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Abstract
A multiband printed dipole antenna is presented for use in wireless
communication applications. The proposed fractal antenna design is based on
fractal geometry of the second level tent function transformation. Due to the
resulting geometrical structures of a fractal tent function curve depend on the
starting angles of the initial tent function, many dipole antennas have been
modeled and the corresponding radiation characteristics have been evaluated.
Theoretical performance of these antennas has been calculated using the method
of moments (MoM) electromagnetic simulator, IE3D. Simulation results of many
tent fractal dipole antennas which have been modeled show that all of these
antennas have multiband resonate behavior, but this resonate behavior is different
according to the starting angle for each antenna. The results have shown that these
antennas have acceptable performance for VSWR ≤ 2 (return loss ≤ -10 dB),
using a 50Ω feed line, at most of the resonating frequencies. This feature provides
antenna designer with more degree of freedom, and makes the proposed antenna
(or its monopole counterpart) suitable for use in the modern multi-functions
communication systems.
Keywords: Fractal antenna, multiband antenna, printed dipole antenna, IFS
(iteration function system).

ﻫﻭﺍﺌﻲ ﺜﻨﺎﺌﻲ ﺍﻟﻘﻁﺏ ﻤﺘﻌﺩﺩ ﺍﻟﻨﻁﺎﻕ ﺍﻟﺘﺭﺩﺩﻱ ﻟﻼﺘﺼﺎﻻﺕ ﺍﻟﻨﻘﺎﻟﺔ

ﺍﻟﺨﻼﺼﺔ

( ﻤﻥ ﺍﻟﻨﻭﻉ ﺜﺘـﺎﺌﻲmultiband) ﺩ ﺍﻟﻨﻁﺎﻕ ﺍﻟﺘﺭﺩﺩﻱﻓﻲ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻴﺘﻡ ﺍﺴﺘﻌﺭﺍﺽ ﻫﻭﺍﺌﻲ ﻤﺘﻌﺩ
 ﺇﻥ. ﺕ ﺍﻻﺘﺼـﺎﻻﺕ ﺍﻟﻼﺴـﻠﻜﻴﺔ
  ( ﻟﻺﺴﺘﻌﻤﺎل ﻓﻲ ﺘﻁﺒﻴﻘﺎprinted dipole antenna ) ﺍﻟﻘﻁﺏ ﺍﻟﻤﻁﺒﻭﻉ
 ( ﻟﺘﺤﻭﻴ ِل ﺩﺍﻟﺔfractal geometry)ﺡ ﻤﺴﺘﻨﺩ ﻋﻠﻰ ﺍﺴﺎﺱ ﺍﻟﺘﺭﺘﻴﺏ ﺍﻟﻬﻨﺩﺴﻲ ﺍﻟﺠﺯﺌﻲ
ﺭ ﹺ ﻘ ﹶﺘﻡ ﺍﻟﻬﻭﺍﺌﻲ ﺍﻟﻤ ﺘﺼﻤﻴ
geometrical )  ﻭﺒﺴﺒﺏ ﻜـﻭﻥ ﺍﻻﺸـﻜﺎل ﺍﻟﻬﻨﺩﺴـﻴﺔ.( ﻤﻥ ﺍﻟﻤﺴﺘﻭﻯ ﺍﻟﺜﺎﻨﻲtent function) ﺍﻟﺨﻴﻤﺔ
 ﺘﻡ ﻨﻤﺫﺠـﺔ، ( ﺍﻟﻨﺎﺘﺠﺔ ﻋﻥ ﻤﻨﺤﻨﻲ ﺩﺍﻟﺔ ﺍﻟﺨﻴﻤﺔ ﺍﻟﺠﺯﺌﻲ ﺘﻌﺘﻤﺩ ﻋﻠﻰ ﺯﻭﺍﻴﺎ ﺍﻟﺒﺩﺀ ﻟﺩﺍﻟﺔ ﺍﻟﺨﻴﻤﺔstructures
 ﺘﻡ ﺤﺴـﺎﺏ ﺍﻷﺩﺍﺀ.ﺍﻟﻌﺩﻴﺩ ﻤﻥ ﺍﻟﻬﻭﺍﺌﻴﺎﺕ ﺜﻨﺎﺌﻴﺔ ﺍﻟﻘﻁﺏ ﻭﺠﺭﻯ ﺤﺴﺎﺏ ﻤﻭﺍﺼﻔﺎﺕ ﺍﻟﺒﺙ ﺍﻟﺨﺎﺼﺔ ﺒﻜل ﻤﻨﻬﺎ
 ﻭﺍﻟﺘﻲ ﺘﺴﺘﻨﺩ ﻓﻲ ﺍﺠﺭﺍﺀ ﺍﻟﺘﻘﻴﻴﻡ. IE3D ﺓ ﺘﺠﺎﺭﻴﺎ ﺍﻟﻨﻅﺭﻱ ﻟﻬﺫﺍ ﺍﻟﻬﻭﺍﺌﻲ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﺤﻘﻴﺒﺔ ﺍﻟﺒﺭﻤﺠﹺﻴﺔ ﺍﻟﻤﺘﻭﻓﺭ
 ﺃﻅﻬﺭﺕ ﻨﺘﺎﺌﺞ ﺍﻟﻤﺤﺎﻜﺎﺓ ﻟﻠﻌﺩﻴﺩ ﻤﻥ ﺍﻟﻬﻭﺍﺌﻴﺎﺕ ﺜﻨﺎﺌﻴﺔ. (MoM) ﺔ ﺍﻴﺠﺎﺩ ﺍﻟﻌﺯﻭﻡ ﺒﺎﺴﻠﻭﺏ ﺍﻟﻤﺤﺎﻜﺎﺓ ﻋﻠﻰ ﻁﺭﻴﻘ
