Approach Contribution/Outcome 

Mathematical 

Analysis 

(IFS) 

Modal 

Analysis 

(CMA) 

Band Rejection 

(Eliminating Harmonics) 

using CMA 
Miniaturization Multiband 

Proposed work Yes Yes Yes Yes Yes 

[4] Yes No No No Yes 

[5] Yes No No Yes Yes 

[6] No No No No Yes 

[7] No No No Yes Yes 

[12] No Yes No No No 

[15] No Yes No No Yes 

[16] No Yes No Yes Yes 

[17] Yes Yes No No Yes 

2. Construction of Fractal Curve 
The prototype of IFS is based on the set of affine 

transformation 𝑤(𝑥, 𝑦) to an elementary shape. The affine 

transformation is defined in [18] as 

   𝑊(𝑥, 𝑦) = (𝐴𝑥 + 𝐵𝑦 + 𝐸, 𝐶𝑥 + 𝐷𝑦 + 𝐹)       (1) 

Here, A and D - Scaling operation; r - scaling factor, B 

and C - rotation by angles θ1 and θ2, E and F -x, y co-ordinate 

translation.  

A=𝑟1 𝑐𝑜𝑠 𝜃1; B=𝑟2 𝑠𝑖𝑛 𝜃2; C=𝑟1 𝑠𝑖𝑛 𝜃1; D=𝑟2 𝑐𝑜𝑠 𝜃2; 

Consider S as an initial geometry and w1, w2…. wN as a 

set of affine transformations. Now, the new fractal curve W(S) 

is obtained by adopting the set of all the affine transformation 

functions to the initial geometry [19]. The new fractal curve 

W(S) can be obtained from      

𝑊(𝑆) = ⋃ 𝑤𝑖(𝑆)
𝑁
𝑖=1

(2) 

Where the operator U is called as Hutchinson operator. 

A 15-segment fractal curve is proposed in this dissertation 

to protract the convoluted length of the antenna to shift the 

operating frequency towards the lower side. The framework 

of the 15-Segment fractal instigates with a straight line, as 

shown in Figure 1(a). Then, the straight line is partitioned into 

3 equal segments. The next stage of the construction procedure 

is to replace the middle segment of the straight line with two 

hexagon-like head structures, as illustrated in Figure 1(b).  

 
                  (a)                                  (b)                                   (c) 

Fig. 1 Construction of Fractal curve (a) Straight line (b) Straight line 

with two hexagon-like head structures (c) Proposed 15-Segment fractal 

curve 

   

(a)                             (b)                                      (c)    

Fig. 2 Evolution of the proposed 15-Segment fractal antenna (a) Basic 

rectangular patch-initiator (b) Generator (c) For iteration N=2 

The proposed 15-Segment fractal curve consists of three 

horizontal lines, six vertical lines with an indentation of 90˚ 

and six bent curves with an indentation of -45˚ and 45˚ 

respectively. The series of affine transformation of the 15-

Segment fractal curve is given in Table 2.  

3. Design of 15-Segment Fractal Antenna 
The origination of the fractal antenna, called, the initiator, 

is a conventional rectangular microstrip antenna. The first 

iteration of the 15-Segment fractal antenna is achieved by 

incorporating the proposed 15-Segment fractal curve, called 

the generator, along the four straight segments of the 

Euclidean initiator. This generation procedure continues up to 

the “N” iteration as per the requirement of the design. In this 

model, the 15-Segment fractal antenna is designed for the 

iteration N=2, as illustrated in Figure 2. The design parameters 

of the initiator are obtained from the transmission line model. 

The dimensions of the first and second iterations of the 

proposed 15-Segment fractal antenna are obtained from the 

Iterated Function System defined in section 2. A coaxial fed 

rectangular microstrip antenna that operates at 5.2 GHz is 

designed using the traditional cavity model with the 

parameters mentioned in Table 3.  

