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Abstract In low-energy X-ray imaging, fluorescence crosstalk is the most important factor affecting the spatial resolution
of fiber-coupled high-resolution charge-coupled device (CCD)/complementary metal-oxide-semiconductor (CMOS) flat-
panel detectors. In this paper, a high-resolution scintillation screen with a double-layer structure is proposed on the basis of
the suppression effect of interface total reflection on fluorescence crosstalk. The two scintillation layers are coupled by a
coupling medium with a small refractive index. The refractive index of the coupling medium can be adjusted to control the
output angle of fluorescence on the interface between the upper scintillation screen and the coupling medium, thereby
achieving the purpose of suppressing fluorescence crosstalk and improving the spatial resolution detected by scintillation
screen. The simulation results based on the point spread function theory show that compared with the single-layer
scintillation screen with the same thickness, the proposed scintillation screen with a double-layer structure can achieve
higher spatial resolution. The experimental results of X-ray imaging further verify the effectiveness of the proposed
scintillation screen in improving the spatial resolution of the detector.
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Fig. 3 Simulation models of fluorescence detection. (a) simulation model of single-layer scintillation screen; (b) simulation model of
double-layer scintillation screen
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Table 2 Main parameters for fluorescence detection simulation

o Description in double layer
Parameter Description in single layer model
model
Size of luminous body /(pum X pm X pm) 10X 10X 10 10X 10X 10
Size of scintillator /(pm X pm X pm) 2000 X 2000 X 200 2000 X 2000 100

Referring to values of absorbed ~ Referring to values of absorbed

dose in Table 1 for equal dose in Table 1 for equal
proportion setting

Power of luminous body

proportion setting
Refractive index of GAGG _Ce

1.91 1.91
Refractive index of coupling agent 1.43 1.43, 1.00
Thickness of coupling agent /pum 2 2
Numerical aperture of optical fiber 1.43 1.43
Number of particles tracked 1Xx107 1x107
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Fig. 4 Simulation results of spatial resolution of detector. (a) X-ray incident plane of scintillation screen is reflective layer; (b) X-ray

incident plane of scintillation screen is light-absorbing layer; (¢) X-ray incident plane of scintillation screen is polishing only
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Fig. 7 Test components and detector. (a) scintillation screen with thickness of 200 pum; (b) scintillation screen with thickness of

100 pm; (c) scintillation screen with thickness of 100 pm; (d) detector made of scintillation screen in Fig. 7(a); (e) detector made

of scintillation screens in Fig. 7(b) and Fig. 7 (¢); (f) duplex wire image quality indicator
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Fig. 8 Imaging test results of duplex wire image quality indicator. (a) DR image measured by scintillation screen with double-layer

structure; (b) gray value comparison curves of D13 wire pair; (¢) DR image measured by single-layer scintillation screen; (d) gray

value comparison curves of D15 wire pair
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