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A planar multiband Koch snowflake fractal
antenna for cognitive radio

S. SIVASUNDARAPANDIAN' AND C.D. SURIYAKALA"®

This paper of lettering reveals about a modified Koch snowflake fractal multiband antenna for cognitive radio applications.
Multiband antennas can be employed for spectrum sensing in cognitive radio. This new microstrip-modified Koch fractal
antenna exhibits multiple actions in four dissimilar resonant frequencies at 3.2, 5.2, 6, and 9.5 GHz correspondingly that
covers the frequency bands such as S, C, and X bands. Its multiband behavior was analyzed by designing and simulating
in ADS EMDS software. Three iterations were carried out to study the performance of modified Koch snowflake fractal
antenna. The outer ring and a small rectangular slot in the center of the antenna are used for 50 ) impedance matching
and to increase the number of resonant frequencies. The fractal antenna parameters such as gain, directivity, and its radi-
ation pattern are also analyzed in this paper. The measured results show good agreement with the simulated results.
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. INTRODUCTION

At this moment eventually, in the fastest growing wireless
communication world the spectrum shortage is a chief
alarm which should be taken as a serious problem and to
understand the answer for it. Currently, the electromagnetic
frequency spectrum is absolutely occupied and at hand condi-
tionally accessible spectrum for the imminent generations. In
just about ten percentage of occasion, the spectrum is cleverly
employed and rest of the time the electromagnetic frequency
spectrum is idle. So by way of the cognitive radio, the second-
ary users can exercise the spectrum successfully and resource-
fully without snooping with the primary users. There are
different types of cognitive radios in the research. One of
the types of cognitive radio is using TV frequency band and
the other one is a general cognitive radio that can access
any band of frequencies. Our proposed modifying Koch snow-
flake antenna is useful for the general cognitive radio which
can access any kind of frequency spectrum.

A Koch fractal antenna has an uncomplicated arithmetical
conception of a triangle. The design and investigation of the
monopole and Koch fractal antenna are presented in [1].
The fractal geometry concept was used in antenna design
for obtaining multi-band behavior and miniaturized size.
Both of these characteristics were important requirements in
current antenna design trends. Antenna properties such as
reflection coefficient, bandwidth, gain, and radiation pattern
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were analyzed and discussed. Both antennas can operate
well at respective designed resonances. The third iteration of
the Koch fractal antenna is proved to be advantageous over
the planar monopole antenna. It has a number of resonant fre-
quencies, larger in bandwidth and smaller in size. The Koch
iteration technique was applied to a dipole antenna to get a
second iteration version of Koch fractal antenna [2]. The per-
formance of the Koch fractal dipole antenna for 450 MHz has
been primarily indicated to its fractal geometry. Koch geom-
etry is used to reduce the overall size of the antenna. The
Koch fractal antenna was designed, fabricated, and character-
ized on a wearable substrate and the simulation was done in
CST microwave studio. The Koch iteration technique has
been applied to obtain two fractal versions of a folded-slot
antenna. This antenna, first and second iterations version of
a Koch folded-slot antenna was fabricated on a 30 mil thick
RT/Duroid substrate. The simple folded-slot antenna per-
forms a return loss of 40 dB at the resonating frequency of
10.45 GHz and bandwidth for return loss greater than 10 dB
is 1.211 GHz. The return loss of the first iteration of the
Koch folded-slot antenna is 34 dB at 8.05 GHz. The return
loss of the second iteration is 42 dB at 7.9 GHz [3]. A Koch
fractal antenna is considered as an element and an array
than its electromagnetic characteristics, were examined. The
method of moments is used for analyzing the antenna struc-
ture. Koch fractal monopole is used to reduce the length of
the antenna, to decrease the current flowing along the body
of the handset and to improve the impedance matching on
the feed line to the antenna. It is used for generating circularly
polarized radiation pattern and also the scattering property of
the elements [4]. A high-directivity microstrip antenna based
on the modified Koch snowflake geometry is presented. The
third-iteration of Koch snowflake antenna geometry has
been modified by introducing a fractal-shaped slot. The
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(a)

Fig. 1. Three iterations of the modified Koch snowflake.