The dimensions of the 15-Segment fractal antenna are 

depicted in Figure 3. The dimensions of the proposed 15-

Segment fractal antenna are stated in Figure 3.  
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Table 2. IFS of 15-Segment fractal curve 

S. No W(x,y) A B C D E F 

1.  W1 0.3 0 0 0.3 0 0 

2.  W2 0 -0.05 0.05 0 0.33 0 

3.  W3 -0.039 -0.039 0.039 -0.039 0.33 0.055 

4.  W4 0 -0.05 0.055 0 0.2940 0.0948 

5.  W5 0.039 -0.039 0.039 0.039 0.2940 0.1503 

6.  W6 0.039 0.039 -0.039 0.039 0.33 0.1896 

7.  W7 0 -.0.05 0.05 0 0.3726 0.0948 

8.  W8 0.2547 0 0 0.2547 0.3726 0.0948 

9.  W9 0 -0.05 0.05 0 0.6273 0.0948 

10.  W10 0.039 -0.039 0.039 0.039 0.2940 0.1503 

11.  W11 0.039 0.039 -0.039 0.039 0.66 0.05 

12.  W12 0 -0.05 0.05 0 0.705 0.1503 

13.  W13 0.039 -0.039 0.039 0.039 0.66 0.055 

14.  W14 0 -0.05 0.05 0 0.66 0 

15.  W15 0.33 0 0 0.33 0.66 0 

Table 3. Design parameters of rectangular 

S. No Parameter Dimension (mm) 

1.  Ground width (wg) 35.44 

2.  Ground length (Lg) 26.24 

3.  Patch width (W) 17.72 

4.  Patch length (L) 13.12 

5.  Substrate thickness (h) 1.6 

6.  Dielectric constant () 4.3 

7.  Conductor height (𝑡) 0.035 

Table 4. Performance metrics of 2nd iterated 15-Segment fractal antenna 

Frequency 

(GHz) 

S11 

(dB) 

BW 

(MHz) 
VSWR 

GAIN 

(dBi) 

IMP 

Ω 

4.22 -33.1 163.3 1.04 3.937 51 

6.28 -11.6 80.2 1.71 1.706 79 

11.72 -15.2 259.6 1.42 5.425 52 

 
Fig. 3 Dimensions of the proposed 15 Segment fractal antenna for 

iteration N=2 

4. Driven Simulation of 15-Segment Fractal 

Antenna 
The proposed 15-Segment antenna depicted in Figure 3 is 

simulated using an EM simulation tool, and its performance is 

observed in terms of S11, VSWR, gain, directivity and 

bandwidth. The proposed 2nd iterated 15-Segment fractal 

antenna is investigated within the frequency range (3-13) 

GHz. From Figure 4, it is evident that the antenna resonates at 

3 different frequencies, namely 4.22GHz, 6.28GHz and 

11.72GHz, with the reflection coefficients of -33.1dB, -

11.6dB and -15.2dB. Table 4 provides the performance 

metrics of the 2nd iterated 15-Segment fractal antenna with 

respect to Gain, directivity, VSWR and Bandwidth. From the 

results, it has been observed that the performance of the 

antenna at frequency f=6.28GHz is unsatisfactory. 

5. Characteristic Modal Analysis 
CMA generates a set of current patterns that naturally 

present on an arbitrary structure at a distinct frequency [20]. 

These sets of current patterns are nothing but the modes that 

radiate their corresponding characteristic modal pattern 

independently. For a distinct frequency, an infinite number of 

modes can be generated [21]. Among them, few might be 

closer to their natural resonance and upon excitation, it will 

radiate significantly but the other modes may be away from 

their natural resonance, and as a result, they radiate less power 

and store more energy. The parameters that are involved in 

describing the characteristic mode analysis of the antenna 

structure are eigen value, characteristic angle and modal 

significance. Mathematically, the Eigenvalue [22,23] λn is 

defined as the ratio of reactive power to the radiated power 

wherein the physical interpretation involved is that the 

magnitude of the eigenvalue is proportional to the total stored 

field energy within the radiation. Modal significance [22,23], 

along with modal excitation co efficient, quantifies the 

involvement of each mode in the total electromagnetic 

response to a given source. Modal Significance (MS) can be 

calculated from               

MS = |1/(1+jλn)|                     (3) 

Further modal significance is also helpful in identifying.  
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6. Optimization of 2nd Iterated 15-Segment Fractal 

Antenna Using Characteristic Modal Analysis 
Characteristic modal analysis for a 15-Segment fractal 

antenna in a multilayered medium is carried out using an EM 

simulation tool. In order to perform modal analysis, excitation 

of the antenna is removed, and all the lossy material involved 

in the antenna construction is converted into lossless material. 

