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Abstract— In this letter, the synthesis of a miniaturized three- constraints, the problem at hand has been faced in terms of an
band planar antenna working in GSM and Wil frequency optimization one and a suitable implementation of an eiffect
bands is described. The reference geometry for the synthespf cooperative stochastic optimization algorithm [8][9] 10e.,

the antenna is a hybrid prefractal shape obtained by integréing . L
a Sierpinski-like and a Meander-like structure. The synthesis of the particle swarm optimizer (PSO)] has been adopted.

the geometrical parameters of the antenna has been performeby ~ The outline of the letter is as follows. The synthesis predss
means of a customized Particle Swarm strategy to yield elaital illustrated by focusing on the achieved performances. Ehe r

parameters within given specifications. In order to show the gyts of a numerical analysis devoted to show how the differe
effectiveness of the approach, some results from the numeal ;556015 of the design establish the overall performandeeof t
synthesis procedure are described and a comparison between .
simulations and experimental measurements is reported. antenna are reported, as well. For completeness, a cormparis

between simulations and experimental data from an antenna
prototype is reported to assess the reliability of the sysith
technique.

Index Terms—Antennas Synthesis, Pre-Fractal Antennas,
Multi-Band Antennas, Miniaturized Antennas, Hybrid Fract al
Geometries, Particle Swarm Optimizer.

I. INTRODUCTION II. ANTENNA DESCRIPTION ANDPERFORMANCE
T HE massive use of multiple wireless standards in a ASSESSMENT

single devices often requires the integration of the relate The antenna has been required to operate irGi§@/ and

radiating systems in a single device, posing a very criticgy; r; frequency bandsfsa—r = 925 MHz, fasy—n =
design task to the antenna designers. Such a task becomes) rsq and iy = 2440 M H z) according to the needs
even more challenging when, besides multi-band operatiogs an innovative mobile device able to exploit both wireless
an high degree of miniaturization is required, as well (e.Gstandards to provide at the same time GSM connectivity and
next generation mobile wireless devices). Fractal shald¢& [ \pice over IP (VoiP) operations (in the Wi-Fi band). Because
have proved to be good candidates for the development of bgffthe mobile application, an hemispherical coverage isiade
miniaturized and multi-band antennas and several stu@es h;nd the the main-lobe amplitude has been set as follows:
been carried out to analyze/describe their radiating ptigse g ., . > 70°. As far as the geometrical constraints are
[3][4][5]. Moreover, it has been found that the addition ogoncerned, the maximum extension of the antenna has been
some degrees of freedom, obtained by perturbing a ref@ed to 4 x 4¢m?2 on a low permittivity planar substrate
ence fractal shape, allows one to tune the locations of NQie., Arlon substrate of thickness = 0.8 mm and dielectric
harmonic frequency bands [6][7]. Following such an idea angharacteristics, = 3.38 andtgs = 0.0025 at f = 10 GHz).
thus avoiding the insertion of lumped loads in the antenfajs worth to note that the linear extension of the resulting
structure, this letter presents the innovative design dia&  antenna turns out to be a reduction of about 50% of the size
radiator able to work in three frequency bands under résteic f 5 quarter-wave monopole that operates at the lovsst/
geometrical constraints. The reference antenna geomesy ftequency band. Due to such a very hard constraint on the
been obtained by combining two different fractal shapesin @ntenna size, the requirements on the electrical propériee
unique hybrid structure. The one is aimed at tuning the ha'gh%_een slightly slackened. Accordingly\Maltage Sanding Wave
resonances, the other to set the lowest frequency bandkeeiatio (V. SW R) value lower than3.5 has been required at
m|n|a'Fur|zed dlmen5|ons_. According to such a tec.hnlque,.ttfhe input port of the antenna,whatever the working freqyenc
resulting reference hybrid shape turns out to be just definggng.
by a set of descriptive parameters to be modified in ordgfnce the multi-band antenna prototype has to satisfy very
to fit the design requirements. Because of the complexity _E’rﬁallenging geometrical requirements for a suitable irztégn
the tuning procedure based on the variation of the desegiptip the hosting mobile device, a Meander-like structure has
parameters and aimed at fitting both geometrical and etettripeen added to the Sierpinski-ike shape (see Fig. 1) in

The authors are with the ELEDIA Research Group at the Defatm order _to obtgin an electrical length of the whole structure
of Information and Communication Technologies, Universif Trento, Via compliant with the lowestGSM frequency. As a matter
Sommarive 14, 1-38050 Trento - ltaly (Tel. +39 0461 882052xF39 of fact, the Sierpinski-like structure allows a good trade-
0461 882093; E-mail: andrea.massa@ing.unitn.it, lutgade@arslogica.it, off between electrical properties and antenna dimensions a

{renzo.azaro, edoardo.zeni, paolo.rocca, manuel.béie@dit.unitn.it; Web- ” : - )
page: http:/www.eledia.ing.unitn.it). the highest frequencies [1][5][6], while Meander-like pha
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Fig. 1. Geometry of the reference antenna shape.

