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It has been understood for some time that physical properties of thin polymeric films
coated on substrates are dominated by their surface interactions with the substrate. For
glassy polymers such as those employed in photoresists, perturbation of bulk properties at
the substrate interface may propagate more than 50 nm into the polymer film.'

As semiconductor lithography moves toward pitches below 80 nm, resist films with
thicknesses of 100 nm and below will be required. Behavior of these films will become
increasingly dominated by their substrate interactions. Numerous previous studies have
demonstrated that properties of photoresist materials such as glass transition temperature
acid d1ffus1v1ty, and imaging behavior change systematically as film thickness is
decreased.” Recent work in EUV photoresist development has hlghhghted that substrate
materials play a critical role in affecting imaging performance and can improve LER,
resolution, and process window.’

H

In this presentation, we describe another aspect of ultrathin resist behavior, specifically
LER evolution along the resist sidewall of EUV resists. We amplify on Foucher’s
observation* that LER both increases and becomes less isotropic as the resist sidewall
approaches the substrate interface. We observe that the sidewall topography of multiple
EUYV photoresists is dominated by striated features that onglnate at the substrate and
propagate toward the top of the resist film. These findings are in contrast to observations
of isotropic, pebbled roughness of larger resist s1dewa11s described in previous studies’
and predicted by recently developed stochastic models.! We detail systematic efforts to
reduce these striated structures based on resist and substrate characterization (chemical,
AFM, etc.) and engineering of the surface 1nteractlon between EUV resists and high-
silicon content spin-on hardmask materials.” We use the results of these studies to assess
several hypotheses regarding the origins of the striated structures.
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Figure 1: SEM Characterization of EUV resist sidewalls. Anisotropic propagation of
striations from substrate up the resist sidewall is observed for many EUYV resists.
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