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1. The Optical Physics of Numerical Aperture Scaling

The Rayleigh resolution equation states that CD = k1 * (lambda / NA). With extreme ultraviolet lithography operating

at a fixed 13.5nm wavelength, shrinking critical dimensions past 8nm requires increasing the numerical aperture

from 0.33 to 0.55.

However, as NA increases to 0.55, the angle of incidence of light striking the reflective photomask increases from 6

degrees to 11.5 degrees. At these steep incidence angles, standard 3D absorber patterns cast severe

electromagnetic shadows across adjacent reflective multilayer mirror periods.

CRITICAL: The shadowing effect reduces optical contrast below the aerial image threshold, making standard symmetric

4x reduction unfeasible for sub-10nm feature printing.

2. The Anamorphic 4x/8x Asymmetric Solution

To suppress angular shadowing without reducing mask feature dimensions below physical e-beam inspection

limits, ASML and Carl Zeiss engineered an anamorphic projection system: 4x magnification in the horizontal (X)

axis, but 8x magnification in the vertical (Y) axis.

While this preserves optical contrast across the 13.5nm spectrum, it slashes the physical exposure field on the

silicon wafer from 26mm x 33mm (858 mm2) down to exactly 26mm x 16.5mm (429 mm2).

NOTE: Monolithic AI accelerators such as the Nvidia Blackwell NVL (approx. 800 mm2) exceed the 429 mm2

single-exposure boundary. Fabricating these dies on 0.55 NA High-NA systems mandates dual-reticle stitching.

3. Sub-Nanometer Reticle Stitching Tolerances

Reticle stitching requires exposing the top half and bottom half of a monolithic die using two distinct photomasks.

The seam between the two exposures must maintain an overlay alignment tolerance tighter than 1.1 nanometers.

Any mechanical vibration, thermal drift, or stage aberration exceeding 1.1nm causes cross-boundary interconnect

vias (M0/M1 metal layers) to disconnect or short, immediately destroying wafer yield.
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Specification Parameter Low-NA EUV (0.33 NA) High-NA EUV (0.55 NA)



Numerical Aperture 0.33 0.55

Wavelength 13.5 nm 13.5 nm

Optical Reduction 4x / 4x (Symmetric) 4x / 8x (Anamorphic)

Maximum Field Size 26mm x 33mm (858 mm2) 26mm x 16.5mm (429 mm2)

Critical Dimension ~13 nm ~8 nm

Stitching Requirement Monolithic up to 858 mm2 Mandatory above 429 mm2

Overlay Seam Budget N/A (Single Field) < 1.1 nm Stitch Precision
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