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For EDS “spot” analyses in the ESEM, data presented here show that two subtraction methods using
internal standards can provide a useful indication of what elements are truly present in the sample
under the primary beam and what portion of the signal is actually part of the ancillary X-ray
spectrum produced by gas-scattered electrons.

The increasing popularity of ESEM, VP-SEM, and LV-SEM instruments has raised interest in ways
to differentiate or unmix these two X-ray signals generated in these instruments. Under conditions of
high gas pressure or long gas path length, a significant fraction of the electrons that make up the
primary beam are scattered after colliding with gas molecules as the beam passes through the higher-
pressure region above the sample. These electrons form a broad, flat skirt that surrounds the primary
beam [1, 2]. Previous experiments have documented the shape of the skirt and its effect on the X-ray
resolution [3, 4].

Efforts to establish quantitative correction methods for EDS microanalysis to account for the effect
of skirt X-ray events have been successful [5-7], but somewhat cumbersome and time-consuming. A
more popular approach for spot analyses has been to minimize skirt formation through the use of
lower gas pressures and shorter gas path lengths where possible and the invention of extended
detectors optimized for ESEM/EDS, which move the vacuum closer to the sample [8, 9].
Nevertheless, there are situations where a significant X-ray skirt component is present, for example,
in instruments with a normally long gas path length (VPSEM and LVSEM) and in the microanalysis
of hydrated materials (ESEM). For qualitative analysis, often what is required is a rapid indication of
what elements in the “mixed” spectra are truly under the primary beam and what part of the overall
spectra is coming from the skirt.

Data presented here evaluate the effectiveness of simple subtraction methods to unmix the spectra.
Two approaches were tested:  one where the beam is fixed and the pressure is varied. The two
spectra are subtracted to obtain a skirt spectrum. The skirt spectrum can then be used to evaluate the
“purity” of the initial, mixed spectrum. The second method is one where the beam is rapidly scanned
over the skirt area to acquire a simulated skirt spectrum which is then subtracted from a “spot
spectrum” to produce a “skirt” spectrum. Each method has been proposed [10, 11], but additional
testing is needed to verify the limits and speed of the methods. We also suggest the use of an internal
standard in the skirt area to act as a guide to the degree of subtraction required and an evaluation of
the time required to determine if an element is truly in the skirt or under the beam (Figs. 1 & 2). Any
element that is only present in the skirt area will function as an internal standard. Copper tape works
well in this case.
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FIG 1. EDS Spectra showing A) original
mixed spectrum showing Cu (internal
standard) and complex aluminosilicate
B) subtraction to produce “skirt”
spectrum containing Cu and K not
present in area under the primary beam
C) final corrected spectrum with
pressure change method [5].

Fig 2. Backscattered electron image of
volcanic tuff showing several phases. For
qualitative spot analysis an internal Cu
standard is used to control the degree of
empirical correction required. 320µm width.
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