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Novel contributions

• Use of Circular and Annular div-conforming Entire Basis Functions (EBF) suited for IBC-

Electric Field Integral Equation (EFIE) and Planar Modulated Metasurface: compression

of MoM system towards the minimum number of unknowns.

• Spectral truncation of the solution, based on spectral content of impedance profile.

• Regularization, improving conditioning properties of matrix system in iterative solution

• Reduced computational costs of a factor 100 in optimization problems related to the

field distribution, which therefore must be known for several impedance profiles.

• Use of Synthetic Function eXpansion (SFX) for fast (via fft-based layered media) full-

wave analysis of actual Metasurface made of pixels of arbitrary shapes.

• Efficient computation and storage of radiation pattern matrix and impedance profiles

using EBF.

Addressed research problems

Research context and motivation
• Metasurfaces are thin metamaterial layers characterized by unusual reflection/refraction

properties of plane waves and/or dispersion properties of surface/guided waves.

Metasurfaces at microwave, mm-wave and optical frequencies have shown broad

applicability of the work (e.g. Antennas, Lenses, Polarizers)

• Metasurfaces are composed of a dense periodic texture of small elements (in terms of

wavelength) printed on a dielectric slab.

• For Metasurfaces, instead of PEC boundary condition, the exact b.c. can be approximated

by the Leontovich b.c., which is also known as Impedance Boundary Condition (IBC). The

IBC is a homogenization type of approximation for (electrically) thin structures.

• The IBC can also be applied to model thin dielectric sheets, perfect conductors with thin

dielectric coatings, corrugated surfaces, rough surfaces, and other configurations. Because

of this, the IBC approximation has been widely used in industry.

• Metasurfaces allow also realization of perfect refraction and reflection of incident plane

waves into arbitrary directions. Indeed, ideal refraction is possible only if the metasurface is

bianisotropic (weak spatial dispersion), and ideal reflection without polarization

transformation requires spatial dispersion with a specific, strongly nonlocal response to

the fields.

Adopted methodologies

Future work

• Metasurfaces with electric, magnetic and electro-magnetic/magneto-electric responses

have been recently presented for free space, wave-guiding, and antenna applications.

• Full-wave fast-solver for the design of metasurfaces with bianisotropic responses with a

special emphasis on modulated metasurfaces, i.e. aperiodic cell arrangements. Abrupt

phase changes, extreme polarization control, and even amplitude control are possible

with these metasurfaces.

• Design of metasurfaces consisted of cascaded patterned sheets separated by electrically-

thin dielectric spacers.
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XXXII Cycle

• Use of sheet impedance approximation 

for macroscale and mesoscale.

• Complete full-wave simulation (down to 

pixel element level) used typically only in 

final,“virtual prototyping phase”. 

• Local use of periodic solver (single-cell) 

for implementing (design) the impedance at

microscale.

Numerical Optimization for Homogenized Impedance Synthesis

• IBC-EFIE solution via div-conforming Entire Domain Basis Functions

• Cost function determined using Radiation Pattern Masks.

• Optimization Algorithm: Pattern Search and Particle Swarm

• Efficient Pattern and Tensor Impedance computation and storage via EBF.

Approximate “full-wave” computational model

METASURFACE ANTENNA: ANALYSIS AND DESIGN

MULTISCALE PROBLEM


