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Abstract

In this paper, the synthesis of a three-band planar antenndang in the GSM (900 and
1800 MHz) and UMTS frequency bands is presented. As refergaometry, a hybrid pre-
fractal shape has been adopted by integrating a Sierplikskiind a Meander-like structure.
The synthesis of the antenna has been performed by optoriizendescriptive geometrical
parameters of the reference shape by means of a customizeceP8warm strategy to

comply with the electrical and geometrical requirements.

Key words: Antenna synthesis, fractal geometry, multiband anterpesicle swarm optimizer,

Sierpinski, Meander.



1 Introduction

Nowadays, a large number of electronic devices exploitsiplelwireless standards. Moreover,
the dimensions of such products (e.g., mobile handset$)em@ming smaller and smaller fol-
lowing the users’ needs and thanks to the progress of the mattegrating circuit technology.
In this framework, it is usually necessary to integrate tikefaurt (i.e., the whole set of wireless
interfaces) in only one antenna. Such a requirement becewagsmore challenging when also
a high degree of miniaturization is required. It has beenatestrated that fractal shapes [1]-[4]
are suitable solutions for both miniaturization [5]-[10jcamulti-band issues [11]-[14]. These
results are enabled by two important properties of fracedgetries: the space-filling capa-
bility and the self-similarity. The former refers to the Hiyi of fractal curves to be very long
occupying a compact physical space and it can be profitalplog&d to build small antennas.
The other indicates that small regions of the geometry apgesoof the whole structure, but
on a reduced scale, with an expected similar electromaghehavior at different frequencies.
Moreover, it has been found that by perturbing a referermetdt shape (i.e., introducing some
additional degrees of freedom), it is possible to tune tlations of non-harmonic resonance
frequencies [15]-[20].

According to these guidelines, this paper deals with thelsgis of a planar antenna working
at three different and separated frequency bands (i.e., @@MHz, GSM 1800 MHz, and
UMTS) under heavy dimensional constraints for its inteigrain a mobile handset. A solution
based on the printing circuit board (PCB) technology hastegopted for its attractive and
advantages for commercialization purposes (i.e., chesis daght weight, robustness, and suit-
ability for mass production). To comply with the project v@@ments, the reference geometry
is obtained by combining two different fractal shapes intoybrid structure. A Sierpinski-like
geometry [1][2] is used to tune the highest resonances andanbler-like shape [1][2] is de-
voted to set the lowest frequency resonance still keepingjlstimensions. It is worthwhile
to point out that, unlike the synthesis process dealt witf2i], the project at hand also re-
quires suitable rejection regions between the three bandbttain a “true” multiband behavior
instead of a wideband one. Because of the complexity of tlseggdgorocedure, the synthe-

sis is reformulated as an optimization problem defining &able multi-term cost function to



be minimized by means of a customized implementation of Bat&fe cooperative stochastic
algorithm [22]-[28].

The outline of the paper is as follows. In Sect. 2, the syn#ifg®cess is described by focusing
on the parametrization of the antenna geometry and the tlefirof a suitable cost function
taking into account the project requirements. Section 8mned at presenting a set of numerical
results concerned with the impedance matching and thetiaiegharacteristics of the antenna.
A comparison with experimental data, obtained from measerdgs on a prototype, is also

reported. Finally, some conclusions are drawn (Sect. 4).

2 AntennaDesign

The three-band antenna has been required to fit the followorgstraints: &) VSAR val-
ues lower tharR.0 at the frequency bands centeredfat 000 = 890 M Hz, fasarisoo =
1850 M Hz (GSM standard), and afy s = 2045 M Hz (UMTS band); p) radiation pattern
suitable for mobile applications (i.e., main lobe width;;5 > 60°); (c) planar dimensions
smaller thar¥ x 4 cm? on an Arlon substrate (thickneés= 0.8 mm, dielectric characteristics
e, = 3.38 andtgd = 0.0025 at f = 10 GH z).

