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Abstract

Diffractive zone-plate lenses are widely used as optics in high-resolution
x-ray microscopes. The achievable resolution in such microscopes is
presently not limited by the x-ray wavelength but by limitations in zone-plate
nanofabrication. Thus, for the advance of high-resolution x-ray microscopy,
progress in zone-plate nanofabrication methods are needed.

 
This Thesis describes the development of new nanofabrication processes

for improved x-ray zone-plate optics. Cold development of the electron-beam
resist ZEP7000 is applied to improve the resolution of soft x-ray Ni zone plates.
The influence of developer temperature on resist contrast, resolution, and
pattern quality is investigated. With an optimized process, Ni zone plates
with outermost zone widths down to 13 nm are demonstrated. To enhance
the diffraction efficiency of Ni zone plates, the concept of Ni-Ge zone plates
is introduced. The applicability of Ni-Ge zone plates is first demonstrated
in a proof-of-principle experiment, and then extended to cold-developed Ni
zone plates with outermost zone widths down to 13 nm. For 15-nm Ni-Ge zone
plates a diffraction efficiency of 4.3% at a wavelength of 2.88 nm is achieved,
which is about twice the efficiency of state-of-the-art 15-nm Ni zone plates.
To further increase both resolution and diffraction efficiency of soft x-ray
zone plates, a novel fabrication process for W zone plates is developed. High
resolution is provided by salty development of the inorganic electron-beam
resist HSQ, and cryogenic RIE in a SF6 plasma is investigated for high-aspect-
ratio W structuring. We demonstrate W zone plates with 12-nm outermost
zone width and a W height of 90 nm, resulting in a 30% increase in theoretical
diffraction efficiency compared to 13-nm efficiency-enhanced Ni-Ge zone
plates. In addition to soft x-ray zone plates, some lenses for hard x-ray free-
electron-laser applications were also fabricated during this Thesis work.
Fabrication processes for the materials W, diamond, and Pt were developed.
We demonstrate Pt and W-diamond zone plates with 100-nm outermost zone
width and respective diffraction efficiencies of 8.2% and 14.5% at a photon
energy of 8 keV.
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