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Research context and motivation

» Metasurfaces are thin layers of metamaterials element or unit-cell, i.e. thin layers of
materials with unusual properties such as:
» Reflection/refraction of plane waves
* Dispersion properties of surfaces
that can improve antenna abilities (directivity, radiation pattern, etc) and allow EM “smart
skins’

* To simplify complex antenna models, Impedance Boundary Conditions (IBC) are used
to approximate the penetration of the electromagnetic field on a short distance outside the
boundary of a medium. For this reason, they are commonly used in inverse problems,
... antenna or reflecting surface design based on the radiation or scattering fields desired

 |BCs are applied in multiple configurations models such as thin dielectric sheets, perfect
conductors with thin dielectric coatings, etc. For all these reasons, IBCs are very effective
tools and a kernel of industrial simulators in computational electromagnetics.

Addressed research questions/problems

We consider the boundary-value problem for Maxwell equations in frequency domain (time-
harmonic), and its numerical solution via Surface Integral Equation formulation and
discretization via a Boundary-Element method usually called the Method of Moments (MoM)
It involves two types of integral operators
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« The IBC are used to described a structure with sub-wavelength patterning at a larger
scale, i.e in a homogenized way, in terms of a boundary condition (BC) between E an H
(tangent) fields. The standard IBC is of the kind is

NXE=2Z,- nx (M xH)

« Maxwell equations with this additional BC can be conveniently solved via a surface

integral equation formulation resulting in the so called Electric Field Integral Equations
(EFIE) with IBC (EFIE-IBC)

LUs) +K(Z=S' (ﬁx]s)) = —nxE™

» While very effective and employed, this formulation still suffers from stability issues for
some types of the surface impedance of importance in recent metasurface applications,
and a few other application problems.

Can we define a mathematical Integral Equation - IBC formulation to model all relevant
structures effectively and accurately?
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Novel contributions

The overall research is poised to address the following innovations

1. Afull stable IE-IBC formulation describing a metasurface that will:
* Induce a well-posed and well-conditioned MoM matrix problem
* Incorporate the framework featuring this new formulation in a cooperative
framework with other Fellows of the EU H2020 MSCA COMPETE project

2. Effective description of unit cells and host (platform) geometry:

Adopted methodologies

* In order to arrive at a new formulation it is necessary to analyze in depth the mathematical
properties and practical issues involved in the two involved operators L and K

 This first part of the research has involved this study and implementation of the two
operators witout IBC , which is a necessary part of the overall objective

* Integral Equations formulations and MoM matrix build-up
* Building MOM code with Galerkin discretization method for elementary
(im)penetrable bodies
* Analysis of a reduced microstrip patch antenna unit-cell:
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* The Radar-Cross-Section (RCS) computed
here, represents the signature of an electromagnetic |
object in a far field. 201
- In this specific case, it is the bistatic RCS of <
a microstrip patch antenna of length side 0.2\ on ©
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» Far-Field scattering computation of a full array antenna, and analysis of model stability
with and without IBC.

 Stable IE-IBC model for multi-uniaxial penetrable layers.

* Formulation of a stable IBC model for curvilinear objects: application to an aircraft radome
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