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Abstract — This paper presents bow-tie printed antenna
design and simulation based on dipole antenna concepts and
its simulation using FDTD method. The wideband response
is obtained for this structure. Then IE3D software is used to
implement three fractal shapes on the basic configuration.
This antenna as a wideband solution is used in monolithic
wireless communication applications that require multiresonance frequencies. These features can be improved by
fractalizing the antenna. While the bandwidth of the
antenna can be changed by different flare angles, its
fractalizing controls the multiband feature without any
significant change on the radiation pattern. Numerical and
measurement
results
of
the
antenna
radiation
characteristics, including return loss and radiation pattern,
are presented and compared for mode-2, mode-3 and mode5 Sierpinski fractal shapes which is implemented on the
basic CPW-fed bow-tie antenna. Numerical radiation
patterns are obtained in resonance frequencies and selfsimilar property in return loss and radiation pattern is
demonstrated.

I. INTRODUCTION
Mounting the antenna on the same substrate that is
used for transmit/receive modules has the benefit of a
concise and monolithic design. In order to overcome the
difficulties of converting a microstrip line to a coaxial
cable or waveguide that feeds the antenna, a coplanarwaveguide to coplanar-strip-line transition is used in this
paper. CPW-fed bow-tie antenna as a wideband solution
is developed from dipole antenna in recent years [1]-[3].
It is shown that the bandwidth of a center-fed dipole can
be increased by increasing the width of the dipole in a
same separation distance [4]. Then a wideband response
is expected from linearly widened structure of bow-tie
antenna. A bandwidth improvement from %20 for dipole
to %40 for double-sided printed bow-tie antenna is
reported in [3]. Moreover, the microstrip CPW-fed bowtie antenna shows a bandwidth of about %17 for VSWR
of 2:1 [5]. To compensate the effect of capacitive edge of
the bow-tie antenna, the length of the antenna should be
supposed shorter than half wavelength that is used for
regular dipole antennas.
Bow-tie antenna among other wideband printed
structures is very suitable to apply fractal shapes.
Sierpinski gaskets are widely developed in recent years
[6]-[8]. The main trait of Sierpinski fractal antennas is
the self-similar property of the antenna structure that
reveals itself in a log periodic basis. If this self-similarity
retains in radiation pattern of the antenna as well as the
return loss, the antenna can be considered as a true self-

similar structure. It is shown that Sierpinski gasket,
which is designed as a monopole structure on a finite
ground plane, does not have such self-similarity over the
entire operating band, but bow-tie structure [8].
To show the self-similar and multi-wideband property
of the bow-tie fractal antennas a simple printed bow-tie
antenna (Fig. 1) is analyzed using the FDTD method [9]
to operate in 2.4 GHz ISM band and its numerical and
measured characteristics are obtained and shown in Fig.
2. Then different fractal shapes are applied to this
structure. Numerical results are presented for each
antenna to show the property of each structure.
Measurements are done on final stage of each mode as
well as numerical analysis. Since decreased cell sizes in
simulation of fractalized antenna using the FDTD method
will be a very time consuming process, IE3D software is
used in numerical analysis of the fractal shapes. All the
structures are considered on common FR4 substrate with
İr of 4.8 and thickness of 1.6 mm. Flare angle of 90° is
retained in the whole antennas, since its bandwidth in
primary designs is the widest one. Overall dimensions are
also the same.

Fig. 1 Simple printed CPW-fed bow-tie antenna

Fig. 2. Return loss of simple bowtie

II. SIERPINSKI FRACTALS
Sierpinski fractal shapes can be used to regulate multifrequency response of the bow-tie antenna. In fractal
antennas introduced here each segment will resonance in
frequencies proportional to the resonance frequencies of
the main bow-tie through a factor which is the scale
factor of the main bow-tie to that segment. Since each
part has the same shape of the main bow-tie, we expect
the bandwidths to be same as each other. In this way,
fractalizing provides wideband resonance frequencies to
be repeated at frequencies proportional to the main one
by a factor of p, which is related to the mode of the
Sierpinski fractal shape. Where the higher operating
frequencies of the bow-tie, due to its multiband feature,
meet the frequencies obtained from fragments, wider
bandwidths can be expected. This feature is investigated
by using fractal shapes with p equal to 2, 3 and 5. The
way of deriving mode-p fractals has been presented in [7]
and is used here. Radiation patterns are obtained in
frequencies of minimum return loss through a ș-sweep
and ĳ equal to 0° for Eș and Eĳ field components.

