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Multipole decomposition

Electric and magnetic fields can be described by scalar and vector potentials:
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Expansion of vector potential into Taylor series:
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Multipole moments

Electric multipole moments:
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Magnetic multipole moments: Surface integrals:
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Multipole decomposition of electric and magnetic fields

Multipole decomposition of vector potential:
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Multipole decomposition of electric and magnetic fields:
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Multipole decomposition of the inclusion in the waveguide

Cylindrical

Cylindrical inclusion filled with air inside the
waveguide.
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Kerker Effect
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Normalized Multipoles Contributions
to the Scattering Cross- section

Kerker effect — is the suppression of the back scattering in case when electric and
magnetic dipole moments are of the equal magnitude and opposite phase.

From Opt. Lett, 42:4 835-838 (2017)



Various structures on the waveguide facets

Silicon Frustum Periodic structure on facet

Flat facet Random structure on facet




Periodic and random structures on waveguide facet
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Periodic structure on the waveguide facet (Top view)
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Random structure on the waveguide facet (Top view)
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Frustum,
three-quarter view:




Transmittance and reflectance

Reflectance
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At 1 = 1,66 um transmittance is up to 94%!
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Conclusion

* Amendments were proposed to the classical multipole decomposition to
allow for analysis of open systems in which charges and currents are not
localised.

* In case of an inclusion filled with air on an optical waveguide, electric
multipole moments are replaced by the surface integrals.

 Random metasurfaces engraved on Si waveguide facet appear to allow
for superior anti-reflective properties (as high as 94% transmittance)
compared to the periodic metasurface, (90% transmittance) compared to
the smooth facet (82% transmittance) .
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