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Semiconductor lithography
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Concept of chemically amplified resist
Typical components: Partially protected polymer, Acid generator, Quencher

Acid generation through the decomposition of acid generators by exposure

hv. radiation
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High sensitivity is obtained through acid-catalytic chain reaction.
High resolution is obtained through the control of acid diffusion using quenchers.




Shot noise (EUV lithography)

Photons carry information for imaging.
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However, the information is lost during the imaging process...



Imaging process
Role of photons: Transfer of information and energy for imaging
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Understanding the total flow of information and energy is essential to the development

*Smoothing can be used for the suppression of stochasticity by sacrificing the resolution.



Mechanism of LER generation
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Mechanism of pinching and bridging generation
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Fig. Defect generation model using the standard deviation (o) of
the number of protected units connected to a polymer molecule.

The suppression of both pinching and bridging are required for the
fabrication of line-and-space patterns applicable to the device manufacturing.



Protected unit distribution
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Protected unit distribution
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Meaning of bridging risk R, 42 mJ cm'?
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We do not need to worry about an isolated insoluble polymer.
We should consider that insoluble polymers happen to coexist near with this probability.

Bridging probability = f(R,) ~R,"



Total defect risk
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Dependence of defect risk on sensitizer concentration
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Dependence of defect risk on thermalization distance
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Half-pitch dependence of total defect risk
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Summary

v The EUV lithography has been applied to high-volume production
of semiconductor devices since 2019.

v The trade-off relationships between resolution, LER/LWR, and
sensitivity were the most severe problem for the realization of EUV
lithography.

v The suppression of stochastic defects is the most serious issue for
the development of next-generation EUV lithography (High NA).

v The total defect risks exponentially depended on HP, r,, C,, and o;.

v It is possible to reduce the defect risk of 10 nm half-pitch to current
16 nm level.

v The control of interaction between resist and underlayer in the
developer is important for the suppression of stochastic bridging.



