
 
STATISTICAL APPROACHES IN SEM-EDX ANALYSIS 

___________________________________________________________ 
    
 
Initial considerations. 
This document outlines the most relevant issues concerning the statistics involved in an 
analysis performed by SEM-EDX, highlighting that even when in theory an instrument 
could run a “perfect'” analysis repeatedly, a certain number of parameters such as beam 
current and voltage should be taken into account, along with some other considerations 
related to the practical aspects of the tests, such as to avoid that the specimen would not 
suffer any sort of damage or contamination, the detector electronics were stable enough to 
reduce background noise and minimize the drift. However even in this case, each result 
would be different from the previous or subsequent analysis and unless we rounded up the 
numbers to two significant figures, it would be unlikely to get the same answer twice. 
 
This issue does not indicate any failure neither in the equipment nor the operator but it is 
the result of the fact that we carry out each analysis by counting a series of random 
events. Normally the random nature of this analysis becomes of great importance when 
we try to perform a precise observation in SEM-EDX, so when we try to hold everything 
stable in order to achieve a repeatable analysis, some random factors produced by the 
following physical phenomena lead to a fluctuation around the mean value making a 
contribution to the lack of repeatability of test results, in terms of precision: 
 

i) the quantity of electrons per unit of time flowing down the column. 
ii) the relative number of electrons backscattered from the sample. 
iii) the X-rays generated per thousand of electrons incident on the sample. 
iv) the amount of characteristic X-rays from a particular element recorded. 
v) overlapping peaks to a certain energy position. 

 
According to these factors, when performing an analysis by Scanning Electronic 
Microscope with Energy Dispersion X-ray, both precision and accuracy should be 
included, in terms of uncertainty of the test results. In this context, the question is to 
establish the accuracy of the calculation and how much the results are influenced by the 
unstable nature of our equipment. 
 
The random nature of the X-rays generation is revealed by the fact that the X-ray photons 
acquired in a sample irradiated with an electron probe are independent of previous or 
subsequent electron-photon events. Furthermore, the counting of X-ray photons reaching 
the detector for a certain peak position it is randomly distributed, so the number of photons 
counted in the channels of a window set on a characteristic peak will have a standard 
deviation equal to the square root of N, where N is the average number of counts when the 
test is repeated.  
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Precision and deadtime. 
Thus, the simple calculation of the standard deviation only applies to measurements of 
random  events that can be described by the gaussian equation, so if the standard 
deviation of peak counts in a perfect system is considered as a measure of the extent to 
which it is expected to deviate from the true value, if a SEM-EDX measurement could be 
repeated a larger number of times approximately 95% will lie within the range N ± 2 N. 

 
Nevertheless, the electronic stability in SEM-EDX equipments together with some 
limitations in the techniques for counting X-rays cause some adjustment in the distribution 
of counts, so in practice they are not perfectly random.  
 
At high count rates, the acceptance of one photon depends on the existence of an 
adequate time interval between it and the previous or subsequent photon arriving; in this 
case the practical standard deviation is increased by a factor dependent on the deadtime 
(a 50% deadtime will double the standard deviation); therefore the use of higher count 
rates for a fixed real time of analysis may not in fact improve the statistics of counting at 
all. 
 
Another factor of influence for quantitative analyses is the subtraction of the background 
under a characteristic peak, so it is that the measurement of a small peak on a high 
background may produce a large relative error. This can only be improved  by counting for 
a longer time.  
  
According to the above-mentioned considerations, the practical standard deviation is given 
by the following expression, where Ni is the number of X-ray counts for each determination 
and n is the number of determinations. 
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Confidence in peak identification. 
The determination of the confidence in peak identification could be particularly challenging 
when dealing with the potential discrimination of minor elements, so it may be necessary 
to count them for a long time in order to make decisions based on criteria such as shape-
definition and characteristic energy of a given peak. It should be considered that the shape 
of small peaks are never truly gaussian because of the statistical variation from channel to 
channel determined by the resolution of the system and the electronic technology of the 
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analyzer; this means that the estimation of the energy in a small peak can be relatively 
wrong.  
 
