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wavelength reduction or, equivalently, given a a@iertset of

Abstract — Nowadays, the most modern and popular wireless relative permittivity and permeability, and u,., they could

applications are dedicated to highly distributed lov-power
systems, required to be as much as possible miniaized.
Traditionally, such techniques have been based orulsstrates
with high dielectric constant which, however, degrde the
radiation performances. A very promising alternative is offered
by MD substrates: while ensuring similar overall dmensions
reduction, can offer better opportunities for antema radiation
and matching properties. With this scholarship we wnted to
investigate and develop some antenna miniaturizatiotechniques
to be used in these systems exploiting the propest of magneto-
dielectric (MD) materials. A theory based on the ditribution of
superficial currents has been theoretically and nurarically
demonstrated.

Index Terms — Magneto-dielectrics, antenna miniaturization,
antenna electric and magnetic equivalent currents.

. INTRODUCTION

simultaneously be able to guarantee the requireidedu
wavelength reduction while keeping the medium ingree
close to the free-space one. A very interesting aed
theoretical approach has been introduced in [6, I1®§ based
on the antenna equivalent current sources, andatio define
design rules of thumb for antennas on MD substrates

During the project, carried out under my MTT-S dalnship, |
have developed an alternative theoretical desigorasgh,
validated numerically by analysing
topologies on only-magnetic (OM) substrates or only
dielectric (OD) ones. By means of the Love’s prhei of
equivalence [7], we have computed the associatatagnt

electric and magnetic current sources and we have

demonstrated that, if the electric sources are gilieg, a
high-permittivity substrate should be adoptedhi# magnetic
sources are prevailing, a high-permeability substshould be

ntennas used in many kinds of new applications need adopted. EM simulations of these reference antesp@logies

be as small as possible, in a way that they cawdra
[1], and/or implanted under the tissues, as it ¢cug for a
biomedical devices. Size reduction is a very imguartissue
since, for best antenna performances, dimensiangdhte of
the order of the operating wavelength. Indeed,hia UHF
band, where the major current applications aregdesi, the
antenna size could reach tens of centimetres. A mugnber
of research projects have been dedicated to imptmdesign
techniques and materials in the effort to pursuéerara
miniaturization while keeping the best possible iatdn
performance.

The most well know and adopted solution is to gies

patch-like antennas over a dense dielectric substrEhis
substrate provides a reduced effective wavelehndibt at the
expenses of an increased patch-ground plane cgyphs
decreasing the field fringing effect and hence thadiation
properties.

A fairly new alternative to high permittivity diettrics is
provided by the recent realization of materialsrabterized

by relative magnetic permeability. greater than unit [2]-[5].

These Magneto-Dielectrics (MD) materials could tietically
overcome the above mentioned limitations sinceafeertain
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have confirmed the theoretical prediction. A papédressing
these preliminary results has been submitted toBaMC
2014 and has been accepted for publication [9].

Il. THEORETICALINSIGHTS

By the Lowe’s principle of equivalence, we havestfi
computed the equivalent current sources of seleasdnant
antennas, embedded in different media. The integrat
volumes have been defined as described in thewimilp [9].
Resonant antennas have been addressed since theyntge

. the best radiation efficiency, which is needed wbaly ultra-

low power sources are available.

We first assume that a reasonable relationship dertviheE-
field magnitude in the Empty Space (BESand in a OME, is:
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This relationship has been validated by numerigaukation
of the patch antenna in these conditions, as showrig. 1.
By adopting the resonance condition, the relatigngh the
two media for théH-field magnitude can be derived [9]:
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Thus, if the antenna radiation properties are rmainimaterial (with & =1, 14=4)). The field values are taken on a cut

represented by equivalent electric curredt}, the relationship
between the radiated power density for the anteealized in

plane in the middle of the substrate brick. Theaenerical
results validate the relationships (1) and (2). EHield of the

the ES mediumR}s) and the radiated power density for thepatch exploiting the OM-substrate is approximatglice the

antenna realized on the OM mediuRi¢) may be related as:

P =P, 3)

According to the results described in [6, 10] itiear that
miniaturization by an OM material is inconveniemtlis case.

Conversely, if an antenna on an OM substrate can
mainly described by magnetic equivalent curreMs, a

suitable antenna miniaturization can be obtainedilewh

preserving its radiation performances. In such iimd the
radiated power density could be expressed as:
P

(4) -
Ms PMS
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Dual relationships hold for an antenna on an ODendt
Unfortunately current available materials usuallyavé
magneto-dielectric properties associated with dieke and
magnetic losses that could degrade the overall naate
performances. In collaboration with a material agsk center
(CNR-ISTEC) the University of Bologna is designingw
compositions to increase the relative permeabilithile
minimizing the associated losses.

