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Abstract Ptychography, a phase retrieval technology based on scanning coherent diffractive imaging, shows such
advantages as simple experimental setup and strong anti-noise ability. Ptychography is used in the field of wavefront
metrology for projection lens. The formulas of optical field propagation, the conditions of discretion, and the
experimental configurations are analyzed in detail for projection lenses with different numerical apertures. Numerical
simulations and experimental results show that to achieve reasonable convergence and measurement accuracy, the
transmittance of the object should be set between 45% and 80% . Increasing the complexity of the object pattern and
adding registration process of probe and object into the iterative algorithm can also improve the convergence speed
and the recovery accuracy. The wavefront aberration measurement accuracy can reach 10" *2 or less. It is feasible to
use ptychography in wavefront aberration measurement for extreme ultraviolet lithographic projection lenses.
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Fig. 2 Two experimental configurations for wavefront aberration measurement of projection lens with PIE algorithm.

(a) Object is placed in front of the focus; (b) object is placed behind the focus
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(a) Recovered object and wavefront aberration under different number of iterations; (c¢) SSE curve after 300 iterations;

(d) defined and recovered Zernike coefficients
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Fig. 6 Simulation for wavefront aberration measurement based on ptychography under high NA experimental configuration.
(a) Recovered object and wavefront aberration under different number of iterations; (b) SSE curve after 300 iterations;

(¢) defined and recovered Zernike coefficients
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Fig. 10 Influence of registration on PIE recovery results. (a) Object is fully aligned with probe;
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Fig. 12 Three objects used in experiments. (a) Object I; (b) object II; (c) object II1
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Fig. 13 Experimental results recovered by the same object under different experimental configurations.

(a) Recovered amplitude of probe; (b) recovered wavefront aberration; (c) wavefront aberration without the
first four Zernike terms; (d) wavefront aberration fitted by recovered Zernike coefficients
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Fig. 14 Zernike coefficients acquired from the first group of comparative experiments
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Fig. 15 Experimental results recovered by different objects under the same experimental configuration.
(a) Recovered amplitude of probe; (b) recovered wavefront aberration; (c) wavefront aberration without the
first four Zernike terms; (d) wavefront aberration fitted by recovered Zernike coefficients
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Fig. 16 SSE curves of the three objects in the second group of comparative experiments
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Fig. 18 Simulation results for wavefront aberration measurement of EUVL projection lens based on ptychography.

(a) Defined wavefront aberration; (b) recovered wavefront aberration; (c) Zernike coefficients
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