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Optical components created for operation in the near-UV, such as metalenses, flat
optics, and multilevel diffractive elements, require small feature sizes and precise
height control for efficient performance. These requirements increase the
complexity of their fabrication. In this work, we focus on the fabrication of
multilevel diffractive lenses (MDLs), a flat, high-numerical-aperture alternative to
metalenses' composed of concentric height-varying rings.

To fabricate these profiles, we employ grayscale electron beam lithography
(EBL), which encodes topography through spatially varying exposure dose.
Grayscale EBL is a well-established technique, but its effective use still depends
on iterative calibration and process tuning. Recent improvements in commercially
available energy-deposition simulation tools (e.g., BEAMER?) have helped
reduce this burden by providing more reliable predictions of dose-to-height
behavior and three-dimensional proximity effect. We describe our efforts to
integrate these tools into the design workflow and to refine pattern layouts, dose
assignments, and development conditions to achieve MDLs with high fidelity to
modeled specifications.

When fabricating devices using grayscale EBL, surface roughness in partially
exposed regions of resist presents a significant challenge. To improve surface
quality and mitigate artifacts associated with discretely dosed grayscale features,
we incorporate thermally activated selective topography equilibration (TASTE) as
a post-patterning step. TASTE leverages differential thermal reflow in variably
exposed regions. At lower temperatures TASTE smooths the surface of multilevel
profiles, while at higher temperatures it can achieve near-continuous height
transitions. Smoothing the surface improves performance of the optic and the
ability to generate continuous structures expands the achievable design space. We
report our process development for combining grayscale EBL with TASTE to
fabricate MDLs in poly(methyl methacrylate) (PMMA) for near-UV applications,
where PMMA exhibits high transmission.
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