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Abstract—In this paper, a new modified printed Koch Island
Fractal Patch Antenna (KIFPA) is studied. The conception of
such antenna is based on the combination of different techniques.
The first, concerns the fractal geometry of the patch, while the
second comprises modified ground-plane. The patch is etched
according to Koch Island geometry with different iteration
number (n = 1, 2 and 3) as inductive loading. It is proximity fed
by a 50Q micro strip line. The proposed antenna operates in the
frequency band [6.03-12.62 GHz] with 70.7% for S 11 < -10dB.
The antenna gain and radiation patterns within the operating
band are simulated. The design was performed using the CST
Microwave Studio Software and the results are presented,
compared and discussed. Finally, the proposed antenna is
fabricated and the reflection coefficient parameter is measured to
validate simulation results.
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. INTRODUCTION

Nowadays, with the emergence of wireless communication
technology and growing interest on their applications, several
fractals have been widely deployed in antenna designs, due to
the significant improvements added to their characteristics
performance.

The theory of “Fractal” was first defined by Benoit
Mandelbrot in 1975 [1], which was derived from the latin
word “fractus”, signifying “broken” or “fractured”. The idea
behind it was to describe nature’s geometry and classify
complex geometries that were generated with an iterative
procedure [2], whose dimensions were not whole numbers.

The concept of fractal geometry is very requested in the
field of antenna design. For instance, the space filling
properties of Giuseppe Peano [3] and Minkowski [4] fractals
have been exploited for the miniaturization. While, the self-
similarity property of Koch [5], Sierpinski [6], Minkowski [7]
and circular fractal shape [8] can be used to resonate the
antenna at a number of frequency bands to obtain multi-band
behavior. Fractals proprieties are also investigated in [9] and
[10 -11] to obtain various kinds of wide band and ultra-wide
band antennas respectively.

In this paper, we propose a new wideband fractal patch
antenna for X band applications.

A. Related Work

The obvious development of wireless communication
applications requires a growing need for wide band and low
profile antennas. In this context many examples clearly
illustrate the importance of this kind of antenna.

In the literature, several methods are suggested to improve
the antenna bandwidth such as, a printed I'-shape Fractal
Antenna [12]; A Spidron and Giusepe Peano fractal slot
antenna studied in [13] and [14], respectively; a combination of
two fractal geometries (Koch-Minkowski and Koch-Koch)
along with the slot of a rectangular printed patch antenna with
partial ground plane [15]; a coaxial feeding technique of
modified printed square antenna [16]; a printed U-shape
antenna on a circular ground plane with an inverted U-shape
slot [17]; a defected ground plane using CPW feeding
technique with modified and octagonal fractal patch proposed
in [18] and [19], respectively.

Consequently, during our research, we are going to focus,
explore, and investigate the wide band fractal patch antenna
with modified ground plane.

B. Contributions

In this study, a new type of printed fractal modify Koch
Island patch antenna is proposed. The printed patch of the final
designed structure is obtained from the third iteration of the
half Koch fractal. Also, the ground plane is modified by
inserting small steps. So the final proposed antenna is
characterized by:

e Wide impedance bandwidth with the same direction of
radiation which is suitable for wideband applications.

o Small size, lower profile and easy to fabricate.

A comprehensive parametric study has been carried out to
understand the effects of various Fractal Iteration Number
parameters in order to achieve the best performance possible of
the final antenna with modified ground-plane. Good impedance
bandwidth covering 6.03-12.62 GHz frequency band
(determined from -10 dB return loss) used for X-band
applications is achieved. The simulations results are performed
using CST Microwave Studio software [20]. Thereafter
experimental results are obtained for the third iteration order
antenna for comparison.
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Il.  DESCRIPTION OF THE PROPOSED ANTENNA

Fractal shaped antennas present very important
characteristics which are related to the geometrical properties.
The Koch fractal appeared in 1904 by the Swedish
mathematician Helge von Koch [21]. It is a simple example of
a fractal structures used to reduce the antenna dimensions and
enhance bandwidth performance, due to the increase of the
effective electronic length.

