
I.M. Anderson,* C.B. Carter,? and J. Bentley* 

*Metals & Ceramics Division, Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge, TN 37831-6376 
+Department of Chemical Engineering & Materials Science, University of Minnesota, Minneapolis, MN 55455 

Secondary characteristic fluorescence, when expressed relative to the primary intensity of the fluorescing element, 
can be wrimn as the product of three factors, which represent the probabilities of the various processes that 
govern the magnitude of fluorescence and thus have values between zero and one: 

Two of these factors are characteristic of the material being analyzed. The factor Cyx is the likelihood that the 
primary x ray of Y is absorbed by the element X if it is absorbed in the fluoresced volume of the specimen. This 
factor is governed by the composition of the fluoresced region: it is zero if the element X is absent from the 
fluoresced region and unity if the region is composed entirely of X. The factor pX is the probability that 
element X, having absorbed the primary x ray, emits the secondary x ray of interest. This factor is dominated by 
the fluorescent yield of X. Whether a material exhibits "strong" or "weak" fluorescence depends upon the 
magnitude of these two materialdependent factors. 

The third factor is the likelihood that the primary x ray is absorbed in the fluoresced volume, and is denoted 
i&ff/4x.l This factor is governed by the specimen geometry, which can be chosen to minimize secondary 
fluorescence. The most effective strategy for minimizing the contribution of secondary fluorescence to the 
measured x-ray spectrum is to minimize the volume of specimen that can give rise to this undesirable signal. For 
critical microanalysis studies, thin-flake specimens are most desirable? especially if the size of individual flakes 
is small relative to the scale, -10 pm, over which the primary x rays are typically absorbed. However, a specimen 
comprised of small flakes may be impractical for many studies. Such a geometry may not indicate the relative 
positions and orientations of important microstructural features. The lack of sampling volume may also inhibit 
microanalysis of a specific feature of the microstructure, such as an interface, which may not be represented 
within the small specimen volume. For such analyses. a specimen geometry that leaves the specimen intact, yet 
minimizes secondary fluorescence by virtue of having a small geometric factor, may be preferable. 

The geometric factor Reff / 4n is no larger than the fractional solid angle, denoted RF / 47t, subtended by the 
fluoresced volume of the specimen from the perspective of the analyzed vo1ume.l For example, a 90" wedge 
specimen subtends one-fourth of the fractional solid angle around the edge at which it is analyzed, so that 
LIF / 4x = 0.25. The specimen geometry that results from dimpling and ion-milling is shown schematically in 
Fig. 1. It can be verified by inspection that the fractional solid angle subtended by this specimen from the 
perspective of the edge of the perforation is relatively small. For a dimpled and ion-milled specimen, 
QF / 4x = p / 4R, where R is the radius of the dim ling tool and p is a radius that depends upon the degree to 

the perforation of the specimen exposed through a circular aperture, then p is the radius of the aperture. For an 
unmasked specimen, p is the radius of the circular footprint left by the dimpling tool in the disc, as illussdted at 
left in Fig. 1. Thus, for an unmasked specimen with p = 1.25 mm and R = 8 mm, RF / 4x = 0.04. However, the 
geometric factor &fi/ 4x may be appreciably smaller than i 2 ~  / 4n due to absorption of secondary x rays in the 
disc while en route to the spectrometer. Supposing that secondary x rays tend to be absorbed if fluoresced below a 
certain depth within the specimen, as illustrated schematically at right in Fig. 1, the geometric factor can be 
expressed as f&/ 4x = p* / 4R, where p* is an effective aperture radius that depends only on the absorption 
coefficient px of the fluoresced x ray. As long as the radius of the perforation of the specimen is small relative to 
p*, which is typically hundreds of micrometers, p* varies inversely as the square root of px3 

which the specimen is exposed to the spectrometer. 5 If the specimen is masked by an x-ray opaque washer with 

Because the geomeuic factor depends only on the absorption properties of the secondary x ray, a rule+f-thumb 
maximum secondary fluorescence of an elemental line can be calculated by assuming an extreme microanalysis 
situation: when the entire disc is composed of the fluoresced element. Such a geometry could arise for the 
microanalysis of cross-sectioned specimens of, for example, the thin zinc-rich coating on galvanized iron Such a 
geometxy has a high relative fluorescence Iyx / Iy because (1) the composition factor is maximized at unity and 
(2) because px is relatively small due to weak self-absorption of the secondary x rays. (However, these values anz 



J 
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- not a strict maximum: for example, the fluorescence from a ZrO2 disc specimen is -10% greater than that from -_I_ 

elemental Zr.7 Fig 2shows the estimated maximum secondary fluorescence for K-shell x rays of elements 
1 1 I 2 5 44 and L-shell x rays of elements 45 I 2 5 92 for R = 8 mm and a radius of the perforation that is small 
relative to p*. The alkali metals are indicated for reference. The fluorescence is less than 0.65% for all L-shell 
x rays and for I(-shell x rays up to Cu (2 2 29). Fluorescence increases relatively rapidly for K-shell x rays 
thereafter. However, elements with 2 2 30 produce L-shell x rays of energies >1 keV; hence the p~sence  of K- 
shell xrays from these elements due to secondary fluorescence should be discernible by the absence of 
corresponding L-shell x rays in the spectrum. The small relative intensities shown in Fig. 2 indicate that secondary 
characteristic fluorescence may be safely ignored in most dimpled and ion-milled specimens. The small fractional 
solid angle subtended by self-supporting disc specimens also tends to minimize other sources of secondary 
excitation, such as continuum fluorescence and x-ray excitation by fast secondary electrons? 

References 
1. 
2. 

3. 
4. 

I.M. Anderson, J. Bentley, and C.B. Carter, J. Microsc. (1995) in press. 
D.B. Williams et al., in D.C. Joy et al., Eds., Principles of Analytical Electron Microscopy, New York: 
Plenum Press (1986)123. 
I.M. Anderson, J. Bentley, and C.B. Carter, in preparation. 
This research was supported by the Division of Materials Sciences, U.S. Department of Energy, through the 
SHaRE Program under contract DE-AC05-760R00033 with Oak Ridge Associated Universities and under 
contract DE-AC05-840R21400 with Martin Marietta Energy Systems, Inc., and by the National Science 
Foundation under grant DMR-8901218. This work was also partially supported by an appointment (IMA) to 
the Oak Ridge National Laboratory Postdoctoral Research Associates Program, which is administered 
jointly by the Oak Ridge Institute for Science and Education and Oak Ridge National Laboratory. 

FIG. 1. Specimen geometry of a dimpled and ion-milled specimen. The radius p of the circular foot-print of 
the dimpling tool is represented at left. The radius p* beyond which secondary x rays tend to be 
absorbed in the specimen is illustrated at right. 
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FIG. 2. Rule-of-thumb maximum relative secondary fluorescence from dimpled and ion-milled specimens. 
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