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Stylus profilometry, quartz crystal microbalance, and cross-sectional microscopy [1] are widely used at both 

industrial and academic lab facilities for assessing the thickness of tribological nitride coatings. Energy 

dispersive spectroscopy (EDS) in the scanning electron microscope (SEM) allows a straightforward 

simultaneous characterization of film's elemental composition and thickness. Among the characterization 

methods above mentioned, SEM-EDS coating thickness assessment is cost-effective when a nondestructive 

and local (lateral resolution of the magnitude order of 1.0 m) analysis is aimed at. 

Freeware graphical user interfaces (GUIs) for Monte Carlo (MC) simulation of the emission of characteristic 

X-ray photons in SEM-EDS experiments are available [2,3]. They have been used for assessing EDS coating 

thickness via MC analysis of experimental EDS spectra [4]. In this contribution, the accuracy of MC 

predictions about EDS coating thickness assessment for TiN films magnetron sputtered onto either stainless 

steel, glass, or silicon is reported. Accuracy of predictions carried out using three different GUIs are compared 

among them, namely, Casino, DTSA-II, and MC-Xray. MC-appraised coating thicknesses are compared with 

reference values independently obtained by cross-sectional microscopy, and the percent discrepancy (predicted 

vs reference thicknesses) as a function of the nominal coating thickness and the microscope accelerating 

voltage (V0) is studied. TiN coatings with increasing thicknesses (obtained by sputtering a Ti target for 15, 30, 

60 and 90 minutes) are studied. We present in this contribution a straightforward analysis methodology where 

MC simulations are performed to find out, in the predicted EDS spectrum, with the coating thickness as a 

fitting parameter, the ratio between the strongest peak coming from the substrate (either Fek or Sik) and the Tik 

peak (from the coating) which exactly match the concomitant ratio (afterwards called Intensity-ratio, IR) in the 

experimental EDS spectrum. Figure 1 shows an example of the IR for an experimental EDS spectrum, the MC-

estimated coating thickness, the cross-sectional micrograph of the actual coating and the concomitant reference 

coating thickness. Figure 2.a shows the percent discrepancy between predictions carried out with Casino, 

DTSA-II, and MC-Xray, and Figure 2.b shows the percent discrepancy between MC-predicted (the averaged 

values from the three GUIs studied are presented) and the reference thicknesses. Further detailed analysis of 

the percent discrepancy as a function of V0 for TiN coatings which were grown for 15 minutes was carried out 

(not shown for simplicity). Discrepancy between MC-predicted and reference thicknesses significantly varied 

among the three pieces of software in the comparison, although, in general, none of that three software's 

outperformed the others. Most of the predicted thicknesses (90 % of the data analyzed) did not deviate more 

than 15% from the SEM-reference values, where the higher discrepancies were observed both at the lower 

accelerating voltages and the lower coating thicknesses. Eventual incidence of secondary fluorescence 

occurring at both coating-to-substrate interfaces and coating surfaces was qualitatively analyzed. An in-depth 

insight into the role of such secondary fluorescence on the impaired accuracy of thicknesses predicted for 

thinner coatings is presented. The role of the substrate type on the accuracy of MC-predicted thicknesses is 

discussed. 
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Figure 1. Example of assessment of coating thickness from a SEM cross-sectional micrograph (a) and the 

concomitant assessment of IR for an experimental EDS spectrum(b) using the intensity-ratio defined in the 

inset (c). Secondary electrons. No chemical etching. TiN coating onto glass substrate. Sputtering time 90 

minutes. 

 
Figure 2. (a) Percent discrepancy between predictions carried out with Casino, DTSA-II, and MC-Xray. (b) 

Percent discrepancy between MC-predicted (the averaged values from the three GUIs studied are presented) 

and the reference thicknesses assessed by cross-sectional microscopy. 
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