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Abstract: We have developed a novel metasurface stacking methodology that is fully compatible with
standard Complementary Metal-Oxide-Semiconductor (CMOS) processes, advancing the mass production

and commercialization of metasurface technologies.

Metasurfaces are planar arrays of subwavelength nanostructures that enable precise control over the
amplitude, phase, polarization, spectrum, and propagation direction of light. These capabilities have been
extensively explored over the past decade, leading to a wide range of potential applications, including ultra-
thin imaging lenses, holography, and vortex beam light sources [1].

Regardless of these progresses, recent studies have highlighted inherent limitations of monolayer
metasurfaces in their light manipulation capabilities. These limitations are primarily due to intrinsic constraints
in light-matter interactions imposed by monolayer meta-atom designs, which cannot be fully compensated for
using advanced design methods such as multiplexing and machine learning-based inverse design. Similar to
conventional optics, multilayer metasurfaces offer enhanced light manipulation capabilities, as each additional
layer introduces new degrees of freedom. This enables advanced functionalities such as wide field-of-view
imaging, where focusing and phase correction, two essential components of wavefront shaping, are
implemented using two different metasurfaces [2].

Multilayer metasurfaces can be categorized into two types: multi-wafer cascaded configurations and
monolithically integrated configurations. The former resembles traditional optical assemblies, where multiple
metasurfaces are precisely aligned to achieve the desired function [3]. Although easier to fabricate, this
approach is limited by its large spatial footprint and stringent alignment requirements. In contrast,
monolithically integrated multilayer metasurfaces consolidate all layers onto a single substrate, greatly
improving device compactness and eliminating alignment issues.

We have focused on the nanofabrication of monolithically integrated multilayer metasurfaces. Due to the
potential importance of this type of metasurface, numerous nanofabrication methodologies have been explored.
For instance, Reference [4] reported metasurfaces fabricated on both sides of a thick substrate, where the large
and fixed distance between the two layers limits the applications of this method. References [5] and [6] used
spin-coated polymers and thermal curing to create a flat silicon oxide intermediate layer, on which the second
layer of metasurface was fabricated. References [7] and [8] used polymers such as PDMS and PMMA for
metasurface encapsulation and stacking. Reference [9] used a special photoresist as an intermediate layer.
These methods employed materials or processes that are not standard in semiconductor foundries, which can
significantly increase the complexity and cost of mass production.

In contrast to these existing approaches, our nanofabrication methodology is fully CMOS-compatible. The
critical step in our approach is chemical mechanical polishing (CMP), used to planarize a buffer layer before
the fabrication of a second layer of metasurface. CMP is a standard semiconductor fabrication process that
synergizes chemical etching and mechanical grinding to achieve high-precision planarization of wafer surfaces.
Figures 1 and 2 show the morphology of a sample fabricated following this methodology. The fabrication of
the first metasurface layer followed a standard process that utilized electron beam lithography (EBL).
Subsequently, a 2.2 pm thick SiO: buffer layer was deposited via plasma-enhanced chemical vapor deposition
(PECVD) over the nanostructures. Planarization was then carried out using CMP with a 50% colloidal silica
slurry, resulting in a highly flat top surface of the buffer layer (Figure 1). The second metasurface layer was
subsequently fabricated following the same procedure as the first.
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Figure 1. Cross-sectional SEM image of the double-layer metasurface fabricated using CMP planarization.
The two metasurface layers, composed of amorphous silicon (a-Si) nanostructures, are separated by a SiO:
buffer layer. CMP was employed to planarize this buffer layer. The features visible within the buffer layer are
cleaving-induced fractures resulting from the wafer cross-sectioning process.
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Figure 2. Planar view of the two metasurface layers. (a) Bottom layer, imaged prior to deposition of the SiO:
buffer layer. (b) Top layer, imaged after completion of the nanofabrication process.



