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Abstract In hyper numerical aperture (NA) lithography, the incident angle of imaging rays varies in a wide range.
Conventional topside antireflective coatings (TARC) optimization methods, minimize the reflectivity only for normal
incident light, but are insufficient to suppress the reflectivity in the whole incident angles range of the incoming
imaging rays for hyper-NA lithography. A novel TARC optimization method is developed, and the average reflectivity
at the resist/ TARC/air (or immersion fluid) interface is calculated over the whole range of incident angles that NA
determines. Optimal design of TARC structure is carried out to minimize the reflectivity. The results show that,
with this method, the thin-film interference effects which cause remarkable line width fluctuation can be reduced, the
swing curve effect is controlled, the transmittance of TARC and the ratio of transmittance of TE to that of TM waves
are increased, so that the scanner throughput and image contrast, can be improved.
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Fig. 3 Reflectivity R versus incident angle § after the TARC optimization for (a) dry lithography and (b) immersion lithography
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Table 1 Simulation conditions

Coeffcients Dry lithography Immersion lithography
Illumination Quasar Quasar Conventional Quasar Quasar Conventional
mask BIM AttPSM AltPSM BIM AttPSM AltPSM
Half-pitch 65 nm 65 nm 65 nm 45 nm 45 nm 45 nm
NA 0.93 0.93 0.93 1.2 1.2 1.2
Polarization TE TE TE TE TE TE
Gout 0.88 0. 88 0. 20 0.97 0.97 0.12
Gin 0.73 0.73 0. 82 0. 82
B/ 30 30 30 30
Resist 1.71—10. 017 1.71—10.017 1.71—10. 017 1.71—10.017 1.71—10. 017 1.71—10.017
1.68—10. 13 1.68—10. 13 1.68—10. 13
BARC 1.47—10. 42 1.47—10. 421 1.47—10. 42
1.55—10. 45 1.55—10. 45 1.55—10. 45
Substrate 0.88—i2.78 0.88—i2.78 0.88—i2.78 0.88—i2.78 0.88—i2.78 0.88—i2.78
2 TIEZINT N B B £k FE 3515
Table 2 Critical-dimension swing ratio for dry lithography
No TARC Conventional method Full angle optimization
Convention &. altPSM 17.53% 1.37% 0
Cross Quasar & BIM 13.84% 1.08% 0.63%
Cross Quasar & attPSM 9.48% 5.67% 2.99%
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