The reference geometry of the antenna is shown in Fig. 1.nsists of a Meander-like shape
connected to the top of a Sierpinski-like structure, a regtéar feedline, and the groundplane.
The Meander curve is identified by a set/@f, = 7 real parameter§ My, ..., M5; W}, where
M, is the distance between the upper-left corner of the Siskpilike structure and the con-
nection point,M;, i = 0, ..., 5 indicates the length of theth segment, whilél” is the curve
width. As regards the Sierpinski-like shape, ,, and©,, ,, are thes,-th side and angle, re-
spectively, of thes;-th triangle of the radiating part (Fig. 1) beirg=1,...,9 ands, = 1, 2, 3.
Moreover, the remaining descriptors of the “radiating pare { D1, ..., D4}, while the ground-
plane parameters afe’,, ..., P;; ®}. Then, each antenna design is univocally identified by the

following vector

E={ My, ... Ms; W; Ly, 505 Og10; S1=1,..,9, 50 =1,...,3; Dy, ..., Dy; Py, ..., Ps; O}
(1)



Starting from the reference geometry, the three-band aatbas been synthesized by means of
a PSO-based strategy aimed at varying the descriptive geona¢parameters in (1) to fit the
design requirements. More in detailswarm of) = 6 particles has been randomly initialized
and the position of each particle within the solution spameasponds to a trial antenna mod-
eled with a hybrid pre-fractal generator. Tekectric performances of each trial solution are
estimated using a method of momehktdM) electromagnetic simulator [29] and its matching
with the project constraints is evaluated by computangindex of “goodness of the solution”
(or cost functior2) proportional to the differences between simulated elgcadiation features

(i.e.,VSWR and gain values) and requirements

Q&) = Qpand (€) + Qre; (§) + 2 (€) (2)

whereQp,q,.q (§) is the term related to the working frequenci€x;.; (£) refers to the regions
where a stopband behavior is required, &hd¢) is concerned with the radiation pattern re-

guirement. More specifically, the first term in (2) is given by

VSWRI(f;) — VSWRB,md} 3)

Q —
Band (6) Xl: max {0’ VSWRBand

wherei € {GSM900, GSM1800, UMTS} andV SW Rpana = 2.0. Moreover, a minimum
value of V.SW Rpg.; = 5.0 is required at the two intermediate frequencfgs = 1350 M H =
and frs = 2000 M H z in order to force the three-band behavior. This is taken atcount by

the second term o®

VSW Rge; — VSWR(f;)
Qpe; (6) = J J 4
rej (¢) ;max{(), VSW Ry “
wherej € {R1, R2}. The last term
0_sqp — M LW (f;
Q@ (5) — ZmaX {07 3dB 9 (-f ) } (5)
i —3dB

ensures the synthesized radiation patterns having a magnviadth A/ LW greater tha_s,p

at all the frequencies of interest.



As far as the behavior of the optimization process is corexrthe PSO logic [23] iteratively
updates the position of each patrticle (i.e., a trial sohjtiof the swarm on the basis of the
compliance with the project constraints “measured” in teofivalues of the cost function (2).
The PSO iterative loop ends when the maximum numbek of 200 iterations is reached or
when the value of the fitness functiéhdecreases below the convergence threshgld, =
1073. As regards the PSO setup, the control parameters have bean® = C, = 2.0 and
w = 0.4 [24].

At the convergencek( = 101), the result of the optimization is the antenna structshliewn
in Fig. 2@). As it can be noticed, it matches the dimension constraiotsigying an area of
67.2 x 36.5mm?2. Moreover, it is worth to point out that the synthesized anteturns out to be

about 20% shorter than a standard quarter-wave monopaea#sg atfcsargo0 = 890 M H z.

3 Numerical and Experimental Validation

On the basis of the synthesized geometry, the antenna yppetat Fig. 2b) has been built
and fed by means of a coaxial cable through a SMA connectore Arbtotype has been
experimentally tested in a semianechoic chamber, wher&/81eR values at the input port
and the radiation patterns have been measured. In ordeetemrundesired radiations from
the feeding coaxial cable, the antenna prototype has badppesgl with aRF impedance to
minimize the current flow along the external surface of thextal shield. Concerning the
impedance matching and with reference to Fig. 3, a good agrtbetween simulations
and measurements holds true as well as a suitable matchihghei user-defined constraints.
More in detail, the minimunVSWR values at the resonances aféSW RS, = 2.0 Vs.
VSW Rigion0 = 1.9; VSW REG 1500 = 1.1VS. VSW REG 1000 = 1.2; VSW R g = 1.2
VS. VSWR%}STS = 1.5. On the other hand, the VSWR values at béth and fr, are greater
thanV SW Rg.; = 5.0 assessing the three-band behavior of the synthesizednanten

