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Areal density measurement technology for metal foils based
on X-ray bent crystal imaging
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Abstract: In view of the measurement requirements of uniformity and areal density parameters of target metal
foils, a non-destructive testing technology for high-Z metal foils by obtaining thin film X-ray transmittance and its
spatial distribution through a toroidal crystal focusing type X-ray monochromatic imaging device is proposed. This
technology not only effectively improves the accuracy of areal density measurement by high-throughput and high-
monochromatic imaging, but also realizes high spatial resolution evaluation of thin film uniformity. This paper carries
out in-depth research from the aspects of overall scheme design, component preparation and test experiment, and
evaluates the influence of various possible factors on measurement uncertainty. The developed toroidal crystal imaging
system achieves micro-region resolution better than 5 pm within millimeter scale for 20 keV-level high-energy X-rays,
and spectral resolution reaches several eV. The feasibility of the developed technology is verified by surface density
measurement experiment of foam gold sample, and relative uncertainty of areal density measurement better than 2% is
obtained. This paper provides a new measurement technology for precise non-destructive testing of high-Z target
materials for laser inertial confinement fusion, which is also expected to be applied to other fields that require large
field of view and high spatial spectral resolution imaging.
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Fig. 1 Scheme diagram of the toroidal crystal to measure areal density
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Table 1 Optical structure parameters of toroidal crystal system for Ge(511)

crystal material crystal orientation 0/(°) R,/mm Ry/mm object distance/mm image distance/mm

Ge (511) 71.74 300 286.5 171.01 1026.05
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Fig.2 Image of a 600-mesh gold mesh by
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Fig. 3 X-ray Tracer simulated imaging and spectroscopic resolution of Ge(511) toroidal crystal
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Fig. 4 Experimental arrangement of toroidal crystal for measuring the arcal density of foam gold
Tl 4 o PR TS I ek Y0 PR 5 i 8 R Y S SR A A
78 45 AR S S o U A1 S(a) g Ge(STI) R FR I 75 2R SE4E A BT I UK 2 B 010 1.5
52, T 5(b) 4 Ge(S11)RBFRTH 25 3 55 4 MO 1 VK 4 R 6 F AR 125
AT 5t 352 2 B0, %2R AR 2 40 BT IR, 43 BF H G T R 6000 28 0 Y63 361535
o 6, R I 0 P2 3 0 E P8, O L4 T 90 5 46 0L D 4 B, 258 L6 2.
025 SR 0, 07800 4 B 9 T3 1 8 15.1~ 16.4 mglenr’,

112001-4



FSRET, S XU R S T A T BoR

(a) without sample (b) with foam gold sample

Fig. 5 Results of areal density measurement of foam gold in toroidal crystal
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Table2 Ge(511) measurement of surface density of foam gold sample

No. image coordinates/mm direct light count (/;)  transmitted light count (/)  transmissivity/% areal density/(mg/cm®)  thickness/um

P 1 (409,276) 3309 600 18.132 15.856 8.207
P2 (432,274) 3003 590 19.647 15.108 7.820
P 3 (441,281) 2871 554 19.296 15.290 7.914
P 4 (415,298) 3433 609 17.740 16.055 8.310
P5 (436,297) 3523 624 17.712 16.072 8.319
P 6 (395,313) 3450 647 18.754 15.547 8.047
P_7 (427,324) 3599 613 17.033 16.432 8.505
P8 (403,326) 3366 594 17.647 16.107 8.337
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Fig. 6 Sources and classification of uncertainty of areal density measurement
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