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Research context and motivation

Metamaterials characteristics: : =S

* Artificial periodic structure (arrangement of basic unit ceIIs).\/i.\

« Homogenisation of the material parameters (if unit cell « + + - + o o o o . &
dimensions << wavelength of the incident EM wave). T

 (Clobal properties that natural materials do not possess. eppEoss

Acting on the geometrical shape of the unit cell it is possible to properly control the path of
the incident electromagnetic wave in the proximity of the object.

Metasurfaces applications: Polarization converters, absorbers, leaky wave antenna,
artificial magnetism, Cloaking.

Cloaking applications: Reducing field distortions from antenna struts, lowering the mutual
coupling between nearby antennas, sensors cloaking. Not only in electromagnetics, but
also multiphysics applications (acoustic, mechanical or thermal cloaking).

Addressed research questions/problems

1) Investigation of the mantle cloaking of a metallic cylinder.

 Goal: reducing the field scattered by the target object by using a thin metasurface which
can be described in terms of an equivalent value of surface impedance Z..

* Method: by opportunely tuning the surface impedance, surface waves can be excited on
the object boundary, bounding the electromagnetic energy and reducing the scattering.

Challenges:

« Narrowband: due to their resonant behaviour, passive
cloaking devices are intrinsically of narrowband.

 Electrically large objects: a larger number of harmonics
contributes to the scattered field.

Possible solutions:

 Width modulated microstrip line unit cell > modulated value of surface impedance.

 Using both capacitive and inductive surface impedances.

2)

u
Substrate: homogeneus|, Cover: homogeneus
dielectric (g, h;)

Width modulated microstrip line

Study of the connection between mantle cloaking and manifestation of a non radiating
anapole mode.

Adopted methodologies

* Analysis of the scattered field harmonics and of the surface impedance effect, following
a theoretical approach based on Mie theory.

» Characterization of the proposed metasurface in terms cloaking performances.

 Multipole analysis of the scattering from a cloaked structure.
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scattering field manipulation

Barbara Cappello

Supervisor: Prof. Ladislau Matekovits

Novel contributions

/ Innovative unit cell: width modulated microstrip line \
» Metasurface unit cell: sinusoidally modulated profile.

 Analysis of geometrical parameters on frequency of operation and bandwidth.
— Reduction of the scattered field and restoration of the incident wave.

metal

Cloaking of electrically large objects

/T heoretical and numerical analysis of the scattered field beyond quasi static regD
- By opportunely setting the dielectric layer thickness and permittivity it is possible

to achieve a “second cloaking region”.
—> Inductive surface reactance.

|E.| — cloaked cylinder
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Correspondence between cloaking and anapole mode
« Multipole decomposition of the internal field [7,8].
—> At the cloaking frequency, the anapole mode condition is fulfilled.
—> Strong response in terms of magnetic dipole.
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« Connection between the geometrical parameters of the modulated metasurface to its
characteristics in terms of effective dielectric constant and surface impedance.

* Further investigation on the link between cloaking phenomenon and the existence of an
anapole mode.

* Introduction of higher order symmetries (such as glide symmetry) and study of their effects
on the dispersion characteristics of the metasurface.
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