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Overview

* The phase problem

* In-line holography

* Off-axis holography

* Other interferometric imaging methods

(‘—Ear—field amplitude measurements

Interferometric imaging



Wave propagation
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Phase-contrast ZW:VL |

Hard X-ray propagation-based

phase contrast

Source: _
www.esrf.eu/news/general/amber/amber/ "~ Source: Allman et al. Nature 408 (2000).
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In-line holography
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In-line holography
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The phase problem
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In-line holography
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Fringe interferometry

Twyman-Green interferometer




Fringe interferometry
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Source: Cuche et al. Appl. Opt. 39, 4070 (2000)
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Off-axis X-ray holography

X-ray prism
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Source: Y. Kohmura, J. Appl. Phys. 96, 1781-1784 (2004)
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Off-axis electron holography

Electron microscopy

FEG T

CCD camera ]
Hologram Philips CM200 FEG

Source: M. R. McCartney, Ann. Rev. Mat. Sci. 37 729-767 (2007)
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Off-axis electron holography

Source: M. R. McCartney, Annu. Rev. Mat. Sci. 37 729-767 (2007)
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Off-axis holography

Sideband

Source: M. R. McCartney, Annu. Rev. Mat. Sci. 37 729-767 (2007)
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Off-axis holography
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Source: M. R. McCartney, Annu. Rev. Mat. Sci. 37 729-767 (2007)

Interferometric imaging



Phase stepping

* Encoding phase and amplitude in a single image has a price:

resolution

— Take more than one image, changing the reference in each.
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Fringe scanning

Source: K. Harada, J. Electron Microsc. 39 470-476 (1990)
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Fringe scanning

Source: K. Harada, J. Electron Microsc. 39 470-476 (1990)
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Structured light sensing

* Project a structured light pattern onto sample

* Distortions of light pattern allow reconstruction of

sample shape
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Phase unwrapping

* Phase is measured only in the interval [0, 21T)

* Physical phase shifts (which can be larger) are wrapped on this

interval

— Any multiple of 21T is possible

* Unwrapping: use correlations in the image to guess the total

phase shift.

* Main difficulties:
— aliasing: phase shifts are too rapid for the image sampling
~ noise: produces local singularities (vortices)

* Many strategies exist
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Complex-valued images

Phase unwrapping
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Source: http://earth.esa.int/workshops/ers97/program-details/speeches/rocca-et-al/
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Grating interferometry
Q\M _ Diffraction from a grating
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Grating interferometry
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Grating interferometry
Observing the interference between two (slightly |

offset) copies of the same sample.
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Grating interferometry
Observing the interference between two (slightly

offset) copies of the same sample.
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