24mm

21mm

x1=2.67mm
x2=0.89mm

Fig. 2. Dimensions of the proposed antenna.

presence of slot is responsible for initiating and sustaining a
second level of active regions. The Koch antenna exhibits an
increased directivity and has improved side lobe-level behav-
ior compared with the previously reported high-directivity
Koch fractal antenna [5]. The current fashion in the commu-
nication system is to integrate several WLAN standards in
small user equipment. The USB dongle for WLAN have
attracted the antenna design engineers to design multi-band
antennas. The antenna size is restricted to be small in size of
the USB dongle. It is mainly challenged to reduce the
antenna size without compromising on the performance
which is related to characteristics such as wide in bandwidth,
low in VSWR, and high in gain, and radiation efficiency. A
novel Koch-meander fractal antenna has been proposed for
the application of WLAN-USB dongle. The compact
antenna is simulated in CST microwave studio. The antenna
is capable of covering the whole band required for the
WLAN 802.11 a/b/g standards. The effects of stacking Koch
fractal antenna aperture coupled fed were investigated [6].
Hence, it is used to show that by stacking the antennas, band-
width can be increased up to 32% at the resonance frequency
of 980 MHz that are much larger than 3% bandwidth which is
given by a conventional Koch fractal antenna as well as having
some 14% less surface area. This antenna has an 8 dB flat gain
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over the bandwidth [7]. A small size wideband which has
2-6 GHz is proposed by circularly polarized log-periodic
Koch fractal antenna. The circular polarization is given by
using a pair of unequal length crossed-dipoles, and the wide-
band property is also achieved which is based on the concept
of the log-periodic dipole antenna without a matching
network. Koch-shaped dipoles are used as a radiation
element in the design [8]. It is mainly used to describe
about selected simulations of the Koch fractal antennas. The
difference in drifts of the voltage standing-wave ratio, S11,
and other parameters of the antenna have been studied
which is similar to the initiator, generator, and three fractal
iterations. The multi-band and broad-band features of this
antenna have been demonstrated in [9]. The antenna’s
shape and dimensions are optimized to get the area minimiza-
tion which is done by applying the properties of fractal shapes
in the radiating slots. The property of self-similarity in those
fractals’ shapes has been successfully applied to other types
of antennas as a great success. The effects of fractal miniatur-
ization are mainly involved in the radiation pattern, the
antenna efficiency and suitability of fractal shapes design for
wireless communication systems [10].

This paper is organized as follows. Section II explains about
the geometry of the proposed antenna and Section III
describes the results and discussion.

Il. GEOMETRY OF THE ANTENNA

The Koch snowflake fractal antenna can be easily constructed
as shown in Fig. 1. First of all a circle was drawn with the
radius of 14 mm.Within the circle, a triangle was made with
the dimension of 24 x 21 mm®. After that one more triangle
is added in the inverted position within the circle to form
the shape like a star with six projections as shown in
Fig. 1(a). Now the overall height of the two combined triangle
is same as the diameter of the circle which is equal to 28 mm.
At the midpoint of the triangle a rectangular slot was made to
enhance the number of resonating frequencies with the
dimensions of 4 x 6 mm?* and the feeding line dimensions
are 1 x 6 mm”. Now the outer sides of the triangle look like
a Koch curve. The Koch curve can be formed using an iterative
method starting with the originator of unit line sector with
n = 0. The unit line section is separated into three parts and
the central part is isolated. Then the center part is swapped
with two identical slices, which form an equilateral triangle
with n =1 this is the originator of the Koch curve. After
that with n = 2, the center part is disconnected from each
of the four sectors and all are replaced with two identical
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Fig. 3. Layouts, simulated, and measured results of the proposed antenna.

sectors as did before. This procedure is replicated to infinite
number of times to construct the Koch curve [11].

In Fig. 1(a) on the outer sides, six identical triangles were
identified which can be used as triangles to proceed to the
next iteration. As we did before, joining the inverted triangles
to form the star like structure, here also six small inverted
identical triangles were added in the six projections of the
star. Now the total triangles were increased to 18 as shown
in Fig. 1(b). Then for the next iteration again 18 inverted tri-
angles were added to form the Koch snowflake structure as in
Fig. 1(c). In all the three iterations, same size of a rectangular
slot and feeding lines was added as shown in Fig. 1. We made
three iterations with the dimensions of side length 24 mm,
and the height of 21 mm, then the inner rectangular slot
with base 4 mm, and length is 6 mm. The dimensions are

Table 1. Return loss of the proposed antenna with ring.

