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Scaling functionality  
into a flat form  

can enable  
new technology

This paper in a sentence 
Elegant dielectric metasurface design that can 
simultaneously tailor both the polarization and 
phase of transmitted light with high efficiency



POLARIZATION 
wave retarder 

polarizer 
polarization beam-splitter

PHASE 
lens 

curved mirrors 
spatial phase modulator

AMPLITUDE 
neutral-density 
absorptive or 

reflective filters
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CURRENT LIMITATIONS: provide only phase control or limited polarization 
modification capability; transmission efficiency peaked at just under 75%



STRUCTURE: 715 nm-thick amorphous Si elliptical posts on silica substrate. 
Posts are placed at the center of hexagonal unit cells. Light is mainly confined 
inside the post (weakly coupled low-quality-factor resonators). Each unit cell 

can be considered as an independent pixel
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MODEL: RCWA calculation of the transmission properties of periodic arrays of 
weakly coupled posts. The array behaves as a 2D material with adjustable 
birefringence determining phase and amplitude of the transmitted wave, 

based on the diameters of each single post
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FABRICATION:  
1) 715 nm-thick amorphous Si layer deposited by PECVD on fused-silica 

substrate;  
2) e-beam lithography on a positive resist layer;  
3) 70 nm-thick Al oxide layer deposited on the developed resist and 

patterned by lift-off;  
4) patterned Al oxide used as hard mask for dry etching of amorphous Si 

operating wavelength = 915 nm



polarization beamsplitter

polarization beamsplitter 
focusing into different 

points

polarization-switchable 
phase hologram



generation of radially 
and azimuthally 

polarized cylindrical 
vector beams from linear 

polarized beams

generation and focusing 
of radially and 

azimuthally polarized 
cylindrical vector beams 

from linear polarized 
beams

focal spot control with 
incident polarization





- Complete and simultaneous control over the polarization and 
phase profiles of light enables the realization of novel optical 
components tailored to specific applications and the form 
factors required for emerging applications (wearable 
consumer electronics) 

- The theoretical approach and the design technique are 
general and applicable with other types of scatterer and lattice 
shape 

- Using materials with optical nonlinearities and gain might 
extend the spectral bandwidth of operation and provide 
tunability 

- Researchers soon will print their own custom optics by taping 
out metasurface designs to nanofabrication companies






