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Abstract The development of industrial applications of extreme ultraviolet lithography (EUVL) severely based
on surface oxidation and carbon contamination on using extreme ultraviolet (EUV) reflective mirrors. The capping
layer coating on the Mo/Si multilayer is a promising method to improve the stability and service life of the reflective
mirrors. The capping layer is prepared by direct current reactive magnetron sputtering. The "hysteresis loop” of
oxygen flow and sputtering voltage is established, the required oxygen flow for different oxides is accurately
grasped. Choosing the RuO, and TiO. as the capping layer materials; the different film characteristics in each state
is analyzed. For TiO. films, crystal phase, surface roughness, cross section uniformity and chemical composition
are evaluated. 97.2% TiO. content (mass fraction) of Ti-oxide is obtained; reflectivity of Mo/Si multilayer with 2 nm
TiO, as capping layer is controlled in 5%; surface roughness less than 100 pm, dense and uniform amorphous TiO,
films is fabricated to make this capping layer achieve the basic requirements of EUV.
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Fig.1 (a) Relationship between sputtering voltage and the oxygen level for Ru target; (b) relationship between sputtering voltage and the

oxygen level for Ti target
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Fig.2 (a) Deposition rates of Ru target versus different gas flows of O; (b) deposition rates of Ti target versus different gas flows of O,
(the black line of Fig.1)
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Fig.3 (a) Crystalline states of RuO: films in different O, levels; (b) Crystalline states of TiO; films in different O levels
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Fig.4 (a) RuO, films surface roughness of “transition mode” is 268 pm; (b) RuO; films surface roughness of “oxide mode”is 246 pm;

(¢) TiO, films roughness of “transition mode” is 151 pm; (d) TiO, films surface roughness of “oxygen mode”is 100 pm

5 (a)® i RS " T1O, H A I 19 SEM F 25 5% 5 (b) “ S Ak RS " T10, F A% i 11 451 4l 25 21

Fig.5 (a) Cross section of “transition mode” TiO, films with SEM; (b) cross section of “oxygen mode” TiO, films with SEM
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Fig.6 XPS analysis results of TiO; films in different oxygen flows; (a) XPS energy spectra of two modes; (b) high resolution of Ti2p

binding energy position
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Fig.7 (a) Ti2p energy region of XPS data spectra; (b) Ols energy region of XPS data spectra region
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Fig.8 (a) Simulation values of reflectivities (angle of incidence is 10°) of different TiO, thicknesses; (b) measuring values of
reflectivities (angle of incidence is 10°) of 2 nm and 5 nm TiO, thicknesses
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