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Abstract An accurate theoretical method based on matrix optics and diffraction theory is developed for predicting
the performance of the extremely long compound refractive X-ray lens. The size of focus. effective aperture of
focusing X-ray beam and the intensity gain in focus are derived. Then several PMMA extremely long parabolic
compound refractive X-ray lenses with the curvature radius of 50 um are fabricated by means of deep X-ray
lithography. Finally, the focusing performances of the PMMA extremely long parabolic compound refractive X-ray
lenses are measured and analyzed under 8 keV monochromatic on the 4 W, 1 A beamline of Beijing synchrotron
radiation facility (BSRF). According to the experimental results, it is shown that the PMMA extremely long parabolic
compound refractive X-ray lenses promise a good focusing performance under hard X-rays.

Key words optical devices; extremely long compound refractive X-ray lens; thin lens approximations; X-ray
focusing; synchrontron
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Table 1 Comparison of thin and long compound refractive X-ray lenses made of PMMA, Si and Al
Number of lens
Materials
elements N Thin lens Long lens Thin lens Long lens Thin lens Long lens
80 0. 3026 0. 3026 42.6568 41. 2061 18360 18983
PMMA 120 0. 2470 0.2472 34.8292 32.1304 10598 11412
160 0.2139 0.2144 30. 1629 25.9357 6117 6958
10 2.0346 2.0346 27.2062 27.1794 33. 2491 33. 2816
Si 15 1.6612 1.6612 22.2137 22.1646 8.6106 8.6297
20 1. 4387 1. 4387 19. 2377 19. 1620 2.2299 2.2387
10 1. 7339 1. 7338 28.6570 28.6256 66.3202 66.3926
Al 15 1. 4157 1. 4157 23.3983 23.3407 19. 6249 19. 6732
20 1. 2260 1. 2260 20. 2636 20.1748 5.8072 5.8327
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Table 2 Structure parameters of 4 long compound refractive X-ray lenses made of PMMA

Number of lens

Size of compound X-ray lenses

Lens No. clements N R pm d/pm length /mm width /mm  thickness /mm
1 101 50 15 11.7 0.5 0.2
2 162 50 8 17.5 0.5 0.2
3 216 50 8 23.5 0.5 0.2
4 304 50 15 35 0.5 0.2
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