ﺍﻟﻘﻁﺏ ﺍﻟﺠﺯﺌﻴﺔ ﺍﻟﺘﻲ ﺠﺭﺕ ﻨﻤﺫﺠﺘﻬﺎ ﺒﺎﻥ ﺠﻤﻴﻊ ﻫﺫﻩ ﺍﻟﻬﻭﺍﺌﻴﺎﺕ ﺘﻤﺘﻠﻙ ﺴﻠﻭﻙ ﺭﻨﻴﻨﻴﹰﺎ ﻤﺘﻌﺩﺩﹰﺍ ﻏﻴـﺭ ﺍﻥ ﻫـﺫﺍ
 ﻜﻤﺎ ﺍﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺒـﺈﻥ ﻫـﺫﻩ.ﺍﻟﺴﻠﻭﻙ ﺍﻟﺭﻨﻴﻨﻲ ﻴﻜﻭﻥ ﻤﺨﺘﻠﻔ ﹰﺎ ﺒﺤﺴﺏ ﺯﺍﻭﻴﺔ ﺍﻟﺒﺩﺀ ﺍﻟﺨﺎﺼﺔ ﺒﻜل ﻫﻭﺍﺌﻲ
VSWR
≤
2 ـﺔ
ـﻭل ﻟﻘﻴﻤــــ ـ
ـﻭﻥ ﺫﺍﺕ ﺍﺩﺍﺀ ﻤﻘﺒـــــ
ـﺎﺕ ﺘﻜـــــ
ﺍﻟﻬﻭﺍﺌﻴـــــ
. ﻋﻨﺩ ﻏﺎﻟﺒﻴﺔ ﺘﺭﺩﺩﺍﺕ ﺍﻟﺭﻨﻴﻥ،50Ω  ﺒﺎﺴﺘﺨﺩﺍﻡ ﺨﻁ ﺘﻐﺫﻴﺔ ﺫﻱ ﻤﻤﺎﻨﻌﺔ ﺒﻘﻴﻤﺔ،(return loss ≤ -10 dB)
ﻌلُ ﺍﻟﻬﻭﺍﺌﻲ ﺜﻨﺎﺌﻲ ﺍﻟﻘﻁﺏﻴﺠ ﺘﺯﻭﺩ ﻫﺫﻩ ﺍﻟﻤﻴﺯﺓ ﻤﺼﻤﻡ ﺍﻟﻬﻭﺍﺌﻲ ﺒﺎﻟﺩﺭﺠﺔ ﺍﻻﻜﺜﺭ ﻤﻥ ﺍﻟﺤﺭﻴﺔ ﻓﻲ ﺍﻟﺘﺼﻤﻴﻡ ﻭﻫﺫﺍ
ﻑ
ﺓ ﺍﻟﻭﻅﺎﺌ ﹶ ﺔ ﺍﻻﺘﺼﺎ ِل ﻤﺘﻌﺩﺩ ( ﻤﻨﺎﺴﺒﺎ ﻟﻺﺴﺘﻌﻤﺎ ِل ﻓﻲ ﺃﻨﻅﻤmonopole ﺍﻟﻤﻘﺘﺭﺡ ) ﺃَﻭ ﻨﻅﻴﺭﻩ ﺍﻻﺤﺎﺩﻱ ﺍﻟﻘﻁﺏ
.ﺍﻟﺤﺩﻴﺜ ﹶﺔ
* Electrical and Electronic Engineering Department, University of Technology / Baghdad
** Engineering College, University of Al-Mustanssyriah / Baghdad
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Introduction
Mandelbrot [1] defined a fractal
as a rough or fragmented geometric
shape that can be subdivided in
parts, each of which is (at least
approximately)
a reduced-size copy of the whole.
Euclidean geometries are limited to
points, lines, sheets, and volumes
and assigns an integer number to
describe the dimension of each of
these
geometries;
where
the
dimension of a point is zero, and 1,
2, and 3 are the dimensions of the
line,
sheet
and
volume
respectively.
Fractal
geometry
describes objects in nature by
dimensions,
which
are
not
conditionally integer numbers as
the Euclidean geometry implies.
Fractals can be either random or
deterministic. Most fractal objects
found in nature are random, that
have been produced randomly from
a set of non-determined steps.
Fractals that have been produced as
a result of an iterative algorithm,
generated by successive dilations
and translations of an initial set,
are deterministic.
Fractals are characterized by
the self-similarity, the fractional
dimension
and
space-filling
properties. The concept of a fractal
is
most
often
related
with
geometrical objects satisfying the
criteria of self-similarity. Selfsimilarity means that an object is
composed of sub-units and subsub-units on multiple levels that
statistically resemble the structure
of the whole object. These
substructures are exactly of the
shape as the original but it may be
flipped,
rotated,
or
stretched
depending
on
the
generation

