INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 03, MARCH 2020

ISSN 2277-8616

DESIGN OF KOCH AND SIERPINSKI FRACTAL
ANTENNA TO ACHIEVE MULTIBAND
CHARACTERISTICS FOR UWB APPLICATIONS
Mahesh. S. Mathpati, Dr. Mohammed Bakhar, Mr. Ashish A. Jadhav, Mr. H K Baldhar, Dr. Veerendar D., Mr. M A Deshmukh
Abstract— In this paper multi-fractal geometry is introduced into the conventional triangular patch antenna. The combination of sierpinski and Koch
fractal technique gives rise to multiband characteristics in ultra wideband which is having operating range of 3.1GHz -10.6 GHz as per the authorized
FCC(Federal communication commission).The proposed antenna simulated and fabricated with FR4 as substrate having dielec tric constant εr= 4.4 and
height h=1.6mm. The dimension of the antenna is 21.45mm *17.89mm. The antenna structure was simulated using CADFEKO 14.0 software. Simulation
parameters such as reflection coefficient, VSWR and bandwidth are analyzed and presented. Comparison of Simulated and fabricated antenna results
are tabulated and are good in match which results for ultra wideband application.
Index Terms— Koch, Sierpinski, Fractal antenna, Ultra wideband, VSWR.

——————————  ——————————

1 INTRODUCTION
Fractal antenna design has created a major role due to its
compactness as well as wider application in UWB application.
The sierpinski carpet is inserted into the triangular patch as a
slot, and Koch iteration has been proposed. The performance
of the antenna shows in terms of radiation pattern and
bandwidth and it is found to be suitable for UWB
communication application [1].The addition of Koch and
Sierpinski fractal techniques gives rise to better impedance
bandwidth and return loss characteristics. The antenna
exhibits resonant frequency at 5.48 GHz with a return loss of 31.9dB to satisfy the band specifications for wireless LAN
applications IEEE802.11a (5.15-5.35 GHz, 5.725-5.875 GHz)
and WiMAX application at 5GHz (5.25-5.85 GHz). It is found
that the antenna exhibits omni-directional radiation pattern in H
plane with a maximum gain of 3.5dB. The antenna exhibits a
stable radiation pattern throughout the operating frequency
range of 4.68-6.43 GHz[2].A novel technique is used to
reduce the size of microstrip patch antennas is proposed by
etching the patch edges according to Koch curves as inductive
loading, and inserting the Sierpinski carpets into the patch as
slot loading, it is experimentally found that the resonant
frequency of the patch can be greatly lowered, and the higher
the iteration order of the fractal shapes, the lower the resonant
frequency becomes.
————————————————
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And this property can be utilized to reduce the size of the
microstrip patch antennas [3].The design and performance
measures of a printed dipole antenna with band rejection
characteristics for ultra wideband (UWB) applications
presented. The antenna operates in the frequency range
3.656- 15.64 GHz with impedance bandwidth of 11.027 GHz
and maximum gain of 6.046 dBi. It consists of five dipole strips
of different resonant length combined orthogonally for effective
signal reception. Inverted L-shaped slots were introduced in
the ground plane for WLAN band rejection. The band rejection
is from 5.06 6.012 GHz[4].A small isosceles triangle is cut off
from center of each side of the initial isosceles triangle, then
the procedure iterates along the sides like Koch curve does,
forming the Koch-like fractal bow-tie geometry [5]. Circle and
square slot fractal technique is adopted to improve radiation
characteristics of the antenna. The impedance bandwidth of
the proposed fractal antenna is 9.4 GHz ranging from 3.2GHz
to 12.6 GHz with maximum gain of 6.2dB and efficiency of
98.66%[6].A Koch-like sided Sierpinski hexagonal carpet
multifractal monopole antenna fed by coplanar waveguide with
a Koch-like edged fractal ground is designed, fabricated and
measured, which covers WLAN, WPAN, WiFi and WiMAX
bands simultaneously .The multiracial monopole is superior
compared to other designs in bandwidth, directivity, efficiency,
polarization and dimension. It is a very attractive candidate for
wireless multiband communication systems [7]. Fractal
antenna engineering represents a relatively new field of
research that combines the attributes of fractal geometry with
antenna theory and the fractal antenna geometries,
applications and advantages of fractals have been discussed
[8,9]. This literature says that the combinations of Koch and
sierpinski fractal geometries are giving better results for ultra
wideband applications [10].In this paper the main focus is on
reduction of antenna size and enhancement of antenna
bandwidth is presented with different iterations of combination
of Koch and seirpinski antenna. Proposed antenna is designed
using CADFEKO software at the operating frequency of 6GHz.
1.1 Sierpinski Fractal GeometryThe fractal techniques to be used in this paper are the Koch
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and sierpinski fractal. Each application of fractal technique is
termed as iteration. Iteration of Koch is denoted by K and
iteration of sierpinski is denoted by S