Y [cm] ing dimensions:34.8 [mm] along thez-axis and36.1 [mm)]
4 along they-axis (i.e., a reduction of about 55.5% along tze
4 — axis when compared with a standard quarter-wave monopole
with a resonance aftgsa— ). In order to assess the reliability
3 of the synthesis process, a prototype of the antenna has been

built [Fig. 2(b)] and its electrical performances evaluated
through a set of experimental measurements. V&V R
1 — values have been collected by considering a reference finite
ground plane of siz€0 x 140 cm? and with a scalar network
analyzer in a controlled environment. The measured data hav
1 2 3 Xl[em] been compared with those from the numerical simulations and
(@ the result is shown in Figure 3 . As it can be observed, there is
a good agreement between experimental and numerical data.
More in detail, as regards to the minimum and aveNd8&Rs,
it turns out that: & VSWRS™ — 2.4 vs. VSW R —
2.5 andVSWRE™ = 3.1 vs. VSWR{Z*) = 3.8 [GM-L
frequency band];t) V.SWRE™ — 1.3 vs. V.SW R —
1.7andVSWRE™ = 1.5vs, VSW R = 1.9 [Gsu-H
frequency band];d) VSWRSI™ — 3.2 vs, VSW R —
3.3 and VSWRSE™ = 3.4 vs. VSWR{*) = 3.6 [WiFi
frequency band].
In order to show how the different geometrical elements con-
tribute to establish the overall performance of the syntiees
(b) antenna, the simulated VSWR values in correspondence with
“intermediate” geometries (Fig. 4) have been analyzed had t
Fig. 2. Three-band hybrid prefractal antenna - (a) Synthesized antenna results are summarized in Fig. 5. Each intermediate gegmetr
geometry andlf) photograph of the antenna prototype. contains a sub-set of the geometrical features of the aatenn
prototype. With reference to Fig. 4, the following shapegeha
been considereda) the Sierpinski-like pre-fractal truncated
[1] guarantee a size miniaturization at the lowest freqyenat the first { = 1) fractal iteration [5][6] (i.e., the bow-tie-like
Starting from such a hybrid reference structure, the symheshape), i) the same geometry with the Meander-like section
problem has been recast as an optimization one then solvedhdded, ¢) the shape k) with the Sierpinski-like pre-fractal
means of thePSO [10][13]. Towards this end, th&SO has at the secondi(= 2) iteration, @) the model ) with the
been integrated with a hybrid prefractal shape generatbeansierpinski-like pre-fractal profile at the = 3 iteration (i.e.,
Method-of-Moments §/0M) [14] electromagnetic simulator the optimized antenna shape). Moreover, the antennas) in (
as in [7]. In particular, the following set aP.SO parameters and ) have been obtained by adding to the mod®l gne
has been used? = 6 (P being the dimension of the swarm),and two of the triangular elements at the: 3 iteration of the
n=10"% (n being the convergence threshold), alid= 200  Sierpinski generation. Furthermore, the samgeHas been
(K being the maximum number of iterations of the iterativeefined by narrowing the two triangular elements &t By
optimization). comparing the VSWR plots ofaf and @) (Fig. 5), it can be
The synthesized antenna geometry [Figa)R(has the follow- observed that the addition of the Meander-like element ¢o th
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Fig. 4. Three-band hybrid prefractal antenna - Intermediate geometries.
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Fig. 5. Three-band hybrid prefractal antenna - VSWR values in correspon-

dence with the geometries in Fig. 4.
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Fig. 6. Three-band hybrid prefractal antenna - Behavior of the gain function
along the horizontal plane df - & = 90°] and the vertical plane ) -
¢ = 0°], respectively.

bow-tie antenna (operating aroutds GH z) provides a new
resonance at a lower frequency value. The successiveiorsert
of the pre-fractal detailsi[= 2 - (¢) andi = 3 - (d)] allows

a fine tuning of the working frequencies in both the higher
frequency band and the GSM 900 MHz band.

Now, let us consider the plots of the shapes dj @t two
intermediate geometries [i.,eg)(and ()], and for the proto-
type geometry d). The tuning effect caused by the addition
of the triangular elements of the Sierpinski iteratios: 3 is
clearly pointed out in Fig. 5. As a matter of fact, the value of
the lower resonance frequency reduces, while the higher one
increases. On the other hand, the VSWR response with only
the two central triangles, where the height of each triafmgle
significantly diminished [i.e., the shapg)], turns out to be

far from the project requirements.

Finally, to point out the compliance of the prototype alsdhwi

the pattern requirements, Figure 6 shows the beam patterns
calculated along the H-plane [Fig.&] and in the E-plane
[Fig. 6(b)], respectively.

I1l. CONCLUSION

The design of a three-band antenna working=i6/ and
WiFi frequency bands has been presented. In order to fit
the hard geometrical requirements, an suitable and inivevat
hybrid fractal shape has been used. Such a reference ggometr
has been obtained by integrating a Sierpinski-like prefilac
and a Meander-like shape. Successively, the descriptiapa
eters of the antenna have been tuned thanks to an optinmzatio
process based on theSO. Then, starting from the result of
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the numerical simulations, a prototype of the antenna hes be
built. The comparison between measurements and simusation
has assessed the reliability of the synthesis procedure as
well as the effectiveness of the designed antenna. Morgover
the operation of the antenna and the importance of different
aspects of the design to establish the overall performaaee h
been analyzed to point out how the fractal concepts and their
integration is useful in the design process.
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