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PI : Distinguished Prof. Hsuen-Li Chen
Department of Materials Sciences and Engineering, National Taiwan University.
Experience:
https://sites.google.com/view/ntumse-noel
Market Needs:

Semiconductor Industry

Our Technology:

This invention discloses a planar embedded attenuated phase-shift mask
(att-PSM) and its fabrication method for extreme ultraviolet (EUV) lithography.
Conventional Att-PSMs for EUV lithography place the absorber and phase-shift
layers on the top of the multilayer reflector, creating a “raised” structure that induces
severe three-dimensional (3D) effects under high numerical aperture (high NA)
illumination, leading to critical-dimension errors and reduced imaging contrast.

The proposed design embeds the absorber and phase-shift layers entirely inside
the reflector to achieve a planar mask surface. By precisely controlling the layer
thicknesses and optical constants, the reflective type att-PSM mask provides a phase
shift of 180°£3° with a reflectance of 5-10%. In addition, the optical flatness between
the embedded layers and the multilayer mirror is maintained below one-fifth of the
wavelength (<A/5), suppressing local phase distortion and effectively reducing 3D
effects, especially in high-NA exposure systems. This structure improves imaging
resolution, offering substantial potential for next-generation high-NA EUV
lithography.

Strength:

The embedded planar: architecture maintains optical flatness between the
absorber/phase-shift layers and the reflector to less than A/5, eliminating
surface-height variation typically found in conventional raised-structure masks. The
minimized phase and diffraction disturbances significantly suppress mask 3D effects,
improving critical-dimension control and image contrast. Precise thickness and
optical constant tuning enable a well-controlled 180°+£3°phase shift with 5-10%
reflectance, achieving both high phase accuracy and reflectance.

The technology is compatible with high-NA EUV exposure systems, providing
excellent process reliability and industrial scalability.
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