The perfect conducting body and its corresponding mesh view 

of the proposed antenna are shown in Figure 5.  

From the S11 response of the 2nd iterated 15-Segment 

antenna, it is evident that the antenna has a resonance at three 

different frequencies, namely 4.22GHz, 6.28GHz and 

11.72GHz. Now, modal analysis is done for these frequencies 

separately to analyse the physical behaviour of the 15-

Segment fractal antenna.  

First, the resonant behaviour of the 15-segment fractal 

antenna is examined at a frequency (f) 4.22GHz by sorting the 

multimode solver. At f=4.22GHz, two modes are generated, 

and their corresponding eigen value, modal significance and 

characteristic angle are obtained, as given in Figure 6. The 

physical interpretation of the modal analysis at 4.22GHz is 

elaborated in Table 5. 

 
Fig. 4 S11 characteristic of 2nd iterated 15-Segment fractal antenna 

    
(a)                                           (b) 

Fig. 5 15-Segment fractal antenna without feed (a) Lossless patch (b) 

Mesh partition into characterized modes 

 
(a) 

 
(b) 

 
(c) 

Fig. 6 CMA Parameters at f=4.22 (a) Characteristic angle (b) Eigen 

values (c) Modal significance 

Table 5. Resonant behaviour of 15-Segment fractal antenna at 

f=4.22GHz 

Mode αn λn MS Mode Nature 

1 178o 0.0 0.99 Close to Resonance 

2 161o 0.3 0.94 Inductive mode 
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(a)

 
(b) 

 
(c) 

Fig. 7 CMA Parameters at f=6.28 (a) Characteristic angle (b) 

Eigenvalues (c) Modal significance 

Mode 1 and 2 are the current patterns of the 15-Segment 

fractal antenna that naturally exist at f=4.22GHz. According 

to the CMA parametric results shown in Figure 6, the actual 

resonant frequencies of mode 1 and mode 2 are observed at 

4.0585 GHz and 4.1625 GHz, respectively. At these 

frequencies, the modal parameters of the proposed antenna are 

exactly equivalent to the resonance condition.  

(i.e.)  αn = 1800; λn =0; MS=1 

Now, the resonant behaviour of the proposed antenna at a 

frequency of 6.28GHz is analysed. At f=6.28GHz, two modes 

are instigated, and their corresponding eigenvalue, modal 

significance and characteristic angle are obtained, as given in 

Figure 7. The physical interpretation of the modal analysis at 

6.28GHz is presented in Table 6. Modes 1 and 2 are the current 

patterns of the 15-Segment fractal antenna that naturally exist 

at f=6.28GHz. In accordance with the CMA parametric results 

shown in Figure 7, it is observed that mode 1 does not 

contribute any significant resonance, whereas mode 2 

contributes at a frequency of 6.2275 GHz. At this frequency, 

the modal parameters of the proposed antenna are exactly 

equivalent to the resonance condition. (i.e.)  αn = 1800; λn =0; 

MS=1. Finally, the resonant behaviour of the proposed 

antenna is examined at a frequency of 11.72GHz. At 

f=11.72GHz, two modes are excited, and their corresponding 

eigenvalue, modal significance and characteristic angle are 

obtained as given in Figure 8. The physical interpretation of 

the modal analysis at 11.72GHz is elaborated in Table 7. 

Table 6. Resonant behaviour of 15-Segment fractal antenna 

 at f=6.28GHz 

Mode αn λn MS Mode Nature 

1 1580 0.3 0.93 Non-Significant mode 

2 1870 -0.1 0.94 Non-Significant mode 

 
(a) 

 
(b) 
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(c) 

Fig. 8 CMA Parameters at f=11.72 (a) Characteristic angle (b) 

Eigenvalues (c) Model significance 

Table 7. Resonant behaviour of 15-Segment fractal antenna at 

f=11.72GHz 

Mode αn λn MS Mode Nature 

1 1800 0.00 0.99 Resonance Mode 

2 1780 0.02 0.99 Close to resonance 

Modes 1 and 2 are the current patterns of the 15-segment 

fractal antenna that naturally exist at f=11.72GHz. According 

to the CMA parametric results shown in Figure 8, the actual 

resonant frequencies of mode 1 and mode 2 are observed at 

11.7545 GHz and 11.9155 GHz, respectively. At these 

frequencies, the modal parameters of the proposed antenna are 

exactly equivalent to the resonance condition.                          