During the acquisition of the spectrum, it is recommended to assess the smallest 
characteristic peak needed for sufficient determination, by estimating continually not only 
the gross counts at the summit but also the background counts underneath the peak, so in 
practice the statistical determination of the confidence for peak detection is an excellent 
tool to perform determinations with sufficient confidence. The expression for fulfill this 
practical condition is showed as follows, where NP is the gross count at the summit and NB 
is the background count, for 95% confidence: 
 

( ) BBP NNN 828.2≥−  
 
 
Limit of detection. 
As regards the measurement of the smallest concentration of a given element which can 
be detected with a SEM-EDX instrument, once the equipment is completely stable and 
optimized, a spectrum should be acquired for a long time in such a manner that the 
minimum detection limits can be calculated with the aid of statistical rules. Moreover, to 
perform a few calibration experiments using typical materials of interest is also affordable 
in order to assess the limits of detection for a certain element in a certain matrix. 
 
An useful expression for establish the limit of detection (LoD) is expressed as follows, 
where c is the  counts per second per weight percentage of a given element, NB is the 
background intensity under the peak in question and T is the counting livetime for the 
measurement, with 95% confidence: 
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The procedure involves firstly to take a standard with the lowest concentration of the 
element of interest in the same matrix, then setting the instrument up to give about 20% 
deadtime at a fixed probe current and acquire a number of spectra at increasing counting 
livetimes (from 100 to 600 seconds). Subsequently, a graph of LoD vs. livetime should be 
plotted, and once obtained, it can be repeated for other typical minor elements and 
different matrices. 
 
Counting performance check 
The performance of quantitative analysis involves the requirement to verify that the 
microscope and  photon counting system are sufficient stable for the analytical purposes, 
so a statistical counting performance check is required. On one hand, microscope voltage 
stability is usually monitored in an evident way from the observation of the image through a 
picoammeter to verify that the beam current is adequately stable. 
 

 
RPS-Qualitas 

Consultoría de Calidad y Laboratorio S.L. 



On the other hand, the stability of the photon counting system is assessed by firstly 
carrying out a series of repeated measurements of the X-ray intensity from an appropriate 
sample, for the same duration, recording the total number of counts you get each time in 
the area of interest and then testing these measurements against a statistical distribution 
with a Chi-squared test. The basic hypothesis of this test lies in the fact that if the counts 
obtained can be considered to be extracted from a Poisson distribution, there is no reason 
to think that the instrument introduces abnormal fluctuations. The formula to perform this 
statistical test is the following, where xi are the count obtained during the i-th acquisition 
and m is the average value of the all series of measurements: 
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Concluding remarks. 
The previous paragraphs are mainly related with the precision of photon generation and 
recording activities; therefore some others preliminary steps should be considered, such 
as the verification of the beam stability, the optimization of count rates and the preparation 
of suitable standards, among others. Once considered these other factors, values of 
relative standard deviation in the recorded intensities around 2% for major peaks in the 
spectrum and 5% for a particular minor element peak could be considered as satisfactory 
for a quantitative analysis. 
 
Finally, a couple of pending questions comprise both the errors involved when calculating 
the accuracy of ZAF correction (small factors show better accuracy) and the contribution of 
the affordable standards (as much similar in composition to our sample as possible) 
regarding the confidence homogeneity on the micron scale for the elemental 
concentrations. 
 
To sum up, in order to ensure that the SEM-EDX equipment is working properly, some 
regular monitoring should be performed once a year by means a calibration, concerning 
some practical aspects to be tackled, that particularly include counting system, peak 
shaping, systematic peaks, background modeling, absorption interferences and 
fluorescence peaks. Lastly, it is advisable to look for a confidence limit in the recognition of 
minor peaks in the spectrum and also to avoid distortion in the spectrum due to high count 
rates, that enable to detect and quantify under conditions of statistical control. 
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