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Abstract:

For decades, the lithographic process used to fabricate microelectronics was well-described using
classical physics. However, after many years of scaling, feature sizes have become sufficiently
small that the quantum nature of light and matter has become significant. Quantum effects are
manifested in dimensional variation, pattern collapse, line-edge roughness (LER) and defects
(Fig. 1) caused by photon shot noise and molecular-scale statistical variations in materials.

Fig. 1. Defects in line-space patterns induced by statistical effects in the lithographic process.
Quantum-level phenomena also have recently become more significant because of the transition
to extreme ultraviolet (EUV) lithography, for which there have been technical challenges in
creating powerful sources of light, resulting in photon shot-noise. Source power requirements
will continue to increase as feature sizes scale smaller. In the future, accurate modeling of the
lithographic process will require taking quantum statistical variations into account.
Multicomponent resists, such as chemically amplified resists, which have been used for nearly
all advanced lithography since the 1990’s, are intrinsically prone to statistical fluctuations. Resist
platforms such as metal-oxide and scissioning resists are platforms that may provide viable
alternatives to chemically amplified resists.
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