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More than a half century ago, in a classic paper, Zeitler and Bahr [1] outlined a method for obtaining
quantitative information from electron micrographs, thereby extending classical optical methods of
microanalysis [2] to even smaller spatial localization scales. In this last decade we have seen an
explosion in the quantitative analysis of micro-images. In particular, there has been an almost
exponential growth in the coupling of microscopic imaging with spectroscopic methods. This has
occurred in all forms of microscopy, from optical, to electron, ion and X-ray microscopy, and more
recently to scanned tip imaging microscopies.

Because these various microcharacterization methods (fashionable now to call them
nanocharacterization methods) have evolved from many different disciplines using many different
tools and techniques, the “local” language used to describe and evaluate the quantitation is not often
translatable with ease from one technique to the next. In addition, because there are so many
techniques available today which can couple an image with local compositional information, it
becomes difficult for the user of a particular method (as opposed to the practitioner of the method) to
understand the physical basis of the technique and thus to correlate information from various
analytical methods. Moreover, with different “languages” or “currencies”, the similarities and
complementarities of various methods are not always transparent. In this presentation, I will try to
develop a common “language” for microcharacterization so that similarities of the methods become
obvious and one can easily look at the advantages and limitations of the various methods.

Of course, in any such discussion, for simplicity, one must make approximations ( and a certain
number of disclaimers and caveats) so as to not obscure the basic features of the methods. The aim
in this paper is not so much to be all-inclusive, but rather to present a framework for looking at the
different techniques.

Therefore, in this presentation we will make the following assumptions: 1) we will concentrate only
on electromagnetic radiation “beams” (i.e., photons, electron, ions); 2) we will assume an incoherent
beam interrogating the sample so that no beam particle influences the other; 3) we will assume a
beam of circular cross-section and uniform flux rate (particles/sec/unit area). With these caveats, it
can be shown [3,4] that the detected signal rate (counts per second), S,, emanating from N, atoms
(or molecules) of type A in the irradiated volume using a beam of flux rate, J(particles/sec/unit area)
is given by:

SA: NAJGAYAFA (1)
Where 0, is the cross-section (area) for the primary interaction process, Y, is the yield of the

secondary interaction process (e.g. if one is detecting the primary process, then Y, = 1). F, is the
efficiency of the detection process which includes the efficiency of the detected interaction product

https://doi.org/10.1017/51431927602101188 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927602101188

reaching the detector, the production of the wanted interaction product by other primary and
secondary products and the detection efficiency of the detector itself.

This basic microcharacterization equation is general so it is useful in comparing different techniques.
This expression, when properly applied, can be used in “standardless analysis” methods found in the
literature. For example, the ratio of the number of atoms of type A to those of type B can be obtained
from equation (1) as:

Na /Ng =[SA /Sg 1x[05 Ys F5/ Os Ya Fi ] (2)

if the signals were acquired simultaneously. For example, for electron beam X-ray analysis, the
quantity in the brackets is just related to the Cliff-Lorimer k factors [5]. For electron beam induced
Auger analysis, the quantity in the brackets is just the relative sensitivity[6].

Of course, more exact calculations need to take into account that the signal rate is not simply a
product of multiplicative factors. In this presentation we will present examples of the basic
microanalysis equation (1) from EDX, EELS, RBS, AES, PIXE, etc. It is the purpose here to tie the
various techniques together and provide a correlative framework between them.
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