(i.e.) αn = 1800; λn =0; MS=1.The overall physical 

interpretation of the modal analysis done at the resonant 

frequencies of 2nd iterated 15-segment fractal antenna is 

discussed as follows: 

6.1. At 4.22GHz 

The excited modes 1 and 2 do not exactly satisfy the 

resonance condition at f=4.22GHz. The natural resonant 

frequencies of modes 1 and 2 existing at the structure are 

4.0585 and 4.1625 GHz, respectively. The band of the 

resonating frequency (f=4.22GHz) observed from the S11 plot 

of the 2nd iterated 15-Segment fractal antenna is (4.14 – 4.30) 

GHz.  

The natural resonating frequency of mode 2 falls within 

the band of 4.22GHz, whereas mode 1 is 90MHZ away from 

the band. Therefore, the first resonating band corresponding 

to f=4.22GHz should be slightly shifted towards the left side 

such that it covers the frequency 4.0585GHz. 

6.2. At 6.28GHz 

Both the modes excited at this resonant frequency are 

inefficient modes, so this band should be removed. 

6.3. At 11.72GHz 

At 11.72GHz, the excited modes are very close to the 

resonance condition. The natural resonant frequencies of 

modes 1 and 2 existing at the structure are 11.75 and 11.91 

GHz, respectively. The band of the resonating frequency 

(f=11.72GHz) observed from the S11 plot of the 2nd iterated 

15-Segment fractal antenna is (11.59-11.90) GHz. The natural 

resonating frequency of both modes falls within the band of                          

11.72GHz. Therefore, no changes are required in this band. 

Surface current distribution of the modes at distinct 

frequencies plays a major role in the optimization of the 

proposed antenna. While performing CMA analysis, each 

frequency is excited with two different modes. It is necessary 

to identify the most significant mode among them. This is 

because the surface current distribution of the most significant 

mode that corresponds to the resonating frequency is enough 

to improve the performance of the antenna. The most 

significant mode is located by comparing the S11 of the 

proposed antenna obtained from driven simulation with the 

modal significance obtained from Characteristic modal 

analysis. A comparison plot of S11 with modal significance is 

given in Figure 9. From the results shown in Figure 9, the most 

significant mode of the resonating frequencies is identified 

and listed in Table 8. 

 
(a) 

 
(b) 
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(c) 

Fig. 9 Comparison plot of S11 with modal significance 

(a) at f=4.22GHz (b) at f=6.28GHz (c) at f=11.72 

Table 8. Most significant mode 

f 

(GHz) 
Mode 

Modal 

significance value 

Most 

significant 

mode 

4.22 
1 0.99 

Mode 1 
2 0.94 

6.28 
1 0.93 

Mode 2 
2 0.99 

11.72 
1 0.99 

Mode 1 
2 0.95 

 
(a) 

 
(b) 

 
(c) 

Fig. 10 Surface current distribution of most significant modes           

               (a) at f=4.22GHz (b) at f=6.28GHz (c) at f=11.72   

 
Fig. 11 Modified 15-Segment fractal antenna     

Now, the surface current distribution of the most 

significant modes illustrated in Figure 10 is analyzed to 

optimize the performance of the 2nd iterated 15-Segment 

fractal antenna. For all the frequencies, modal currents are 

strongly concentrated at the vertices of the fractal element. 

The purpose of the analysis of surface current distribution is 

to remove the band existing at f=6.28GHz. In order to achieve 

this, mode 2 should be tuned independently. The spotted 

region in Figure 10(b) is where the current is high in surface 

distribution. Therefore, incorporating changes in that region 

will affect mode 2, which in turn contributes to the removal of 

the band at f=6.28. Four capacitive slots are included in that 

spotted region to influence the performance of mode 2. The 

dimension of each slot is 1.96x3.2mm. The modified structure 

of the 2nd iterated 15-Segment fractal antenna is shown in 

Figure 11. 

7. Half Mode Analysis of Modified 15-Segment 

Fractal Antenna 
Half mode analysis is carried out to validate the self-

symmetry nature of the modified 15-Segment fractal antenna. 

