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Abstract We present our recent progress pertaining to the
synthesis and analysis of bianisotropic linear and nonlinear meta-
surfaces. These developments are based on the generalized sheet
transition conditions (GSTCs), which provide a very complete
and general method for modeling metasurfaces. Specifically, we
present our most recent research, which includes the control
of radiation pressure at both the micro- and macroscopic
scales, the analysis of second-harmonic scattering from nonlinear
metasurfaces, and the surface-wave dispersion retrieval method
for bianisotropic metasurfaces in symmetric and asymmetric
environments.

I[. INTRODUCTION

Metasurfaces are electrically thin arrays of artificial scat-
tering particles engineered to tailor the propagation of electro-
magnetic waves. By properly designing the shape and material
composition of these scattering particles, one may realize
very complex electromagnetic properties and thus control the
propagation of light in unprecedented ways. As a consequence,
metasurfaces have attracted major attention in recent years and
have generated an important collection of both theoretical and
practical works [1]-[11].

II. SYNTHESIS AND ANALYSIS OF
BIANISOTROPIC METASURFACES

In order to facilitate the implementation of metasurfaces,
several synthesis techniques have been developed over the
past few years [5]-[7], [12]. These techniques may be used
to find the optimal material parameters required to achieve
a desired electromagnetic transformation, which is typically
specified in terms of incident, reflected and transmitted waves.
They are of paramount importance not only because they are
instrumental in implementing metasurfaces but also because
they allow one to unlock and exploit the full potential of
metasurfaces. Once the ideal material parameters have been
found, the shape and composition of the scattering particles
are numerically optimized so that their effective material
parameters closely match those determined by the synthesis
technique. Over the past few years, we have developed our own
synthesis framework for bianisotropic metasurfaces [6], [9],
[10]. This framework is based on generalized sheet transition
conditions (GSTCs) [13], [14]. To demonstrate the capabilities
of our synthesis technique, we have applied it to the imple-
mentation of metasurfaces performing many operations bire-

fringent transformations (half- and quarter-wave retardation,
beam splitting, orbital angular momentum multiplexing) [15],
perfect refraction [16], dispersion engineering [17], remote
processing [18] and point emitters light extraction efficiency
enhancement [19].

In parallel to the implementation of these synthesis tech-
niques, several metasurface analysis schemes have been devel-
oped. They allow one to find the fields scattered by a metasur-
face with known material parameters for arbitrary illumination.
These analysis techniques are particularly important insofar
as they allow to characterize the electromagnetic responses
of metasurfaces for any non-specified excitations, e.g. plane-
wave incidence angle, which differ from that of the initial
specification. We have developed several metasurface analysis
techniques, which, like their synthesis counterparts, are based
on the GSTCs [20]-[23]. These include finite-difference time-
domain and frequency-domain schemes as well as finite-
element methods, which may be applied for dispersive, time-
varying and nonlinear metasurfaces.

III. CONCEPTS AND APPLICATIONS

Countless concepts and applications of metasurfaces have
been reported in the literature [24] and it is beyond the scope
of this paper to discuss them all. In what follows, we shall
rather briefly present our most recently developed metasurface
concepts and applications.

A. Radiation Pressure Control

The incredible capabilities of metasurfaces to tailor EM
waves may be leveraged to control radiation pressure. This
concept may find applications at both macro- and microscopic
scales. In the former case, conventional solar sails may be re-
placed by metasurface sails with flexible/tunable force control
allowing the generation of attractive, repulsive, lateral and rota-
tional forces [25]. In the latter case, thousands of nanoparticles
may be parallelly steered using surface waves generated with
spatially-varying metasurfaces. The direction of propagation of
the surface waves, and subsequently of the nanoparticles, may
then be controled by varying the polarization of the light and
by patterning the metasurface plane with regions of different
spatial variations.
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B. Second-Order Nonlinear Metasurfaces

Metasurfaces are expected to play a major role in the future
of nonlinear optics thanks to their capabilities of generating
giant nonlinear responses. To provide a general synthesis and
analysis framework which would apply to nonlinear meta-
surfaces, we have extended our developments to include the
presence of second-order nonlinearities [26], [27]. Based on
this extended framework, we have introduced the general
second-order nonlinear scattering parameters, which, among
others, reveal the asymmetric scattering properties of nonlinear
metasurfaces.

C. Surface-Wave Dispersion Retrieval and Synthesis

So far, most surface-wave guiding structures have been
realized using impenetrable surfaces. In [28], we extended this
concept to penetrable surface-wave guiding metasurfaces. We
have now developed a general GSTCs based method to retrieve
the dispersion of bianisotropic (penetrable) metasurfaces [29].
The technique consists in solving an eigenvalue problem where
the susceptibilities of the metasurface are known and the
propagation constant and polarization of the surface-wave
modes are to be found. We provide the dispersion relations of
birefringent and bianisotropic metasurfaces and show that the
latter may be made so as to support surface-wave propagation
only on one of their sides, while completely forbidding the
existence of surface waves on the other.
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