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1. Introduction

Extreme Ultra-violet radiation (EUV) using a wavelength of 13.5 nm is used in the leading edge
nanolithography systems of ASML for high-volume manufacturing of modern integrated circuits
with critical dimensions of 10 nm and below. The high-brightness EUV radiation propagates
through the system and interacts with the gas environment inside the scanner forming low
density plasma and creating a complex gas-plasma environment affecting the performance of
structural materials, mirrors, photomasks, fiducials, and sensors within the scanner in a complex
way.

It is essential to characterize EUV and plasma effects on materials and optical elements to
predict a long term impact on optics lifetime. Experiments can hardly be accomplished in a
commercial nanolithography machine due to high operational costs and risks of the system
contamination.

Characterization would need an environment similar to the EUV scanner including plasma and
gas environments and opportunities to accelerate tests. The metrology to study plasma-material
Interactions is not always available or produces indirect results.

On another hand, it is difficult to translate findings from a laboratory setup to the scanner due to
differences in the EUV beam characteristics (pulse shape, repetition rate, spectrum, plasma
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Table 1 Parameters used in the EBL-2 photomask
ion etching experiments
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storage . . .
accumulated sub-surface, causing tension and finally the
3. Photomask biasing in front of plasma formation of large blisters on a multilayer structure of a
Fig. 1 The EBL-2 research facility overview featuring the main = photomask. Using the contact resonance AFM, early stages
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Sample of blistering. The oxidation is investigated using the potential

of IR-AFM to see the initiation or spatial heterogeneity of
oxidation due to plasma-surface interactions. It is expected
that the onset of oxidation takes place at locally induced
damage sites. Subsequent development will involve a study
of chemical composition through IR spectroscopy with
nanometer scale resolution to understand the oxidation and
damage pathways on the surfaces of EUV optics.
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for several pressures at 1 ys after the pulse.
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