This analysis is done by eliminating one side of the resonator 

[24,25], as shown in Figure 12. Generally, in half mode 
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analysis, additional shorting in the form of pins or via adding 

with a half patch to introduce Defected structure. But here, no 

such external pin or via is included as the proposed antenna is 

a fractal and it is defected by nature itself. Now, the half patch 

is coaxially fed and simulated using an EM simulator. Since 

the overall size of the antenna is reduced to half of its size, the 

modified 15-Segment fractal antenna will now operate in 

quarter wave transmission mode, and it is approximated as 

PMC (Perfectly Magnetic Conducting). It implies that the 

inner electric field only has a vertical component, and thus, 

only TMX modes exits in the considered part of the resonator. 

The reflection coefficient plot of the modified    15-

Segment fractal antenna in half mode analysis is illustrated in 

Figure 13. From Figure 13, it is evident that the half patch 

antenna resonates at three different frequencies, namely 

4.4GHz, 4.9GHz and 6.4GHz with the reflection co efficient 

of  -23.8dB, -23.3dB and -14.6dB. The basic initiator for the 

proposed antenna is a traditional rectangular patch antenna, 

which is designed for the frequency f=5.2GHz. Therefore, the 

baseband for the modified 15-Segment fractal antenna is 

5.2GHz, and it is achieved in the coverage of the second band. 

The notches present in the left side of the fractal will induce 

friction effect to the structure, and also the current will not be 

evenly distributed as only half of the patch is considered. 

Under these circumstances, cyclic simulation takes place, and 

the frequency gets tuned to one step below the baseband. This 

contributes to the resonance at 4.4GHz. The last resonance 

observed at frequency f=6.4GHz is a harmonic that occurs due 

to the imbalance in the structure. Now, the full patch, which is 

the modified 15-Segment fractal antenna presented in Figure 

11, is considered for further analysis. The antenna mentioned 

above is simulated using EM simulation software. The 

prototype of the proposed antenna is fabricated to measure its 

return loss using a vector analyzer and radiation pattern using 

an anechoic chamber. The fabricated prototype and its 

measurement setup are shown in Figure 14. The comparison 

of simulated parameters with the measured results of the 

modified 15-Segment fractal antenna is shown in Table 9, and 

the graphical representation of the return loss comparison is 

displayed in Figure 15. 

 
Fig. 12 Half mode analysis of modified 15-Segment fractal antenna 

 
Fig. 13 S11 characteristic of a modified 15-Segment fractal antenna in 

half mode analysis 

 

 
(a) 

 

 
(b) 

Fig. 14 (a) Fabricated prototype of a modified 15-Segment fractal 

antenna (b)Measurement setup 
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Fig. 15 Simulated vs Measured return loss plot of modified 15-Segment fractal antenna 

From Figure 15, it is observed that the modified 15-

Segment fractal antenna resonates at two different 

frequencies, namely 4.14GHz and 11.74GHz, with the 

reflection co efficient of -17.43dB and -18.8 dB.  

When the full patch is considered, the four capacitive 

slots present in the structure provide a proper frequency 

balance between the left and right-side notches present in the 

fractal. This balance removes harmonics, produces circular 

electric transmission and also distributes power equally in the 

structure.  

As a consequence of the above frequency balance, two 

resonances have been observed at frequencies f=4.14GHz and 

f=11.72GHz, respectively.  

The first resonating band, TM01, is the lower band that 

occurs one step below the baseband, and the second resonating 

band, TM10, is the upper band that exhibits resonance at two 

times the frequency of the baseband. Thus, the right-side patch 

replicates the mirror function of the left side patch, which 

validates the self-symmetry nature of the proposed fractal 

antenna and, by also placing the capacitive slot at the right spot 

using CMA, contributes to the removal of non-significant 

mode present at frequency f=6.28GHz.  

The surface current distribution of the modified 15-

Segment fractal antenna is given in Figure 16. The maximum 

current density is observed at the edges of the capacitive slots 

for frequency f=4.14GHz and at the major notches present 

along the width of the patch for f=11.72GHz.  

