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Abstract—This article presents the comparison study of 

fractal structure on the Coplanar Vivaldi antenna that operated 
at L/S-band application. We compare three types of fractal 
structure i.e: Hilbert, Sierpinski, and Koch to the Coplanar 
Vivaldi element. By keeping the dimension for all types of 
elements, we compare the performance of return loss, 
directivity, and sidelobe level at 0.5 to 5.5 GHz of frequency.  
From the simulation, we found that by adding the fractal 
structure, the performance of return loss and radiation pattern 
can be improved. The best return lost in the lowest frequency is 
grasped for Koch fractal at 0.92 GHz while in conventional at 
1.3 GHz. The directivity improvement is achieved for Hilbert, 
Koch, Sierpinski, and conventional as 10,02 dBi, 8.62 dBi, 7.79 
dBi, and 7,02 dBi respectively at 5 GHz. While at 3.5 GHz by 
adding a Sierpinski structure, the directivity of the antenna 
improves as 4 dBi, if it is compared to conventional ones. At 3 
GHz the increases of SLL also observed for Hilbert structure as 
-13.28 dB while conventional element as -5.6 dB. The fractal 
structure can enhance return loss and radiation pattern 
performance on Coplanar Vivaldi antenna 
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I. INTRODUCTION (HEADING 1) 

An antenna is the front end of the telecommunication 
system that holds an important role in our life. It can be 
applied to the Internet of Things (IoT)[1], military 
application[2], UWB communication [3], WIMAX/WLAN 
[4], satellite communication [5], etc. All of that application 
need to improve the performance of an element antenna. There 
is much technology that has been done to improve antenna 
gain and return loss performance by varying its radiator, 
feeding shape, and substrate type.  

Vivaldi antenna as the planar antenna has high gain [6], 
directional radiation pattern [7], and work in wideband 
frequency has been discussed in [8] [9]. There are three types 
of Vivaldi element Coplanar Vivaldi antenna (CVA), 
Antipodal Vivaldi Antenna (AVA), and Balanced Antipodal 
Vivaldi Antenna (BAVA). The comparison of CVA and AVA 

has been explored in [10] with modified its radiator. In that 
literature exposed the Coplanar Vivaldi antenna has better 
radiation pattern performance than the Antipodal Vivaldi 
element. 

Radiation pattern and return loss of antenna element can 
be improved by corrugated structure [11] [12], lens structure 
[13][14][7], or fractal structure [15]. The fractal structure has 
been discussed in microstrip by Koch Sierpinski [16], 
Minkowski [17], Koch monopole [18], and Koch AVA 
[15][19]. As far as now there is no discussion about fractal 
structure that has been applied in the Coplanar Vivaldi 
element. Accordingly, our addition makes a comparison study 
of some fractal structure to the Coplanar Vivaldi antenna by 
keeping the dimension of the element. 

Seven types of elements i.e: two types of Hilbert, 
Sierpinski, and Koch structure on Coplanar Vivaldi element 
and conventional ones are compared to get the return loss and 
radiation performance. It shows that Hilbert structure 
performs improvement as 4dBi of directivity and 7.28dB of 
SLL at 3 GHz. 

The next section of this article discussed as follows: 
Section II presents the antenna design. Section III about the 
return loss and surface current performance, Section IV result 
and discussion, and section V is the conclusion 

 

II. ANTENNA DESIGN 

 
Seven types of Coplanar Vivaldi elements as shown in Fg.1 
used the FR4 substrate, with dielectric constant 4,3 and 
substrate thickness 1.6 mm,. However, the copper thickness is 
0.035mm. We add a fractal structure to the conventional 
Coplanar Vivaldi element in Fig. 1(a) in the both edges of the 
copper radiator. The fractal structure is a complex structure by 
copying the self-similarity of its structure. There is six types 
of fractal structure i.e: Hilbert-A, Hilbert-B, Sierpinski-A, 
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Sierpinski-B, Koch-A, and Koch-B as shown in Fig. 1(c)-(h) 
sequentially. We used Hilbert as a fractal structure from first 
to third order. The total length (S) of the Hilbert transform with 
d is the side length of each segment and n iteration 
follows[20]: 

( )2 1nS d= −                        (1) 

Structure 1(c) and (d) are the opposite copper shape of the 
Hilbert fractal structure. Sierpinski triangle or Sierpinski 
gasket fractal structure is designed with an isosceles triangular 
patch. We make that structure from zero, first and second 
iteration for Sierpinski. The area for the big triangle will 
reduce by factor ¾ [21].  