It is characterized by two important parameters that are the
Iteration Factor and the Iteration number.

The Iteration Factor specifies the process rule of fractal
structure generation, in this case IF=1/3 whereas the Iteration
number describes how iterative processes are performed. When
the number of iteration is zero, we have an equilateral triangle
called the fractal generator as shown in Fig. 1. But if the
iteration number converges to infinity meaning the process is
executed an infinity of times, the Koch snowflake fractal is
achieved [22].

The Koch Island is used in this antenna owing to the self-
similarity property, the structure conserves the same form for
any step as shown in Fig. 2(a). R is the radius of a circle which
covers the entire fractal shape. So a large surface area is
bounded by a circle of fixed radius R. Fig. 2(a) present the
Koch Island fractal generated by equilateral triangle at the third
iteration. More, the circular patch presents a very interesting
characteristic for wide band applications compared to other
structures.

Whereas, in our work, the antenna structure consists only
of the half third iterative Koch Island patch generated from an
equilateral triangle of side a = 11.5mm which is very similar to
that of a semi-circle patch studied in [23] and modified partial
ground plane.

The construction of the designed final antenna structure is
illustrated in Fig. 2(b). The antenna is printed on a 1.6 mm-
thickness FR4 dielectric substrate of dimensions 30 x 30 mm?
and relative permittivity 4.4. Where, a patch is placed co-planar
with finite modified rectangular ground plane with size of
GL=10mm and GW=30mm. The separation distance between
the patch and the ground is d = 2 mm. A 50 Q SMA connector
is used for feeding the Koch patch antenna through the
microstrip line section which is printed on the opposite side.
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Fig. 1. Koch Island generation processing.
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Fig. 2.  (a) Koch fractal geometries; (b) Design of the proposed final
antenna.

I1l.  SIMULATION AND MEASUREMENT RESULS

Initially, several different shapes for the patch antenna with
simple ground plane were used. But in order to improve
bandwidth characteristics; it was found that a patch and an
optimized geometry of the whole structure gives the best
possible results.

A. Effects of Iteration Number (n)

In order to see the effect of the variation of the iteration
number n on the band width performance, the structures with
Iteration Factor IF=1/3 and different n=1, 2 and 3 for
antennal, antenna 2 and antenna 3 respectively as shown in
Fig. 3 were simulated by CST Microwave Studio
electromagnetic simulator.

Fig. 4 illustrates the reflection coefficient S11 comparison
against the frequency of the designed antenna structures for the
three iterations numbers presented in Fig. 3. It can be shown
that for antennal, dual operating bands 6.08 — 7.57GHz and
8.74 — 12.23GHz with respect to -10 dB are obtained. For the
antenna 2 and antenna 3 with iteration number 2 and 3
respectively, the central frequency frl and fr2 of the lower and
higher frequency bands got shifted toward lower frequency.
We can also observe that for the structure 3, the two operating
bands obtained 6.00 - 7.71GHz and 8.17 - 12.55GHz are more
important than that of the antennal and antenna2. However, it
entails degradation for level bandwidth adaptation for higher
frequencies. This signifies that the impedance bandwidth is
improved with increasing the number of iterations. But, owing
to practical limitations and simulation results, the fourth
iterative structure is not designed and simulated. Then, the
antenna 3 described above was constructed for measurement

Fig. 3. lIterative Structures of the simulated antennas (a) Antenna 1;
(b) Antenna 2; (c) Antenna 3.
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Fig. 4. Simulated Reflection coefficient versus frequency characteristics for
iterative structures of designed antenna.
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The fabricated prototype of the designed antenna structure
is demonstrated in Fig. 5.

Fig. 6 shows the comparison between simulated and
measured return loss for the proposed antenna 3. Good
agreement can be observed. Exceptionally, for the frequency
band [5.24GHz - 6.00GHz]. The frequency drift is produced by
the error in the manufacture and measurement. Measured
impedance bandwidths for -10 dB return loss of the two
operating bands are 890MHz (5.94 — 6.83GHz) and 4.8GHz
(9.06 — 13.86GHz).

