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Abstract It is impossible to remove the high order aberrations of minimum aberration project objective only
with adjustable structures, which is a bottleneck to restrain further optimization. Ion beam figuring (IBF)
instrument is widely used in optical lens manufacturing. IBF can well control low and middle frequency
figuring errors to obtain high accuracy figuring polish. The wavefrint error of projection lens small scale model
is analyzed using fringe Zernike polynomials, which contains a large amount trefoil aberration. One surfaces of
the objective is chosen to remove designated figures using IBF to compensate trefoil aberration of the whole
system. Simulation and experiment results show that trefoil aberration is well controlled, and the wavefront
error is reduced from 29.6 nm (RMS) to 12.7 nm (RMS). The quality of objective is greatly improved, which
proves the corrextness and applicability of this trefoil aberration compensating method.
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Fig.1 Optical system diagram of projection lens small scale model
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Table 1 Qualifications of projection lens small scale model

Design wave Expect wave
Qualific—ations  Wave length  Focal length Image NA Index Total length
front error (RMS) front error (RMS)
Values 632.8 nm 50 mm 0.5 1.457021 530 mm 3 nm 45 nm
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Fig.2 Test results of wavefront error in system
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Fig.3 Coefficients distribution of each fringe Zernike
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Fig.4 Value of Z,— trefoil aberration
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Fig.5 Theoretical remove amount of Lens2 surface
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Fig.6 Simulation results before and after re—polishing. (a) Wave—front error before optimization; (b) wave—front error after optimization
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Fig.7 Chart of surface re—polishing experiment
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Fig.8 Surface of Lens2 before and after re—polishing. (a) Surface before polishing; (b) surface after polishing
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Fig.9 Wave—front error testing results after re-polishing
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0 = before re—polishing
L « after re—polishing
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Fig.10 Comparison of Zernike coefficients before and after re—polishing
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