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Impact of Carbon Contamination Cleaning Technologies on Reflectivity of
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Abstract The carbon contamination of extreme ultraviolet lithography system will degrade the reflectivity of
multilayer. On the premise of guaranteeing the performances of optics,how to choose the carbon cleaning process is
an important project. By analyzing the principle of various cleaning methods process theory, it is revealed that the
influences of different technologies on the reflectivity of multilayer mainly are film oxidation, etching and surface
roughness degradation. On the base of finite difference time domain and total integrated scattering theory, the
relation between various influence factors and reflectivity of multilayer is studied. Results show that film oxidation
and surface roughness degradation are main factors that result in decrease of the reflectivity of multilayer, while the
influence for etching is minor. Based on the above analysis results, both radio frequency hydrogen plasma and atomic
hydrogen cleaning technologies will not reduce the performances of optics and can be adopted as prior options, while
the carbon contamination at the surface of optics is removed.
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Table 1 Carbon contamination cleaning technologies process
Cleaning technologies Process theory Mechanism of action Side-effect Influence factors
0, +UV—>0;, 0O; +Mo—>MoO,
Ozone Chemical reaction Oxidation
0; +C—>COx O; + Si—>SiO,
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Table 2 Optical constant of EUV multilayer materials and its oxides and contamination deposition carbon
Material Refractivity ~ Extinction coefficient Oxides Refractivity of oxides Extinction coefficient
of oxides
Ru 0.8863 0.0171 RuO, 0. 9207 0.0215
Mo 0.9238 0. 0064 MoO, 0. 9341 0.0168
Si 0.999 0.0018 SiO, 0.978 0.0108
C 0.9617 0.0069
3.1
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Fig. 1 Schematic diagram of carbon contamination model of EUV multilayer optics
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Fig. 2 Result of carbon contamination affecting reflectivity of EUV multilayer optics
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Fig. 3 Schematic diagram of oxidation model for carbon Fig. 4 Result of oxidation affecting reflectivity of
contamination cleaning of EUV multilayer optics EUV multilayer optics
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Fig. 5 Schematic diagram of etching model for carbon Fig. 6 Result of etching thickness affecting reflectivity of

contamination cleaning of EUV multilayer optics EUV multilayer optics
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Fig. 7 Result of surface roughness affecting reflectivity of EUV multilayer optics
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