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Our results show that the mean value of the input impedance (both real
and imaginary parts) remains relatively unchanged with frequency in
the range fronC'/\ = 0.95 to C'/\ = 1.8, different from that com-
puted in [2]. We notice from Fig. 5 that the computed and the measured MOD-2
impedance for the 7-turn spherical helical antenna differ more signif-
icantly with increasing frequencies. This is due to the use of a fixed
number of divisions for the antenna wire in the numerical computation
which gives less accurate results at higher frequencies. This error can
be reduced by proportionately increasing the number of divisions at
higher frequencies but at the expense of a longer computation time.
The measured antenna gains (with respect to an isotropic circularly
polarized source) for a 3-turn and a 7-turn antennas are shown in Fig. 6.
It can be seen that a relatively stable gain (within 1 dB) can be ob-
tained for the 3-turn antenna fro6y/\ = 1.1 to C/\ = 1.3. On the Fig. 1. Derivation of the Sierpinski gasket from Pascal’s triangle. When those
other hand, the gain of the 7-turn antenna changes more rapidly V\mﬂnbers divisible by 2 are deleted, thed — 2 Sierpinski gasket is obtained.
frequency. The maximum gain of the 3-turn antenna is 11.1 dB mea-
sured at”'/\ = 1.28 and that of the 7-turn antenna is only 9.9 dB a
C/X = 1.18. The generally smaller gain of the 7-turn antenna is du
to its deeper mismatched impedance (Fig. 5) when compared with tl
of the 3-turn antenna (Fig. 3).
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self similarity. Self similarity is a property common to many fractals,
but in order to become a useful radiator it is necessary that the
fractal antenna meet the specifications at the desired frequencies.
The Sierpinski gasket in a monopole configuration has a good
matching to 502 at the resonance frequencies, a log-period band
Generalized Sierpinski Fractal Multiband Antenna spacing of 2, and a fairly invariant radiation pattern in all bands,
which is very similar to the pattern of a monopole. The Sierpinski
gasket dipole reported in [2], is just one special case of a more
general class of fractal objects called Pascal-Sierpinski gaskets [3].
Abstract—A new set of fractal multiband antennas calledmod — p Furthermc_)re, the geometry of the S'ierpinski dipqle can be a}lter-ed
Sierpinski gaskets is presentedMiod — p Sierpinski fractal antennas de-  PY changing the flare angle [4]. It is even possible to modify it
rive from the Pascal triangle and present a log-periodic behavior, whichisa in order to obtain a desired log-period band spacing [5]. In this
consequence of their self-similarity propertiesMod — p Sierpinskifractal  paper the properties of these generalized Sierpinski gasket antennas
antennas constitute a generalization of the classical Sierpinski antenna. 5.4 presented. Their main advantage is the possibility to obtain
Index Terms—Antennas, fractals, multifrequency antennas. log-periodic behavior with values of the log-period larger than 2.

Jordi Romeu and Jordi Soler

Il. THE SIERPINSKI GASKET AND ITS VARIATIONS
|. INTRODUCTION

The multiband behavior of the fractal-shaped antennas and of the he Sierpinski gasket is a well known fractal. The way it can be

Sierpinski gasket dipole has been described in [1], [2]. The multiba @%nstructed and its main properties can be found in [1], [2], and [6]. In
) L . o itis shown that the Sierpinski gasket is a special case of a wider class
properties of the Sierpinski gasket dipole are a consequence Of0I ractals that can be derived from the well known Pascal’s triangle.

This class of fractals can be derived in the following way. Consider
Manuscript received February 8, 2000; revised September 21, 2000. TR €duiangular triangular grid whose rows shall be labeled by
work was supported in part by CICYT and the European Commission undsr2, 3, . . .. Each row containg nodes and to each node a number is
Grant FEDER 2FD97-0135 and in part by the Department of Research and Lh{litached This number is the coefficient of the binomial expansion of
versities of the Generalitat de Catalunya, Spain. + y)"~'. Now delete from this grid those nodes that are attached

The authors are with Department of Signal Theory and Communicatio
Telecommunication Engineering School of the Universitat Politecnica gé numbers that are exactly divisible pywherep is a prime number.

Catalunya, Spain. The result is a self-similar fractal that will be referred asinel — p
Publisher Item Identifier S 0018-926X(01)05249-8. Sierpinski gasket [3]. In Fig. 1, this process is shown forthel — 2
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Fig. 3. Input reflection coefficient for thewod — 3 andmod — 5 Sierpinski monopoles. VSWR is minimum for theod — 3 antenna at 0.29, 0.92, 1.46, 2.74,
4.32, 7.46 and 12.37 GHz, and for thevxd — 5 monopole at 0.26, 0.91, 1.58, 2.18, 2.6, 4.24, 7.5, 10.11 and 12.08 GHz.
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Fig. 4. Main radiation pattern cuts for theod — 3 andmod — 5 monopole antenna.

