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Abstract: Metasurface lenses are fabricated using membrane projection lithography following a 
CMOS-compatible process flow. The lenses are 10-mm in diameter and employ 3-dimensional 
unit cells designed to function in the mid-infrared spectral range. 

1. Introduction

As micro/nano fabrication approaches continue to mature, the ability to create complex sub-wavelength structure 
in a volume has spurred research into metamaterials. The appeal of metamaterials is that the functionality of a 
volume can be tuned by changing the structure as well as by combining disparate materials on a sub-wavelength 
scale [1]. Metamaterials offer many promising applications in optical, photonic and acoustic domains. Here we 
demonstrate the fabrication of metasurface lenses using membrane projection lithography (MPL).

2.  Fabrication

Figure 1 shows a schematic diagram of the MPL process. A 1-micron thick low-stress silicon nitride (LSN) layer is 
deposited on a silicon wafer, followed by a 3-micron thick amorphous silicon (-Si) layer (A). Reactive ion etching 
is used to create trenches in the -Si layer (B), which are subsequently filled with a conformal LSNand etched back 
to expose the -Si in the volume of the unit cell (C). A silicon dioxide film is deposited and patterned with the 
desired unit cell patterns (D). XeF2 is used to dissolve out the -Si through the patterned oxide membrane (E) and 
directional evaporation is used to deposit replicas of the membrane pattern on the vertical sidewalls of the unit cells 
(F). After liftoff and backside removal, the 2D array is supported by the original LSN membrane (G).

Fig. 1. Schematic process flow for membrane projection lithography.

Figure 2  shows scanning electron microscope (SEM) images of a portion of the array during various stages of 
fabrication. In this figure, canonical structures are used for the patterns for simplicity. For the lenses, more 
complicated plasmonic structures designed using a genetic algorithm procedure were used. In 2A, the unit cells are 
shown after the etch through the -Si to create the unit cell walls. In 2B, the walls have been filled with LSN. In 2C 
the oxide has been deposited and patterned. In 2D, XeF2 (a gas phase etch) has been used to remove the a-Si in the 
center of the unit cells (note – there is a change in pattern from C to D). At this point, the sample is ready for 
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evaporation.  Fig 2E shows the results after deposition of the plasmonic inclusion in the unit cell and subsequent 
liftoff of the patterned membrane. 
 

Fig. 2.  SEM images of a portion of the array at various stages of fabrication. (A) After -Si wall etch; (B) After 
LSN wall fill; (C) after oxide membrane patterning step; (D) XeF2 cavity evacuation;(E) metal deposition and liftoff.

In this talk we will discuss the fabrication approach in detail and cover the genetic algorithm approach used to 
design the phase elements for the metasurface lens. Finally, we will present detailed infrared characterization results 
for the lenses.
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