process producing the fractal
shape.
In passive microwave circuits
design, such in the design of the
different types of filters, fractals
have been used widely and
extraordinary
results
were
obtained.
The
space-filling
property of fractals had led to
producing miniaturized sizes of
passive microwave circuits for
compact wireless communication
systems [2].
The use of fractals in microwave
antenna design has dramatically
increased in the recent years,
where miniaturized and multiband
antennas
have
to meet
the
challenges imposed upon the
modern communication systems to
be
compact
and
multi-functional.
Since
the
application
of
the
fractal
concept
on
electrodynamics, much work has
been devoted to antenna design [34].
The first reported small fractal
antenna is the Koch dipole [3].
In this work, some of the
classical features such bandwidth,
resonance frequency, and radiation
characteristics had been improved.
Later, different fractal geometries,
such as Hilbert, Peano, Minkowski,
Sierpinski etc..., have been applied
to dipole antenna design [5-6]. The
reported
designs
offered
astonishing results of antenna
performance in the multiband
behavior they possess.
In this study a fractal printed
dipole antenna based on the second
level (n=2) tent transformation has
been presented as a candidate for
use in modern multi-function
communication systems. Different
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antenna structures have shown to
possess multiband behavior with
reasonable
radiation
characteristics. This provides the
antenna designer with more degree
of freedom to satisfy the antenna
radiation performance for the
specified applications.
Generation of Fractal Tent
Transformation
The presented fractal curve is
constructed
by
applying
geometrical transformations of a
unit square with a side length L,
representing
the
well-known tent function, using the
transformation algorithm, which is
called multiple reduction copy
machine
(MRCM) as proposed
by [7]. This MRCM provides a
good metaphor for what is known
as deterministic iterated function
systems (IFS) in mathematics. The
MRCM generates a dynamical
iterated function system (IFS), Fig.
(1b).Using such an IFS, it is
possible to produce a generation
level in which all line segments
join up to form a single path. It is
clear from Fig. (1b), the IFS
constructs such a curve with five
transformations, and the spacefilling property follows from the
invariance of the initial square, the
tent function, under the IFS. These
five transformations, labeled as A,
B, C, D, and E, which produce any
fractal level from its preceding
one, are summarized in Table(1).
In each transformation, more
than one operation has to be
performed on the original tent
function, such stretching, flipping,
and/or rotation. Figures (1a-d)
show the details of the fractal
curves generation process up to the
4th order (n = 4).

