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Abstract
X-ray mirrors for coherent illumination demand much higher surface quality than is achievable with the conventional
polishing techniques. Plasma chemical vaporization machining (CVM) and elastic emission machining (EEM) have been
applied for x-ray mirror manufacturing. Figure error of a flat silicon single crystal mirrors made with CVM + EEM
process was reduced to 2.0 nm peak-to-valley and 0.2 nm RMS. The machining process was also applied to make elliptical
mirrors. One-dimensional focusing with a single elliptical mirror showed diffraction-limited properties with the focal
width of 200 nm. Two-dimensional focusing with Kirkpatric-Baez configuration gave a focal spot size of 200 nm X 200

(2002)

nm.
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Figure 1. Airy pattern from a Be window observed at the 1000 m
end-station of BL29XUL in SPring-8. 0.48 mm X 0.48 mm field of
view.
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Calculated intensity distributions at 966 mm downstream of a mirror having a 2-dimensional Gaussian bump

of 1 nm height and width W in 2g. Intensity fluctuation caused by Fresnel diffraction at the mirror edges was subtracted.
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(b) CVM processed surface. Figure error is corrected in spatial wavelength range longer
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{c) CVM+EEM processed surface. Figure error is corrected with spatial resolution close
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Figure 3. Surface figures measured with micro-stitching inter-
ferometer. (a) Conventionally polished surface, (b) CVM

processed surface and (c) CVM +EEM processed surface.
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Figure 4. X-ray images of the reflected beams from the conventionally polished mirror (left column), CVM processed
mirror (center column) and CVM + EEM processed mirror (right column) at camera distance of 166 mm (1st row), 566

mm (2nd row) and 966 mm (3rd row).
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Figure 5. Measured (black) and calculated (gray) intensity distributions for the conventionally polished mirror (left),
CVM processed mirror (center) and CVM + EEM processed mirror (right) at camera distance of 966 mm.
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Figure 6. Figure (a) and figure error (b) of the manufactured
elliptical mirror surface.
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Figure 7. Focused beam profile calculated from ideal elliptical
shape by using Fresnel-Kirchhoff integral.
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Figure 8. Experimental setup at BL29XUL of SPring-8.
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Figure 9. Measured and calculated beam profiles at the focal

point. Solid line shows the calculated profile with measured surface
profile. The profiles were derived by differentiating transmission
profiles of wire-scanning in the inset.
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Figure 10. Measured (a) and calculated (b) cross-sectional inten-
sity profile at every 1 mm distance in the beam direction over the £5
mm region from the best focus position.
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Figure 11. Schematic drawing of a K-B mirror aligning unit.
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Figure 12. Two-dimensional focusing property of the K-B mirror. Horizontal (left) and vertical (right) profiles.
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