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There are two major applications of standards in analysis: one is to evaluate analytical 
performance in an instrument including calibrations and other application is for quantitative 
analysis. For those purposes, several standards in thin-film form have been proposed and applied 
for X-ray energy-dispersive spectrometry (XEDS) in analytical electron microscopy (AEM).  

For the first purpose to characterize the analytical performance of an instrument, Egerton’s NiOx 
test specimen has widely been used [1-3]. By taking a single XEDS spectrum from the NiOx test 
specimen, detector-performance parameters, such as the energy resolution, peak-to-background 
ratio, detector collection angle, etc., can be determined. The system energy resolution defined at 
5.9 keV is converted from the full-width at half-maximum value of the Ni K  peak in the 
spectrum from NiOx, as proposed by Bennett and Egerton [2]. The energy resolution of XEDS 
system is the major parameter can be controlled by a selection of the detector process time. In 
other words, the energy resolution varies depending on the process time setting, as shown in Fig. 
1(a). The system energy resolution should be known before performing X-ray analysis. The P/B 
ratio and IHC, which can also be determined from a single spectrum of NiOx, are useful to 
evaluate the AEM-XEDS interface [4]. Furthermore, degradation of detector performance due to 
accumulated contamination and ice at the detector window can be monitored by determining 
thicknesses of those layers from two spectra acquired at different time period [3]. To perform 
these measurements routinely and consistently, a set of plug-ins for Gatan DigitalMicrograph 
named XUtils has been developed by the author [5] and is freely available from the author’s web 
site [6]. Since the NiOx test specimen is no longer available, a similar NiO test specimen 
(NiOxL) is now fabricated at Lehigh as well. The microstructure of the NiOxL test specimen and 
an XEDS spectrum from the NiOxL are shown in Fig. 1(b) and (c), respectively.  

For quantitative analysis by XEDS in AEM, well-characterize standard specimens are required, 
i.e. not only composition but also thickness of the film must be known. There is only one 
standard to satisfy the conditions above, that is the NIST standard reference material (SRM) 
2063/2063a. This thin film contains Mg, Si, Ca, Fe and O and has the advantage that its 
composition is known to a high degree of accuracy, as are its thickness and density. Although the 
SRM 2063/2063a thin film was originally designed for the k-factor determination [7], this 
standard is ideal for the -factor determination in -factor method (which offers quantification 
not only of composition but also of specimen thickness proposed by the author) [8]. In this 
determination process, -factors of elements (which are not contained in the SRM2063/2063a 
standard) can also be estimated from a single spectrum from the SRM2063/2063a. An example of 
the -factor determination is shown in Fig. 2(a): closed and open circles indicate experimentally 
determined -factors from the SRM2063a and -factors estimated from experimental -factors, 
respectively. To estimate the -factors from the experimental -factors, the detector efficiency 
parameters, such as thicknesses of ice and dead layers, by fitting. Therefore, the detector 
efficiency can also be determined in the -factor estimation, as shown in Fig. 2(b). These 
standard specimens especially in thin-film form for AEM are still limited or not available. Further 
development of such standard thin specimens is essential for superior X-ray analysis in AEM. 
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Figure 1: (a) System energy resolution determined from the NiOx test specimen. (b) 
microstructure and (c) an XEDS spectrum from a NiOxL fabricated at Lehigh. 
Figure 2: (a) Determined and estimated -factors using the NIST SRM2063a thin film and (b) the 
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detector efficiency determined after the -factor estimation [8]. 
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