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Simulation of electron emission characteristics of materials

induced by X-ray irradiation
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(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang Sichuan 621999, China)

Abstract: Steady-state X-ray source is an important radiation simulation device, which has
important applications in research fields such as radiation effects. Electron emission occurs when X-ray
bombards the target. Long—term bombarding will cause the accumulation of charge on the surface of the
material or the effect of electron multiplication, which will lead to the change of material properties. The
Monte Carlo simulation method is applied to calculate the X-ray energy spectrum at tube voltages of
50 kV, 150 kV and 225 kV, and the electron emission under X-ray irradiation is simulated. The focal
spot distribution of X-ray and the dispersion of electron emission with collimating hole diameters of
2 mm, 4 mm and 6 mm are studied respectively, and the characteristics of electron emission energy
spectrum and current intensity generated by X-ray bombardment of different energy spectra on samples
such as polyethylene, polyimide, Si, Si0,, Cu, Ta and W are also studied, which can provide theoretical
basis and guidance for the experimental research and design of electron emission characteristics of
materials under X-ray irradiation.
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Fig.3 The focal spot of 225 kV X-ray beam passing through 2 mm, 4 mm and 6 mm collimating hole at the location of sample
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Tablel X-ray characteristics at the position of sample

collimation hole focal spot FWHM/mm X-ray intensity/(x10® X—rays/s)
diameter/mm 50 kV 150 kV 225 kV
2.0 3.0 2.71 1531 26.28
4.0 5.0 7.95 44.94 77.13
6.0 9.0 26.80 151.57 260.15
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Fig.5 Electron emission distributions of Si when the tube voltage is 225 kV
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Fig.6 Electron emission distributions of Si at the tube voltage of 225 kV
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Table2 Current of secondary electron emission from various kinds of samples
electron current/pA
sample collimation hole/mm incidence face back face
50 kV 150 kV 225 kV 50 kV 150 kV 225 kV
2.0 0.03 0.09 0.12 0.02 0.08 0.13
Si 4.0 0.10 0.26 0.34 0.04 0.24 0.39
6.0 0.32 0.89 1.14 0.15 0.81 1.31
2.0 0.01 0.04 0.05 0.01 0.05 0.08
Sio, 4.0 0.39 0.11 0.14 0.32 0.14 0.22
6.0 0.13 0.37 0.48 0.11 0.47 0.76
2.0 0.24 0.74 1.00 0 0.08 0.19
Cu 4.0 0.70 2.18 2.94 0.001 0.24 0.56
6.0 2.36 7.34 9.89 0.01 0.81 1.86
2.0 0.550 1.980 2.940 0 0.003 0.030
Ta 4.0 1.600 5.810 8.620 0 0.010 0.100
6.0 5.400 19.600 29.100 0 0.030 0.330
2.0 0.56 2.02 2.99 0 0.002 0.02
w 4.0 1.64 5.92 8.76 0 0.01 0.07
6.0 5.52 20.00 29.50 0 0.02 0.22
2.0 0.000 2 0.001 0 0.001 0 0.001 0 0.0100 0.020 0
polyethylene 4.0 0.001 0 0.002 0 0.003 0 0.002 0 0.0300 0.040 0
6.0 0.002 9 0.010 0 0.0100 0.050 0 0.080 0 0.140 0
2.0 0.002 0.010 0.010 0.003 0.010 0.030
polyimide 4.0 0.010 0.020 0.020 0.010 0.040 0.070
6.0 0.020 0.050 0.070 0.030 0.130 0.250
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Fig.7 Electron emission spectra of Cu and W at various tube voltages
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