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Abstract An in situ aberration measurement method based on a two-dimensional (2D) phase-shift rings target is
proposed for quality evaluation of the lithographic projection lenses. A linear model between aerial-image intensity
distribution and wavefront aberrations is built by principal component analysis (PCA) and multivariate linear
regression analyses. Compared with the binary target in the AMAI-PCA method, the aerial images of the phase-shift
rings contain more information which owns the ability of eliminating crosstalk between different kinds of aberrations,
therefore, the accuracies of aberration measurement are improved. Impacts of aerial-image defocus error on the
extractions of aberrations are analyzed. A measurement method for defocus error is also proposed. Simulations with
the lithographic simulator Dr. LiTHO show that the proposed method can detect 12 terms of Zernike coefficients
(Z5~Z;) with maximum error of 1 X 10 *A. Simultaneously, the speed of aberration measurement is doubled
because less aerial images need to be captured for the merit of applying the new 2D target.
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Fig. 1 Impacts of different Zernike aberrations on aerial images for an isolated space pattern with width of 250 nm.

Simulation is performed at NA = 0. 75,

and conventional illumination with ¢ = 0. 65/,

every single Zernike

coefficient is set to 0. 1A
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Fig. 2 Schematic of a phase-shift rings target
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Fig. 4 Impacts of different Zernike aberrations on aerial images for the phase-shift rings target in Fig. 2. Simulation is

performed at NA=0. 65, and 6=0. 2 conventional illumination, every single Zernike coefficient is set to 0. 1A
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Table 1 Simulation settings

Source

Wavelength, A 193 nm

Conventional
0.2

Tangential polarization

Illumination type
Partial coherence factor ¢

Polarization type

Detected target

Rings' width 100 nm/200 nm/100 nm/150 nm
Rings' phase 0°/90°/180°/0°
Lens
NA 0.75
Input aberrations type Zs~Zs
Input single aberrations value —0.022~0. 021

Aerial image sampling

X/Y direction: —800~800 nm
Sampling interval X/Y direction: 25 nm
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