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Fabrication and application of filmsand slitswith complex surface topography at the subnanometer
scale
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he relationship between structure and function is fundamental to nanotechnologies of all dimensionalities, including surfaces,

films, and slits with nanoscale vertical dimensions and microscale lateral dimensions. In this presentation, I will describe our
use of a focused ion beam to mill such nanostructures into bulk silicon and thin films of silicon dioxideand silicon nitride. This
nanofabrication process can resolve vertical features across the nanoscale and into the atomic scale,with lateral features extending
across the microscale and into the macroscale. These results establish new limits of dimensional control in these important hard
materials. Moreover, this nanofabrication process is highly efficient, enabling rapid prototyping of complex surfaces for practical
applications. To demonstrate the utility of such nanostructures, we introduce optical films and fluidic slits with subnanometer
surface topography. Optical films,milled in silicon dioxide and silicon nitride,show structural colors as an engineered function.
Nanofluidic slits, milled in silicon dioxide and sealed with a soft layer of polysilsesquioxane,separate nanoparticles by size exclusion
with subnanometer resolution. In this size separation process, an array of nanofluidic slits simultaneously functionsas a reference
material, allowing characterization of nanoparticles by particle tracking and depth mapping. Analysis of nanoparticle intensity
confirms the expected volumetric scaling of dye loading, providing an orthogonal validation of the size separation and characterization
mechanism. These applicationsemphasize subnanometer control over vertical dimensions and demonstrate the potential utility of
complex surfaces, films, and slits with subnanometer topography.
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