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Captured Image Simulation Technology for 198.5 nm Photomask Defect Inspection Tools
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Semiconductor manufacturing process technologies have been making progress in terms of nanofabrication in recent years. In particular, argon
fluoride (ArF) excimer laser exposure tools and alternating phase shifting masks (alt-PSMs) are expected to be utilized in actual production. A feature
of the alt-PSM is its three-dimensional (3D) structure to control the wavefront phase as well as amplitude of transmitted light. It is therefore essential
to develop a highly precise photomask inspection method to check such newly developed photomasks.

In the development of optical setups suitable for inspecting these new types of photomasks, Toshiba has developed a captured image simulator
with a vector model diffraction solver, which is able to appropriately support such 3D photomask structures and high-numerical-aperture (high-NA)
magnifying optical systems.
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Importance of photomask inspection
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Mechanism of phase mask compared with that of conventional mask
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Optical setup model for simulation
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Cross-sectional view of mask structure for base pattern (without defects)
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Results of base pattern simulation at 198.5 nm and 257 nm inspection
wavelengths (transmission image)
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Cross-sectional view of mask structure with small-scale phase defects
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Image profile with 198.5 nm inspection wavelength
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Image profile with 257 nm inspection wavelength
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Comparison of sensitivities of 50 nm small-scale phase defects at inspec-
tion wavelengths of 198.5 nm and 257 nm
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