( )0
3

4

n

nA A=                                                                (2) 

A0 is the initial triangle area and n is sequences of iterations. 
In the simulation, we can modify the height and the side of 
the triangle.  For the Koch fractal structure, we designed the 
dimension according to [22].  For n-th iteration the length of 
the Koch fractal structure will reduce: 

    ( )0
4

3
n

tL L=           (3) 

      log (4)

log ( )
D

s
=           (4) 

       ( )2 1 coss θ= +                                (5) 

Lt the total length of Koch fractal structure, n is the iteration 
number, s is the scaling factor 3, and the angle of triangle 600. 
The dimension of the antenna and the fractal structure is 
shown in Table 1. The fractal structure in the first, second, 
and third-order with detail is explored in Fig. 2. 
 

 

Fig. 1. Coplanar Vivaldi Antenna elements: (a) Convensional, (b) 
feeding shape, (c) Hilbert-A structure, (d) Hilbert-B structure, (e) 
Sierpinski-A, (f) Sierpinski-B, (g) Koch-A and (h) Koch-B 

 

Fig. 2. The fractal structure of (a) the 1st order of Hilbert-A, (b) the 
2nd order of Hilbert-A, (c) The 1st  order of Sirpinski triangle, (c) The 
2nd order of Sirpinski triangle, (e) the 2nd and (f) the 3rd order of Koch 
fractal structure. 

Table. 1. Dimension of Coplanar Vivaldi elements and the fractal 
structure in Fig. 1 and Fig. 2 

Parameter and dimension of element in mm 

a 150 e 0,5 i 4 m 6,3 q 2,5 t 2,6 

b 150 f 4 j 8 n 3,5 r 6,8 u 3 

c 60 g 120 k 60 o 3,5 R 0,1 v 60 

d 13 h 4 l 30 p 11 s 9     

 

 

Fig. 3. The Return Loss of Conventional Coplanar Vivaldi element, 
Hilbert-A, Koch-A and Sierpinski-A. 



 
 

III. RETURN LOSS AND SURFACE CURRENT 

PERFORMANCE 

A. Return Loss performance 

Return loss is the antenna parameter that shown the 
frequency work of the antenna if it has S11 below -10dB. Fig. 
2 shows that the performance of return loss at the low-end of 
frequency is grasped for Koch-A, Sierpinsky-A, Hilbert-A, 
and conventional. The values of the low-end frequency of 
those structures that simulated from 0.5 to 5.5 GHz are 0,93 
GHz, 0,96 GHz, 1,2 GHz, and 1,31 GHz sequentially. The 
best impedance bandwidth is achieved for Koch-A structure 
at 5,22 GHz of -44,17 dB. In this session, we just compared 
the conventional and the type-A. It shows that Koch-A has the 
best performance of return loss. The electric field that formed 
between two tapered slots will move out and some of them 
will move toward the patch and trapped in the fractal structure.  

B. Surface current performance 

The surface current performance of the Coplanar Vivaldi 
element without and with fractal structure at 3 GHz is 
performed in Fig. 4. The antenna element has designed with 
dimension 0,25λl × 0,25λl at the low-end of frequency (0,5 
GHz), but 1,5λ × 1,5λ at 3 GHz. Fig. 4(a) displays the electric 
field and (b)-(e) is the surface current. Surface current 
performance at each frequency has a different performance. 
From the end of the feed point, the electric source resulted 
from feeding resonates with the cavity and the tapered slot on 
the patch so it produces an electric field between two tapered 
slots that are related to its frequency. The higher the surface 
current in the element patch, the higher the electric field that 
resulted surrounding the element and it signified by the red 
color (see Fig. 4). Fractal structure yields the increasing of the 
electric field that goes and traps around the structure. 

IV. RADIATION PATTERN PERFORMANCE 

The radiation pattern is the parameter that displays the 
strength of the electric field in the angular direction. It can be 
seen in the rectangular or polar plot in two dimensions and 
also in the three-dimension. The radiation pattern of the 
antenna consists of the main lobe, side lobe, and back lobe 
level. The max value of the main lobe can be seen in the 
directivity, gain, or electric field. The directivity of the 
element shows how directive the radiated power 

electromagnetic wave is concentrated. Fig. 5 shows the value 
of directivity on the upper side and SLL(side lobe level) on 
the lower side. Fig. 5(a) shows that Hilbert-B has better 
directivity in the middle frequency i.e 2 GHz, 2,5 GHz, 3 GHz, 
4 GHz, 4.5GHz than Hilbert-A. However, in the low and high-
end frequency, Hilbert-A has better directivity than Hilbert-B. 
For most of the part of the frequency range, Hilbert-A has the 
better performance of SLL than Hilbert B. The Structure of 
Hilbert-A and B can be seen in Fig.2 (c) and (d). The Koch 
and Sierpinski structure A and B that has an opposite side of 
the fractal structure has the different performance of 
directivity and SLL in each frequency as shown in Fig. 5 and 
6.  

