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Blade Edge’s Penumbra Measurement for Scanning Slit of Lithographic Tools
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Abstract Scanning slit is one of the most important elements in step-and-scan lithographic tools for controlling
exposure doses. As the technology of lithography extends to 90-nm (and lower) process nodes, the lithographic-tool
illumination subsystem has presented significant requirements for the precision and repeatability of the penumbra
measurement. Based on this, a blade edge’s penumbra measurement technique for scanning slits of lithographic
tools based on the pupil image is proposed. The corresponding relationship between the penumbra of the mask
surface and pupil image is deduced by analyzing the imaging optical path of the coplanar scanning slit. A penumbra
measurement system is developed, and the scanning slit edges’ penumbra of a 90-nm lithographic-tool illumination
system is measured. The experimental result shows that the proposed measurement method can effectively reduce
the impact of light-intensity fluctuation on the penumbra measurement. The repeatability of the penumbra
measurement is 0. 026 mm, which is 3. 46-times higher than that of the conventional scanning method. This
technique can be used to measure the optical penumbra parameters of high-numerical-aperture immersion-
lithographic-tool illumination subsystems.
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Fig. 1 Exposure system diagram of step-and-scan lithographic tool
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Fig. 5 Measurement result of penumbra by using the

conventional scanning method with different sampling steps
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Table 1 Repeatability of blade edge's penumbra width measured by two methods mm
Conventional method Proposed method
Direction Mean Repeatability Mean Repeatability
Max Min Max Min Max Min Max Min
x— 0.409 0.355 0.090 0.067 0.484 0.454 0.026 0.024
r+ 0.401 0.359 0.083 0.074 0.488 0.452 0.026 0.025
y— 0.410 0.381 0.086 0.073 0.492 0.468 0.025 0.024
v+ 0.380 0.340 0.086 0.069 0.474 0.454 0.026 0.024
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