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Error analysis on the parameters of non-coaxial grazing X-ray microscope
ZHAO Ling-ling, HU Jia-sheng, Li Xiang
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Abstract: A set of non-coaxial grazing X-ray microscope consisting of four spherical mirrors was de-
signed for diagnosis of ICF,and the aberrations and imaging quality of the microscope were analyzed.
In order to acquire excellent image quality. It is necessary for manufacturing and assembling the mi-
croscope to set up the reasonable tolerances. In this paper, the changes of Gauss parameters and aber-
rations caused by component and subsystem parameters, such as the mirror’s radius, the angle be-
tween mirrors, grazing angle, object distance, etc. , were studited, and the spot diagrams and MTF
were firstly adopted for evaluating quantitatively image quality of the microscope. The reasonable
manufacturing tolerances of components and assembly tolerances of the system were established based
on the discussion and analysis above. A set of non-coaxial grazing X-ray microscope has been manufac-
tured under confinement of the tolerances. In site test of ICF,the images with high resolution are ob-
tained by the microscope.
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Fig. 1 Scheme of KBA X-ray microscope
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Fig. 2 Calculation of effective dispersion diameter
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Tab.1 Relation between object distance and imaging quality

W TR oL T )

(mm)  {% ¥ (mm) & YREL D, (pm) R (mm) & YR D, (um)
—222 1670.0 7.878 22.380 1712.8 6.191 18. 660 42.7691
—221 1726. 2 7.901 18. 884 1748.8 6.211 16. 636 22.6348
—220.5 1755.9 7.913 18. 460 1767.6 6.221 16. 435 11. 659
—220 1786. 7 7.925 18. 447 1786. 7 6.232 16. 352 0.0198
—219.5 1818.7 7.937 18. 549 1806. 4 6.242 16. 465 12. 331
—219 1852.0 7.949 18.962 1826. 6 6.252 16. 645 25. 447
—218 1922.7 7.973 20. 871 1868. 5 6.273 17.872 54. 205
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Fig. 3 Relation between object distance and imaging quality
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Fig. 4 Defocusing effect on imaging quality
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Fig.5 Correlation between change of mirror radius and image quality
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Tab. 2 Effect of curvature radius error on image quality
A i g T IR T
5 (mm)
(mm) g (mm) 5K BHEDGm  REmm)  fFE %D ()

—200 1681. 1 7.943 21.035 1702. 2 6.234 19. 836 21.052

—100 1732.6 7.934 18. 690 1743.6 6.233 16. 827 11.032

—50 1759.3 7.930 18.505 1764.9 6.232 16. 435 5.656

0 1786. 7 7.925 18. 447 1786. 7 6.232 16. 352 0.0198

50 1814.9 7.921 18.614 1809. 0 6.231 16. 530 5.892

100 1843. 8 7.916 18. 823 1831.7 6.230 16. 859 12.095

200 1904. 1 7.907 20.083 1878. 7 6.229 18.728 25.440
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Tab. 3 Effect of the angle error between the bimirrors on image quality
e £ i g 2 T DICNT]
™ %85 (mm) {2 (mm) % R D (um) ARBE (mm) AR L (mm) R R D, (um)

—60 1895.0 108. 29 7.916 19. 903 1844. 8 58. 165 6.232 17.138
—40 1857.7 70.996 7.919 19. 180 1825.1 38. 480 6.232 16. 727
—20 1821. 6 34.913 7.922 18. 765 1805. 8 19. 101 6.232 16. 494
—10 1804.0 17. 306 7.923 18.564 1796. 2 9.523 6.232 16. 489
0 1786. 7 0.0198 7.925 18. 447 1786. 7 0.0198 6.232 16. 352
10 1769. 7 17.072 7.927 18. 437 1777.3 9.411 6.232 16. 345
20 1752.9 33. 857 7.928 18. 494 1768.0 18.770 6.232 16. 433
40 1720. 1 66. 651 7.931 18. 844 1749.5 37.274 6.232 16. 542
60 1688. 3 98. 448 7.935 20.426 1731.3 55.500 6.232 16. 954
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Fig. 6 Effect of angle error between bimirrors on image quality
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Tab. 4 Effect of grazing angle error on the image quality
A A A 2 TR HC S
@ BB (mm) R (mm) R HH D (um) REE (mm) R#(mm) 5% #H DL (um)
—80 1844. 2 57.505 7.943 20. 375 1813. 4 26.663 6. 245 17. 660
—50 1824.5 37.729 7.936 19. 680 1804. 6 17. 874 6.239 17. 189
—30 1810.0 23.319 7.931 19.124 1797.9 11. 204 6.236 16. 895
—10 1794.7 7.982 7.927 18. 637 1790. 6 3.903 6.233 16. 558
0 1786.7 0.0198 7.925 18. 447 1786. 7 0.0198 6.232 16. 352
10 1778.5 8.236 7.923 18. 288 1782.7 4.016 6.230 16. 282
30 1761. 4 25. 288 7.919 17.915 1774. 2 12.536 6.227 15.975
50 1743. 6 43.125 7.916 17.631 1765. 1 21.642 6.224 15.777
80 1715.5 71. 244 7.911 17.533 1750. 4 36. 360 6.219 15.512
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Fig. 7 Effect of grazing angle error on the image quality
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