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Wave-front Transformation with Gradient Metasurfaces

Nasim Mohammadi Estakhri and Andrea Ali~
Department of Electrical and Computer Engineering,

The University of Texas at Austin, Austin, Texas 78712, USA iﬂ S H 7]
(Received 9 July 2015 revised manuscript received 16 August 2016; published 14 October 2016) 1 . o ;%- ElE M axwe I I Eq uations El\] ﬁq:

Relying on abrupt phase discontinuities, metasurfaces characterized by a transversely inhomogeneous —
surface impedance profile have been recently explored as an ultrathin platform to generate arbitrary wave 2 %*ﬂﬂ. 1 %1‘ H %1‘0 rd e r
fronts over subwavelength thicknesses. Here, we outline fundamental limitations of passive gradient ° 1/]- 1/]-
metasurfaces in molding the impinging wave and show that local phase compensation is essentially
insufficient to realize arbitrary wave manipulation, but full-wave designs should be considered. These

findings represent a critical step towards realistic and highly efficient conformal wave manipulation beyond
the scope of ray optics, enabling unprecedented nanoscale light molding.

DOL 10.1103/PhysRevX.6.041008 Subject Areas: Metamaterials, Nanophysics, Optics Incident Reflected
wave wave

week ending

PRL 119, 067404 (2017) PHYSICAL REVIEW LETTERS 11 AUGUST 2017
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Metagratings: Beyond the Limits of Graded Metasurfaces for Wave Front Control

Younes Ra’di, Dimitrios L. Sounas, and Andrea Ali’
Department of Electrical and Computer Engineering, The University of Texas at Austin, Austin, Texas 78712, USA
(Received 8 May 2017; published 10 August 2017)
Graded metasurfaces exploit the local momentum imparted by an impedance gradient to mold the
impinging wave front. This approach suffers from fundamental limits on the overall conversion efficiency,
and it is challenged by fabrication limitations on the spatial resolution. Here, we introduce the concept
of metagratings, formed by periodic arrays of carefully tailored bianisotropic inclusions and show that
they enable wave front engineering with unitary efficiency and significantly lower fabrication demands. We
employ this concept to design reflective metasurfaces for wave front steering without limitations on

efficiency. A similar approach can be extended to transmitted beams and arbitrary wave {ron A V4
formation, opening opportunities for highly efficient metasurfaces for extreme wave manipulatiol
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Ultra-thin high-efficiency mid-infrared transmissive
Huygens meta-optics

Nature Communications 9, 1481 (2018).

Li Zhangu, Jun Ding 34 Hanyu Zheng1'2 Sensong And, Hongtao Lin 2 Bowen Zheng‘1 Qingyang Du?,
Gufan Yin?, Jerome Michon?, Yifei Zhang?, Zhuoran Fang2, Mikhail Y. Shalaginov?, Longjiang Deng’,

Tian Gu?, Hualiang Zhang® & Juejun Hu?
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Yadong Xu* et. al, Nature Communications 10, 2326 (2019)
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