








The two images below show the reflected wavefront of the backing support and of the crystal after affixing it to the

backing support. The scale at the right in Figure 7 is in waves at 633 nm. The picture at the left is an interferogram taken

in reflection from the backing; the picture to the right of that is an interferogram taken in reflection from the germanium

crystal after being affixed to the backing.
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Figure 6. Picture of an optical pump / x-ray probe scheme
for time-resolved x-ray diffraction experiments. Photograph is

courtesy of Professor D. von der Linde of the University of Essen.®

CRYSTAL SELECTION

Crystals of particularly high perfection are grown

from silicon, germanium, and quartz. By changing the
orientation of a crystal or the diffraction order, a range of
2d spacings can be attained; often a crystal spacing can
be found to fit an application.

Data for the table in the reference section was extracted
from Table 4-1 of the “X-Ray Data Booklet”, second
edition, January 2001, Lawrence Berkeley National
Laboratory, University of California, Berkeley, CA 94720.
Note, we have added SiO,(0001), Ge(400), and Ge(100)
entries to this table.

High-quality crystals, typically thinned to 100 ym, are
readily bent and affixed to the shape of a sturdy backing
support. Both the quality of the curved surfaces of the
support, as well as, the affixed crystals can be determined
to high accuracy by optical methods.

Large-area elements can be prepared using a mosaic of
individual crystals. A large area single crystal undergoes
excessive deformation when bent to a tight radius. In this
case, a better design replaces a single, large crystal

Figure 7. Deviation of optical figure from perfect focusing
condition for the backing and the affixed crystal, using 633

nm light. Scale at right is in waves at 633 nm. Picture at left is
interferogram taken in reflection from the backing substrate. The
picture to the right of that is the germanium crystal after it was
affixed to the backing. The entire 12.5 mm x 40 mm crystal face is

shown here.

with an array of several smaller crystals. By using special
processing technigques, one can maintain the orientation
of the individual elements to high accuracy.

OPTICAL FABRICATION

When appropriately thinned, crystals can become quite
flexible and readily conform to the curvature of a backing
support. The focusing ability of curved surfaces can be
measured through an interferometric setup whereby
visible light is used. In this test setup, the toroidal optic
images visible light.

The crystal conforms to the toroidal shape very well with
deviations from a perfect focusing element being similar
to the figure of the backing - on the order of A/10 at 633
nm. Additional local high spots appear due to microscopic
deformations that perturb the crystal surface away from
the underlying surface of the backing support. These
imperfections arise both during crystal fabrication and
thinning, as well as, during the affixing process.
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PERFORMANCE

X-ray performance of a Ge(400) toroid used to image
x-rays produced at the focus of an ultrafast laser pulse is
shown in Figure 8 below. The focal spot size is less than
100 microns in diameter. Note that the image really is a
spot and not a line as would be produced by a crystal
bent in one direction only. Uniformity of the x-ray intensity
across the toroid is quite good as shown by the image on
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Figure 8a. Focal spot of Ti Kal imaged by a toroidal Ge(400)
crystal.
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Figure 8b. Comparison of reflection topograph taken on the
thin, flat crystal before affixing to the backing with the observed
diffraction uniformity from a toroidally shaped Ge(400) crystal.
Imperfections induced during manufacturing and affixing the

crystal to the backing result in reduced efficiency.

the right that was produced by moving the ccd detector
out of the image plane. Local intensity variations are
due to deformations in the crystal planes induced during
fabrication and assembly.

ORDERING INFORMATION AND SPECIFICATIONS

All toroidal and spherical x-ray crystals are manufactured
at Inrad Optics according to a customer-supplied print or
detailed specifications. Many different sizes are possible
and specifications can vary.

Manufacturing tolerance for the crystal plane orientation
generally is 0.1 degrees with twenty arc-seconds being
possible in some situations. The rocking curve width
(FWHM) of the finished crystal, measured before bending,
is less than 20 arcseconds. Tolerance for the radii of
curvature of the crystal is 0.5% of the radii, and the ratio
of R/R_ is accurate to between two and three decimal
places. Reflected wavefront of the toroidal assembly is
better than A/4 per inch, measured at 633 nm.

As a crystal grower and manufacturer of fine optics, Inrad
Optics has experience in the manufacture of these high
quality x-ray optical assemblies.

An example of a custom optic is the germanium toroid
referred to in this note. A picture of that specific optic is
shown below.

GERMANIUM TOROID

A photograph of a germanium toroid is shown in the

figure below.

Figure 9. Photograph
of an Inrad Optics
Germanium Toroid.
Crystal cross-section

is 12.5 mm x 40 mm.
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