Optical diffraction tomography of weakly scattering objects

Reto Fiolka', Andreas Stemmer
Nanotechnology Group, Department of Mechanical and Process Engineering, ETH
Zurich, CH 8092 Zurich Switzerland

Kai Wicker, Rainer Heintzmann
King’s College London, Randall Division for Cell and Molecular Biophysics
Guy’s Campus, New Hunts House, London SE1 1UL, United Kingdom

Key Words: Tomography, interferometry, phase retrieval, image formation theory, image
processing, cell imaging

Observing objects by scattered light is attractive as it offers high signal levels and in principle
unlimited observation time. Scattered light provides a source for high contrast imaging using
Nomarski differential interference contrast (DIC) or phase contrast microscopy. Furthermore

the scattered light contains quantitative information of the scattering source itself.

Performing tomographic reconstructions of a scattering object is generally a very complex
mathematical problem when diffraction effects have to be taken into account. However,
under the assumption that the object is only weakly scattering, an analytical approximation
can be derived: the first order Born approximation yields a linear relationship between the
scattered field and a subset of the object’s Fourier transform [1].

We present a microscopy technique that can reconstruct an estimate of the 3D scattering
density from a weakly scattering sample like a biological cell. Using the first order Born
approximation we derive a reconstruction scheme that is entirely based in real space and
notably simpler than comparable tomographic reconstruction algorithms [2].

Our experimental system uses a common path interferometric detection scheme to decode the
complex amplitude of the scattered wave. Under rotating illumination, multiple illumination
directions are incoherently added on a single image. Three-dimensional data is acquired using
z-stepping of the objective.

Experimental data of human cheek cells and Hela cancer cells are presented that are in good
agreement with the first order Born approximation.

[1] E. Wolf, “Three-dimensional structure determination of semi-transparent objects from
holographic data,” Optics Communications, 1, 153-156 (1969)

[2] R. Fiolka, K. Wicker, R. Heintzmann, A. Stemmer, “Simplified approach to diffraction
tomography in optical microscopy,” Optics Express, 17, 12407-12417 (2009)

1) present address: Howard Hughes Medical Institute, Janelia Farm Research Campus, 19700
Helix Drive, 20147 Ashburn, Virginia, USA, E-mail: fiolkar@janelia.hhmi.org



