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Abstract

This thesis describes the development of a sub-60-nm full-period resolution
compact soft x-ray microscope operating in the water-window region (2.3-4.4
nm). Soft x-ray water-window microscopy is a powerful technique for high-
resolution imaging of organic materials exploiting the natural contrast
mechanism between carbon and oxygen, cf. Sect. 4.1. The thesis discusses the
components of, as well as the integration of the microscope, including liquid-jet
laser-plasma x-ray sources, optics, simulations, and image-processing tools.

Liquid-jet-target laser-plasma sources for generation of soft x-rays and
extreme-ultraviolet radiation are compact sources with high brightness. The
work focused on improved target stability, decreased debris, and accurate
source characterization. For x ray microscopy applications a liquid-jet
target delivery system allowing cryogenic liquids was developed. Source
characterization was performed for two different liquid-jet targets: Methanol
and liquid nitrogen. For extreme-ultraviolet lithography applications, the
potential use of a liquid-tin-jet laser-plasma source was explored including
conversion efficiency and debris measurements.

High quality optics are essential in the development of compact x-ray
microscopes. For soft x-ray wavelengths, zone plates and multilayer mirrors
are used to focus or redirect radiation. This thesis describes the development
and characterization of a condenser zone plate suitable for use in a compact
soft x-ray microscope operating at λ = 2.478 nm. It also investigates the
possibility to perform differential interference contrast microscopy in the water
window using a single diffractive optical element. An arrangement for rapid
and accurate determination of absolute and local diffraction efficiency of soft
x-ray zone plates using a compact laser-plasma source has been developed.
The instrument is used to characterize the zone plates fabricated at the
Biomedical & X-Ray Physics division at KTH. Through a collaboration with
the Fraunhofer-Institut in Jena, Germany, a large diameter spherical Cr/Sc
multilayer mirror, suitable as condenser in the compact x-ray microscope,
was developed and characterized. The mirror is designed for λ = 3.374 nm and
shows a high, and uniform reflectivity of 3%. This increases the photon flux by
an order of magnitude compared to the W/B4C mirrors previously used.

The thesis describes the development of a compact soft x-ray microscope
with sub-60-nm full-period resolution. It can operate at two different
wavelengths in the water window using the soft x-ray laser-plasma sources
combined with the condenser optics described above. Imaging is performed by
zone plate objectives. The microscope is capable of imaging hydrated biological
samples with thicknesses up to ~10 μm. Improvements made to the mechanical
design has turned it into a user friendly instrument allowing daily operation.
A numerical method was developed to study the effects of partially coherent
illumination on 2D imaging. To stimulate experiments on functional imaging
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in x-ray microscopy an image-analysis algorithm for identifying colloidal-gold
particles was developed. Size selective identification and localization of single
gold particles down to a diameter of 50 nm was demonstrated.
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