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An lterative Model for Fractal Antennas:
Application to the Sierpinski Gasket Antenna

Carles Puente Baliarddember, IEEE Carmen Borja Borau, Monica Navarro Rodero, and
Jordi Romeu RobertMember, IEEE

Abstract—A simple model that explains the behavior of the
Sierpinski fractal antenna is presented. This model shows that
the multiband behavior of the Sierpinski fractal antenna is a
consequence of its fractal nature. The model is applied to predict
the behavior of the Sierpinski fractal antenna when the flare angle
is modified and its validity is assessed by comparing its predictions
with measured data.

Index Terms—Antennas, fractals, multifrequency antennas. (a) (b) (©

Fig. 1. Sierpinski gaskets with different flare angle: fa)= 90°, (b) o« =
I. INTRODUCTION 60°, (c) o = 30°.

HE multiband behavior of the fractal Sierpinski dipole has

been presented and discussed in [1]-[3]. The analysis and
results showed that the antenna had a log-periodic behavior, th&he way the Sierpinski gasket is built can be understood as
log-period being related to the self-similarity scale factor of then iterative feed-back process, where a set of similarity transfor-
antenna. mations are iteratively applied to an initiator [6]. For the Sier-

The current distribution on the Sierpinski gasket shows thainski gasket three similarity transformations are required, each

the most of the current density concentrates on the joints amae of them consists on a reduction by a scale factor of 0.5 and a
edges of the different triangle clusters that make up the Sig@ranslation. The very same process employed in the construction
pinski gasket [3]. This fact suggested a very simple iterativef the Sierpinski gasket is used in the definition of the iterative
transmission line model for the Sierpinski antenna that will leansmission line model. As initiator a three port network is con-
discussed in Section Il. This simple model based on the itesieered. It is assumed that the initiator of the Sierpinski gasket
tive transmission line model has already been successfully &pan isosceles triangle; consequently, due to the symmetry and
plied to predict the behavior of the Sierpinski microstrip neteciprocity properties of the initiator tH&] matrix has the fol-
work [4], and it shows that the multiband properties of the Sielewing structure:
pinski gasket are inherent to its fractal structure. The validity

Il. I TERATIVE TRANSMISSIONLINE MODEL

of the model is assessed by applying the iterative transmission «a B B
line model to three fractal Sierpinski antennas with flare angles [S1=|8 ~ ¢ 1)
of « = 30°, @« = 60°, anda = 90°. The measured results p o v

are in good agreement with the predictions made by the modelat is, four parameters are necessary to fully describe the net-
On the other hand, as suggested by [5] it is possible to modifiork. Given one iteration the next one is built as shown in [4].
the input impedance of triangular antennas such as the bowAiger a simple, but rather lengthy analysis it can be shown that

antenna by Changing the flare angle of the antenna. A S|m|m% Corresponding parameters of the next iteraml] can
conclusion is reached for the Sierpinski antenna. In Section J& written as

the patterns and the current distributions of the Sierpinski an- 52
tenna for different flare angles are presented. The patterns and Qng1 =y + 252 <an + P )
the current distribution help to understand some of the limita- L=

tions of this kind of antennas. . 1 )
B
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Fig. 2. Input impedance for the Sierpinski gasket antenna according to the transmission line iterative model.
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Fig. 3. Measured input impedance for the Sierpinski gasket antenma$oB0°, o = 60°, o = 90°.

The input reflection coefficierlf;,, of the three port network  For the equilateral Sierpinski, that is, flare angle= 60°,
when ports 2 and 3 are loaded By andI's, respectively, is additional symmetry relations can be found and [tflematrix
can be written as

given by
2
Fm=a+ Dol (14 28
2 @
+ﬂm@+5n) (12) 1= |8 a 8 (15)
D2 1—~I 8 B «

\;vgere, again, the auxiliary parametdrd and D2 are defined The recursion relations of (2)—(5) simplify to

2

D1=1-Ar, -~ S2ls (13)
1—1T3 32
232 <Oén + 1 — )
n (16)

Opt1 = Qp +

82T, T 32
D2=1-1T; [ (14) (an+ Bn) | on + - a.
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Fig. 4. Radiation pattern for ti@° Sierpinski monopole.
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Fig. 5. Radiation pattern for th®)° Sierpinski monopole.
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the transmission lines is simply determined by the height of

the whole gasket, the number of iterations, and the flare angle.
In order to account for the radiation losses a firipefactor

has been considered by introducing an attenuation factor in the
transmission lines. The characteristic impedance of the trans-
mission lines of the three-port equivalent circuit has been em-
pirically adjusted t& Z,, whereZ, is the reference impedance.

