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Lens on Quality of Wavefront Diffracted by Tiny Pinhole
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Abstract High quality spherical wave, which is generated by the pinhole diffraction, is the core for the calibration
of the Shack—-Hartmann wavefront sensor (SHWS) with high—accuracy. The diffraction of the tiny pinhole under
the illumination of the excimer laser with wavelength of 193 nm is calculated based on finite—difference time—
domain (FDTD) method. The finite thickness and real conductivity of the pinhole are considered. The effect of
numerical aperture (NA) of the illumination objective lens on the quality of the wavefront diffracted by the tiny
pinhole is analyzed. The diameter of the tiny pinhole and the NA of the illumination objective lens needed to
calibrate the SHWS with high accuracy are determined. The calculation and analysis show that, to obtain the
wavefront whose quality meets the requirement of wavefront error measurement by using SHWS method with
nanometer accuracy, the diameter of the tiny pinhole should be 200 nm and the NA of the illumination objective
lens should be in the range of 0.6 to 0.75. In this situation, the RMS deviation of the wavefront diffracted by the tiny
pinhole is 3.50x107 A ; the intensity uniformity is 0.10; the transmission of the tiny pinhole is about 0.15.
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Table 1 Parameters for calculation

Parameter Value
Wavelength 193 nm
[lumination light X polarized, converging Gaussian beam; focus on pinhole center and membrane bottom
NA of the illumination lens 0.3~0.9 with step of 0.15
Pinhole diameter 100~250 nm with step of 10 nm
Pinhole thickness 200 nm
Membrane material Au (n=1.2528,k=1.0443 @193 nm)
Size of simulation domain 1100 mmX1100 mm*800 nm
NA of the spherical wave considered 0.75
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Fig.3 Section of intensity and phase distribution on focal plane of illumination objective lens with different NA . (a) NA =0.3, intensity
distribution; (b) NA =0.3, phase distribution; (¢) NA =0.45, intensity distribution; (d) NA =0.45, phase distribution; (e) NA =0.6,
intensity distribution; (f) NA =0.6, phase distribution; (g) NA =0.75, intensity distribution; (h) NA =0.75, phase distribution;

(i) NA =0.9, intensity distribution; (j) NA =0.9, phase distribution
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