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Abstract

Soft x-ray microscopy in the water-window (λ = 2.28 nm – 4.36 nm) is based
on zone-plate optics and allows high-resolution imaging of, e.g., cells and soils
in their natural or near-natural environment. Three-dimensional imaging is
provided via tomographic techniques, soft x-ray cryo tomography. However,
soft x-ray microscopes with such capabilities have been based on large-scale
synchrotron x#ray facilities, thereby limiting their accessibility for a wider
scientific community.

This Thesis describes the development of the Stockholm laboratory soft x-
ray microscope to three-dimensional cryo tomography and to new optics-based
contrast mechanisms. The microscope relies on a methanol or nitrogen liquid-
jet laser-plasma source, normal-incidence multilayer or zone-plate condenser
optics, in-house fabricated zone-plate objectives, and allows operation at
two wavelengths in the water-window, λ = 2.48 nm and λ = 2.48 nm. With
the implementation of a new state-of-the-art normal-incidence multilayer
condenser for operation at λ = 2.48 nm and a tiltable cryogenic sample stage
the microscope now allows imaging of dry, wet or cryo-fixed samples. This
arrangement was used for the first demonstration of laboratory soft x-ray
cryo microscopy and tomography. The performance of the microscope has
been demonstrated in a number of experiments described in this Thesis,
including, tomographic imaging with a resolution of 140 nm, cryo microscopy
and tomography of various cells and parasites, and for studies of aqueous soils
and clays. The Thesis also describes the development and implementation of
single-element differential-interference and Zernike phase-contrast zone-plate
objectives. The enhanced contrast provided by these optics reduce exposure
times or lowers the dose in samples and are of major importance for harder x-
ray microscopy. The implementation of a high-resolution 50 nm compound
zone-plate objective for sub-25-nm resolution imaging is also described. All
experiments are supported by extensive numerical modelling for improved
understanding of partially coherent image formation and stray light in soft x-
ray microscopes. The models are useful tools for studying effects of zone plate
optics or optical design of the microscope on image formation and quantitative
accuracy in soft x-ray tomography.
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