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ABSTRACT

The complementary capabilities of different microscopy approaches in terms of imaging,
spectroscopy, spatial and time resolution are strongly requested by the multi-disciplinary
research programmes at the synchrotron facilities and have motivated continuous investments
in development of instrumentation for imaging with spectroscopic analysis.

High spatial resolution and image formation in microscopy are achieved using two
different approaches, which classify the instruments as scanning and full-field imaging [1 - 4].
In the scanning approach X-ray photon optics or an aperture (IR) demagnify the incident
photon beam to a small spot onto the sample, and an image is acquired by detecting the photon
or electron signal while rastering the sample. The microprobe in the scanning x-ray
microscopes is formed using reflective (glancing or near-normal-incidence mirror systems) or
diffractive (Fresnel zone plate (ZP) lenses) optical elements [5]. The scanning approach offers
maximum flexibility for use of different photon and electron detectors, so that in principle
scanning X-ray microscopes can work as scanning transmission X-ray microscope (STXM) or
scanning photoemission microscope (SPEM). The full-field imaging microscopes obtain a
magnified image of the irradiated sample area by projection of the transmitted photons or
emitted electrons using appropriate photon or electron tailoring optics. The instruments based
on projection of transmitted photons, known as transmission X-ray microscopes (TXM), work
similarly to a visible light microscope: a condenser lens illuminates the specimen, and a second
objective lens behind the specimen generates a magnified image onto a spatially resolving
detector. The instruments based on projection of emitted electrons, called X-ray photoemission
electron microscopes (XPEEM), use suitable electron optical imaging system for magnification
and projection of the emitted electrons.

ELETTRA has one of the most extensive programs in the field of spectro-microscopy in
Europe with three photoemission microscopes using different approaches to get sub-
micrometer spatial resolution, transmission scanning and full-field imaging X-ray microscopes
and an IR spectro-microscopy [6]. Selected results obtained at ELETTRA will be used to
illustrate the recent achievements in identification of spatial variations in the composition of
morphologically complex and nano-structured materials, including biological samples,
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discrimination of local chemical events and mass transport phenomena involving self-
organisation processes.
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