3 PROPOSED ANTENNA MODEL

Fig.1 Stages Of Iteration Of Sierpinski Fractal

Fig.3 Top View

The equilateral triangle sierpinski fractal is one of the simplest
fractal techniques which are followed by leaving three equally
sized triangles by removing middle triangle from equilateral
triangle. The process of removing middle triangle is repeated
in newly formed triangle.
1.2 Koch Fractal Geometry
The Koch fractal can be generated from a structure by
replacing the segment of starting pattern by generators. The
generator pattern used here is a triangle.
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Fig.4 Bottom View

Triangular patch is designed and simulated using CADFEKO
software shown in fig.3 top view and fig.4 bottom view and
compared the result with the geometry of proposed Koch
fractal antenna. To create the Koch and seirpinski we start
with an equilateral triangle and repeat the above process on
all three sides, The similarity ratio in this shape is equal to 1/9
of the original triangle circumference ‘a’ and the number of
symmetries are 12. This similarity ratio and the number of
symmetry of the first iteration can be used to find the length of
Koch structure. The Koch fractal can be generated from a
structure by replacing the segment of starting pattern by
generators. The fractals techniques are to be used in this work
are the Koch fractal and the Seirpinski fractal. It consist of a
triangular Koch fractal and Seirpinski carpet fractal with micro
strip feed line. The equilateral triangle Seirpinski fractal is one
of the simplest fractal techniques that can be incorporated into
a patch. Proposed antenna is designed and simulated using
CADFEKO simulation software and stages of iteration are
shown in Fig.5.

Fig.2 Stages Of Iteration Of Koch Fractal

2 PROPOSED ANTENNA DESIGN PARAMETERS
The equilateral triangular patch antenna is considered as
conventional antenna and designed to operate at resonant
frequency of 6GHz.The geometry of antenna is designed on
FR4 substrate having relative permittivity 4.4 and thickness
1.6mm and loss tangent of 0.019.
TABLE 1
PARAMETERS OF ANTENNA
Length of substrate

(Ls)

21.45mm

Width of substrate

(Ws)

17.89mm

Height of substrate
Length of patch

(h)

1.6mm

(Lp)

15.89mm

Length of ground plane (Lg)

0.925mm

Width of ground plane (Wg)

17.89mm

Length of Feed line

(Lf)

6.9mm

(Wf)

3.2mm

Width of Feed line

Fig.5 Multi-Fractal Antenna With Koch And Sierpinski
Fractal Structure

The fractals are the main radiating element. The
characteristics of the antenna parameter depend on the fractal
geometry. The antenna dimensions are calculated using
transmission line model. The most popular models for the
analysis of microstrip patch antennas are the transmission line
model, cavity model, and full wave model (which include
primarily
integral
equations/Moment
Method).
The
transmission line model is the simplest of all.
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4 RESULTS AND DISSCUSSION
Fig. 6 presents reflection co efficient graph for K1S1 fractal
structure reflection coefficient values are -11.84dB,42.57dB
at
respective
resonant
frequencies
4.28GHz,5.8GHz.For K2S2 fractal structure reflection
coefficient values are -15.37dB,-18.41dB,-18.51dB,19.85dB at respective resonant frequencies 3.76GHz,
6GHz, 7.3GHz, 12.5GHz.For K2S3 fractal structure
reflection coefficient values are -20.23dB,-33.50dB at
respective resonant frequencies 2.81GHz,4.58GHz.
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graph for three different iteration of combination of Koch
and seirpinski fractal antenna and achieved the better
impedance matching at desired operating frequency i.e
6GHz for K2S2c model

Fig.8 Impedance vs frequency plot

Fig.6 Reflection coefficient vs frequency

Fig.7 shows the graph of VSWR for different iterations and
is basically a measure of the impedance mismatch
between the transmitter and the antenna. The higher the
VSWR, the greater is the mismatch. The minimum VSWR
which corresponds to a perfect match is unity. VSWR
between 1 and 2 is accepted for practical applications .The
VSWR values for K1S1 are 1.67,1.32 at 4.28GHz,5.8GHz
frequencies.