Refletion Coefficient (dB)

Frequensy/ GHz

Fig. 6. Simulated and measured reflection coefficients of the proposed
antenna 3.
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The simulated 3D radiation patterns of the designed
antenna 3 structure at some frequency points are illustrated in
Fig. 7. It shows acceptable stability of the radiation selected
frequency antenna. While the simulated gain (Fig. 8) of the
proposed antenna 3 against frequency band [4GHz - 14 GHz]
shows that the gain increases for higher frequencies. It is
around 2.51dBi, 5.37dBi and 3.58 dBi at 6.54GHz, 10.00GHz
and 12.18GHz, respectively.

f=6.54 GHz

¥

f=10.07 GHz

f=12.19 GHz

Fig. 7. Simulated 3D radiation patterns of the antenna 3 at some frequencies.
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Fig. 8. Variation of simulated Gain in dBi against frequency for designed

antenna 3.

B. Effects of Ground Plane (GND)

The rectangular partial ground plane used in the microstrip
patch antenna design is one of the most important criteria. So,
the modified ground plane has received much attention to
ameliorate the antenna characteristics. This kind of study is
presented in [24], [25].

The potential benefits of the proposed antenna 3 with the
simple ground have been discussed previously. In this section
the effects of inserting slots on the antenna 3 ground plane
(GND) as shown in Fig. 9 are examined.

The comparison among the reflection coefficient
characteristics of the antenna 3 with simple ground plane and
finale proposed antenna 4 is presented in Fig. 10. It is observed
that for antenna 4 which the ground plane is modified by
inserting slots, the two operating antenna 3 bands got merged
resulting into a wide operating band of 6.59 GHz under the
condition of S11<-10 dB, from 6.03 GHz to 12.62 GHz with
70.7%. This signifies that the impedance matching improved
over the entire band, enhancing the bandwidth of operation.

The final proposed antenna 4 with modified ground plane
was constructed for measurement use. The photograph of
prototype antenna is shown in Fig. 11.

sl

@) (®)
Fig. 9. Proposed final Koch Island antenna (Antenna 4) (a) Back view;
(b) Front view.
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Fig. 10. Simulated reflection coefficient of antenna 3 with simple GND and
Koch Island antenna 4 with modified GND.

Fig. 11. Photograph of the antenna 4 fabricated prototype. (a) Front view;
(b) Back view.

After the realization of the prototype of the proposed
antenna 4, the input reflection coefficient is tested. The
simulated and measured return loss against frequency of the
proposed antenna 4design is plotted in Fig. 12, show good
agreement. Measured reflection coefficient of this wide band
antenna indicates that the -10 dB operating bandwidth is 5.94
GHz extends on the interval [6.03 - 11.97GHz]. It is wide
sufficient to cover the required bandwidths for x band [8 - 12
GHz] applications. A difference in the adaptation level was
observed between simulated and measured results. This is due
to the fabrication inaccuracy and measurement conditions.
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Fig. 12. Simulated and measured reflection coefficients of the final proposed
antenna 4.

The simulated radiation patterns at different frequencies of
the operating bandwidth shows that the antenna radiates in the
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same direction for all selected frequencies as presented in
Fig. 13.

Fig. 14 illustrates the variation of the simulated gain versus
the frequency interval [5 - 14GHz]. It is observed that the
antenna gain is varying from a minimum of 1.5dBi for
6.03GHz to a maximum of 6.28dBi for 10.5 GHz across the
desired bandwidth.
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Fig. 13. Simulated 3D Radiation patterns of the proposed antenna 4 at some
frequencies.
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Fig. 14. Variation of simulated Gain in dBi against frequency for designed
antenna 4.

IV. CONCLUSION

In this paper, a modified microstrip patch antenna KIFPA
structure using the Koch Island fractal geometry for bandwidth
enhancement is proposed. The effect of the patch iteration
number and the modified ground plane are investigated. The
application of Koch fractals to the patch and inserting slots to
the simple rectangular partial ground plane are clearly
significant in improving the antenna level adaptation
performance, enhancing the operating bandwidth of the
proposed final antenna. The computer simulations and
measured results of the proposed antennas have shown good
agreement.
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