Fig. 6(a), in the upper side, shows that the highest 
directivity is grasped for Sierpinski A at 3.5 GHz. On the 
lower side of Fig. 6(a), Sierpinski-B has the lower SLL than 
Siierpinski-A in the mainly of frequency range. Fig. 6(b) 
shows the comparison SLL for Conventional, Hilbert-A, 
Koch-A, and Sierpinski-A. The lowest SLL is gotten for 
Hilbert-A at 3.5 GHz of -9,78 dB. However, Fig. 7 shows the 
performance of directivity for Conventional, Hilbert-A, Koch-
A, and Sierpinski-A. The improvement of directivity is 
achieved for conventional, Sierpinski, Koch, and Hilbert 

Fig. 4. The 2D plot: (a) electric Field of Conventional Coplanar
Vivaldi, (b) surface current of Coplanar Vivaldi element, (c)
surface current with Hilbert-A fractal structure, (d) surface
current with Sierpinsky-A fractal structure and (e) surface 
current of Koch-A fractal structure. 

 Fig. 5. The performance of directivity and side lobe level (a) 
Hilbert-A and Hilbert-B and (b). Koch-A and Koch B for the fractal 
struccture on Coplanar Vivaldi element. structure 

 

Fig. 6. (a) Directivity and SLL performance of Sierpinski-A and 
Sierpinski-B and (b). SLL of Convensional, Hilbert-A, Koch-A and 
Sierpinski-A 

 



 
 

structure i.e. 7,01dBi, 7,79 dBi, 8,62 dBi, and 10,02 dB at 5 
GHz. But the highest improvement is achieved for Sierpinski 
of 4 dBi at 3.5 GHz. All of the structure indicates the various 
performance of directivity and SLL in each frequency. 

 Fig. 8 shows the performance of the radiation pattern of 
Conventional and Sierpinsky-A structure at 1.5 GHz, 2.5 
GHz, and 3.5 GHz.  For 1.5 GHz, Conventional Coplanar 
Vivaldi has a better radiation pattern than Sierpinski-A. 
However, at 2.5 GHz and 3.5 GHz, Sierpinski has better 
directivity than conventional ones. The directivity of the 
Conventional Coplanar Vivaldi antenna at 1,5 GHz, 2,5Ghz, 
and 3,5 GHz are  5,05 dBi, 6,24 dBi and 5,7dBi with the main 
lobe direction of its frequency are 50, 50, and 200. On the other 
hand for Sierpinski-A, the directivity at those frequencies are 
4,71 dBi, 8,47 dBi and 9,73 dBi with the main lobe directions 
are 50, 00, and 00.  SLL at 1,5 GHz, 2,5 GHz and 3,5 GHz for 
conventional Coplanar Vivaldi are -5.5 dB,-6,8 dB and -7,4 
dB. While Sierpinski structure has SLL of -5,3 dB, -10,6 dB 
and -9,8 dB. Sierpinski-A can reduce the SLL -3,8 dB at 2.5 
GHz. Sierpinski structure can improve directivity, main lobe 
direction, and SLL performance. Fig. 9 Shows Radiation 
pattern performance for Conventional Coplanar Vivaldi 
element, Hilbert-A, Koch-A, and Sierpinski-A at frequency 1 
GHz. It displays that Sierpinsky has a directivity of 6,07 dBi, 

however, the Conventional Coplanar Vivaldi element results 
in the directivity of 2,65 dBi. The sidelobe level for Sierpinski-
A -7,3 dB, while the SLL of conventional ones is -3,7 dB. By 
adding Hilbert-A structure, the performance of the radiation 
pattern at 1 GHz can increase as 3,42 dBi for directivity and 
3,6 dB for SLL.  It is shown that the fractal structure can 
improve directivity and SLL performance. 

 

V. CONCLUSION 

A comparison study of seven antenna elements i.e: 
Conventional, Hilbert-A and B, Sierpinski A and B, and Koch 
A and B structure on Coplanar Vivaldi element have been 
explored to show the return loss, surface current, and radiation 
pattern performance. All of the antenna element has the 
dimension of 0,25λl × 0,25λl at the low-end of frequency (0,5 
GHz) and simulated from 0.5 GHz to 5.5 GHz.The best return 
loss and impedance bandwidth are achieved for the Koch-A 
structure of 0,93GHz in the lowest frequency and -44,17 dB 
at  5,22 GHz.  Antenna with the fractal structure has different 
radiation pattern performance in each frequency. At 3.5 GHz 
the improvement of directivity is achieved for the Sierpinski 
structure of 4 dBi if it is compared to the conventional ones. 
However the increase of SLL performance is grasped for 
Hilbert-A of -14,07 dB, but the SLL of Conventional Coplanar 
Vivaldi element is -7,39 dB. By adding the fractal structure, 
the performance of return loss, directivity, sidelobe level, and 
main lobe direction can be improved. This indicated that 
structure can be considered to be applied in L/S band 
application. 
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