Table –II shows the simulated values for different iterations
for combination of Koch and sierpinski fractal antenna.
K1S1 fractal structure has Reflection coefficient values 11.84dB,-42.57dB at respective resonant frequencies
4.28GHz, 5.8GHz.For K2S2 fractal structure reflection
coefficient values are -15.37dB,-18.41dB,-18.51dB,19.85dB at respective resonant frequencies 3.76GHz,
6GHz, 7.3GHz, 12.5GHz.For K2S3 fractal structure
reflection coefficient values are -20.23dB, -33.50dB at
respective resonant frequencies 2.81GHz, 4.58GHz.
Bandwidth values for K1S1 are 428MHz and 949 MHz at
frequencies 4.28GHz, 5.8GHz. For K2S2 530MHz,
816MHz, 1224MHz and 1020 MHz at frequencies
3.76GHz, 6GHz, 7.3GHz, 12.5GHz. For K2S3 185 MHz
and 632 at frequencies 2.81GHz, 4.58GHz.
TABLE 2
Simulated parameters of K1S1, K2S2 and K2S3
Iteratio
n

Resona
nt
Freque
ncy
(in
GHz)

Reflecti
on
Coeffici
ent
(in dB)

Impeda
nce
(in
Ohm)

VSWR

Bandwi
dth
(in
MHz)

Patch
Antenna

6.5

-10.27

89.58

1.8836

100

K1s1

4.28

-11.84

56.23

1.6869

428

5.8

-42.57

50.77

1.0359

949

3.76

-15.37

49.73

1.4164

530

6

-18.41

58.16

1.2781

816

7.3

-18.51

43.16

1.2731

1224

12.5

-19.85

58.20

1.2268

1020

2.81

-20.23

49.17

1.2876

185

4.58

-33.50

48.63

1.0463

632

K2s2

K2s3

Fig.7 VSWR

The VSWR values for K2S2 are 1.4164, 1.2781, 1.2731,
1.2268 at 3.76GHz, 6GHz, 7.3GHz, 12.5GHz frequencies.
And VSWR values for K2S3 are 1.2876, 1.0463 at
2.81GHz,4.58GHz frequencies.Fig. 8 shows the impedance

From this table it is concluded that for K2S2 model is
providing the better reflection co efficient, Impedance,
VSWR and bandwidth for the designed frequency and also
there is a bandwidth enhancement as compared to simple
triangular patch antenna.
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5 FABRICATED KOCH AND SIERPINSKI
FRACTAL ANTENNA AND ITS RESULTS:
Fig.9 shows the proposed fabricated antenna top view and
bottom view. The partial ground is used here for achieving the
multiband band characteristics.

standard value i.e. -10dB and VSWR from 1 to 2. The
measured results and experimental results are good in
agreement at the operating frequency and simulated values
are giving the band of 3.76 GHz to 12.5GHz and is used for
UWB applications.
TABLE 3
COMPARISON OF SIMULATION AND EXPERIMENTAL RESULTS
Results

Resonating
Frequencies
(GHz)

Reflection
Coefficient(d
B)

VSWR

3.76

-15.37

1.4164

6.0

-18.41

1.2781

7.3

-18.51

1.2731

12.5

-19.85

1.2268

4.02

-20.89

1.200

4.95

-11.97

1.663

6.6

-12.0

1.690

Simulated
Results

Measured
Results

Fig.9 Fabrication model of proposed antenna top view
and bottom view

Fig.10 (a&b) presents the results of reflection co efficient
and VSWR .Design, simulation and fabrication of Koch and
Sierpinski fractal antenna using FR4 substrate has been done.
By combining Koch and Sierpinski fractal, we achieved
multiband. So, fractal structures are useful in proposed design
to improve antenna parameters.

Fig.10 (a) Experimental result of Reflection Coefficient
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CONCLUSION
In this proposed method of multi-fractal geometry ,the
combination of sierpinski and Koch fractal technique gives
rise to multiband characteristics in ultra wideband which is
having operating range of 3.1 -10.6 GHz.Combination of
Koch and sierpinski fractal is iterated upto 2nd and 3rd order
to achieve multiband.First multi-fractal iteration of Koch and
Sierpinski is K1S1 it gives two bands with resonant
frequencies 4.28GHz,5.8GHz with reflection coefficient 11.84dB, -42.57dB and second iteration is K2S2 which
gives four bands 3.76GHz, 6GHz, 7.3GHz,12.5GHz with
reflection coefficient -15.37dB,-18.41dB,-18.51dB,-19.85dB
and Third
iteration K2S3 gives two bands
2.81GHz,4.58GHz with reflection coefficient of -20.23dB, 33.50dB.From simulated results and experimental results
of multi-fractal structure of Koch and sierpinski we can
conclude that the second iteration of Koch and
sierpinski(K2S2) gives more bands than the other fractal
structures which are 3.76GHz, 6GHz, 7.3GHz,12.5GHz
from this 3.76GHz, 6GHz, 7.3GHz bands covers ultra
wideband.
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