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Refractive X-ray Lens for High Pressure Diffraction

Yasuo OHISHI
Material Science Division, JASRI/SPring-8

A stacked compound refractive x-ray lens was designed to produce a efficiently focused (¢ <0.1 mm)
beam for high-pressure experiments at beamline BL10XU/SPring-8. High-pressure x-ray diffraction re-
quires an intense, high-energy and monochromatic x-ray beam in order to penetrate the absorptive window
of a diamond anvil cell (DAC). Our lens, producing a focal spot of 120 X 275 um? and a peak gain of 12, is
well matched to these requirements. It is composed of many plastic chips made by molding, which is allow-
ing many identical chips to be made precisely. Other advantages of this lens include high throughput, simple

energy tunability and easy installation.
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Figure 1. A single lens chip. The size is 15 mm square and 1 mm
thickness. The chip is cut off one of corners for alignment, and has a
pit structure for injection process. The chips are molded with a
small, spherically shaped indentation on each side.

Figure 2. Lenses are stacked and assembled on a straight guide
rail. To focus x-ray beam, the number of chips is tuned from 50 to
300 according to the x-ray energy. For alignment with beam direc-
tion, the lens unit is placed on the top of X-Z and Rx—Ry goniome-
ter.
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Figure 3. Schematic view of BL10XU/SPring-8 beamline with a stacked refractive X-ray lens. The lenses were aligned
in the transport section after the double Si-crystal monochromator. The focal point is fixed to the DAC position. The dis-
tance from the x-ray source to the lens and from the lens to DAC is 42 m and 16 m, so that the required focal length is
11.2 m.
. X =16.8keV
Table 1. The parameters of refractive x-ray lens SJS%M) - S50(V)~830(EL) g —P» 120(V)x275(H) i
; ) ight(50 ¢ m?) gain : 578/51 = 12,
._1|Radius|Density|Energy Rp | Ra A peak hgha
Material (mm) | (g/cc) | (keV) N (G| Gmvem) Transimission
Be 1.0 1.85 20 73.5| 0.42 0.863
30 [165.5] 0.38 0.764
Be 1.5 1.85 20 |110.3] 0.52 | 1.63 0.801
30 |248.2 0.47 | 1.21 0.667
PMMA| 1.5 1.19 20 |140.7| 0.52 | 1.12 0.623
30 (316.6] 0.47 | 1.01 0.559 :‘:
Al 1.5 2.69 20 69.3 0.52 | 0.43 0.044 3
30 ([156.3] 0.47 | 0.50 0.096 ™ :
100 $

F=8.0m, d=0.05 mm
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Figure 4. The contour maps of optimally focused and direct beam
at the DAC position, which were measured by scanning a 50 X 50
um? slit. The x-ray energy was 16.8 keV and 76 chips were used to
make an 11.2 m focal length.
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Figure 5.

Horizontal and vertical beam profiles at DAC position as a function of chips (N). When the number of chips

was 75, the intensity maximum and beam size minimum were observed coincidentally.
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Figure 6. (a) FWHM and peak intensity vs. the number of chips
(N). (b) Horizontal beam divergence (FWHM) vs. N.
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Figure 7. Two-dimensional diffraction image from solid deuteri-
um at 94 GPa and 83 K%. Three Debye-Scherrer rings from hcp
structure of D, are clearly observed.
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