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Recent development in x-ray detection technology like the windowless energy dispersive spectrometer 

silicon drift detector (EDS SDD) [1] and the soft x-ray emission spectrometer (SXES) [2] allow the 

measurement of soft x-ray lines (> 50 eV). However, the conventional microanalysis models are not well 

tested for these soft x-ray lines. Furthermore, chemical bounding can affect the x-ray emission [3], which 

are not currently taken into account with the conventional models. The relationship between emitted x-

ray intensity and accelerating voltage was noted by Andersen (1967) and Kyser (1971) use it to 

experimentally measured mass absorption coefficients (MACs). In this work, soft x-ray emission 

parameters like the MAC are determined by comparing experimental measurements and Monte Carlo 

simulations [4] using the emitted x-ray intensity and accelerating voltage relationship. 

 

The Monte Carlo simulations allow to understand the effect of one parameter on the soft x-ray emission. 

For example, Figure 1 show the variation of emitted intensity for Li Kα in metallic lithium sample with 

accelerating voltage for different mass absorption values. The typical variation of emitted x-ray intensity 

with accelerating voltage is a sharp increase at low accelerating voltage, a maximum emitted intensity for 

a specific voltage and slow intensity decrease at higher voltage. The specific accelerating voltage of the 

maximum emitted intensity is strongly dependant on the MAC value in the sample. Larger MAC reduces 

both the specific voltage and the maximum intensity. Furthermore, the curvature of the high voltage 

decrease is increased by larger MAC. However, the sharp increase at low accelerating voltage is not 

affected by the MAC value. Figure 2 shows experimental emitted x-ray intensities for Li Kα in metallic 

lithium sample measured with a SXES on a JEOL 8530 field emission microprobe and their comparison 

with Monte Carlo simulations. The agreement between the experiment and the simulation is close but not 

perfect when using the nominal value of MAC (6060 cm2/g) taken from Chantler (2005) tabulation [5]: 

the specific voltage is different. Using the generated φ(ρz) distribution obtained by Monte Carlo and the 

experimental data, a better MAC value of 8000 cm2/g was calculated. The same specific voltage was 

obtained, but the maximum emitted intensity still differ. To understand why, the effect of each soft x-ray 

emission parameter was studied by Monte Carlo simulation and compared to experimental data from pure 

element and compound samples using SXES and windowless EDS SDD. These results should allow the 

determination of the parameter values needed for soft x-ray quantitative microanalysis. 
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Figure 1. Variation of emitted intensity for Li Kα in metallic lithium sample with accelerating voltage 

for different mass absorption values. The intensity was simulated with MC X-ray [4] and the nominal 

value of MAC (6060 cm2/g) was taken from Chantler (2005) tabulation [5]. 

 

 
Figure 2. Variation of emitted intensity for Li Kα in metallic lithium sample with accelerating voltage 

obtained experimentally (blue circle) using the soft x-ray emission spectrometer (SXES) [2]; from 

Monte Carlo simulation (green dashed-line) using MAC from Chantler (2005) [5] tabulation; from 

Monte Carlo simulation (green dashed-line) using MAC value of 8000 cm2/g obtained by fitting the 

experimental data (red line). 
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