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Single energy X-ray source for calibration of X-ray detectors
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Abstract: To improve the calibration accuracy of X-ray detectors, this paper presents a method of placing
filters in fluorescent X-ray emission channels to improve the purity of X-rays. Monte Carlo simulation model was
established to analyze the relationship between the probability of photoelectric effect in K layer and the atomic
number, and the curve of fluorescence intensity and purity with filter thickness was obtained. In atmospheric
environment, the energy spectrum distribution and photon flux of fluorescent X-ray source were measured by silicon
drift semiconductor detector, and the effect of X-ray tube voltage on photon flux and fluorescence purity was analyzed.
When the radiator material is copper and the thickness of the filter (nickel) is 0 pm, 10 um and 30 pm, the purity of
fluorescence X-ray measured is 75.61%, 85.38% and 84.25%, and the photon flux is 3425 phs/s, 2023 phs/s and
1192 phs/s, respectively. The influence of filter thickness on the purity and intensity of fluorescent X-ray is confirmed,
which provides a direction for solving the problem that it is difficult to calibrate X-ray detectors with high accuracy
due to the lack of monochromatism of fluorescent X-ray light source.

Key words:  fluorescent X-ray source, filter, calibration of detector
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Fig.2 Fluorescence X-ray energy spectrum of different radiators
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Table 1 Spectral simulation data of fluorescence X-ray sources with different radiators

material K, photons K, proportion/% K photons K proportion/% scattered photons scattered photon proportion/%

Cr 46622 79.791 53529 82.426 64941 17.574
Fe 100289 80.270 114567 91.698 10373 8.302
Cu 252727 85.466 286400 96.853 9304 3.147
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Table 2 Measured spectral data of different radiation materials
material K, photons K, proportion/% K photons K proportion/% scattered photons scattered photon proportion/%
Cr 15410 45.72 18273 54.215 15432 45.785
Fe 39177 64.017 46347 75.733 14850 24.267
Cu 155442 75.642 183030 89.067 22466 10.933
Ge 177050 77.485 208868 91.410 19627 8.59
Zr 298287 79.044 351258 93.081 25733 6.819
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Table 3 Photon flux data of radiator Cu measured under different V,

L/uA V/kV K, counting rate/(phs-s ") K, proportion/% scattered photon proportion/%
200 20 45 79.147 7.856
200 25 231 78.247 8.360
200 30 600 77.253 9.182
200 35 1007 76.568 9.734
200 40 1509 76.013 10.437
200 45 2047 75.815 10.491
200 50 2589 75.608 10.932
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Fig. 7 Fluorescence X-ray energy spectrum of Cu in radiators with different Ni thickness
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