As shown in Figs.(1a-d), the
constructed curve in a certain
generation level (n) is simply a
collage of the five transformations
of the previous level
(n–1).
Because the initial tent function
has a suitable symmetry, one can
easily be misled when applying the
IFS. The IFS uses the unit square
with the inscribed letter L as an
indication of the orientation as the
initial
square,
Fig. (1a). It has been found that the
total length Sn, of the tent fractal
curve at the nth generation, is:
7
Sn = ( ) n An L
… (1)
3
where An is a constant depending
on the starting angle θ, of the
initial tent function.
However, the value of this angle
is bounded by an upper limit of
θ = 63.435º; at which all the
vertices of the triangle touches the
square, as shown in Fig.2, and a
lower
limit
of
θ = 0º, at which the tent function is
considered as a straight line of
length equals to the side length, L
of the square containing it.
The tent function, shown Fig.(2),
can be described as:
x ≤ 0.5L
ax,
f ( x) = 
a (1 − x), x > 0.5L (2)
where a varies in the range:
0≤ a ≤ 2
for:
0 o ≤ θ ≤ 63 .435 o
As shown in Fig.(2),
corresponds to:
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It has also been found that An , in
Eq. (1), is varied as [9,10]:

The other three dipoles have
been modeled using the same value
of L, but with different values of A,
to explore the subsequent effects of
the variation of A on the multiband
behavior of these antennas.
All of the modeled antennas are
supposed to be fed with a coaxial
cable
of
50Ω
characteristic
impedance. The width of the dipole
trace has been chosen to be 0.5%
the dipole length. The multiband
behavior of the modeled dipoles
has been shown in Fig.(3). Total
electric field radiation patterns, at
the first four resonances, for each
dipole have been shown in Fig.(4).
Antenna Performance
Evaluation
The multiband behavior of the
proposed fractal dipole antenna is
shown in Fig.(3). Return loss (S11 )
and voltage standing wave ratio
(VSWR) responses corresponding
to dipole antennas with A=L, 0.8L,
0.6L and 0.4L have been shown in
Fig.3a to Fig.3d respectively.
Results show that the 1st resonant
frequency increases as A decreases.
This is because the antenna length
decreases
with
the
reduction
of A (and correspondingly the
starting
angle θ ). Comparison of the
conventional dipole antennas and
the tent fractal dipole antennas
with corresponding length, the
resonant frequencies, for (VSWR≤
2 and a 50Ω input feed), have been
summarized in Table(2). The
conventional half wave dipole
antenna has a maximum gain of
2.148 dBi and a fractional
bandwidth of (5-10)% [11,12].
The
major
factor
which
determines the bandwidth is the
conductor trace width used. Thus

1 ≤ An ≤ 2.236
for the same range of the starting
angle θ . It is worth to note here,
that for θ = 63.435 º, the tent curve
has no longer be a fractal after the
3rd generation step, since at the 4th
generation step the resulting curve
is not self-avoiding [9,10].
Nevertheless, the fractal curve
can be used at this value of θ , up to
the 3rd generation, since a
maximum space-filling is gained
according to Eq.(1), and it is still
self-avoiding. Practically, if fractal
curves are applied, few numbers of
iterations are enough to model an
antenna.
Antenna Modeling
Transformation
Since the shape of the resulting
tent fractal curve depends on the
initial tent function shown in
Fig.(2), many fractal curves have
been
generated with different shapes;
each corresponds to a certain
starting angle θ. For convenience,
these shapes are expressed in terms
of the tent function height A,
shown in Fig.(2). Four fractal
curves corresponding to
four
values of A have been constructed.
These values of A are L, 0.8L,
0.6L, and 0.4L.
As a starting step a dipole has
been modeled with a tent height
equals to the side length L forming
its two arms. The value of L has
been adjusted such that the first
resonance occurs at 2.45 GHz. This
value of L has shown to be of about
0.35 λ.
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smaller trace widths results in a
narrower bandwidth than those
from
larger
trace
widths
conductors.
In Fig.(4), it is clear that at the
first four resonances, all of the
modeled
dipoles
possesses
acceptable radiation patterns with
reasonable values of antenna gain
as compared with the conventional
dipole with equal lengths.
The previously depicted results
and
many
other
important
parameters
for
the
different
modeled
dipole
antennas,
corresponding to structures with
different starting angles, have been
summarized in Table3. Among
these parameters, most important is
the antenna gain. As has been
shown,
the antenna gain range between
2.16 to 7.70 dBi for the different
dipoles
which is adequate for most
wireless
applications.
Table3
demonstrates that for dipoles with
larger starting angles (larger dipole
lengths) wider bandwidths result in
the lower gain. For lower values of
the starting angle, the gain
increases
at
the
expense
of
the
antenna
bandwidth.
A trade – off has to be made for
certain gain-bandwidth suitable for
the different applications.
Conclusions
In this paper a multiband fractal
dipole
antenna
has
been
introduced. The proposed dipole
antenna structure is based on
second level of fractal tent
transformation.
Four
dipole
antennas with structures having
different starting angles have been
modeled and simulated using a
method of moment (MoM) based

