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Abstract The crosstalk of scintillation screen signals is the main factor that affects the spatial resolution of X-ray
detectors. The spatial resolution of fiber-coupled GAGG_Ce single crystal scintillation screen CCD/CMOS detector
is studied based on the point spread function theory. The ray crosstalk of GAGG_Ce single crystal scintillation
screen and fluorescence crosstalk are simulated by Monte Carlo program EGSnrc and optical simulation software
Zemax respectively. The simulation results show that fluorescence crosstalk is the most important factor affecting
the spatial resolution of the detector for low-energy X-ray radiation imaging. In addition, the method of suppressing
fluorescence crosstalk by reducing the numerical aperture of optical fiber panel is studied, and the relationship
among numerical aperture of optical fiber panel, detector spatial resolution and X-ray conversion factor is obtained.
The correctness of the simulation results is verified by the self-made CCD detector test.
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Fig. 1 Schematic diagram of signal crosstalk in scintillation screen. (a) Schematic diagram of X-ray scattering crosstalk and

fluorescence crosstalk; (b) response distribution of CCD pixel to fluorescence
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Fig. 2 Simulation model of X-ray scattering
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Table 1 Main parameters for Monte Carlo simulation

Parameter Value
GAGG_Ce
Type of scintillator )
(Gd; Al, Gas Oy, : Ge)
Density of scintillator /(gecm ™) 6. 63
Size of scintillator /(pmX pm X pm) 110X 110X500
Number of particles tracked 1107
Size of single element /(pmX pmX pm) 10X10X10
X-ray energy /keV 20~100
Cross section size of incident ray /
10X10

(pm X pm)

H, AT EOTHY X B PRt 2 an i 3(b)
iR, 2 2 ATEARE X g T, SR IGH &
PRZNH AR AR B R AL

2 FRWRBGH f A 22 0 L K AR AR 22 AL HR P
Table 2 Scattering crosstalk rate of maximal absorbed dose

voxel to its adjacent voxels

X-ray  Crosstalk rate Crosstalk rate Crosstalk rate

energy /  in the Ist in the 25th in the 50th
keV layer /% layer /% layer /%
20 0. 69 1. 05
40 3.80 4. 13 4.05
60 3. 96 4.92 4. 20
80 6. 09 7.12 6. 45
100 10. 21 11. 59 10. 49
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TR 2 HE X PR S BB . Bl A e
Ne B 3()MIZE 2 AR, 2 XA —E T
B2 IR GE ) R A0 R il 2 R BOH R Bl S L RE X
SYERRE B AR T R, ST X SFEREE N
20 keV I AHSBIGITE] B BT BRI 0 106, 4
A XS ERRE R 100ke VIRF , AR 4R 45 T 18] 1 B
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Fig. 3 Simulation results of X-ray scattering. (a) X-ray absorbed dose distribution in the 1st layer of scintillation screen;

(b) ray scattering crosstalk rate curves of central row pixels in the 1st, 25th, and 50th layers of scintillation screen
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Fig. 4 Simulation model of fluorescence crosstalk
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Table 3 Main parameters for fluorescence crosstalk simulation

Parameter Value
Size of luminous body /(pmXpmXpm)  10X10X10
Size of scintillator /(pmX pmXpgm)  2000<2000X 500

Power of luminous body /W 1

Refractive index of GAGG_Ce 1.91

Refractive index of coupling agent 1. 43
Thickness of coupling agent /pm 3

Numerical aperture of optical fiber 1. 43

Number of particles tracked 1107
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Fig. 5 Simulation results of fluorescence crosstalk. (a) CCD absorption distribution of fluorescence of central voxel in the

1st layer of scintillation screen; (b) fluorescence crosstalk rate curves of central row pixels of the 1st, 25th, and

50th layers in scintillation screen
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Table 4 Crosstalk rate of fluorescence of central voxel to

adjacent pixels

Crosstalk rate /%

Location of luminous body

1st layer 98. 67
25th layer 97. 04

50th layer 25.92
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Fig. 6 Effect of numerical aperture of optical fiber panel on spatial resolution of scintillation screen.

(a) NA=1.0; (b) NA=0.6; (c) NA=0.2
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Table 5 X-ray conversion factors under different numerical

apertures of optical fiber panels

Ey/keV
NA
20 40 60 80 100
0.2 0. 57 0. 32 0. 38 0. 32 0. 25
0.6 5. 39 3.02 3.62 3.03 2. 37
1.0 12. 07 6. 77 8. 10 6.79 5. 31
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Fig. 7 X-ray radiation imaging test platform
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Fig. 8 Main components of CCD detector. (a) Fiber optic panel with NA=1; (b) KAF-8300 image sensor;
(c) GAGG_Ce scintillator; (d) optical panel with NA=0.2
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Fig. 9 Physical image of component coupling. (a) Before adding low numerical aperture fiber;

(b) after adding low numerical aperture fiber
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Fig. 10 Physical image of spatial resolution test sample. (a) Double-filament image quality indicator; (b) razor blade
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Fig. 11 Spatial resolution results measured by double-filament image quality indicator method.
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Table 6 Comparison of spatial resolution results obtained

by simulation and experiment
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Fig. 12 Spatial resolution results measured by knife-edge method. (a)(b) Before adding low numerical aperture fiber;

(¢)(d) after adding low numerical aperture fiber
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