Fig. 3. Simulated result for return loss in forth step of Mode-2
Sierpinski

A. Mode-2 Sierpinski bow-tie
In step-4 five distinct resonances are recognizable.
Table II shows these bands. The frequency ratio between
resonances is lower than scale factor, except the ratio
between the first and second resonances, which is about
three. This frequency ratio between bands would be near
two if the flare angle of the antenna were 60˚. When the
flare angle is increased to 90˚, resonance bands are
shifted to lower frequencies and ratio of the bands is
decreased [10]. Each iteration will produce smaller
fragments and then will lead to higher bands, but the
main effect of more iterations is the fact that multiband
feature gradually gets more evident than the main bowtie. In order to show this effect, forth step is shown in
Fig.3. The more number of iterations, the more precision
of a complete fractal shape which theoretically contains
infinite number of iterations, and then the more
appearance of multi- band feature of the Sierpinski
fractal bow-tie antenna. Radiation pattern of Eĳ in
frequency bands remains almost the same in different
stages that can be considered as one of the advantages of
the bow-tie configuration in comparison with monopole
structure [6]. Bandwidth in different resonances varies
from 2% to 16% as shown in Table I. Values of return
loss and frequency ratio between adjacent resonances are
also presented in this table.

Fig. 4. Measurement result for return loss in forth step of
Mode-2 Sierpinski
Band n
1
2
3
4
5

fn
(GHz)
2.17
3.25
5.32
7.21
8.65

BW (%)
11.43
16.02
3.5
2.1
7.11

Lr
(dB)
20
21
21
12
18

fn+1 / fn
1.498
1.637
1.355
1.200
-

TABLE I
FREQUENCY RATIO BETWEEN DIFFERENT RESONANCE
FREQUENCIES IN MODE-2 SIERPINSKI FRACTAL BOW-TIE

B. Mode-3 Sierpinski bow-tie
Mode-3 Sierpinski fractal is constructed by dividing
the main triangle poles to three similar triangles as shown
in Fig. 6. This process is repeated for smaller triangles in
further iterations. An ideal fractal shape consists of an
infinite number of stages; however, practical restrictions
on meshing and analyzing of such a complicated
structure limit the number of stages used in simulations.
Since the simulation of mode-3 with a stage greater than
three is very time consuming for common computer
resources, simulations are restricted up to this stage.
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f= 5.32GHz
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Fig. 5. Simulated results of radiation pattern for Fig.4.

Fig. 6. Simulated result for return loss in the third step of
Mode-3 Sierpinski

Fig. 9. Simulated result for return loss in second step of
Mode-5 Sierpinski

Fig. 7. Measurement result for return loss in the third step of
Mode-3 Sierpinski

Fig. 10. Measurement result for return loss in the third step of
Mode-5 Sierpinski
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TABLE II
FREQUENCY RATIO BETWEEN DIFFERENT RESONANCE
FREQUENCIES IN MODE-3 SIERPINSKI FRACTAL BOW-TIE

f= 2.17GHz
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f= 7.3GHz

f= 4.6GHz

f= 8.29GHz

Fig. 8. Simulated results of radiation pattern for Fig.7.

BW
(%)
12.75
15.14
9.18
11.13
2.2

Lr
(dB)
20
12
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fn+1 / fn
1.319
1.604
1.508
1.125
-

TABLE III
FREQUENCY RATIO BETWEEN DIFFERENT RESONANCE
FREQUENCIES IN MODE-5 SIERPINSKI FRACTAL BOW-TIE
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Fig. 11. Simulated results of radiation pattern for Fig.10.

Fig. 6 shows the results of the third stage. Comparing to
Fig. 3 and Fig. 2 the first resonance frequencies are
influenced less than the others. Higher resonances are
totally affected by replicas because lower frequencies are
interfering with the main band while repeating.
Continuing to the segmentation process, more resonances
appear in 1 to 10 GHz band, and an infinite number of
stages will produce more operating frequencies so that a
multiband-wideband antenna structure can be obtained.
By resizing and changing the flare angle of the main
structure, desired bandwidths and resonance frequencies
with an ultra-wideband feature is obtained. Fig. 6 shows
the third stage of mode-3 in which the self-similar feature
of the antenna is degraded in higher frequencies. The
measurement result is obtained and depicted in Fig. 7.
Table II summarizes these characteristics. In Fig. 8
radiation patterns are shown in resonance frequencies.
Comparing to patterns of mode-2, variation in higher
frequencies is more evident.
C. Mode-5 Sierpinski bow-tie
Comparing table I and II, we can see wider bandwidths
are obtained for mode-3. More resonances are also
obtained in mode-3. In order to obtain wider bandwidths
and more resonance frequencies mode-5 fractal shape is
applied on bow-tie structure. Simulated and measurement
results for second stage are shown in figures 9 and 10,
respectively. Main resonance frequencies can be
recognized in Fig. 9, although for a complete self-similar
response more iterations should be considered.
Bandwidth in different resonances is slightly higher than
the bandwidth of two previous modes. Resonance
characteristics of Fig. 9 are summarized in Table III.
III. CONCLUSION
Although a constant ratio between frequency bands
cannot be presented from the tables I, II and III, it is
expected to obtain a constant ratio for each mode by
continuing the process of segmentation.
Since the primary structure of the antenna is multiband
we can set the repeated frequencies between those
operating bands by using different fractal shapes and
flare angles of the main structure. Then fractal shapes
give us an extra freedom in spacing the operating

frequencies in desired bands and bandwidths to provide a
multiband- wideband feature simultaneously. These
antennas can be used in any communication system in
which a relatively constant radiation pattern should be
obtained in different operating frequencies.
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