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PHASE SENSING



Phase Retrieval with Transverse Translations for X-ray and Optical Wavefront Sensing Manuel Guizar-Sicairos, Gregory R. Brady and James R. Fienup



P



hase retrieval has a breadth of applications that range throughout the electromagnetic spectrum. It allows recovery of a coherent field from intensity measurements without the need for a reference beam or any additional optical components, thus dramatically relaxing the experimental requirements at the cost of increased computations. Introducing diversity, by taking additional measurements after modifying the beam in a known way, significantly increases the success rate of phase retrieval and makes it very robust to stagnation, ambiguities and noise. Faulkner and Rodenburg introduced diversity for X-ray coherent lensless imaging by transversely moving the sample of interest relative to the beam and measuring the resulting diffraction patterns.1 Further developments have shown substantial success.2 We have recently shown that this technique can also be used for in situ X-ray beam characterization.3 A movable phase structure perturbs the X-ray beam close to its focus, generating different diffraction patterns for each position of the structure. The reconstruction algorithm seeks to find a single incident beam that can reproduce all the measured diffraction patterns, thus obtaining the phase and amplitude of the beam. It can also simultaneously refine the initial knowledge of the structure and its positions,4 yielding improved results. Furthermore, the resolution does not depend on the size of the structure or magnitude of the translations, allowing a relatively large structure to be used away from the focus of the beam. This is an increasingly important capability as Xray foci are reduced to a few nanometers. We have also demonstrated that transverse translation diversity can be used to extend the range of phase retrieval for precision optical metrology,5
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Experimental setup for X-ray beam measurement 3 (above) and optical wavefront measurement 5 (below) using transverse-translation-diverse phase retrieval.



where we avoid the careful and costly characterization of an interferometer in order to correct systematic errors. Ordinarily the detector pixel sampling restricts the maximum numerical aperture (NA) that can be measured, but a moveable aperture in the path of the beam reduces the NA of the individual measurements, and the overlap of different aperture positions provides the required diversity for the reconstruction without needing focus diversity. In this manner, the range of NA for phase retrieval is greatly extended. Stitching problems are avoided since the algorithm finds a single underlying wavefront that reproduces all the measurements. Our wavefront measurement was repeatable to within 0.01 waves RMS



from completely independent data and aperture positions.5 t Manuel Guizar-Sicairos ([email protected]. edu) and James R. Fienup are with The Institute of Optics, University of Rochester, Rochester, N.Y., U.S.A. Gregory R. Brady is with Sandia National Laboratories, Albuquerque, N.M., U.S.A. References 1. H.M.L. Faulkner and J.M. Rodenburg. “Movable aperture lensless transmission microscopy: a novel phase retrieval algorithm,” Phys. Rev. Lett. 93, 023903 (2004). 2. P. Thibault et al. “High-resolution scanning x-ray diffraction microscopy,” Science 321, 379–82 (2008). 3. M. Guizar-Sicairos and J. R. Fienup. “Measurement of coherent x-ray focused beams by phase retrieval with transverse translation diversity,” Opt. Express 17, 267085 (2009). 4. M. Guizar-Sicairos and J.R. Fienup. “Phase retrieval with transverse translation diversity: a nonlinear optimization approach,” Opt. Express 16, 7264-78 (2008). 5. G.R. Brady et al. “Optical wavefront measurement using phase retrieval with transverse translation diversity,” Opt. Express 17, 624-39 (2009).
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X-ray beam characterization.3 A movable phase structure perturbs the X-ray beam close to its focus, generating different diffraction patterns for each position of. 
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