electromagnetic simulator, IE3D
from Zeland Software Inc.
Simulation results assure the
flexibility in the design this
antenna possesses together with
reasonable radiation performance
at different resonant frequencies.
This antenna seems promising to
be
used
in
different
multifunction
communication applications. Using
this antenna, many options are
provided to the antenna designer to
construct an antenna at the required
resonant frequency with acceptable
performance for the specified
application.
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Table (1) Summary of steps to generate
a fractal tent transformation [8].
Width

Height
stretche
Step
stretched
d
by
by
A
2/3L
1/3 L
B
1/3 L
2/3 L
C
1/3 L
2/3 L
D
2/3 L
1/3 L
E
2/3 L
2/3 L

Flipping

Rotat
ion
(deg.)

horizontal None
horizontal None
horizontal 90
None
-90
None
-90

Table (2) Resulting resonant frequencies of the modeled fractal dipole antennas
together with their equivalent length conventional dipole antennas.
Resonant frequencies
Antenna
starting
angle
63.435
57.995

°
°

50.194 °
38.660

°

Conventional
dipole
antenna f0
(GHz.)
1.2746

1st
resonant
f01 (GHz.)

2nd
resonant
f02 (GHz.)

3rd
resonant
f03 (GHz.)

4th
resonant
f04 (GHz.)

2.446

4.432

6.425

7.850

1.5

3.035

5.705

7.58

9.515

1.8

3.8

4.664

7.504

9.585

2.1973

4.572

5.9

6.864

10.296
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Table (3) Summary resulting antenna parameters corresponding to different
starting angles
Antenna parameters
Antenna
starting
angle

63.435 ◦

Resonant
frequencie
s (GHz.)

50.194 ◦

Eff.

ff.

(%)

( %)

G

D

Beam

BW

( dBi)

( dBi)

width

(%)

S11
VSWR

(dB)

2.446

95.87

95.37

2.16

2.36

63.79 ◦

40.9

1.35

-21.15

f02

4.432

98.99

91.05

6.70

7.11

40.85 ◦

9.74

1.87

-10.5

f03

6.425

100

99.43

4.84

4.86

31.24 ◦

8.56

1.54

-16.5

f04

7.850

100

96.75

7.17

7.31

27.9 ◦

8.92

1.65

-18.13

32.95

1.32

-21.5

5.26

1.7

-11.5

f02

3.035
5.705

99.86
98.99

99.33
91.05

2.62
6.70

2.65
7.11

65.46
40.85

◦
◦
◦

f03

7.58

100

99.43

4.84

4.86

31.24

10.55

1.32

-21.5

f04

9.515

100

96.75

7.17

7.31

27.9 ◦

15.76

1.54

-15
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Figure (1) The details of the generation steps of the tent fractal curves.
Structures from (a) to (d) correspond to the first four generation levels

Figure (2) The tent function with side length, L and a starting angle,
θ = 63.435º
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(a)

(b)

(c)

(d)

Figure (3) The modeled dipole antenna layouts and return loss and VSWR responses
for fractal tent dipole antennas with (a) A=L, (b) A=0.8L, (c) A=0.6L, and (d) A=0.4L
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4.432 GHz.
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6.864 GHz.

10.296 GHz.

(a)

3.035 GHz.

5.705 GHz.
(b)

3.802 GHz.

4.664 GHz.
(c)

4.572 GHz.

5.901 GHz.
(d)

Figure (4) Elevation pattern gain display for the first four resonances
for the modeled, fractal tent dipole antennas (a) A=L, (b) A=0.8L, (c) A=0.6L,
and (d) A=0.4L
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