As regards the radiation properties, Figure 4 shows the |sited three-dimensional gain pat-
terns at the three working frequencies. As expected, trenaatradiates like a classical monopole

at the lowest frequency [Fig. d)], while it behaves like a dipole radiator dt.sn1500 and

fumrs [Fig. 4(b-c)]. The different behavior afssa900 iS Mmainly due to the presence of the
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Meander-like shape used to tune the lowest resonance. Maramw additional lobes appear
further assessing the multiband operation mode of the aateks a matter of fact, the presence
of side lobes, as for wire monopoles or dipole antennas,llysindicates that the currents at
the higher frequencies are overtones of the fundamentaérabthe lowest one.

The pattern behavior of the antenna has been also expeghyewlidated through a set of
measurements probing the synthesized prototype alongatigontal (¢ = 90°) and vertical

(¢ = 90°) planes. The results of the comparison betwsinulated and measured gains are
shown in Fig. 5. Once again, there is a good agreement betsigarnations and measure-
ments. The antenna presents an omnidirectional behawagdhe horizontal plane, with a
maximum variation ovep less thant dB. As regards the vertical plane, the antenna shows an
almost omnidirectional behavior at the lowest resonant¢gélevit works almost like a dipole at
fasarisoo @ndfuyrs. The main lobe widths along the vertical plane fit the projequirements
sinceM LWSim = 65°, MLWEM, o = 75°, andM LW = 69°.

For completeness, the simulated surface current distoibsiare pictorially represented in Fig.
6 where both the “radiating part” and the “groundplane” of imtenna at the resonance fre-
guencies are reported. As expected, the currents contentrdifferent regions of the structure
at the three different operating frequencies because ofmihiéband behavior unlike what it
happens for a wideband radiator. As an example, a greatelitadgof the surface current
density can be observed Atsar900 in the bottom region of the “radiating” part of the antenna,
whereas the current distribution becomes more concedti@teng the vertexes of the upper

triangles of the Sierpinski structure in the upper b&figy;rs).

4 Conclusions

In this paper, the synthesis of a three-band antenna wititelihdimensions and suitable for
the integration in a mobile device has been described. Tieeerece geometry was a hybrid
structure obtained by combining two different fractal skepThe synthesis problem has been
reformulated as an optimization one to determine the valfidge descriptive parameters of the
antenna geometry that comply with both electrical and genoa¢requirements. The electrical

performances of the synthesized antenna have been nuftyesicd experimentally assessed to
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assess the reliability and efficiency of the proposed implaiation.
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FIGURE CAPTIONS

e Figure 1. PSO-Based Antenna Synthesis Process - Reference antenna shape and un-

knowns.

e Figure 2. Three-band hybrid prefractal antenna (Antenna configuration):a) geometry

and ) prototype.

e Figure 3. Three-band hybrid prefractal antenna (Electrical parameters)/SWR values:

simulated, - - - - - - measured.

e Figure 4. Three-band hybrid prefractal antenna (Radiation parameters). Simulat8D
radiation patterns - Gain af) fosi900 = 890 M Hz, (b) fasarisoo = 1850 M Hz, and
(C) fUJ\/[TS = 2045 M H z.

e Figure 5. Three-band hybrid prefractal antenna (Radiation parameters). Simulated vs.
measured radiation patterns) (horizontal planeq = 90°) and @) vertical plane ¢ =

90°).

e Figure 6. Three-band hybrid prefractal antenna (Electrical parameters). Simulated
surface currents ata] fgsaoo = 890 MHz, (B) fasimisoo = 1850MHz, and €)
fUJ\/[TS = 2045 M Hz.
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Fig. 2- L. Lizzi and G. Oliveri, “Hybrid design of a fractal-shaped’
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