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Study on factors affectingthe resolution of extreme ultraviolet interference lithography

based on modulation transfer function
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Abstract  [Background] Extreme ultraviolet interference lithography (EUV-IL) is widely used for evaluating the
lithographic performance of extreme ultraviolet photoresists and plays an important role in their development.
However, achieving high-resolution EUV-IL still faces numerous challenges and limitations. [Purpose] This study
aims to develop optical simulation methods capable of quantitatively analyzing the factors affecting lithographic
resolution in EUV-IL systems. [Methods] A mutual optical intensity (MOI) simulation model based on statistical
optics was developed to assess the impact of various factors on the modulation transfer function (MTF) of the EUV-

IL system. Firstly, grating fabrication deviations of less than 1 nm were analyzed through the MOI model to evaluate
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their effects on aerial image contrast. Then, photon noise effects were simulated at a photon power density of
75 mW-cm™ to determine contrast degradation. Finally, vibration conditions ranging from 1.5 nm to 10 nm root mean
square (RMS) were systematically investigated to establish their relationship with spatial image quality, and
experimental verification was performed in the EUV-IL system at Shanghai Synchrotron Radiation Facility (SSRF).
[Results] The simulation results demonstrate that photon noise reduces the contrast to 0.75 at a power density of
75 mW-cm™. Mechanical vibration significantly affects resolution performance, with vibrations exceeding 2.5 nm
RMS causing substantial contrast degradation. The EUV-IL system at SSRF achieves interference pattern exposure
with a resolution of 12.5 nm when mechanical vibration is controlled within 2.5 nm RMS and 4 nm EUV-IL
resolution can be achieved by controlling vibration amplitude below 1.5 nm RMS. [Conclusions] Simulation results
of this study show that mechanical vibration plays a critical role in limiting the lithographic resolution of EUV-IL

systems whilst the photon noise is a significant factor that cannot be ignored. The experimental results verify the

rationality of the MTF analysis and provide important technical support for EUV photoresist development.

Key words EUV-IL, Lithography performance evaluation, Resolution, MOI, MTF
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Fig.9 SEM images of HSQ photoresist interference patterns with different resolutions obtained by EUV-IL
(a) 20 nm half-pitched, (b) 15 nm half-pitched, (c) 12.5 nm half-pitched
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