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Metasurfaces are 2D engineered artificial interfaces achieved by using quasi-
periodic, sub-wavelength unit cell structures. They have received a great deal of
attention due to their compact size, light weight, efficient wavefront shaping, and
polarization conversion properties. Metasurfaces offer a platform for
miniaturization of optical devices. Some examples are color routers?, optical
trapping? and biomedical devices 3

In this work, we discuss the fabrication process for two types of low-index
metalenses composed of air-spaced metasurfaces. First, we discuss the
fabrication of our recently demonstrated two element hybrid achromatic
metalens (HAML). This device combines a phase plate and nanopillars, as shown
in Fig. 1, and offers achromatic performance across the near-infrared and short-
wave infrared spectral regions.* Second, we discuss a novel air-spaced, varifocal,
metalens, shown in Fig. 2, that employees nanoholes instead of nanopillars.
Phase control of light, and thus focal length, is obtained through mutual rotation
of the singlet structures. In both cases, the metalens elements are separated by
an air gap, and the upper element is supported by printed pillars at the edge of
the structure. Thus, careful control of exposure and development parameters is
required to achieve the required dimensions and prevent collapse of both pillars
and entire elements.
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Figure 1: Scanning electron microscope (SEM) images of an air-spaced, hybrid
achromatic metalens. a, Complete air-spaced metalens doublet with a 20 um
aperture. b, Sectioned structure showing the lower phase plate, and the upper
hybrid (phase plate + nanopillars) optical elements, of a 40 um aperture lens.
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Figure 2: SEM images of 30 um aperture size varifocal doublet metalens. Scale
bar is 4 um. a, Isometric view of fabricated zoom lens. b, Zoomed-in image of
the center of the lens showing the phase pate + nanohole structure.