Iteration Frequency (GHz) Return loss (dB)
Simulated Measured
I 6 —15 —13
4.5 —12 —26
II 5 —15 —10
5.8 —24 —22
3.2 —20 —25
5.2 —50 —18
III 6 —40 —30
9.5 —25 —30

shown in Fig. 2. The substrate employed is FR4 with the thick-
ness of h = 1 mm and permittivity is &, = 4.52 with the loss
tangent of tan 6 = 0.02. The entire simulations were carried
out by means of the ADS EMDS software.

Each of the dimensions of the substrate is in millimeter
not including conduction angle which is chosen in degrees.
With the meaning of affording facts for the antenna helpful-
ness design, all the parameters were calculated and mea-
sured. The usefulness of the indistinguishable piece of
equipment is proven by the least amount of return loss
S11, which manipulates and attributes such as directivity,
gain, and bandwidth.

I, RESULTS AND DISCUSSIONS

The Koch fractal antenna with the circle three iterations is
simulated, and measured the result using network analyzer.
This circle is responsible for impedance matching and to
enhance its performance. In the first iteration, the Koch
fractal antenna was constructed within the circle as shown

Table 2. Simulated antenna parameters for the 3rd iteration.

Frequency (GHz) Power radiated (W) Directivity (dB) Gain (dB)
3.2 0.00045 5.6 3.2

5.2 0.00071 8.86 5.55

6 0.00102 9.3 5.6

9.5 0.00142 9.15 6
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Fig. 4. Fabricated images.

(a) (b)

(c)

Fig. 5. Radiation patterns of the proposed antenna with ring. (a) E-field and E-theta and E-phi of 1st iteration. (b) E-field and E-theta and E-phi of 2nd iteration.

(c) E-field and E-theta and E-phi of 3rd iteration.

in Fig. 1(a) and the corresponding simulated and measured
results are plotted in Fig. 3(a).The return loss was obtained
for the first iteration with the circle at the resonating
frequency 6 GHz. Then for the second iteration the
return loss was measured at 4.5, 5.8, and 6 GHz. In the
third iteration, the resonating frequencies are 3.2, 5.2, 6,
and 9.5 GHz. For all the iterations, the return loss is tabulated
inTable 1. These frequencies cover Sband (2-4 GHz), Cband
(4-8 GHz), and X band (8-12 GHz). For these frequencies
power radiated, directivity, and gain were also measured
which are tabulated in Table 2. Figure 4 (a, b and c) shows
the fabricated structures using FR4 material for the itera-
tions 1, 2 and 3 respectively. The S-band frequency is used
in radio astronomy, mobile phones, and amateur radio.
The C-band frequency is used in long-distance radio com-
munications and X band for satellite communication. The
radiation patterns for the three iterations of the Koch
fractal antenna with circle are also plotted in Fig. 5.

IvV. CONCLUSION

A compact miniaturized multiband Koch snowflake fractal
antenna for cognitive radio is simulated in ADS and tested
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using network analyzer. The size of the designed antenna is
reduced to about 35% which are compared with conven-
tional dipole antenna of the designed frequency. This
multi-band antenna can be effortlessly integrated within
the printed circuit boards of wireless communication
devices and that can be used for wide-band spectrum
sensing in cognitive radio. The proposed Koch snowflake
antenna resonates at four dissimilar frequencies. Hence,
the predicted antenna affords efficient command of over
three operating frequency bands such as S, C, and X. The
antenna gain varies from 3.2 to 6.2 dBi in excess of four
resonating frequencies. This antenna has just about omni-
directional radiation pattern, and it can sense the radiation
pattern in all the directions, so that it can be used for spec-
trum sensing in cognitive radio. The outer circle and rect-
angular slot what we made in the center of Koch snowflake
patch antenna is responsible to increase the number of
bands of frequencies.
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