This very simple recursive model allows to predict the be- This model does not make a good prediction of the antenna
havior of the input parameters of the Sierpinski antenna fonpedance at low frequencies, that is, below the first resonance.
any iteration stage. Any symmetrical, reciprocal three-port néfthe accuracy of the model can be improved if the ports 2 and
work able to store electric and magnetic energy could be usgéaf the complete Sierpinski network are loaded to take into
to model the initiator. For the following results a symmetricadccount the radiation resistance at low frequencies, that appears
Y junction of lossy lines has been considered. The length twf be underestimated by the lossy transmission model. To take



PUENTEet al. ITERATIVE MODEL FOR FRACTAL ANTENNAS 717

Sherpinsig SF Seminsk B0° Slerpinski 30
ey ey

= e i i &
i A
& A A i
= W e o k= e k2 d ¥ Lk ]
P T TEY
w5 ¥ -.'1- F-'r' I-'." r:‘- [} J
ey '._. o .‘.' e iy
E = LY "v' 1-:--_-r .-,.-..r-_- ..r:.-
& wr A Y q¥ .
E '"n"'? '-FI TS o

- o T v
=
4 LA A

[ E
=40 dB 0 dB

Fig. 6. Current distribution on the antennas.

into account this effect a frequency dependent resistive loadaafefficient was measured relative 50 2. Fig. 2 shows the
the form result for the iterative transmission line model, and Fig. 3 shows
) the measured results. The log-periodic behavior of the antennas
Ry <ﬁ f) (18) is clearly evinced when the resonant frequency at each band is
considered. Except for the first band, the resonant frequencies

) ) for the monopole Sierpinski antenna can be computed as
has been chosen, whefigs the height of the antenna. The par-

abolic dependence as a function of the frequency takes into fr= 0.1525 cos (a/2)(6)" (19)
account the radiation resistance behavior of a small antenna. h

At higher frequencies the effect of the terminating load is ne¢here

glectable for two reasons. First, as the frequency increases the speed of light;

load tends to be an open circuit, and second due to the radiatioih height of the monopole;

losses of the antenna the current does not reach the tips of the flare angle;

antenna; consequently, at high frequencies, the value of the teré log-period (two in this case);

minating load is irrelevant. n band number.

Three Sierpinski gaskets, as shown in Fig. 1, with flare anglesThe first band is referred as the bowtie mode of the antenna.
of @ = 90°, @ = 60°, anda = 30°, were built and tested. The At the first resonance, the truncation effect is clearly dominant
antennas were measured in a monopole configuration overiarthe Sierpinski antenna and the etched holes are not signifi-
80 x 80 cm ground plane. The antennas were etched on CuCtaaht due to their size compared to the wavelength as reported in
250 dielectric substrate,( = 2.5, width = 1.588 mm), and the [3]. Equation (19), clearly evinces two important facts about the
height for the three antennas was 8.9 cm. The input reflectiSmerpinski gasket antenna, the log-periodic behavior, and that
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the resonant frequencies are associated to the gasket edge lefhigghexplanation has to be found in the shorter length of the
rather than to its height. edges of the triangular clusters for = 30°. In this case,
The iterative transmission line model provides a good préie antenna becomes a poor radiator and the current distri-
diction of the behavior of the Sierpinski antenna. The numbbution is not confined to an active region but it reaches the
of resonant frequencies is correctly predicted and it is alend of the antenna. This fact was already anticipated by the
shown that as the flare angle increases the resonant frgut parameters of the antenna. The fact that doe 30°
guencies move to lower frequencies. As the height of tlumuble resonances were predicted by the iterative transmis-
antenna is the same for the three cases, the increase ofdiba line model and actually measured, suggests a double
flare angle implies longer edges of the triangles. The fantode of operation of this antenna. One of them is what can
that the transmission line model correctly predicts the frée called the Sierpinski mode associated with the first reso-
qguency down shifting corroborates the assumption that thance of the corresponding scale of the fractal. The second
current distribution on the antenna is basically supported amde corresponds to harmonic resonances of the larger scales
the edges. The iterative transmission line model does raitthe fractal. The superposition of both modes causes the
assume any mutual effects between different antenna clasfrent distribution on the antenna to extend to the whole
ters, however, the model is accurate enough the predict 8taucture. The result is seen in the radiation patterns of the
overall behavior of the antenna. It even predicts the doutd@atenna. The proper interpretation of this result shows that
resonances that appear #@r= 30° in the upper three bands.the Sierpinski fractal antenna can be interpreted as a suc-
The significance of these double resonances will be discussedsion of resonators embedded in each other. In this case
in the following section. The major differences appear in theach resonator has a reduction in scale of two, therefore, the
prediction of the impedance at the anti-resonant frequenci@gmdamental resonant frequency doubles for each resonator.
Finally, it is important to notice that the multiband propertiegor large flare angles just the fundamental resonant mode
of the antenna stem from the iterative way it is constructed one resonator is excited, but for smaller flare angles and
and that has been replicated by the iterative transmissidne to the smaller radiation losses harmonic modes of the
line model. larger resonators are also excited. Similar limitation should
be expected in fractal structures in which poor radiation re-
sistance of the individual clusters would lead to a masking
IIl. RADIATION PATTERNS of the log-periodic behavior by the existence of harmonic

