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| started to work on this topic after | had attended, and appreciated very much, a seminar
given by Bjorn Cederstrom in August 2000 at the SPIE International Symposium on
Optical Science and Technology in San Diego, CA (USA). The seminar dealt with
refractive X-ray lenses, which could be made from obsolete long playing records (LP) [B.
Cederstrom, R.N. Cahn, M. Danielsson, M. Lundgvist & D.R. Nygren, "Focusing hard
X-rays with old LPs," Nature 404, 951 (2000)], and which for their appearance received
later the name alligator lenses. | repeated part of Cederstrom’s experiments at lenses,
which were made in minutes on a lathe in a mechanical workshop [see chapter [0] in list
at the end]. These experiments were meant as a proof of principle for a successive
proposal for a cheap beamline/monochromator to be constructed from such lenses.

Refractive X-ray lenses always present an absorption limited aperture and thus I started
to think about, how to remove some “useless” optically inactive material from the
alligator lens [see chapter [1] in list at the end]. Simultaneously Cederstrém did obviously
the same. The two solutions, which we presented are both based on regularly structured
prism arrays, which were fabricated employing lithographic techniques. Our solution is
highly symmetric, and as the final object resembles very much an hour glass, the project
received as a name the Italian translation for the latter, i.e. Clessidra.
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The photographs in the two journal covers on the previous page present details in such
Clessidra prism arrays.

Left cover: False-colour CCD image taken in the focal plane of two crossed prism lenses, of the
type shown at the bottom left, see Jark, Pérennés, Matteucci, Mancini, Montanari, Rigon,
Tromba, Somogyi, Tucoulou and Bohic, pages 248-253. These lenses were produced at the deep
X-ray lithography beamline of ELETTRA, and the CCD image was taken at the SYRMEP
beamline at ELETTRA. The vertically and horizontally focusing lenses and their supports are
seen as blue shadows in the yellow beam. The saturated white spot is the focus, in which an
intensity gain of 25 is obtained (see the vertical and horizontal beam profiles). The single lens
focuses one-dimensionally and thus, as is shown in the radiograph in the left photograph, two of
them need to be operated in the crossed orthogonal orientation for providing two-dimensional
focusing.

Right cover: The prism array X-ray lens clessidra developed at ELETTRA (Sincrotrone Trieste),
see Jark, Pérennés and Matteucci, pages 239-252. Top: micrograph of the lens produced using
deep X-ray lithography at the DXRL beamline at ELETTRA. The lens is made of pmma
(polymethylmethacrylate = plexiglass) and consists of small prisms of height 25.67 um and width
77.33 um. The overall structure is 1.51 mm high, 2.6 mm wide and ~0.65 mm deep. Bottom:
radiographs taken 30 mm downstream of the lens during the tilt alignment with a photon energy
of 10 keV (tilt increment 1°). A CCD camera with 3.85 um equivalent pixel size was used at the
SYRMEP beamline at ELETTRA at a source distance of 22.6 m. In this lens the resist thickness
varied in the beam direction.

For a particular project the free standing prism structure was stiffened by preparing a
frame around it as shown in the next figure (now the beam has to travel in the paper plane
from top to bottom). The narrow horizontal stripe at the top has a height of 0.3 mm, while
the corners are separated by 3 mm. In this case a large number of lenses were supposed to
be stacked adjacent to each other, such that the assembly would provide a long line focus.
During the tests on these lenses and on alligator lenses many more refraction phenomena
were observed.
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For a rapid characterisation of the lens properties, i.e. focal length and refraction
efficiency, several of these latter lenses were just put rather carelessly on top of each


http://scripts.iucr.org/cgi-bin/paper?fd5011

other and then a radiograph was taken behind this assembly. Neither were the lenses
aligned well with respect to each other nor was the assembly put into the desired
operation condition. Some lenses were bowing along the long surface, some remained
flat. Consequently in the following radiograph of a misaligned lens stack of 3 lenses one
can observe all the refraction phenomena, which are subject of my most recent
publications, which are listed further down.

A handful of X-ray refraction phenomena in a single shot image
from a stack of plexiglass prism array lenses
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