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The term "Variable-Metric" (V-M) when applied to diffraction crystals refers to a
crystal in which the spacing between crystalline planes varies with the position in
the crystal. This variation can be either parallel to the crystalline planes or
perpendicular to the crystalline planes. The variation in the crystalline spacing of a
V-M crystal can be produced by introducing a thermal gradient in the crystal. This
approach works well when the over-all percentage change in the lattice spacing is
small (less than 0.1%). For V-M crystals where the over-all change in spacing is
the order of 0.1 percent or larger, it is more practical to produce the change in
crystal spacing by growing a crystal made of two or more elements and changing
the relative percentages of the two elements as the crystal is grown. A V-M crystal
gives the experimenter one more adjustable parameter to use when designing x-
ray optics. This additional degree of freedom allows the designer to do things that
would not be possible without it. One of the simplest applications of this type of
crystal diffraction optics is to use V-M crystals to increase the number of photon per
unit bandwidth in a diffracted x-ray beam. Typical enhancement factors of 3 to 20
are possible with wiggler sources. The opening angle of the synchrotron beam is
usually the quantity that limits the minimum bandwidth of the diffracted beam and
not the rocking curve of the crystal. At NSLS with its 2.5 GeV electron beam, the
opening angle is approximately 50 arc seconds. For near perfect silicon crystals
the rocking curve for (111) planes is typically 8.5 arc seconds at 8 keV and 2.6 arc
seconds at 20 keV. If one changes the crystalline spacing to match the change in
the incident angle of the beam on the crystalline planes, then the full surface of the
diffraction crystal will diffract the same wavelength x-ray. Thus instead of sampling
a small amount of the available flux over a wide wavelength bandwidth, one
diffracts most of the available flux in a narrow wavelength band width.The increase
in flux per unit bandwidth in the diffracted beam is 6 to 1 and 20 to 1 for the 8 keV
and 20 keV x-rays, respectively, for the NSLS example. Similar improvements are
attainable for the generation of highly monochromatic parallel beams, focused and
defocused beams , microfocused beams, etc. In most of the experiments the
changes in crystalline spacings where generated with thermal gradients. One set
of experiments used a V-M crystal grown with a variable percentage of germanium
and silicon. This crystal had a 0.1 percent change in crystal spacing in 1 mm of
distance in the crystal. This crystal was furnished by Andreas Magerl of ILL in
Grenoble.
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