Sierpinski gasket and the blank nodes represent those deleted fronthieePascal’s triangle. In Fig. 2, three-iteratiand — 3 andmod — 5
grid. To obtain thanod — 3 andmod — 5 Sierpinski gaskets, those Sierpinski gaskets are shown. In this case it is clear that the scaling of
nodes attached to numbers divisible by 3 and 5 should be deleted fritra different replicas ig.
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I1l. ANALYSIS AND RESULTS [4] C. Puente, C. Borja, M. Navarro, and J. Romeu, “Iterative model for
fractal antennas: Application to the Sierpinski Gask&EE Trans. An-
The different Sierpinski configurations presented in the previous sec- _ tennas Propagatvol. 48, pp. 713— 719, May 2000. _
tion have been analyzed. The experimental results have been obtaindd! C: Puente, J. Romeu, R. Bartolome, and R. Pous, “Perturbation of the

. . N . . Sierpinski antenna to allocate operating bandisst. Elect. Eng. Elec-
by building the antennas in the similar way as described in [2]. tronPLett vol. 32, no. 24, pp. 2126_2137 Nod\i,ﬁg%. g

Themod — 3 andmod — 5 Sierpinski monopoles are printed over [6] H.O. Peitgen, H. Jurgens, and D. Saupkaos and Fractals, New Fron-
a thin dielectric substrateg,, = 3.38, » = 0.8 mm), mounted over a tiers in ScienceNew York: Springer-Verlag, 1992.
800 x 800 mm square conductor ground plane, and fed using a coaxial
probe. The scale factorjgn both cases; in particular, 3 for theod —3
antenna and 5 for thewod — 5 monopole. Since the triangular-like
shape appears at different scalesiferd — p antennas, it is expected
that they behave similarly to a triangular antenna but at different bands.
Besides, it is also expected that the log-peridyl matches the scale Magneto Optical Technique for Beam Steering by Ferrite

factor (p). Based Patch Arrays
The input reflection coefficient of the antennas relative ta5@as
measured using an HP8510B from 0.2 to 13 GHz foriihel — 3 N. Das and A. K. Ray

andmod — 3 antennas (see Fig. 3). In both antennas, the resonant fre-
ﬁ)l;;glr?s dz;re'l'li?gx-l?f(rllcld;C;rllltyeflzaacr?:sbgeaefnagi?I[tv:\?t:rhtm :;C::(Srsai?(fn . Abstract—An improved technique is presented to scan a beam of a
- $Phased antenna array on a ferrite substrate through use of time delays
therefore, the antenna exhibits three bands. Each one contains twoifgtead of phase shifts provided by nonlinear transmission lines coupled
onances spaced by a factor 1.6. Each band is separated from the dthetements of the array. A coplanar transmission line loaded with a
byafactorof 3. Tislog-perioicbehavior lsooccurs ol _ s 105 n Sl e pLes lamnanen O s
antenna, where t\_NO bands can be 'demme(_j Wlth_ four resc.)nances. mﬁﬁn ebr:e operating fre?q/uencies at lower UHF Withou%/scan blindness effgect.
each one. For this antenna, at each new iteration the size of triangtgs method resuits in a broadband ferrite based phased antenna array
that make up the structure is reduced by a factor of 5. Due to techngth reduced weight, loss and complexity of the integrated system. This
logical reasons of the etching process only a two-iteration antenna gghnique has proved to have a special application potential in case of
built. The spacing between the two bands also match the scale fa%%?(;“MS;eeg”gﬁy ferrite based microstrip antenna arrays at lower UHF
5. The presence of multiple resonant frequencies inside each band'is & 2)
caused by the multiple triangles that appear between fractal iterationdndex Terms—bynamic scanning, ferrite based patch array, magneto op-
The main cutéé = 0, ¢ = 90) of the radiation patterns of the novel i@
designs were measured in an anechoic chamber at the first resonance
of the three bands for theod — 3 antenna, and at the first and last
resonances for the two bands in thed — 5 antenna (see Fig. 4). The )
patterns keep a notable degree of similarity among bands, especially it Phased antenna array consists of a number of elements patched
the = 90 plane. At the highest bands a slight increase of ripples d@8 @ dielectric or fgrrlte substrate. The elements of the array fed with
to the diffraction at the edges of the ground plane is observed. variable phase or time delay can cause beam steering. The use of phase
shifters, however, restrict the operating frequency bandwidth of the an-
tenna array, besides being bulky and costly. A nonlinear transmission
line (NLTL) using varactor diodes has been reported [1] to provide 1.1
nstrue delay at 2 GHz, with less than 4 dB insertion loss to the elements
of a phased antenna array to cause beam steering. The delay could be

pinski gaskets has been introduced. Experimental results show that%g'e\é?d(;hro‘;gh ahcogl_ar&ar_transbmlssmc)in line Ic_)adle_lcli W't.h as mgle(\j/ar-
spacing between bands is related to the characteristic scale factofgf" 2!09€ W en the diode Is subjected to optical illumination under

the fractal structure. Moreover, the number of iterations that the Strdegensny C,OH,”OI [2]. Thisis accompamed by enhanced range of capac-
ture contains is related to the number of bands at which the anteri@gce variation of the varactor diode beyond the saturation value under

keeps the same behavior in both the input impedance and the ra&%t_lC&ﬂ illumination. The intensity variation of the optical beam results

tion patterns. Although, multiple resonances are observed within ez%?l)f\'ide range variation (,)f the dark cgrrent capacitance of the vqractor
band; a log-periodic behavior is clearly observed. Thusd — p Sier- iode at different operating frequencies (800 MHz to 7 GHz). This has

pinski gaskets constitute a new set of fractal multiband antennas wh@P€cial application in a ferrite based array; as such arrays could be
log-periods larger than 2 can be obtained tuned to resonate over (800 MHz to 2 GHz) [3] by applying magnetic

bias to the substrate. Thus, the range of the achievable time delay by
the NLTL method could be gainfully exploited over the operating fre-
quency bandwidth at lower UHF, resulting in a beam scanning with
sufficient scan angle and without scan blindness.

|. INTRODUCTION

IV. CONCLUSION

A novel set of fractal multiband antennas callegd — p Sier-
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