  
(a) (b) 

Fig. 16 Surface current distribution of modified 15-Segment fractal antenna at (a)f=4.14GHz (b)f=11.74GHz 

-30

-25

-20

-15

-10

-5

0

3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5

R
ef

le
ct

io
n

 C
o

ef
fi

ci
en

t(
d

B
)

Frequency(GHz)

Simulated Measured



R. Amrutha & R. Gayathri  / IJETT, 72(8), 253-264, 2024 

 

262 

Table 9. Simulated vs Measured parameters of modified 15-Segment fractal antenna 

Parameter 
Band 1 Band 2 

Simulated Measured Simulated Measured 

Resonant frequency (GHz) 4.14 4.17 11.72 11.5 

Return loss (dB) -17.43 -19.15 -18.88 -25.42 

VSWR 1.31 1.237 1.25 1.060 

Gain (dBi) 3.239 3.752 5.530 3.628 

Input Impedance (Ω) 41 47 43 47 

Bandwidth (MHz) 148 356 290 681 

Table 10. Comparison with prior art 

Ref No Fractal Type 
Resonating Band/frequency  

(GHz) 

Gain 

(dBi) 
Application 

[26] 
Cross slotted 

fractal antenna 

(2.41-2.57) 

(3.9-4.11) 

Peak gain of 

3.2 
Wi-Fi 

[27] 
SRR inspired 

fractal antenna 

(3.01-4.18) 

(1.75-2) 

1.5 

2.05 
GSM 

[28] 
L slot 

fractal 

(10.26-12.13) 

(16GHz-18.23) 
7.1 X and Ku band 

[29] 
Sierpnski Carpet 

based fractal 

11.16 

17.16 
6 X and Ku band 

[30] 
Arrow cross shape 

fractal 

3.2 

4.8 

2.96 

3.47 

Wi-Fi, 

Wi-MAX 

WLAN 

[31] 
Minkowski like 

fractal 

4.4 

6.1 

3.8 

6.2 

Wireless 

Communication 

[1] Combined Minkowski – Sierpinski carpet 
4 

5.9 

0.4 

6.2 

Satellite 

Applications 

Proposed 

Work 

15-Segment 

fractal antenna 

4.14 

11.72 

3.239 

5.530 
C and Ku band 

Fig. 17 Radiation pattern of modified 15-Segment fractal antenna at (a) 

f=4.14GHz (b)f=11.74GHz 

Figure 17 depicts the radiation pattern of the proposed 

antenna. From Figure 15 and Table 9, it is apparent that the 

measured results are actually better than the simulated results. 

This deviation from the simulated result might be due to the 

antenna fabrication, which is not 100% equal to the simulated 

dimensions or imperfections involved in the soldering of the 

SMA connector. The comparative exploration of the proposed 

work with the prior art [26-32] is given in Table 10. 

8. Conclusion 
Designing a fractal antenna using a deterministic design 

approach will minimize the time-consuming trial and error 

optimizations. In this work, a 15-segment fractal antenna up 

to the second iteration is designed and optimized using 

Characteristic mode analysis. The optimized antenna exhibits 

dual resonance at frequencies 4.14GHz and 11.72GHz, 

respectively, with good return loss, gain, directivity, VSWR, 

bandwidth and input impedance.  

The measurement of the fabricated prototype shows better 

results than the simulated module. Thus, a perfect design of a 

15-Segment fractal antenna has been achieved for C and X 

band applications with size reduction and dual band 

characteristics. From the overall analysis, the following 

contemplations are evident. 

(a) As the number of iterations of the fractal increases, the 

resonating band shifts towards the left side. Thereby leading 

towards the miniaturization of the proposed 15-Segment 

fractal antenna. 

b) The proposed antenna is proven to have self-similar 

behaviour. This characteristic of the fractal antenna 

contributes towards its dual band operation. 



R. Amrutha & R. Gayathri  / IJETT, 72(8), 253-264, 2024 

 

263 

(c) The Modified 15-Segment fractal antenna eliminates 

unwanted harmonics using a deterministic design approach 

called Characteristic Mode Analysis. This avoids the necessity 

of additional filter components. 

(d)The Modified 15-Segment fractal antenna resonates at 

two different frequencies, namely f=4.14GHz and 11.74GHz, 

with a peak gain of 3.239dBi and 5.530dBi, respectively. 

In addition, the proposed antenna also shows a steady 

radiation pattern, VSWR, directivity, return loss and input 

impedance. Thus, it is a suitable design for C and X band 

applications. 
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