IIl.  NUMERICAL VALIDATION

In this section | briefly described the numericalidation |
carried out to support the theoretical approactptatbin
section |.
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Figure 1: (a) patches topologies; (b) E- and Hr4fiedd numerical simulation
results of the two patches: the E-field for theeant on the OM substrate is
much higher than that on the empty space

A patch topology has been selected since it can
equivalently described by an array of two slot apes excited
by magnetic equivalent currents. In Fig. 1 the Ediputed E-
and H-maps of two rectangular patches, designedbeo
resonating at 2.4 GHz, are shown. Two configurati@me
compared: in the first one the patch substratejisleto free
space (ES) whereas in the second one it is fillechio OM

one on the ES material, while the H-fields are apipnately
the same, considering for both fields a size cosgioe by a
factor of two. When the antenna equivalent cursentrces are
of the electric type, as is the case of the looferara, the
increased material permeability significantly delgs the
radiated performance and should not be chosen rftanaa
paniaturization.

IV. CONCLUSIONS

| am grateful to the IEEE MTT-S for the opportunithave
experienced with this scholarship. | would alselio thank
Prof. Alessandra Costanzo, who supervised and thetpe
though the whole research project. The possibitity
participate to the IMS 2014 in Tampa has shown tan
amazing new world and the possibility to networkhapeople

working passionately on the edges of the microwave
technologies. This project deeply engaged me and wa

successfully carried out. The main scientific reswlill be
published in the proceedings of the European Mienmv
Week 2014 as my first accepted scientific papemill

personally present these results in Rome.

Regarding my future, | am planning to complete mgshkér
Degree in few months, then | will look for a newiesttific
experience in a microwave lab abroad and | willlagpr a
Ph.D. program. | am sure this scholarship will haae
fundamental role in my future career that will lme ure in
the microwave field.

V. BIBLIOGRAPHY

A. Costanzo, F. Donzelli, D. Masotti, and V. Riaz6Rigorous design
of RF multi-resonator power harvesterBroc. of the 4" EUCAP,, pp. 1-
4, 2010.

H. Mosallaei, K.Sarabandi, "Magneto-dielectrics glectromagnetics:
concept and applications,TEEE Transactions on Antennas and
Propagation, vol.52, no.6, pp. 1558- 1567, June 2004.

H. Mosallaei, K. Sarabandi, “Engineered meta-saltstr for antenna
miniaturization,” URS International Symposium on Electromagnetic
Theory, Pisa, Italy, May 23-27, 2004.

M. Aldrigo, D. Bianchini, A. Costanzo, D. Masoti. Galassi, L.
Mitoseriu; “New broadband button-shaped antenna immovative
magneto-dielectric material for wearable appliaaio Proc. of 42nd
European Microwave Conference (EUMC), pp. 723-726, 2012.

M. Aldrigo, A. Costanzo, D. Masotti, C. Galassi,XfHoitation of a
novel magneto-dielectric substrate for miniatuiaatof wearable UHF
antennas’Elsevier Material Letters, Vol. 87, pp. 127-130, Aug. 2012.
R. lIkonen, P.M.T. Rozanov, K.N. Osipov, A.V. Alital§,A. Tretyakov,
"Magnetodielectric Substrates in Antenna Miniatatian: Potential and
Limitations,"|EEE Transactionson Antennas and Propagation, Vol.54,
no.11, pp.3391-3399, Nov. 2006

A. E. H. Love: “The integration of equations of pemation of electric
faves”, Trans. Roy. Soc. London, pp.: -45, 1901

© 2012 CST Computer Simulation Technology AG. Adlhts reserved.
Website: http://www.cst.com

A. Pacini, A. Costanzo, D. Masotti “A theoreticahda numerical
approach for selecting miniaturized antenna topegn magneto-
dielectric substratesicceptedat 44™ EUMC, 2014 Rome, Oct 2014.
Karilainen, A.O.; Ikonen, P.M.T.; Simovski, C.R.refyakov, S.A.,
"Choosing Dielectric or Magnetic Material to Optiraithe Bandwidth
of Miniaturized Resonant Antennagfitennas and Propagation, |EEE
Transactionson , vol.59, no.11, pp.3991,3998, Nov. 2011

(1]
(2]
(3]

(4]

(5]

(6]

(7]

be

(9]

[10]



