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Meta-surface optics operate by imparting a phase discontinuity in an incident 

optical field to create a wide array of optical functionality not possible in 

conventional refractive optics. While the field was launched using plasmonic 

meta-atoms [1], recently high aspect ratio dielectric meta-atoms have shown 

excellent results. These dielectric meta-atoms consist of transverse (x,y) shapes 

extruded in the z-dimension. The size of the phase discontinuity imparted by the 

meta-atom is a function of the dielectric constant of the material and is directly 

related to the z-height of the meta-atom, and the performance of the meta-optic 

improves with larger phase swings. This, coupled with the small neighbor-to-

neighbor dimensions necessary for the meta-optic to avoid diffractive effects 

drives the pursuit of high aspect ratio structures. Here we demonstrate high 

aspect ratio etched structures in both silicon and gallium arsenide. Initial etch 

development employs interferometric lithography while final patterns are 

realized using e-beam patterning. The paper will discuss this etch development 

process for both material sets. 
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Figure 1: Silicon Etch Development: A.) SEM image showing photoresist 

pattern created with Interferometric lithography; B.) SEM Image showing the 

patterned hard mask; C.) SEM Images showing two different etch conditions for 

the hard mask and silicon etches. 

 

  
Figure 2: GaAs Etch Development: A.) SiO2 hard mask patterned with 

interferometric lithography; B.) SEM showing ICP etch after 120 seconds; C.) 

SEM image showing ICP etch after 200 seconds. 

 

 
Figure 3: SEM Images showing high aspect ratio GaAs meta-atoms using the 

optimized etch parameters. 


