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Exploring Frontier in Microscopy by Coherent X-Ray Diffraction

Yoshinori NISHINO

X-ray diffraction microscopy (XDM) is an X-ray imaging technique, which extends X-ray crystallography
to allow imaging of non-crystalline samples. High image-contrast and high spatial-resolution can be
achieved without suffering from limitations set by lenses. In XDM experiments, samples are illuminated
by coherent X-rays, and far-field coherent diffraction patterns are recorded with fine angular resolution
to satisfy the oversampling condition, a necessary condition for image reconstruction. Iterative phase
retrieval algorithms are then used for image reconstruction. Although original XDM requires isolated
micrometer-sized samples, ptychography, a scanning diffraction microscopy, is becoming popular for
imaging extended objects. XDM using advance synchrotron radiation provides new opportunities for
three-dimensional nanoimaging of objects too thick for electron microscopy, and has importance in
imaging, e.g. biological cells and organelles. Emerging X-ray free-electron lasers further expand the
capability of XDM, and will open up a frontier in microscopy, e.g. capturing molecular movie, bioimaging
overcoming the radiation damage problem.

Key words: X-ray diffraction microscopy, coherent X-ray diffraction, iterative phase retrieval, ptychogra-
phy, X-ray free-electron lasers
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