The measured radiation patterns of the fractal Sierpingi@sonances in the structure.
monopoles are presented in Figs. 4 and 5 for the flare an-
gles of @« = 90° and o« = 30°, respectively. The pattern
corresponding to the bowtie mode, that is, the first band
is omitted. The patterns corresponding do= 60° can be  The iterative transmission line model is a very simple ap-
found in [3] and are not reproduced here. The patterns sh@voach that models the Sierpinski fractal antenna by following
the & component of the radiated field. Two frequencies hatfe same iterative process that is employed in the construction
been measured at each band. For the ease90° the lower of the Sierpinski gasket. The model gives a good prediction on
band has not been measured as it is below the capabilitige behavior of the antenna including some second-order effects
of the antenna range. The patterns foe= 90° exhibit some as the ones discussed for the antenna with 30°. The model
characteristics already found fer = 60°. The pattern has a also shows that the log-period nature of the antenna is inherent
log-periodic behavior, that is the same pattern is found whemits fractal structure that is somehow replicated by the itera-
the frequency is multiplied by a factor of 2. On the othetive transmission line model. It has also been highlighted that a
hand, the pattern changes within the same band, therefeself-similar structure has by its very own nature a log-periodic
it is not a frequency independent antenna. The patterns f@havior, but this behavior can be masked in certain cases by
a = 30° exhibit a different behavior. As the frequency inthe presence of harmonic resonances in the structure.
creases the pattern has an increasing number of lobes. This
behavior resembles more that of a linear monopole than the
multiband behavior of the fractal antenna. A better under-

Stand|ng Of the beha\”or of the antenna can be galned fron*{l] C. Puente, “F.ractal _Ante“nnas," Ph.D dissertati_on, Dept Slgnal Theory

h t distribution Commun./Univ. Politecnica de Catalunya, Spain, June 1997.

the current dis I’I. u.' : [2] C.Puente, J. Romeu, R. Pous, X. Garcia, and F. Benitez, “Fractal multi-
The current distribution of the three antennas has been band antenna based on the Sierpinski gaskggttron. Lett, vol. 32,

computed by means of the FDTD method. The total cur- _ no.1 pp.1-2, Jan. 1996.

distributi . h in Fig. 6. F h . hich 3] C. Puente, J. Romeu, R. Pous, and A. Cardama, “On the behavior of the
rent distribution 1s shown In Fig. 6. For the cases in whic Sierpinski multiband antennalEEE Trans. Antennas Propagatol.

a = 60° and « = 90° the current distribution has a sim- 46, pp. 517-524, Apr. 1998.

ilar pattern from band to band except for a scale factor.[4] C.Borja, C. Puente, and A. Medina, “Iterative network model to predict
’ the behavior of a Sierpinski fractal networlElectron. Lett, vol. 34, no.

The antennas have an active region whose size reduces by 15 n, 1443 1445, July 23, 1998.
a factor of two every time the frequency is increased by [5] G. H. Brown and O. M. Woodward, “Experimentally determined radi-
a factor of two. On the contrary, in the case= 30° the ation characteristics of conical and triangular antenn@€A Rev.pp.
C ! . . 425-452, Dec. 1952,
current distribution is not confined to an active region but ; 1 o peitgen, H. Jurgens, and D. Saupbaos and Fractals, New Fron-

it is distributed along the whole geometry of the antenna. tiersin Science New York: Springer-Verlag, 1992.

IV. CONCLUSION
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